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ABSTRACT

Tomato is one of the common garden fruits in India and is cultivated worldwide because of its
edible fruits that are rich in antioxidants, such as lycopene and carotenoid etc. Although densities of
ascorbic acid and B-carotene in tomato are modest compared to some other vegetables, tomato
ranks high as a source of vitamins A and C in human diets because of high consumption in many
countries of the world. Cadmium (Cd) is probably one of the most toxic heavy metals, particularly at
high concentrations, inhibiting plant growth and development, whereas at low concentrations
Cadmium may also stimulate growth depending on the plant species. Cadmium can also negatively
interfere with important plant processes such as water transport, oxidative phosphorylation in
mitochondria, photosynthesis and chlorophyll contents. Salinity reduces plant productivity first by
reducing plant growth during the phase of osmotic stress and subsequently by inducing leaf
senescence during the phase of toxicity. Salicyclic Acid (SA) and Indole acetic acid (IAA) are
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involved in the protection of plants against multiple stresses, Such as salinity, water stress, drought
stress, and herbicides. Indeed, this may be also reported that Salicyclic acid and Indole acetic
acide can ameliorate the injurious effects of heavy metals on plants.
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1. INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the
common garden fruits in India and is cultivated
worldwide because of its edible fruits that are rich
in antioxidants, such as Iycopene the
consumption of tomato is believed to benefit the
heart, among other cure and is world’s most
important vegetable crop in economic terms [1].
In an attempt to explain the scientific basis for

the medicinal and nutritional benefits of
lycopersicum esculentum (tomato), the
phytochemical contents, anti-oxidant, anti-

bacteria and anti-inflammatory activity were
assessed [2]. The fruit contains lycopene, one of
the most powerful natural antioxidants which are
able to fight singlet oxygen and peroxy radicals
otherwise both are responsible for damaging
DNA in the process that leads to the origin of
cancer. Similarly ascorbic acid and b-carotene
also act as antioxidant against reactive oxygen
species (ROS) and protect the living system from
their damaging effect [3]. Tomato plant is warm-
season perennial, that typically grows into a
shrub, although often grows as an annual. And
one of the crops that have recently been added
to the list of the world's major food. Tomato is
considered a significant vegetable crop that play
notable role in human health due to variety of
vitamins, carotenoids, beneficial acids, sugar and
minerals. Tomato is consumed in diverse way as
raw or culinary processes [4]. Tomatoes are also
an excellent source of free radical-scavenging
vitamin C and vitamin A as well as bone-healthy
vitamin K. They are a very good source of
enzyme-promoting molybdenum; heart-healthy
potassium, vitamin Bg, folate, and dietary fiber;
blood sugar-balancing manganese. In addition,
tomatoes are a good source of heart-healthy
magnesium, niacin, and vitamin E; energy-
producing iron, vitamin B4, and phosphorus;
muscle-building protein, and bone-healthy
copper [5].

Salinity: Salinity is a limiting environmental
factor for plant production, and is becoming more
prevalent as the intensity of agriculture
increases. Around the world, 100 million ha, or
5% of arable land, adversely affected by high salt
concentrations, which reduce crop growth and

yield [6]. Salt stress is major environmental
constraint most limiting plant productivity.
Seeking salt-tolerant crops requires an
examination of the behaviour of the plant
development including seed germination stage
[7]. Tomato cultivar PKM 1 was subjected to 25,
50, 100, 150 and 200 mM NaCl stress and
response of tomato plant to salt stress were
determined by assessing the variability of
different biochemical parameters, in tomato
plants the applications of NaCl caused increase
in Na+ content, while K+ content and K+/Na+
ratio decreased with increase in salt stress [8].
Salinity is one of the major environmental factors
limiting plant growth and productivity [9]. High
salt concentration in particular Na+ which
deposits in the soil, can alter the basic texture of
the soil, thereby causing decreased soil porosity,
and consequently leading to reduced soil
aeration and water conductance. Soil salinity
alters root and shoot hormone relations, e.g. it
decreases cytokinins and gibberellins and
increases abscisic acid contents [10]. Salinity
disrupts plant morpho-physiological processes
due to osmotic disturbance and ionic stress [11].
Salt stress can restrict photosynthesis by
decreasing green pigments 12 suppressing
rubisco activity [13] and reducing stomatal

conductance, thus affecting internal CO,
availability [14]. Salt stress can reduce activity of
various enzymes involved innnitrogen

metabolism thus reducing plant nitrogen status
[15]. General symptoms of damage by salt stress
are growth inhibition, accelerated development
and senescence and death during prolonged
exposure. Growth inhibition is the primary injury
that leads to other symptoms although
programmed cell death may also occur under
severe salinity shock. Salt stress induces the
synthesis of abscisic acid which closes stomata
when transported to guard cells. As a result of
stomatal closure, photosynthesis declines and
photoinhibition and oxidative stress occur [16].
The review investigates the effect of salicyclic
acid and indole acetic acid on tomato crop under
induced salinity and cadmium stressed
environment.

Cadmium: Cadmium (Cd) is a toxic heavy metal,
which can cause severe damage to plant



development roots of the tomato hormonal
mutants, when analysed by light microscopy,
exhibited alterations in root diameter and
disintegration of the epidermis and the external
layers of the cortex. A comparative analysis has
allowed the identification of specific Cd-induced
ultrastructural changes in wild-type tomato, the
pattern of which was not always exhibited by the
mutants [17]. Contamination of the soil by toxic
elements such as heavy metals is a major
environmental concern [18]. Cadmium (Cd) is
probably one of the most toxic heavy metals,
particularly at high concentrations, inhibiting plant
growth and development, whereas at Ilow
concentrations Cd may also stimulate growth
depending on the plant species [19]. Cadmium
(Cd) is generally known as the most toxic
pollutants in the environment. Furthermore, this
heavy metal has a high mobility in soil and is
easily absorbed by plant roots [20]. Cadmium
preferentially accumulates in the chloroplasts
and disrupts chloroplast function by damaging
the membrane and inhibiting the biosynthesis of
chlorophyll and the CO, fixation activity [21].
Cadmium toxicity is known to decrease
nodulation and the activity of nitrogen-
metabolizing enzymes, thereby decreasing the
ability of the plants to fix nitrogen [22].

The toxicity of heavy metals in different plants is
varied commensurate with factors such as the
availability of metals in soils, metal uptake by
plants and the amount of its displacement in
plant parts. This toxicity occurs when the related
metal can enter to system of plant root from the
soil [23]. Usually soils contaminated with
cadmium possess other polluting elements such
as lead and thus further threaten the health of
organisms [24]. It has been reported that the
delay in the growth of plants is one of the
symptoms of toxicity with cadmium [25]. Studies
have shown that cadmium affects the cell
division and growth, the overall growth of plant,
cell division in meristematic region and the
regulation of the growth and development of
plants [26]. This dangerous toxic element can
disrupt the metabolism of carbohydrates [27].
Cadmium also shows diverse effect on growth
and yield parameters of vegetable crops [28].
Heavy metals like Cadmium etc on soil profile
may prove harmful not only to plants, but also to
consumers of the harvested crops [29].

Salicyclic acid (SA) against Salinity and
Cadmium stress: A specific experiment has
been carried out by Salicylic acid (SA) on tomato,
results revealed that the maximum leaf area,
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number of clusters and number of fruits per plant,
sucrose, fructose, glucose, total soluble solid
(TSS), vitamin C and lycopene. Consequently,
foliar applications of SA in growth duration lead
to biomass accumulation which guide to enhance
of carbohydrates, TSS, vitamin C and lycopene
under salt stress [30]. Acetyl salicylic acid
enhanceroot activity and improve root
morphological features in tomato plants under
heat stress [31]. Salicylic acid (SA) plays an
important role in abiotic stress tolerance, and
considerable interests have focused on SA due
to its ability to induce a protective effect on plants
under stress. Many studies support the SA-
induced increases in the resistance salinity [32]
and osmotic stress [33] and of rice on heavy
metal stress [43]. Salicylic acid (SA) is an
endogenous plant growth regulator that acts as a
signal in the induction of specific plant responses
to biotic and abiotic stresses. SA is involved in
the protection of plants against multiple stresses,
including freezing, salinity, ozone, ultra-violet
radiation, water stress, drought stress [35]. As
seed treatment with H,O, it had an alleviating
effect on the oxidative damage caused by salt
stress in wheat plants [36], it seems possible that
SA may exert its protective effect partially
through the transiently increased level of H,O..
Root drenching with 0.1 mM SA protected tomato
(Lycopersicon esculentum) plants against 200
mM NacCl stress [37]. It increased the growth and
photosynthetic rate of the plants, as well as the
transpiration rate. The application of salicylic acid
at varying concentrations of 100 and 200 ppm
can lead to overcome salinity situations upto a
certain extent [38].

Seeds with SA have been reported to ameliorate
the effects of Cd-induced heavy metal toxicity via
enhanced activities of reactive oxygen species
(ROS)-scavenging enzymes [39]. Indeed, there
are many reports that show that SA can
ameliorate the injurious effects of heavy metals
on plants [40]. SA-induced protection of plants
from oxidative injury caused by metals including
Cd is mainly linked to enhanced accumulation of
antioxidant enzymes [41].

Indole acetic acid (IAA) against Salinity and
Cadmium stress: The exogenous applications
of IAA under salt stress improve the root and
shoot length through raising the absorption of
water and mineral. These results were similar
with the effects of [42]. Of the various plant
growth regulators which regulate growth under
normal or stress conditions, indoleacetic acid
(IAA) plays a vital role in maintaining plant



growth under stress conditions including salt
stress [43]). Foliar-applied IAA (15 mg [-1)
considerably ameliorated the adverse effects of
salt on these plants 44. It has also been reported
that the exogenous application of IAA showed
high stimulatory effects on the root and shoot
growth of wheat seedling in saline condition [45].
IAA exogenous application provides an attractive
approach to counter the stress conditions [46].
The hypotheses of this study were that the
growth-promoting phytohormone auxin (indole-3
acetic acid, IAA) can alleviate toxic effects of
metals on plants [47]. In particular IAA increased
root and sometimes also shoot growth of plants
that were stressed by salinity or heavy metals
and IAA alleviated drought stress and suggested
that exogenously applied IAA may serve in
mediating morphological reactions of plants in
response to stresses, in particular by increasing
root growth [48].

2. CONCLUSION

It can be concluded that stress like salt or heavy
metal shown the negative impacts on growth,
yield, physiological and biochemical parameters
of plants. But the applications of SA and IAA can
ameliorate the injurious effects of heavy metals
and salt stress from plants.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Nuez F, Prohens J, Blanca JM.
Relationships, origin, and diversity of

Galapagos tomatoes: Implications for the
conservation of natural populations.
American Journal of Botany. 2004;91:86—
99.

2. Omodamiro OD, Amechi U. The
phytochemical content, antioxidant,
antimicrobial and anti-inflammatory
activities of Lycopersicon esculentum

(Tomato). Asian Journal of Plant Science
and Research. 2013;3(5):70-81.

3. Shamsul H. Nasser, Alyemeni M, Hasan
SA. Foliar spray of brassinosteroid
enhances yield and quality of Solanum
lycopersicum under cadmium stress. Saudi
Journal of Biological Sciences. 2012;19:
325-335.

4. Rubalzky VE, Yamaguchi
vegetables, production and

M. World
nutritive

Malik et al.; IJPSS, 26(5): 1-6, 2018; Article no.lJPSS.33176

values. 2™ Edition. Chapman & Hall. New
York; 1997.

5. Jacob K, Garcia-Alonso FJ, Ros G. Arch
Latinoam Nutr. 2010;60(2):192-8.

6. Ghassemi F, Jakeman AJ, Nix HA.
Salinisation of land and water resources.
Wallingford UK: CAB International; 1995.

7. Arbaoui M, Yahia N, Belkhodja M.
Germination of the tomato (Lycopersicon
esculentum Mill.) in response to salt stress
combined with hormones Int. J. Agri. &
Agri. R. 2015;7(3):14-24.

8. Babu MA, Singh D, Gothandam KM. The
effect of salinity on growth, hormones and
mineral elements in leaf and fruit of tomato
cultivar. PKM1 the Journal of Animal &
Plant Science. 2012;22(1):159-16.

9. Ashra M, Athar HR, Harris PJC, Kwon TR.
Some prospective strategies for improving
crop salt tolerance Adv Agron. 2008;97:45-
110.

10. Zhang J, Zhang X. Can early wilting of old
leaves account for much of the ABA
accumulation in flooded pea plants. J Exp
Bot. 1994;45:1335-1342.

11.  Vinocur B, Altman A. Recent advances in
engineering plant tolerance to abiotic
stress: Achievements and limitations. Curr
Opin Biotechnol. 2005;16:123-32.

12.  Sudhir P, Murthy SDS. Effects of salt

stress on basic processes of
photosynthesis. Photosynthetica.
2004;42:481-486.

13. Soussi M, Dcana A, Lluch C. Effect of salt
stress on growth, photosynthesis and

nitrogen fixation in chickpea (Cicer
arietinum L.) J Exp Bot. 1998;49:1329—
1327.

14. Bethkey PC, Drew MC. Stomatal and non-
stomatal components to inhibition of
photosynthesis in leaves of Capsicum
annum during progressive exposure to
NaCl salinity. Plant Physiol. 1992;99:219—
226.

15. Munns R, James RA, Lauchli A.
Approaches to increasing the salt
tolerance of wheat and other cereals J Exp
Bot. 2006;57:1025-104.

16. Sudhir P, Murthy SDS. Effects of salt

stress on basic processes of
photosynthesis. Photosynthetica.
2004;42:481-486.

17. Priscila L, Gratao Carolina C, Monteiro
Monica L, Rossi Adriana P, Martinelli
Lazaro EP, Peres Leonardo O, Medici
Peter J, Lea Ricardo AA. Differential
ultrastructural changes in tomato hormonal



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

mutants exposed to Cadmium
Environmental and Experimental Botany.
2009;67:387-394.

Paiva LB, Oliveira JG, Azevedo RA,
Ribeiro DR, Silva MG, Vitoria AP.
Ecophysiological responses of water
hyacinth exposed to Cr3+ and Cr6+
Environ. Exp. Bot. 2009;65:403—409.
Wahid A, Ghani A. Varietal differences in
mung bean (Vigna radiata) for growth,
yield, toxicity symptoms and cadmium
accumulation Ann. Appl. Biol. 2008;15:59—
69.

Belkadhi A, De A, Haro S. Obregon,
Chaibi W, Djebali W. Positive effects of
salicylic acid pretreatment on the
composition of flax plastidial membrane
lipids under cadmium stress Environmental
Science and Pollution Research. 2015;
22(2):1457-1467.

DOI: 10.1007/s11356- 014-3475-6. PMID:
25163565

Siedlecka A, Krupa Z, Samuelsson G,
Oquist G, Gardestrom P. Primary carbon
metabolism in Phaseolus vulgaris plants
under Cd (ll)/Fe interaction Plant Physiol.
Biochem. 1997;35:951-7.

Hasan SA, Hayat S, Ali B, Ahmad A. 28-
Homobrassinolide protects chickpea (Cicer

arietinum) from cadmium toxicity by
stimulating antioxidants Environ. Poll.
2008;151:60-6.

Prasad MNV, Strzatka K. (Eds.).

Physiology and biochemistry of metal
toxicity and tolerance in plants Kluwer
academic publishers, Dordrech. 2002;432.
Alloway BJ. Zinc in Soils and croup
nutrition Review. In: International Zinc
Association. 2004;128.

Lee J, Bae H, Jeong J, Lee JY, Yang YY,
Hwang |. Functional expression of a
bacterial heavy metal transporter in
Arabidopsis enhances resistance and
decrease uptake of heavy metals Plant
Physiology. 2003;133:589-596.

Das P, Samantaray S, Rout GR. Studies of

cadmium toxicity in plants review.
Environmental Pollution. 1997;98(1):20-
36.

Gouia H, Ghorbal MH, Meyer C. Effect of
cadmium on activity of nitrate reductase
and on other enzymes of the nitrate
assimilation pathway in bean Plant
Physiology. 2001;38:629-638.

Zahid A. Malik, Eugenia P. Lal, Zahoor A.
Mir. Diverse effect of cadmium and lead on
growth and yield of carrot (Daucus carota).

Malik et al.; IJPSS, 26(5): 1-6, 2018; Article no.lJPSS.33176

29.

30.

31.

32.

33.

34.

35.

36.

37.

Inernational Journal of Pharma and
Biosciences. 2014;5(4): 231-236.

Ashiq H. Lone, Eugenia P. Lal, Sasya
Thakur, Ganie SA, Mohammad S. Wani,
Ani Khare, Sajad H. Wani, Fayaz A.
Wani. Accumulation of heavy metals on
soil and vegetable crops grown on sewage
and tube well water irrigation Scientific
Research and Essays. 2013;8(44):2187-
2193.

Maryam H, Kambiz M, Farshid G, Seyyed
JM. Tomato morphological and
biochemical characteristics in response to
foliar applying of Salicylic acid. Inter-
national Journal of Biosciences. 2014;5(9):
237-243.

Abdul R. Khan, Bushra C, Muhammad G,
Khan A, Zhu Y. Acetyl salicylic acid and
24-epibrassinolide enhance root activity
and improve root morphological features in
tomato plants under heat stress. Acta
Agriculturae Scandinavica, Section B -
Soil & Plant Science; 2014.

Shakirova FM, Sakhabutdinova AR,
Bezrukova MV, Fathutdinova RA
Fathutdinova DR. Changes in hormonal
status of wheat seedlings induced by
salicylic acid and salinity. Plant Sci.
2003;164:317-22.

Bhupinder S, Usha K. Salicylic acid
induced physiological and biochemical
changes in wheat seedlings under water
stress. Plant Growth Regul. 2003;39:137—
41.

Pa’IM, Szalai G, Horvath E, Janda T, Paldi
E. Effect of salicylic acid during heavy
metal stress. Proceedings of seventh
Hungarian congress on plant physiology.
Acta Biol Szegediensis. 2002;46:119-
20.

Patel PK, Hemantaranjan A. Salicylic acid
induced alteration in dry matter
partitioning, antioxidant defense system
and vyield in chickpea (Cicer arietinum)
under drought stress. Asian J. Crop Sci.
2012;4(3):86-102.

Wahid A, Perveen M, Gelani S, Basra
SMA. Pretreatment of seed with H,O,
improves salt tolerance of wheat seedlings
by alleviation of oxidative damage and
expression of stress proteins. J Plant
Physiol. 2007;164:283-294.

Stevens J, Senaratna T, Sivasithamparam
K. Salicylic acid induces salinity tolerance
in tomato (Lycopersicon esculentum cv.
Roma): Associated changes in gas
exchange, water relations and membrane



38.

39.

40.

41.

42.

stabilization. Plant Growth Regul. 2006;
49:77-83.

Jaiswal A, Pandurangam V, Sharma SK.
Effect of salicylic acid in soybean (Glycine
Max L. meril) under salinity stress. The
Bioscan. 2014;9(2):671-676.

Agami RA, Mohamed GF. Exogenous
treatment with indole-3-acetic acid and
salicylic acid alleviates cadmium toxicity in
wheat seedlings. Ecotoxicology and
Environmental Safety. 2013;94:164-171.
DOI: 10.1016/j.ecoenv.2013.04.013
[PMID: 23684274]

Zhang W, Chen W. Role of salicylic acid in
alleviating photochemical damage and
autophagic cell death induction of
cadmium stress in Arabidopsis thaliana.
Photochem. Photobiol. Sci. 2011;10:947-
55.

Wang LJ, Chen SJ, Kong WF, Li SH,
Archbold DD. Salicylic acid pretreatment
alleviates chilling injury and affects the
antioxidant system and heat shock.
Proteins of peaches during cold storage
Postharvest Biology and Technology.
2006;41:244-251.

Chauhan JS, YK, Tomar NI, Singh S. Ali,
Debarati. Effect of growth hormones on
seed germination and seedling growth of
black gram and horse gram. Journal of
American Science. 2009;5(5):79-84.

Malik et al.; IJPSS, 26(5): 1-6, 2018; Article no.lJPSS.33176

43.

44.

45.

46.

47.

48.

Igbal M, Ashraf M. Seed treatment with
auxins modulates growth and ion
partitioning in salt-stressed wheat plants. J
Integ Plant Biol. 2007;49:1003-1015.

Guru Devi R, Pandiyarajan V,
Gurusaravanan P. Alleviating effect of IAA
on salt stressed Phaseolus mungo (L.) with
reference to growth and biochemical
characteristics. Rec Res Sci Tech. 2012;4:
22-24.

Egamberdieva D. Alleviation of salt stress
by plant growth regulators and I|AA
producing bacteria in wheat. Acta Physiol
Plant. 2009;31:861-864.

Javid GM, Sorooshzadeh A, Moradi F,
Mohammad SA, Sanavy M, Allahdadi I.
The role of phytohormones in alleviating
salt stress in crop plants Australian J Crop
Science. 2011;5(6):726-734 .

Erika Fassler, Michael W. Evangelou, Brett
H. Robinson, Rainer S. Effects of indole-3-
acetic acid (IAA) on sunflower growth and
heavy metal uptake in combination with
ethylene diamine disuccinic acid (EDDS)
Chemosphere. 2010;80:901-907.

Sheng XF, Xia JJ. Improvement of rape
(Brassica napus) plant growth and
cadmium uptake by cadmium-resistant
bacteria chemosphere. 2006;64:1036—
1042.

© 2018 Malik et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle3.com/review-history/33176




