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Abstract

The use of plant hormones has been introduced as a simple and suitable strategy to reduce the adverse effect
of heavy metals in plants. To investigate the effect of salicylic acid (SA) in reducing lead (Pb) stress in
tomato (Lycopersicon esculentum L.), a factorial experiment was conducted based on completely
randomized design with three replications in the greenhouse of Razi University. Factors included soil Pb
contamination at three levels (0, 150 and 300 mg kg soil as Pb(NOs).) and SA at three levels (0, 250 and
500 pM). Results showed that the highest proline content (23.4 mmol g*) and Pb concentration (4.26 mg kg
1) were obtained in 300 mg kg™ of Pb and 0 uM SA, which shows an increase of 303 and 387%, respectively,
compared to the control (without Pb and SA). Also, the highest amount of soluble sugars (0.48 mg kg),
plant height (43.5 cm), root length (18.3 cm/plant), shoot dry weight (7.48 g/plant), and leaf area (263.1
cm?/plant) were found in the treatment of 500 uM SA and 0 mg kg Pb. In general, the results showed that
the application of SA, as a plant hormone, is a simple and convenient method to reduce the adverse effects of
Pb stress in tomato.
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Background and Obijective: Heavy metals are non-biodegradable and persistent in nature thereby
disrupting the environment and causing huge health threats to humans (Ferronato and Torretta, 2019). Lead
(Pb) is a toxic heavy metal that enters the environment through various anthropogenic sources, and inhibits
plant growth and development. Lead toxicity may result from disturbance in plant metabolism as a
consequence of disturbance in the uptake and translocation of mineral nutrients (Hussain et al., 2017). A new
method for reducing the effect of heavy metals on plants is the use of growth regulators such as salicylic acid
(SA) (Vaculik et al., 2019). Tomato (Lycopersicon esculentum) is an important vegetable that is rich in
minerals, various vitamins and antioxidant compounds. Since the cultivation of tomato, as an important and
highly productive crop, is very common in many parts of Iran, including on the side of the roads, there is a
possibility of contamination of the arable soils with lead. Therefore, the present study was conducted to
evaluate the effects of foliar spraying of salicylic acid on reducing Pb-induced stress in tomato (Lycopersicon
esculentum L.).
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Methods: A factorial experiment based on a completely randomized design with three replications was
conducted in the greenhouse of Razi University. Factors included Pb at three levels (0, 150 and 300 mg kg
as Pb(NOs),) and SA at three levels (0, 250, and 500 uM). The solutions containing Pb(NO3), were sprayed
uniformly on the soil sub-samples according to the desired concentrations. The samples were kept moist for
30 days close to the soil field capacity (FC). At the four-leaf stage, SA foliar spraying started and replicated
three times until the beginning of flowering. After harvest, some characteristics including soluble sugars and
proline content, plant height, shoot and root dry weights, and root volume and length were determined. Also,
Pb concentration in leaf extract were measured by Varian AA220 atomic absorption spectrophotometer. The
analysis of variance (ANOVA) and mean comparisons (Duncan's multiple range test, p < 0.05) were
performed using SPSS-16 software.

Results: The results revealed that Pb stress reduced all plant characteristics, such as plant height, root
volume and root length, as well as, dry weights of shoot and root, and elevated leaf Pb concentration, proline
content and soluble sugars in tomato. However, the SA application resulted in improvement of growth traits.
Also, the results showed that the interaction effect of Pb and SA on the most growth characteristics such as
plant length, shoot and root dry weights, leaf area, and proline content, soluble sugars and Pb concentration
was significant. The highest proline content (23.4 mmol g') and Pb concentration (4.26 mg kg?) were
obtained in 300 mg kg* of Pb and 0 uM SA. Also, the highest amount of soluble sugars (0.48 mg kg?), plant
height (43.5 cm), root length (18.3 cm/plant), shoot dry weight (7.48 g/plant), and leaf area (263.1 cm?/plant)
were found in the treatment of 500 uM SA and 0 mg kg Pb. It seems that under Pb-induced stress, applying
SA, as a plant hormone, is an effective approach for improving crop growth by increasing plant resistance.

Conclusions: The results showed the significant negative effect of lead (Pb) on all the measured growth
characteristics, including plant height, shoot dry weight, leaf area, root length, surface, volume and dry
weight of tomato, as well as the amounts of proline and soluble sugars. The salicylic acid (SA) improved the
resistance of tomato plants to Pb stress by increasing plant growth indices. In general, the application of
appropriate concentration of SA (i.e., 500 uM) is an economic and easy strategy to reduce the effects of Pb
(300 mg kg soil) in tomato.
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Table 1. Physical and chemical properties of the soil used

Pb | Catlg: Z};(i:thange CaCO:s 2;%;12: Clay Silt Sand Electrical conductivity of saturated pH
(mgkg") pacity % : % % % extract (dS mr')
(cmolc kg!) %
0.18 14 312 0.83 25 64.5 10.5 0.28 7.8
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Table 2. Analysis of variance for the effects of Pb and salisilic acid on the aerial characteristics of tomato (mean squares)
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* and ** represent significant effect at the probability levels of 5 and 1%, respectively.
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Table 3. Mean comparisons of the effect of Cd x salicylic acid interaction on the aerial characteristics of tomato

C}Ja.w u}""’Cj}a‘“ &bd)j g;’c"—" olﬁfiu.?)\ J:jjj'i uj.wC_,JaLo JJ,LNLSL&J\J
1l L L, Pb levels ol ls Leaf area Plant height Proline sl (‘\ ul Soluble sugars
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Salisilic acid Leaf dry Pb
levels weight (mg kg)
(Mmol I'") (¢/plant)
0 5.35¢ 181.5° 31.4¢ 7.7¢ L.1f 0.1°
0 150 3.21¢ 155.7¢ 26.6¢ 14.2¢ 3.23¢ 0.292
300 1.45° 137.6¢4 21.7¢ 23.42 4262 0.312
0 6.59" 191.2° 38.7° 3.218 0.93f 0.332®
250 150 4.47¢ 168.2¢ 31.9° 11.3¢ 2.72¢ 0.30%
300 3.31¢ 160.1¢ 29.44 17.9° 3.67° 0.35%®
0 7.48 263.1° 43.52 4.3h 0.14f 0.312
500 150 5.26¢ 182.1° 38.5° 8.28f 2.16° 0.372
300 4.53¢ 160.5¢ 33.1° 11.44 3.21¢ 0.482
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In each column, numbers with similar letters are not significantly different (Duncan's test, p < 0.05).
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Table 4. Analysis of variance for the effects of Pb and salisilic acid on the root characteristics of tomato (mean squares)
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* and ** represent significant effect at the probability levels of 5 and 1%, respectively.
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Table 5. Mean comparisons of the effect of Pb x salicylic acid interaction on the root characteristics of tomato

S e T ) L T R e
Salisilic acid levels Pb levels Root dry weight Root length  Root volume Root area
(Mmol I (mg kg (g/plant) (cm/plant) (cm?/plant) (cm?/plant)

0 3.512 11.9¢« 29.13b 37.7%
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In each column, numbers with similar letters are not significantly different (Duncan's test, p < 0.05).

aly) v g o>
3100 lajleg 5 esliul ax S edelonds = o
SPIY SalS Sl G S o 0 SAS g S ke Yoo
(dolie 3 Lal s (S5 3 8 ity ) e (gho s TANY
Aol Skl Vg S Bo0 5 Y00 slaslas Sl eslinal
alyy e s 3 YA S YYY il sl el oS Sy
22 g el YAV) iy o 0 5 5o comamas A3 S
e Sa 000 5,0LS 5 o A5 0ok Ll o (6
(453 53 pmryo e il YoV ) OF 50 5 dol Sl
Skl 05 5 o 05U e S ke Yoo Slas
(O Ju) dol sy o]

L oS3 pdoms e S S 51 LSS Ol e o
s Arme 5 LS e 45 el L OlalS
ot Sl S Ly palS l pd e S s glada
S s L ST Oy 50 5 Shes 5o DDl
b e Lo les QLS s Sl glaady, S5
Sl 3 e mlolyy el 5l 30 e 5 (Gole
Singh ) L5d o oS 5 om0l S el ) 350 0 o
S(etal., 2015

AY

Sl 3l alinal o ol DL o 15 o (S pax S
el o e el Sl N5 0y Sea 000 5 YOO
SN RN PLISRE N PRT-S WSTE o //-EP R VARSI EE]
et S ST 5100 slasler
oy YO/ 5 YA Ol a1y asiny, S O3y o Sa
(0 Jsd) sls Jals
(e Ale) K l3l5 s oLl 5 i oS 5bokes
Ay Sl Solbsan s andls e Ol Jgle e 0l 3
CS sl Sl s i) ann g 5 ad, dax Sl 5 olS e ges
2 g L aS Sl o BB ol Pl LS e
Lal bl JalS (gols sme ssbas als) oo 5m) g Jas
st o e BT Sl el Sl s S
s Solsan s esls ralS | S sar S iy Al
A Sl g e 435 gy K 05
3t OblS Wiy 5 eslesls dl, Jials S ol
Lol el ST dsile LS (latrsnssn A5 3 Jokes]
o AS A D e SO Ol Al Sl
Ferronato ) 53,5 o OLS Wi p 2 5 o ook Ll 8l
.(and Torretta, 2019



QUK.QJA}&\S\S \f°\'}:{\i/(ra;h—i/ﬁ);tﬁdb/og}s\ihﬂ})

sooltle i, s Sy (e p SAS e S e 6 S domt

g:w‘ gt $ o - . o Z- * : 3

) . O35 oS gl Jalis (oS30l 5550 ) sla el

Sl Pl 5 S5 St 035 5 e b b Sl sl S

Slie ol e b i e e s s sy sl s S e S
Wl o 3Ly el s gxs e ses Gla el il 31 L sl Sdeedlo Sl s & lsw

2 SRS a8 sl p Caslie 25 o 0lS )

éu‘ slas 3,0LS 48 S8 Olps e (NS sba AS e A5

(e b aile alas 6 S b Oledl Wlie OB 5 s S G5, 00 0) sl Sl s ke

Ll Jrags ool gl Glsle L asS s Yoo jlad) o (25 BT L2l glinly s 0lT 5 salas]

oalaul 2,40 cLua

1. Abbasi, F., Khaleghi, A., Khadivi, A., 2020. The Effect of salicylic acid on physiological and morphological traits
of cucumber (Cucumis sativus L.). Gesunde Pflanzen, 72, 155-162. https://doi.org/:10.1007/s10343-019-00496-0

2. Aghlmand, S., Esmailpour, B., Jalilvand, P., Heidari, H., 2017. Effect of salicylic acid and paclobutrazole on growth
and physiological traits of basil under water stress conditions. Plant Proce. Func. 9, 35-44 (In Persian with English
abstract). http://jispp.iut.ac.ir/article-1-502-en.html

3. Alamer, K.H., Fayez, K.A., 2020. Impact of salicylic acid on the growth and physiological activities of parsley
plants under lead toxicity. Physiol. Mol. Biol. Plants 26(7), 1361-1373. https://doi.org/:10.1007/s12298-020-00830-1

4. Aldoobie, N.F., Beltagi, M.S., 2013. Physiological, biochemical and molecular responses of common bean (Phaseolus
vulgaris L.) plants to heavy metals stress. Afr. J. Biotechnol. 12(29), 4614-4622. https://doi.org/:10.5897/AJB2013.12387

5. Alizadeh, A., 2014. Water, Soil and Plant Relation. 14™ edition, Astane Godse Razavi Press, 484p.

6. Bates, L.S., Waldren, R.P., Teare, 1.D., 1973. Rapid determination of free proline for water stress studies. Plant Soil
29, 205-207. http://dx.doi.org/10.1007/BF00018060

7. Dubois, D., Gilleres, K.A., Hamilton, J.K., 1956. Colorimetric method for determination of sugars and related
substances. Anal. Chem. 28, 350-356. http://dx.doi.org/10.1021/ac60111a017

8. Emamverdian, A., Ding, Y., Mokhberdoran, F., Xie, Y., 2015. Heavy metal stress and some mechanisms of plant
defense response. Sci. World J. 2015, 1-18. 756120. https://doi.org/:10.1155/2015/756120.

9. FAO, 2021. Food and Agricultural Organization Statistics Book on National Crop Production. Food and Agriculture
Organization of the United Nations, Rome.

10. Ferronato, N., Torretta, V., 2019. Waste mismanagement in developing countries: a review of global issues. Int. J.
Environ. Res. Public Health 16(6), 1060. https://doi.org/10.3390/ijerph16061060.

11. Guo, J., Zhou, R., Ren, X., Jia, H., Hua, L., Xu, H., Lv, X., Zhao, J., Wei, T., 2018. Effects of salicylic acid, epi-
brassinolide and calcium on stress alleviation and Cd accumulation in tomato plants. Ecotoxicol. Environ. Saf. 157,
491-496. https://doi.org/:10.1016/j.ecoenv.2018.04.010

12. Hussain, 1., Siddique, A., Ashraf, M., Rasheed, R., Ibrahim, M., Igbal, M., Akbar, S., Imran, M., 2017. Does
exogenous application of ascorbic acid modulate growth, photosynthetic pigments and oxidative defense in okra
(Abelmos chusesculentus L.) under lead stress? Acta Physiol. Plant. 39, 1-13. https://doi.org/:10.1007/s11738-017-
2439-0

13.Khan, I., Igbal, M., Ashraf, M.Y., Ashraf, M.A., Alj, S., 2016. Organic chelats-mediated enhanced lead (Pb) uptake
and accumulation is associated with higher activity of enzymatic antioxidants in spinach (Spinace aoleracea L.). J.
Hazard. Mater. 317, 352-361. https://doi.org/:10.1016/j.jhazmat.2016.06.007

14. Khodaverdiloo, H., Han, F.X., Hamzenejad, R., Karimi, A., Moradi, N., Kazery, J.A., 2020. Potentially toxic
element contamination of arid and semi-arid soils and its phytoremediation. Arid Land Res. Manag. 34, 361-391.
https://doi.org/:10.1080/15324982.2020.1746707

15.Kocal, N., Sonnewald, U., Sonnewald, S., 2008. Cell wall-bound invertase limits sucrose export and is involved in
symptom development and inhibition of photosynthesis during compatible interaction in tomato. Plant Physiol. 148,

AY



e S pr S sy G S p el Skl (2 sle S O 5 LSS

1523-36. https://doi.org/:10. 1104/pp.108.127977

16. Du Laing, G., Tack, FM.G., Verloo, M.G., 2003. Performance of selected destruction methods for the determination of
heavy metals in reed plants Phragmites australis. J. Analyt. Chim. Acta. 49, 191-198. https://doi.org/10.1016/j.aca.2003.08.044.
17. Mahdavian, K., Ghaderian, S.M., Schat, H., 2016. Pb accumulation, tolerance, antioxidants, thiols, and organic acids
in metallicolous and non-metallicolous Peganum harmala under Pb exposure. Environ. Exp. Bot. 126, 21-31.
https://doi.org/10.1016/j.envexpbot.2016.01.010

18. Madhavan, S., Rosenman, K.D., Shehata, T., 1989. Lead in soil: recommended maximum permissible levels.
Environ. Res. 49(1), 136-142. https://doi.org/10.1016/S0013-9351(89)80028-3

19. Padash A., Ghanbari A. Sirousmehr A., and Asgharipour M.R. 2018. Effect of salicylic acid on concentration of
nutrients, protein and antioxidant enzymes of basil under lead stress. Iran. J. Plant Res. 31(1), 35—44. (In Persian with
English abstract). 20.1001.1.23832592.1397.31.1.4.0

20.Page, A.L., Miller, R.H., Keeney, D.R. (Eds.), 1982. Methods of Soil Analysis: Part 2 Chemical and
Microbiological Properties, Second Edition, Soil Science Society of America and American Society of Agronomy, Inc,
Madison, WI, USA. https://doi.org/:10.2134/agronmonogr9.2.2ed

21.Popova, L.P., Maslenkova, L.T., Yordanova, R.Y., Ivanova, A.P., Krantev, A.P., Szalai, G., Janda, T., 2009.
Exogenous treatment with salicylic acid attenuates cadmium toxicity in pea seedlings. Plant Physiol. Biochem. 47(3),
224-231. https://doi.org/10. 1016/j.plaphy.2008.11.007

22.Rasheed, R., Ashraf, M.A., Hussain, 1., Haider, M.Z., Kanwal, U., Igbal, M., 2014. Exogenous proline and glycine
betaine mitigate cadmium stress in two genetically different spring wheat (7riticum aestivum L.) cultivars. Braz. J. Bot.
37, 399—-406. https://doi.org/:10.1007/s40415-014-0089-7

23. Shamshirgaran, Z S, Saied Nematpour, F., Safipour Afshar, A., 2016. Effect of mycorrhizal symbiosis on growth,
some physiological parameters and cadmium accumulation in black seed (Nigella sativa L.). J. Plant Proc. Func. 5 (17),
133—144. http://jispp.iut.ac.ir/article-1-436-fa.html (In Persian with English abstract).

24. Singh, S., Parihar, P., Singh, R., Singh, V.P., Prasad, S.M., 2015. Heavy metal tolerance in plants: role of transcriptomics,
proteomics, metabolomics, and ionomics. Front. Plant Sci. 6, 1143. https://doi.org/:10.3389/fpls.2015.01143

25. Sofy, M.R., Seleiman, M.F., Alhammad, B.A., Alharbi, B.M., Mohamed, H.I., 2020. Minimizing adverse effects of
Pb on maize plants by combined treatment with jasmonic, salicylic acids and proline. Agronomy 10(5), 699.
https://doi.org/10.3390/agronomy10050699

26. Teiymouri, A., Amirinejad, A., Ghobadi, M., 2021. The effects of biochar and salicylic acid on alleviation of Pb
stress in salvia (Salvia afficinalis L.). J. Soil Plant Interac. 12(1), 95-108 (In Persian with English abstract).
https://doi.org/:10.47176/jspi.12.1.20161

27. Vaculik, M., Lux, A., Luxova, M., Tanimoto, E., Lichtscheidl, 1., 2019. Silicon mitigates cadmium inhibitory effects
in young maize plants. Environ. Exp. Bot. 67(1), 52—-58. https://doi.org/:10.1016/j.envexpbot.2009.06.012

28. Veselina, V., Dinev, N.S., 2020. Mineral content and quality parameters of tomato fruits as affected by different potassium
fertilization treatments and cultivar specifics. Indian J. Agric. Res. 55(2), 169—174. https://doi.org/:10.18805/IJARe.A-563.

29. Walkley, A., Black, I.A., 1934. Examination of the degtjareff method determining soil organic matter and proposed
modification of the chromic acid titration method. Soil Sci. 37(1), 29-38.

30. Ward, O.P., Singh, A., 2004. Soil bioremediation and phytoremediation - An overview. In: Singh, A., Ward, O.P.
(Eds), Applied Bioremediation and Phytoremediation. Springer, Berlin, Germany, pp. 1-11.

AO



