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Abstract

Zinc (Zn) deficiency is occurring in different climate regions and almost in all countries. Zinc deficiency is a
common micronutrient deficiency in plants and causes severe reductions in crop production. In this study the
effect of zinc deficiency on pigment content and peroxidase activity in early growth phase of tomato seedlings
was investigated. For this purpose, Hoagland solutions with or without zinc (ZnCl,) were used as growth
medium to determine the possible effects of zinc deficiency. In order to elucidate the physiological consequences
of zinc deficiency; anthocyanin, carotenoid, and chlorophyll content and peroxidase enzyme activity were
measured in roots, hypocotyls, and cotyledons of 8 day-old plants. Zn deficiency promoted anthocyanin and
carotenoid accumulation in hypocotyl and cotyledon tissues of tomato seedlings. Furthermore, Zn deficiency

enhanced peroxidase activity especially in the root and hypocotyl tissues of tomato seedlings.
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Introduction

Zinc (Zn) is one of the essential
micronutrients playing a significant role in
many vital metabolic processes (Rout and Das
2003; Aravind and Prasad 2005a, b). For
instance, Zn is a cofactor for several enzymes
such as anhydrases (Aravind and Prasad 2004a;
2005c), dehydrogenases, oxidases and
peroxidases (Vallee and Auld 1990; Aravind
and Prasad 2003). Furthermore, Zn could be
also involved in chlorophyll formation by
taking part in the regulation of cytoplasmic
concentrations of nutrients. For example,
Fischer (1997) reported that Mg-deficiency
decreased chlorophyll concentration in beans,
and Welkie et al. (1990) recorded that there was
a linear relationship between leaf-Fe and
chlorophyll content in peppers. Zn could also
increase the biosynthesis of chlorophyll and
carotenoids ultimately proving beneficial for
the photosynthetic machinery of the plant
system (Aravind and Prasad 2004b).

Conclusively, Zn is a must for plant
development. Zinc deficiency is a major global
problem hindering plant cultivation, and this
problem is especially exacerbated in acidic
calcareous soils which is the most common soil
type in arid and semi-arid regions of the world
(Cakmak 2000; Hacisalihoglu et al. 2004). Zinc
deficiency reduces plant growth and inhibits
photosynthesis in a wide variety of plants
including maize (Wang and Jin 2005) and rice
(Wenrong et al. 2008). Since the most parts of
Turkey lie in arid or semi-arid climatic zones,
zinc deficieny is one of the most serious
problems restricting plant yield, particularly in
Central Anatolia. Although Turkish soils are
rich in total Zn content, the bioavailability of
Zn is extremely low due to the highly acidic
nature of soils and results in stunted plant
growth and reduced yields (Eyiipoglu et al.
1994; Giilser et al. 2004).

Peroxidases have various physiological roles
in plant cells and participate in many reactions
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including lignification, cross linking of cell
elongation and phenol oxidation, all linked to
growth reductions (Mocquot et al. 1996).
Peroxidase activity shows a close correlation
with changes in physiological processes such
as, respiration, photosynthesis and transpiration,
and therefore has the potential to serve as a
sensitive indicator of compromised metabolic
activity (Verkleij and Schat 1990; Aravind and
Prasad 2005a). Inhibition of photosynthesis by
some stressors in higher plants is well
documented. Reduction in the levels of
photosynthetic pigments, including chlorophylls
a and b and accessory pigments such as
carotenoids, on exposure to biotic or abiotic
stressors have been observed in many species
(Macfarlane and Burchett 2001; Thao and
Yanyun 2005; Lau et al. 2006). The inhibition
of both photosystem II and photosystem I
generating lipid peroxidation from active
oxygen radicals, may also result in the
destruction of photosynthetic pigments and
thylakoid membrane structure (Droppa and
Horvath 1990). Anthocyanins are best known
as the characteristic red, blue, and purple of
plant tissues. They belong to the widespread
class of phenolic compounds collectively
named flavonoids, produced in the cytoplasm
and then transported into the vacuole (Harborne
1988; Shirley 1996). The synthesis of
anthocyanins is induced by UV-B (Wilson et al.
1998, Warren et al. 2003), nutrient deficiency
(Pinto et al. 1999), low temperature (Rabino
and Mancinelli 1986), water deficit (Nogués et
al. 1998), and heavy metal stress (Ling-Peng et
al. 2006). Thus, both peroxidases and pigments
may have the potential to be employed as
sensitive indicators of biotic or abiotic stressors
and may predict subsequent events at the
organism level (Dietz et al. 1999).

The main objective of this study was to
investigate the effects of zinc deficiency on
pigment content and peroxidase activity in the
early growth phase of tomato seedlings. In this
study, we determined quantitatively the change
in chlorophyll, carotenoid, anthocyanin, and

peroxidase activity which will be expected to
shed light on the role of pigment in tomato
seedlings and zinc deficiency.

Material and Methods

Tomato plants (Lycopersicon esculentum
Mill.) were grown in standard Hoagland and
Arnon (1938) medium, with Zn [+(Zn), ZnCl,,
control] and without Zn [-(Zn), treatment].
After sterlization with 70 % ethanol, tomato
seeds were imbibed at room temperature for 24
hours. Subsequently, the seeds were washed
with distilled water and transferred into petri
dishes and wrapped into the filter papers wetted
with appropriate nutrient solutions (+Zn and -
Zn). Next, each petri dish was watered with
distilled water for every two days. Experimental
plants were grown for 12 hours of light and 12
hours of dark cycles in 25 =1 °C and 8000 lux
light intensity. For analyses, roots, hypocotyls
and cotyledons of the plants were collected at
appropriate times.

After the 8 days of growth under the above
mentioned conditions the same method was
employed as in Manchinelli et al. (1990) for the
determination of anthocyanin amounts in the
cotyledons and hypocotyls of 8 day-old
seedlings. For the determination of chlorophyll
and carotenoid amounts in the same tissues, the
same approach was utilized as explained by
Parsons and Strickland (1963). Finally,
peroxidase enzyme activity in the roots,
cotyledons and hypocotyls were calculated by
the absorbance ratios at 470 nm in 0.1 mM
phosphate buffer (pH 5.8), 15 mM guaiacol and
5 mM H,0O; solutions (Birecka et al. 1973).

One-way ANOVA test was employed for
statistical analyses of the obtained data
(P<0.01). Vertical bars show standard errors.

Results

The anthocyanin content in the hypocotyls
and cotyledons of the tomato seedlings grown
in the medium without ZnCl, was much higher
than the control (Fig. 1).
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Figure 1. The amount of anthocyanin, hypocotyls, and cotyledons of 8 day old tomato seedlings grown in normal
Hoagland solution containing zinc (control) and without zinc (-Zn).

As for chlorophyll, it was observed that the
amount of chlorophyll in the hypocotyls of
seedlings grown in -Zn increased compared to
the control plants. When we compared the level
of chlorophyll in the cotyledon tissues of plants

grown in control medium and in Hoagland
solution without -Zn, the total amount of
chlorophyll was almost equal, but there was
some difference in the relative ratios of
chlorophyll a and chlorophyll b (Table 1 and
Fig. 2).

Table 1. Chlorophyll contents (ng/g FW) of hypocotyls, and cotyledons of tomato seedlings grown in normal Hoagland
solution containing zinc (control) and without zinc (-Zn).

Hypocotyl Cotyledon
Chlorophylla  Chlorophyllb  Total Chlorophyll ~ Chlorophylla ~ Chlorophyllb  Total Chlorophyll
Control 95,2+ 6,8 46,7+5,5 141,9+9,7 642,1 + 11,1 409,4 + 16,6 1051,5+21,9
(-Zn) 112,7 £ 10,1 57,9+ 7,4 170,6 + 15,1 5753+394  477.9+429 1053,2+30,3
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Figure 2. Total chlorophyll contents of hypocotyls, and cotyledons of tomato seedlings grown in normal Hoagland
solution containing zinc (control) and without zinc (-Zn).
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There was an increase in the carotenoid level in comparison to the control plants. The
of the seedlings grown in Hoagland solutions peroxidase activity in the root and hypocotyl
containing -Zn (Fig. 3). tissues of tomato seedlings grown in the -Zn

The peroxidase enzyme activity of tomato medium was noticeably higher than the control
seedlings which were grown -Zn was increased (Fig. 4).
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Figure 3. Total carotenoid contents of hypocotyls, and cotyledons of tomato seedlings grown in normal Hoagland solution
containing zinc (control) and without zinc (-Zn).
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Figure 4. Peroxidase activitiy (AA/g FW.min.) of roots, hypocotyls, and cotyledons of tomato seedlings grown in normal
Hoagland solution containing zinc (control) and without zinc (-Zn).
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Discussion

Anthocyanins have long been considered to
act as a screen against UV-B light because the
latter induced reddening. More recent studies
have found that anthocyanins are produced in
response to various types of stress, including
metal stress (Chalker-Scott 1999; Hale et al.
2001). In general, anthocyanins are believed to
increase the antioxidant response of plants in
order to uphold the regular physiological status
in tissues directly or indirectly affected by
biotic or abiotic stressors (Yamasaki 1996;
Rice-Evans et al. 1997; Neill et al. 2002).
Glilgin et al. (2005) also reported that total
anthocyanins from Perilla pankinensis had
strong antioxidant activity, reducing power,
superoxide anion scavenging, hydrogen
peroxide scavenging, and metal chelating
activities when compared to standard
antioxidant compounds such as a-tocopherol
and trolox. We observed that the absence of
zinc in the medium caused the augmentation of
anthocyanin in both hypocotyls and cotyledons
of the tomato seedlings. It is a known fact that
plants defend themselves against a variety of
hostile environmental conditions by inducing
the biosynthesis of certain chemicals such as
anthocyanins and antioxidants, and by hyping
the activity of certain enzymes (Weckx and
Clijsters 1997; Mazhoudi et al. 1997). Thus,
from the results of our trials, we can claim that
zinc deficiency is a stress factor and it increases
the anthocyanin contents of tomato seedlings
(Fig. 1).

Despite the amount of chlorophyll in the
hypocotyl tissues of the tomato seedlings,
seedlings grown in the -Zn medium were higher
relative to the control, the chlorophyll amount
in the cotyledon tissues of these seedlings was
not very different than the control but there was
some difference in the relative ratios of
chlorophyll a and chlorophyll b (Table 1, Fig.
2). Wenrong et al. (2008) reported zinc
deficiency caused extensive declines in leaf
chlorophyll content and ratios of chl a:b . Also,
Hu and Sparks (1991) found that the zinc
deficiency reduces the amount of chlorophyll in

the leaves of Stuart pecans. In one other
experiment, it is shown that the application of
exogenous zinc to leaves of tomato plants
caused accumulation of chlorophyll content of
leaves at both low and high concentrations
(Kaya and Higgs 2002). However, we reached a
contradicting result in this experiment;
chlorophyll content of cotyledons of the plants
grown without zinc was almost same with the
values obtained from the control plants (Table
1, Fig. 2).

We denoted that the total carotenoid content
of the tomato seedlings grown in media
containers without zinc, increased (Fig. 3). It is
shown that the decreased carotenoid levels
observed in  Cd-treated  Ceratophyllum
demersum plants were well maintained with the
addition of Zn. (Aravind and Prasad 2004b).
Carotenoids are known to quench the oxidizing
species and triplet state of the chlorophyll and
other excited molecules in the pigment bed,
which are seriously involved in disrupting
metabolism through oxidative damage to
cellular components (Candan and Tarhan 2003).
It could be hypothesized that relative change in
the carotenoid content in the various tissues
could be as result of physiological response
caused by zinc deficiency.

It is shown that the peroxidase enzyme
activity of tomato seedlings grown without
ZnCl,, was increased in comparison to the
control plants (Fig. 4). Zinc is known to have a
stabilizing and protective effect on the
biomembranes against oxidative and
peroxidative damage, loss of plasma membrane
integrity and also alteration of the permeability
of the membrane (Aravind and Prasad 2003).
Marschner and Cakmak (1989) had shown an
enhancement in the peroxidative damage of
crucial cell components (such as membranes,
enzymes, etc.) in plants grown under zinc
deficiency.  Subsequently, Cakmak and
Marschner (1993) reported a decline in the
activities of various antioxidant enzymes with
the exception of guaiacol peroxidase (POD).

The most common plant pigments are
chlorophyll, carotenoid, and anthocyanin. The
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content of chlorophyll, carotenoid, and
anthocyanin as well as their relative amount
determine color and appearance of plants
(Abbott 1999) and serve as markers of health.
In conclusion, our results showed that zinc
deficiency induced anthocyanin and carotenoid
augmentation, and peroxidase enzyme activity
either in hypocotyls or cotyledons of tomato
seedlings. Anthocyanin and POD may be
involved in internal detoxification mechanisms
of the hypocotyls and cotyledons against zinc
deficiency.

Acknowledgements

This work was supported by Istanbul
University Research Fund (Project No: T-
327/03112003). The authors wish to thank Dr
Bayram YUKSEL, for his useful comments and
grammatical revision of this article.

References

Abbott J.A. (1999) Quality measurement of
fruit and vegetables. Postharvest Biology
and Technology, 15: 207-225.

Aravind P. and Prasad M.N.V. (2003) Zinc
alleviates cadmium induced toxicity in
Ceratophyllum demersum, a fresh water
macrophyte.  Plant  Physiology  and
Biochemistry, 41: 391-397.

Aravind P. and Prasad M.N.V. (2004a)
Carbonic  anhydrase  impairment in
cadmium-treated Ceratophyllum demersum
L.(free floating freshwater macrophyte):
toxicity reversal by zinc. Journal of
Analytical Atomic Spectrophotometry, 19:
52-57.

Aravind P. and Prasad M.N.V. (2004b). Zinc
protects  chloroplasts and associated
photochemical functions in cadmium
exposed Ceratophyllum demersum L., a
freshwater macrophyte. Plant Science, 166:
1321-1327.

Aravind P. and Prasad M.N.V. (2005a)
Modulation of cadmium-induced oxidative
stress in Ceratophyllum demersum by zinc
involves ascorbate-glutathione cycle and
glutathione metabolism. Plant Physiology
and Biochemistry, 43: 107-116.

Aravind P. and Prasad M.N.V. (2005b)
Cadmium-Zinc interactions in hydroponic
system using Ceratophyllum demersum:
adaptive plant ecophysiology, biochemistry
and molecular toxicology. Brazilian
Journal of Plant Physiology, 17 (1): 3-20.

Aravind P. and Prasad M.N.V. (2005c) Zinc
mediated protection to the conformation of
carbonic anhydrase in cadmium exposed
Ceratophyllum demersum L. Plant Science,
169: 245-254.

Birecka H., Briber K.A. and Catalfamo J.L.
(1973) Comparative studies on tobacco pit
and sweet potato root isoperoxidases in
relation to injury, indolaceticacid, and
ethylene effects. Plant Physiology, 52: 43-
49.

Cakmak I. (2000) Possible roles of zinc in
protecting plant cells from damage by
reactive oxygen species. New Phytologist,
146: 185-205.

Cakmak I. and Marschner H. (1993) Effect of
zinc nutritional status on superoxide radical
and hydrogen peroxide scavenging
enzymes in bean leaves. In: Barrow, N.J.
(ed.). Plant Nutrition—From Genetic
Engineering to Field Practice Kluwer
Academic Publishers, Dordrecht, pp. 133-
137.

Candan N. and Tarhan L. (2003) Relationship
among chlorophyll-carotenoid  content,
antioxidant enzyme activities and lipid
peroxidation levels by Mg*" deficiency in
the Mentha pulegium leaves. Plant
Physiology and Biochemistry, 41: 35-40.

Chalker-Scott L. (1999)  Environmental
significance of anthocyanins in plant stress
response. Photochemistry and
Photobiology, 70:1-9.

Dietz K.J., Baier M. and Kramer U. (1999)
Impact of heavy metals on photosynthesis.
In M.N.V. Prasad and J. Hagemeyer, Heavy
Metal Stress in Plants: from Molecules to
Ecosystems, eds. pp. 73-97. Springer,
Berlin.

Droppa M. and Horvath G. (1990) The role of
Cu in photosynthesis. Critical Review of
Plant Science, 9 (2): 111-124.



T. Késesakal and M. Unal / IUFS Journal of Biology 2009, 68(2): 113-120 119

Eytipoglu F., Kurucu N. and Sanisag U. (1994)
Status of plant available micronutrients in
Turkish soils. In: Soil and Fertilizer
Research Institue Annual Report, No. R-
118, Ankara, Turkey (in Turkish), pp. 25-
32.

Fischer, E.S. (1997) Moderate magnesium
deficiency affected chlorophyll content of
bean plant. Photosynthetica, 33 (3-4): 385-
390.

Giilgin I., Berashvili D. and Gepdiremen A.
(2005) Antiradical and antioxidant activity
of total anthocyanins from Perilla
pankinensis decne. Journal of
Ethnopharmacology, 101: 287-293.

Giilser F., Togay Y. and Togay N. (2004) The
Effects of Zinc Application on Zinc
Efficiency and Nutrient Composition of
Lentil (Lens culinaris Medic.) Cultivars.
Pakistan Journal of Biological Sciences,7
(5): 751-759.

Hacisalihoglu G., Ozturk L., Cakmak 1., Welch
R. M. and Kochian L. (2004) Genotypic
variation in common bean in response to
zinc deficiency in calcareous soil. Plant and
Soil, 259: 71-83.

Hale K.L., McGrath S.P., Lombi E., Stack
S.M., Terry N., Pickering 1.J., George G.N.
and Pilon-Smits E.AH. (2001)
Molybdenum sequestration in brassica
species. A Role for Anthocyanins?. Plant
Physiology, 126: 1391-1402.

Harborne J.R. (1988) The flavonoids: Recent
advances. In: Goodwin TW, (ed.) Plant
Pigments. London: Academic Press, pp.
299-343.

Hoagland D.R. and Arnon D.I. (1938) The
water culture method for growing plants
without soil.  California  Agricultural
Experiment Station Circular, 347: 1-39.

Hu H. and Sparks D. (1991) Zinc-deficiency
inhibits chlorophyll synthesis and gas-
exchange in stuart pecan. Hortscience, 26:
267-268.

Kaya C. and Higgs D. (2002) Response of
tomato (Lycopersicon esculentum L.)
cultivars to application of zinc when grown

in sand culture at low zinc. Scientia
Horticulturae, 93: 53-64.

Lau T.S.L., Eno E., Goldstein G., Smith C. and.
Christopher D.A. (2006) Ambient levels of
UV-B in Hawaii combined with nutrient
deficiency decrease photosynthesis in near-
isogenic maize lines varying in leaf
flavonoids: Flavonoids decrease
photoinhibition in plants exposed to UV-B.
Photosynthetica, 44: 394-403.

Ling-Peng D., Zhi-Ting X., Yu H. and Min-Jing
L. (2006) Cadmium-induced changes in
pigments, total phenolics, and
phenylalanine ammonia-lyase activity in
fronds of Azolla imbricata. Environmental
Toxicology, 21: 505-512.

Macfarlane G.R. and Burchett M.D., (2001)
Photosynthetic pigments and peroxidase
activity as indicators of heavy metal stress
in the grey mangrove, Avicennia marina
(Forsk.) Vierh. Marine Pollution Bulletin,
42:233-240.

Mancinelli A.L. (1990) Interaction between
light quality and light quantity in the
photoregulation of anthocyanin production.
Plant Physiology, 92: 1191-1195.

Marschner H. and Cakmak I. (1989) High light
intensity enhances chlorosis and necrosis in
leaves of zinc, potassium and magnesium
deficient bean (Phaseolus vulgaris) plants.
Journal of Plant Physiology, 134: 308-315.

Mazhoudi S., Chaoui A., Ghorbal M.H. and El
Ferjani E. (1997) Response of antioxidant
enzymes to excess copper in tomato
(Lycopersicon esculentum Mill.). Plant
Science, 127: 129-137.

Mocquot B., Vangronsveld J., Clijsters H. and
Mench M. (1996) Copper toxicity in young
maize (Zea mays L.) plants: effects on
growth, mineral and chlorophyll contents,
and enzyme activities. Plant and Soil, 182:
287-300.

Neill S.O., Gould K.S., Kilmartin P.A.,
Mitchell K.A. and Markham K.R. (2002)
Antioxidant activities of red versus green
leaves in Elatostema rugosum. Plant Cell &
Environment, 25: 539-547.



120 T. Késesakal and M. Unal / IUFS Journal of Biology 2009, 68(2): 113-120

Nogués S., Allen D.J., Morison J.I.L. and Baker
N.R. (1998) Ultraviolet-B radiation effects
on water relations, leaf development, and
photosynthesis in droughted pea plants.
Plant Physiology, 117: 173-181.

Parsons T.R. and Strickland J.D.H. (1963)
Discussion of spectrophotometric
determination of marine pigments, with
revised  equations for  ascertaining
chlorophylls and carotenoids. Journal of
Marine Research, 21: 115-163.

Pinto M.E., Casati P., Hsu T.P., Ku M.S.B. and
Edwards G.E. (1999) Effects of UV-B
radiation on growth, photosynthesis, UV-B
absorbing compounds and NADP-malic
enzyme in bean (Phaseolus vulgaris L.)
grown under different nitrogen conditions.
Journal of  Photochemistry and
Photobiology, 48: 200-209.

Rabino I. and Mancinelli A.L. (1986) Light,
temperature and anthocyanin production.
Plant Physiology, 81: 922-924.

Rice-Evans C.A., Miller N.J. and Paganga G.
(1997) Antioxidant properties of phenolic
compounds. Trends in Plant Science, 2:
152-159.

Rout G.R. and Das P. (2003) Effect of metal
toxicity on plant growth and metabolism.
Agronomie, 23: 3-11.

Shirley B.W. (1996) Flavonoid biosynthesis:
New functions for an old pathway. Trends
in Plant Science, 1: 377-382.

Thao N. and Yanyun Z. (2005). Retaining
Green Pigments on Thermally Processed
Peels-on Green Pears. Journal of Food
Science, 70: 568-574.

Vallee B.L. and Auld D.S. (1990). Zinc
coordination, function, and structure of zinc
enzymes and other proteins. Biochemistry,
29: 5647-5659.

Verkleij J.A.C. and Schat H. (1990) Mechanism
of metal tolerance in plants. In Heavy Metal
Tolerance in Plants-Evolutionary Aspects,
ed. Shaw, A.J., pp.179-193. CRC Press,
Boca Raton, FL.

Wang H. and Jin J.Y. (2005) Photosynthetic
rate, chlorophyll fluorescence parameters,
and lipid peroxidation of maize leaves as
affected by zine deficiency.
Photosynthetica, 43: 591-596.

Warren J.M., Bassman J.H., Fellman J.K.,
Mattinson D.S. and Eigenbrode S. (2003).
Ultraviolet-B  radiation alters phenolic
salicylate and flavonoid composition of
Populus  trichocarpa  leaves. Tree
Physiology, 23: 527-535.

Weckx J.E.J. and Clijsters HM.M., (1997) Zn
phytotoxicity induces oxidative stress in
primary leaves of Phaseolus vulgaris. Plant
Physiology and Biochemistry, 35: 405-410.

Welkie G.M., Hekmat-Shoar H. and Mille,
G.W. (1990) Responses of pepper plants to
iron deficiency: solution pH and riboflavin.
In: Van Beusichem, M.L. (Ed.), Plant
Nutrition-Physiology — and  Application.
Kluwer Academic, Dordrecht, Netherlands.

Wenrong C., Xiaoe Y., Zhenli H., Ying F. and
Fenghong H. (2008) Differential changes in
photosynthetic capacity, 77 K chlorophyll
fluorescence and chloroplast ultrastructure
between Zn-efficient and Zn-inefficient rice
genotypes (Oryza sativa) under low zinc
stres Physiologia Plantarum, 132: 89—-101.

Wilson K.E., Wilson M.I. and Greenberg B.M.
(1998) Identification of the flavonoid
glycoside that accumulates in Brassica
napus L. cv. Topas specifically in response
to ultraviolet B radiation. Photochemistry
and Photobiology, 67: 547-553.

Yamasaki H., Uefuji H. and Sakihama Y.
(1996). Bleaching of the red anthocyanin by
superoxide radical. Archives of
Biochemistry and Biophysics, 332: 183—
186.



