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Extended abstract

Introduction

The contamination of water, soil, and air by heavy metals has emerged as a major environmental concern
driven by increasing anthropogenic activities. Major sources of heavy metals include urban and
industrial wastewater and sludge, excessive chemical inputs, and metal mining activities. Cadmium (Cd)
is recognized as one of the most hazardous heavy metals for both‘plants and humans. The permissible
concentration of cadmium in. agricultural soils is:approximately 1 mg kg-1. Cadmium has a low affinity
for binding to soil stabilizing phases, such as oxides and solid organic matter; consequently, it can be
readily absorbed by plants and. translocated to aerial tissues. Cadmium stress inhibits several
physiological and biochemical: processes, including chlorophyll biosynthesis, photosynthesis, and
nutrient uptake, ultimately leading to reduced plant growth and yield (Li et al., 2023). Cadmium
accumulation and tolerance vary significantly among plant species and genotypes. Previous studies have
reported a wide range of cadmium uptake and accumulation among different cultivars within the same
plant species. Many members of the Solanaceae family, commonly grown in agricultural systems
characterized by high inputs of organic and mineral fertilizers, exhibit high cadmium accumulation.
Although Solanaceae species are regarded as cadmium-tolerant, their responses to cadmium stress vary
among species: Physalis (Physalis spp.) is a member of the Solanaceae family valued for its bioactive
compounds and its.adaptability to a wide range of growing conditions. Physalis fruit possesses numerous
nutritional, medicinal, and industrial benefits. The fruit is a rich source of provitamin A, vitamin C, and
contains; to some extent, B-complex vitamins, as well as essential minerals such as phosphorus,
potassium, zinc, and iron. Consequently, physalis fruit has attracted considerable attention owing to its
high nutritional value, antioxidant capacity, and reported anti-inflammatory and anti-stress properties,
along with other medicinal benefits. The strong antioxidant properties of this plant are largely attributed
to its high content of dihydroxy withanolides. This study aimed to evaluate the effects of different
cadmium concentrations on the germination characteristics of physalis and to determine the relative
tolerance and sensitivity of yellow, green, and purple cultivars to cadmium stress.

Materials and methods

The experiment was conducted in 2024 as a factorial arrangement based on a completely randomized
design with four replications at the University of Torbat-e Heydarieh. The experimental factors included
six cadmium concentrations (0, 60, 120, 240, 500, and 750 uM) and three physalis cultivars (purple,
yellow, and green).
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Results and discussion

The results showed that the application of low cadmium concentrations significantly increased
germination percentage and germination rate, possibly due to stimulation of seed germination.
However, higher cadmium concentrations had a negative effect on all germination characteristics of the
studied cultivars. Cadmium stress at 500 uM resulted in reductions of 76%, 83%, and 66% in seedling
weight compared to non stressed conditions for the purple, yellow, and green cultivars, respectively. In
all physalis cultivars, proline content increased with increasing cadmium stress intensity. For instance,
at a cadmium concentration of 500 uM, proline content increased by 9%, 17%, and 23% compared to
control conditions in the purple, green, and yellow cultivars, respectively. The highest contents of
chlorophyll a, chlorophyll b, and carotenoids were observed in all three cultivars at a cadmium
concentration of 60 uM; however, the contents of these photosynthetic pigments decreased significantly
with increasing cadmium concentration. The sensitivity to cadmium stress in.the purple, green, and
yellow cultivars was approximately 16%, 66%, and 71%, respectively. The tolerance index indicated that
the purple cultivar exhibited the highest tolerance to cadmium stress (0.049), whereas the yellow
cultivar showed the lowest tolerance (0.017).

Conclusion

Overall, the results indicated that all physalis cultivars tolerated cadmium stress'up to 500 uM; however,
seedling growth was inhibited at concentrations above this level. In terms of tolerance, the purple
cultivar was the most tolerant, followed by the green cultivar, while the yellow cultivar exhibited the
highest sensitivity to cadmium stress.
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In each column based on slicing method, means with same letters are not significantly different according to LSD test (p< 0.05)
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Table 3. Results of Analysis of Variance (Mean Squares) for the Effect of Cadmium Stress on
Biochemical Characteristics of Different species of Physalis
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@l oden aJudg 15 b by s Sl gl )15
S.0.V X be gt Proline  Chlorophylla _Chlorophyll b - Gartenoied
Species (E) 4 2 828.6™ 0.096™ 0.002™ 0.023™
Stress (S) o 4 3249™ 0.166™ 0.015% 0.010™
ExS g8 x g5 8 168.1™ 0.021™ 0.001™ 0.001™
Error s 45 0.089 0.0004 0.000009 0.00002
C.V (%) Olypadd cypub - 1.55 9.51 5.93 8.65

7Y 50 Jleal s o gl cixe g )l sme poe o 54X F9F NS
ns, * and **: non-significant and significant at the probability level of 5% and 1%, respectively
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Table 4. Comparison of means for the interaction of species and stress on some
biochemical characteristics of Physalis
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Species Stress  Proline Cha Chb Cartenoied
pmoll?  pg.g FW?!  -oememmmeee oo mg. mg FW-t-mmmmemmomme e

0 2.31° 3.71° 0.63° 1.162
60 2.65° 4.33% 0.91° 1.232
o 120 5.57° 3.31° 0.57¢ 1.00°
PiXocarpa 240 22.642 2.64° 0.54°¢ 0.94v¢
500 24522 2.52¢ 0.51°¢ 0.93

750 - - - -
0 2.34¢ 2.162 0.75° 0.56°
60 3.15°¢ 2.228 1.742 0.722
B ol 120 8.47°¢ 2.02° 0.52¢ 0.17¢
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750 - - - -
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60 3.42¢ 3.267 1.032 0.95?
) 120 12.17¢ 3.102 0.70¢ 0.49°
P.philadelphic ~ 240  45.49° 2.11° 0.62° 0.22°
500 58.252 1.97° 0.31¢ 0.17¢

750 - - - -

2 Gologime BB S pie By > gl Gl Shoe (B Shgy elel 2 G o 0

25,05 LSD (y9051 (obasl 2 70 Jloiis! gebas
In each column based on slicing method, means with same letters are not
significantly different according to LSD test (p<0.05)
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160 -
140 -
120 A
100 1
80 1
60 -
40 +
-

0 -—

P.ixocarpa ,iiv P.peruviana . P.philadelphic s,;

GRS & Joi 5Ll
Stress tolerance index

Physalis species

0.06 -

II[

P. philadelphic o, P. peruviana . P.ixocarpa ,iiv

ollud dig8

Ua:»
tolerance index
o o o o
> o o o
N w Sy [4)]

o

o

=
)

o

Physalis species

ol (5laaigS 51 (B 51 30 pgaodls (STI) s & Jooxi (5L 5 (TOL) Joos sl ¥ S
Fig. 2. Tolerance index (TOL) and tolerance index to cadmium stress (STI) in different Physalis Species



g a8l LlplolS slacdl ;0 ABA (i i Ll
Sl Fge olS a9 )0 Gialex 5l cailes p3 ol
oy eels Jlas! LYs 5l S (Baruah etal., 2019)
($92009% Sldi & Gl oo 1) poedls’ i o azalS
30 ol Cosgame I pgesls (a5 aS > wlo s
5 5% Gl 3l e Sl el (L L o
dpdiee 2y (gl ol yo laazals ogllas o)
el pgolS 25 o, oo Ll an(Taiz et al., 2015)
aile (ROS) (3emst Jled slaaiss v 5l i o)gs
slaJiol, 5 (Hydrogen peroxide) (39,02 s,
leasgS opl (Mehrab et al., 2021) sgi co yiumS] o5
DNA 5 laocd dopusig p 4 auilgs oo YU slacdale jo
lo)dy jalsz Shals 4 i Colgd y0 5 wiiluy o]
slinST 55 4 mul 5 Yseme LS Laisd
Sy oo 5 sl I b oS o odg olalonsTl sl
ol g ame als | SluS 5 cpl adgs wilgs oo pamenls
Malik etal., ) wb (zol33l b 25 4 olS conlu w55
5 o] gemlonaSTy cel ol o pswsls (2022
Oy ol el el onl &S sediee Jokw lalas
Gallego and ) ogis o o] Syang Joko Sk
(Benavides. 2019
2 oo onl o w3, D@ Jdgls i
poeadlS (Y Jsom) il (28l agesls YU slacials
A Jedg I8 SmislomBl h piiies sk 4 Wl s
il Jdgsls adg ol colad o PsT L g0 105
50 9 Fwsd SLIS GalS 4 ol e g_:lf.;l., ol e
Jali et) Wgs ;e olS o Shee g b, zals 4 ass
g ool Gralidud 4l (grmmgid Cudyl g 00 ol
Jianpeng et al., 2010) sjlu o @bgio |, oL o,
a2 g0 (RIS Ty 0 g gt daaiys) 5 L Jsls 4 o]
cdld e L psesls (Dobrikova et al., 2019)
JEE 03055 5 55ms) abo 1 2glS 552 (slage ]
b Anjum et al., 2017) o) Kan o pal 5 (9,5

U)O oL:f 4;55 9o Q)S.Lo.c » lag.uo\)ls u‘)_._'l_; Py

z .
s & by gsban )3 pomesls (25 ol (LAS GBS gl
azdia) 09 9 Sidler Seyd 5 ey Dlao i
Sldllas o (¥ Jsam) o LT malidl el asly cuslas
yole ol zahw 055 a5 cal oals wul 58 (6,0
Sei Gidilex las > Gl cel Wil o i
Shankar, 2020; Alves et al., 2020; Sun et al.,)
HlS o paedls Lug 4 Sjale> uels (2021
o, y—w ¢ (Salarizaden et al., 2016) allos
5 osailyz sl oas o0ls las (Zayneb et al., 2015)
sy DYsame guly ol il 5 (n e
b ,.»L, Ailgis (3 ol S Qo g (SIS Ll
Ja_.az.c S ) o)ﬂ.o.c 2
ol sl oy s s 4 (Shahrousvand, 2010)

aal A dls

Livetal, ) ogd oo 0 Giailem o ,o0 el pguosls
S e 4 Wl o pomaslS (ol slacdal ,s (2013
afprie il (Koo 45 0 oo 5l 235 S e
Coglio 0902 5 S|l Glagesl oy ls
Zulfigar et al., ) ogs aclusl Ll plp o ool
Clld 5w sy R Sl (e pgesls (2022
b (S g 9 o ST o0 oz aiile (8LS slo 50550
0y g Silez o (caten G Lacygeem nl o 3K L3
Wlse S o (Zulfigar et al., 2022) &l olals
SeS daa polis (B i @iz 4 Sl (e prasls
ansls azalS 0b) 55 » site b Wl e &5 S
8 g el axlllas 4o (Zulfigar et al., 2022) aisb
oksy 9 obe, w9, » (Esplani and Fallah., 2015)

w0l s obwy il Cese s Sl as )
sy ylid (65 1 dald 4 ol pgmeslS adgl slacdale
g 4yl oy e o (Sailem e p yo 131 45
2 poredls 5 Lol ol azdle 5 azasy; oud Jogh
250 Gl Sleogas )b gae a5 el Vi ol
S dyen B4V J902) w0 F pllud 45 an
09 e dhnly 4 Wl oo poneslS (S 38 929
Pt 5 by O Qi o Jolome (gioml Jemily
a8 Lz aes ials ) Siale> asye g 00,5 ol



Oy 4355 Cunsl (S Bl Dglite (slaaisS Su5glgn 5
Cix 45wl Jeke maw 3 ol lapaailSe sl
o slcSalul a4 1) (T L ass o malS 1) agesls
S 0 )ly Jshes a1 1) ol (25265 457 WS o0 Culan
Gosms Jil slacntan Jold alg oo UbpanslSs
3929 b pomedls 2 oS (63585 b (Joluo 0)l00 ( Sl5]
SBl s oo JSAT pSLeS poedlS L oS LS 5
s b 465« wizen (Thévenod et al., 2019)
asile SloenST1 5T b 3T 5 65V el hls el
P I DRV CDURRIRVON 1 JUPIIPRS KV 1 JR [y
ootee i paeedls 13U slanST Ll 2l o
a> e 0 (Ko B,k 5l (Hassan et al., 2005) o)l
Jib ity 48 5o ools slags) sl Ko 1 35>
ablas pguedlS oyl LG ans co 86l oLS a4 a5 wigl
Gty (goauSaS Cul Sew by opl oS
by goaitSpelats Jalse b (ol (slops 3l ¢ ladlone
b ols 5 S (Gallego et al., 2012).axsb
Oloe 4 ailes oo el 5 Lo 98 49l il
WS Joe pgaedlS Cooms plp jo (lee Jalge
Sol> L 4555wl (S a5 (Badawy et al., 2024)
ol polie az je sl bS5 ol i Tpolie
iy Jooss 0aimo s ABl 5SS By Sl

(Sediq et al., 2007) col aos Lald & cudgis

LRSS
Slas b g Grallieeb Yl Fshaw (o peeols jloslaul
Olas el ol udlies 665 aw 2 50 () 9590
0 WS 98 s e (6 5VL Caaglile by 4355 am0 oo
2 oy Oyge P 50 Sl (p i (izmes )l

A odelie 9,5 4igS

Ahmad, P., Ahanger, M. A., Alyemeni, M. N,
Wijaya, L., Alam, P., 2018. Exogenous
application of nitric oxide modulates osmolyte
metabolism,  antioxidants, enzymes of
ascorbate—glutathione cycle and promotes
growth under cadmium stress in tomato.

Sleze uguore JalS o poeslS iol38l ausdl (o
S edg S
s Ol poeedls YU (25 50 ols plis 3l s
(il gaiss o (V Joux) bl wlisl gob; o> b
Ol il Yoy Ko B e A5 50 ol 5 40,5 9 e
bl plas ol s pn e e, YT 51V O -
(Heidari et al., 2021) s)ls Jlsten lii=e plu

& gl o o il ol slacdslie 5 (S0 sy
ol Do adgi poresls iifgatile ame sla i
s saniS pada) Cudgenl &G lgie 4 el ol
9 LonSyn Sl Sl Zelig oS oo Jos (ye]
WS (oo S5 By 6l g oalls> w5 eb o lalid
oLS ;3 sy aexd (Szepesi and Szollosi, 2018)

Ol 3850 B0 5 Lid & ol JlalS s
pasy Joho PH ol o (gioml mebas » odle
0 oad Lol (395 9 )5 e k>l g (gmmlannS]
glodsn CBle (LIl ergganl)] jo ol 88
Cel 0333, G l5T pseadls) CE 38 1 55 islS
il oo Ll yod 3udims cpl s Las (Xuetal., 2012)
WS )3 S oo (n b (Ao (ol @l 4 4z gl

Jods 4 wlgi oo Vol 9050 (ol 39 mdlad i
G55 ol pYL GlaST (ST olss 5 colled o 5L
Gonzalez-Pérez and ) asl 550 455 90 4 o
shls cwl (Sew i 4395 (Guerrero-Beltran, 2021
9 Lagdsigld asle JlaeS | 5T SleS 5 5l 6 3VL cale
I gl 25 el 4y oS Bl 55 b el
il sz a5 algs oo DS 5 () S co SaS pgaesls
WS SaS Jobe slacaw! oS g ol sl Gl
iz slaaiss 2aSly ogles (Farid et al,, 2013)

955998590 (Slopansllo 51 (50 dun ) oo, 4 pgresls

&l
Protoplasma. 255, 79-93.
https://doi.org/10.1007/s00709-017-1132-x

Ahsan, N., Nakamura, T., Komatsu, S., 2012.
Differential responses of microsomal proteins
and metabolites in two contrasting cadmium-
accumulating  soybean  cultivars  under


https://search.eitaa.com/?url=https://doi.org/10.1007/s00709-017-1132-x

cadmium stress. Amino Acids. 42, 317-327.
https://doi.org/10.1007/s00726-010-0809-7

Alcantara, B.K., Carvalho, M.E.A., Gaziola,
S.A., Borges, K.L.R., Piotto, F.A., Jacomino,
A.P., Azevedo, R.A., 2021. Tolerance of
tomato to cadmium-induced stress: Analyzing
species  with  different  fruit  colors.
Environmental  Science and  Pollution
Research. 28, 26172-26181.
https://doi.org/10.1007/s11356-021-13553-X

Alvarez-Florez, F., Lopez-Cristoffanini, C.,
Jauregui, O., Melgarejo, L.M., Lopez-
Carbonell, M., 2017. Changes in ABA, 1AA
and JA levels during calyx, fruit and leaf
development in cape gooseberry plants
(Physalis peruviana L.). Plant Physiology and
Biochemistry. 115, 174-182.
https://doi.org/10.1016/j.plaphy.2017.03.024

Alves, L.R., Prado, E.R., de Oliveira, R., Santos,
E.F., Lemos de Souza, |, Dos Reis, AR,
Azevedo, R.A., & Gratdo, P.L., 2020.
Mechanisms of cadmium-stress avoidance by
selenium in tomato plants. Ecotoxicology.-29,
594-606. https://doi.org/10.1007/s10646-020-
02208-1

Amirmoradi, S., Rezvani Moghaddam, ‘P
Koocheki, A., Danesh, S., Fotovat, A., 2017.
Effect of cadmium and lead on quantitative and
essential oil traits of peppermint (Mentha
piperita L.). Journal of Agroecology. 9(1),
142-157. [In Persian].
https://doi.org/10:2206%/jag.v9i1.51330

Anjum, S.A., Ashraf, U.;, Khan, |., Tanveer, M.,
Shahid, *M., Shakoor, A., Wang, L., 2017.
Phytotoxicity of chromium in maize: Oxidative
damage, osmolyte accumulation, antioxidative
defense and chromium uptake. Pedosphere. 27,
262-273. https://doi.org/10.1016/S1002-
0160(17)60315-1

Arrieta-Baez, D., Quezada-Huerta, C., Rojas-
Torres, G.S., Perea-Flores, M.J., Mendoza-
Leén, H.F., GoOmez-Patifio, M.B., 2024.
Structural studies of Mexican husk tomato
(Physalis ixocarpa) fruit cutin. Molecules. 29,
184.
https://doi.org/10.3390/molecules29010184

Asghari, A., Tajick Ghanbary, M. A., Bakhshi,
M., Babaeizad, V., 2023. Bioactive potential
and GC-MS fingerprinting of extracts from
endophytic fungi associated with seeds of some
medicinal plants. Mycologia Iranica. 10(1), 55—
67. [In Persian].

Badawy, A.A., Alamri, A A., Hussein, HA.A,,
Salem, N.F., Mashlawi, A.M., Kenawy, S.K.,
El-Shabasy, A., 2024. Glycine betaine
mitigates heavy metal toxicity in Beta vulgaris
L.. An antioxidant-driven  approach.
Agronomy. 14, 797.
https://doi.org/10.3390/agronomy14040797

Baghaie, A.H., 2018. Interaction effect of
municipal waste compost and pistachio
residues biochar on decreasing cadmium stress
in shallot. Journal of Health and Hygiene. 9(3),
277-290. [In Persian]:

Baruah, N., Mondal, S.C., Faroog, M., Gogoi, N.,
2019. Influence of heavy metals on seed
germination and seedling growth of wheat, pea,
and tomato. Water, Air, & Soil Pollution. 230,
1-15. https://doi.0org/10.1007/s11270-019-
4329-0

Bates, L.S., Waldren, R.P., Teare, 1.D., 1973.
Rapid determination of free proline for water
stress studies. Plant and Soil. 39, 205-207.
hittps://doi.org/10.1007/BF00018060

Chen, Z., Lu, Z., Zhang, Y., Li, B., Chen, C.,
Shen, K¢, 2021, Effects of biochars combined
with_«ferrous sulfate and pig manure on
cadmium bioavailability and phytotoxicity in
wheat grown in alkaline contaminated soil.
Science of the Total Environment. 753,
141832.
https://doi.org/10.1016/j.scitotenv.2020.14183
2

Dobrikova, A.G., Apostolova, E.L., 2019.
Damage and protection of the photosynthetic
apparatus under cadmium  stress. In:
Hasanuzzaman, M., Narasimha Vara Prasad,
M., Fujita, M. (eds.), Cadmium Toxicity and
Tolerance in Plants. Academic Press, pp. 275—
298. https://doi.org/10.1016/B978-0-12-
814864-8.00011-5

Ezzat, S.M., Salama, M.M., 2024. Physalis
peruviana fruit bioactive compounds. In:
Fawzy Ramadan, M. (ed.), Handbook of
Goldenberry (Physalis peruviana). Elsevier,
pp. 209-215. https://doi.org/10.1016/B978-0-
443-15433-1.00022-4

Farid, M., Shakoor, M.B., Ehsan, S., Ali, S,
Zubair, M., Hanif, M.S., 2013. Morphological,
physiological and biochemical responses of
different plant species to cadmium stress.
International Journal of Chemical and
Biochemical Sciences. 3, 53-60.

Gallego, S.M., Pefia, L.B., Barcia, R.A,
Azpilicueta, C.E., lannone, M.F., Rosales, E.P.,


https://search.eitaa.com/?url=https://doi.org/10.1007/s00726-010-0809-7
https://search.eitaa.com/?url=https://doi.org/10.1007/s11356-021-13553-x
https://search.eitaa.com/?url=https://doi.org/10.1016/j.plaphy.2017.03.024
https://search.eitaa.com/?url=https://doi.org/10.1007/s10646-020-02208-1
https://search.eitaa.com/?url=https://doi.org/10.1007/s10646-020-02208-1
https://search.eitaa.com/?url=https://doi.org/10.22067/jag.v9i1.51330
https://search.eitaa.com/?url=https://doi.org/10.1016/S1002-0160(17)60315-1
https://search.eitaa.com/?url=https://doi.org/10.1016/S1002-0160(17)60315-1
https://search.eitaa.com/?url=https://doi.org/10.3390/molecules29010184
https://search.eitaa.com/?url=https://doi.org/10.3390/agronomy14040797
https://search.eitaa.com/?url=https://doi.org/10.1007/s11270-019-4329-0
https://search.eitaa.com/?url=https://doi.org/10.1007/s11270-019-4329-0
https://search.eitaa.com/?url=https://doi.org/10.1007/BF00018060
https://search.eitaa.com/?url=https://doi.org/10.1016/j.scitotenv.2020.141832
https://search.eitaa.com/?url=https://doi.org/10.1016/j.scitotenv.2020.141832
https://search.eitaa.com/?url=https://doi.org/10.1016/B978-0-12-814864-8.00011-5
https://search.eitaa.com/?url=https://doi.org/10.1016/B978-0-12-814864-8.00011-5
https://search.eitaa.com/?url=https://doi.org/10.1016/B978-0-443-15433-1.00022-4
https://search.eitaa.com/?url=https://doi.org/10.1016/B978-0-443-15433-1.00022-4

Zawoznik, M.S., Groppa, M.D., Benavides,
M.P., 2012. Unravelling cadmium toxicity and
tolerance in plants: Insight into regulatory
mechanisms. Environmental and Experimental
Botany. 83, 33-46.
https://doi.org/10.1016/j.envexpbot.2012.04.0
06

Heydari, M., Esmailzadeh Bahabadi, S.,
Sangtrash, A., 2021. Effect of salicylic acid on
physiological and biochemical traits of lemon
balm under cadmium stress. Iranian Journal of
Plant Biology. 34, 646-657. [In Persian].

Heydari, M., Mohajal Kazemi, M., Nosrati, A.,
Kolahi, M., Kozafi, A., 2023. Evaluation of
cadmium accumulation and micronutrient
uptake in lettuce (Lactuca sativa L.) under
cadmium chloride stress. Food Science and
Nutrition. 21, 1-12. [In Persian].

Hussain, M.M., Saeed, A., Khan, A.A., Javid, S.,

Fatima, B., 2015. Differential responses of one
hundred tomato genotypes grown under
cadmium stress. Genetics and Molecular
Research. 14, 13162-13171.
https://doi.org/10.4238/2015.0ctober.26.12

Kuboi, T., Noguchi, A., Yazaki, J., 1986. Family-
dependent cadmium accumulation
characteristics in higher plants. Plant and Soil.
92, 405-415.
https://doi.org/10.1007/BF02872488

Li, S., Wang, H.Y., Zhang, Y., Huang, J., Chen,
Z., Shen, R.F., Zhu, X.F., 2023. Auxin
involvement in cadmium accumulation in rice
through nitriccoxide “production and cell wall
binding > capacity.. Science of the Total
Environment. 904, 166644,
https://doi.org/10.2026/j.scitotenv.2023.16664
4

Omidbaigi, R.,«2010. Production and Processing
of Medicinal Plants. Astan Quds Razavi Press,
Mashhad. [In Persian].

Salarizadeh, S., Kavousi, H.R., Pourseyadi, S.,
2016. Effect of cadmium on germination traits
and biochemical parameters of two Iranian

ecotypes of cumin (Cuminum cyminum L.).
Journal of Medicinal Plants and By-products. 5,
15-22. [In Persian].

Shahrousvand, S., 2010. Effects of hormonal
priming by gibberellic acid and salicylic acid
on seed development and seedling
physiological quality of carrot cultivars. MSc
Thesis, Lorestan University, Iran. [In Persian].

Shameh, S., Al-Momany, A., & Al-Dakheel, A.,
2019. Methods for determination  of
photosynthetic pigments in plant leaves.
Journal of Plant Science. 14(3), 45-52.

Taiz, L., Zeiger, E., Mgller,.l.M., Murphy, A.,
2015. Plant Physiology and Development.
Sinauer Associates.

Xu, J., Zhu, Y., Ge, Q., Li, Y., Sun, J., Zhang, Y.,
Liu, X., 2012.. Comparative physiological
responses of Solanum nigrum and Solanum
torvum to_cadmium stress. New Phytologist.
196, 125-138."https://doi.org/10.1111/j.1469-
8137.2012.04236.x

Ye, Y., Dong, W., Luo, Y., Fan, T., Xiong, X.,
Sun, L., Hu, X., 2020. Species diversity and
organ differences of cadmium accumulation in
potato allow potential Cd-safe staple food
production. Science of the Total Environment.
711, 134534,
https://doi.org/10.1016/j.scitotenv.2019.13453
4

Zhao, S.P., Zhang, Y.Z., Zhang, Q., Wang, G. J.,
Ye, X.Z., 2015. Differential responses of two
tomato species to cadmium stress. Journal of
Plant Nutrition and Fertilizers. 21, 1261-1268.
https://doi.org/10.11674/zwyf.2015.0520

Zulfigar, U., Ayub, A., Hussain, S., Waraich,
E.A., El-Esawi, M.A., Ishfag, M., Ahmad, M.,
Ali, N., Magsood, M.F., 2022. Cadmium
toxicity in plants: Recent progress on morpho-

physiological effects and  remediation
strategies. Journal of Soil Science and Plant
Nutrition. 22, 212-269.

https://doi.org/10.1007/s42729-021-00710-3


https://search.eitaa.com/?url=https://doi.org/10.1016/j.envexpbot.2012.04.006
https://search.eitaa.com/?url=https://doi.org/10.1016/j.envexpbot.2012.04.006
https://search.eitaa.com/?url=https://doi.org/10.4238/2015.October.26.12
https://search.eitaa.com/?url=https://doi.org/10.1007/BF02372488
https://search.eitaa.com/?url=https://doi.org/10.1016/j.scitotenv.2023.166644
https://search.eitaa.com/?url=https://doi.org/10.1016/j.scitotenv.2023.166644
https://search.eitaa.com/?url=https://doi.org/10.1111/j.1469-8137.2012.04236.x
https://search.eitaa.com/?url=https://doi.org/10.1111/j.1469-8137.2012.04236.x
https://search.eitaa.com/?url=https://doi.org/10.1016/j.scitotenv.2019.134534
https://search.eitaa.com/?url=https://doi.org/10.1016/j.scitotenv.2019.134534
https://search.eitaa.com/?url=https://doi.org/10.11674/zwyf.2015.0520
https://search.eitaa.com/?url=https://doi.org/10.1007/s42729-021-00710-3

