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ABSTRACT

The aim of this research was to investigate theceffof zinc and cadmium heavy metals and thesictien of these
heavy metals on mazie's (Zea mays L. cv. MAT 9t) and shoot elongation, dry weight, root/shoot drgight
ratio and ascorbate peroxidase (AP) enzyme acti@ty's high concentration and treatment of this \heanetal
with zinc had significant statistical effect on nearoot and shoot elongation. While zinc treatmleadl a positive
effect on root elongation, Cd treatmen had a negagiffect on shoot elongatiofherefore the treatment of Zn with
Cd had positively effected shoot elongation. 10 aBduM Cd treated maize's root and shoot dry weighdad
significantly decreased according to control andréhhas no significant stataistical diffrence bedwé UM Zn or
Cd+Zn treated maize regarding shoot dry weight.e Hifferences in root and shoot water% ratio andtfshoot
ratio are found to be insignificant. The increadeascorbate peroxidase and catalase activity inud, 15 uM Cd
and 5 pM Zn and Zn+Cd treated maize is found tnkségnificant levels according to control.
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INTRODUCTION

Cd pollution is a global environmental problem ahgenetrates to the nature via industrial actdgitisuch as
mining, release of industrial wastes [1]and man-enaauses [2]. Generally, Cd remains stable anditeslithe soil.
Cd is a non-base metal for plants and human; iefpates to the plants through roots and accumuiatdse stem
[3,4]. Cadmium ion poisoning of plants generallynifiest itself as reduced growth. Even very litttecunt of these
toxic contaminants cause several alterations imtptalls [5,6,7,8]. However it is difficult to piste an overall
mechanism chart on stress physiology. Oxidativesstrcaused by reactive oxygen species (ROS) iobiiee
underlying reasons of damages suffered by plastigis following being exposed to Cd and Cu [9,102]11 ROS
(*0,, O;, OH and HO,) are highly reactive, toxic molecules which areissl by various environmental stress
conditions, increased oxidative stress and whichseadamage on membrane, DNA, protein, photosyntheti
pigments and lipids [13,14]

Cd and Zn are elements of 1IB transition classtaeg are the best element matches to study meti@méeraction
since they have similar chemical, geochemical amdrenmental characteristics [15]. Zn is one of tiest
important essential micronutrient elements for playstems. Zn has significant role in several aaiticellular
functions such as protein metabolism, gene expmesshromatin structure, photosynthetic carbon bwism and
indole acetic acid metabolism [16, 17, 18, 19]. wdwger, higher concentrations of Zn might have tefiect on
plants. Elements having similar physical and chaimibaracteristics, such as Cd and Zn, might hanledically
antagonistic impact on each other [20]. Accordinghg studies on Zn and Cd concluded that Zn hastagonistic
effect on Cd [21], Zn inhibits Cd intake and acculetion in plants and prevents Cd toxicity [22, 28, 21].
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Cd and Zn are considered to have competition iotina in case of a common transition system onrpéas
membrane during plant’s intake [25]. Based on déissumption, Gomes et al. [26] showed that Cd intlataigh Zn
carrier protein on plasma membrane of yeast celid®s, it is observed that carrying Cd via phlaenihard wheat
can be prevented with Zn. It is seen that Zn coay&d to bind to a carrier protein in plasma memsaof sieve
cells and prevents Cd intake [2¥)Ju and Zhand28] confirmed that increased use of Zn on barkeguces Cd
toxicity stress, supports growth and reduces mengbdamage.

There are several proofs evidencing that ROS iieguftom Cd toxicity in plants cause oxidative cddmages.
Thus, the plant’s capacity of eliminating ROS un@er toxicity is an important tolerance mechanisraiast Cd
toxicity [29, 30].

Zn has important impact on preventing damages daasecell by ROS resulted under environmental stres
conditions. Thus Zn has an important role in metras of ensuring plant tolerance against stresditons such

as drought, low temperature stress, high lightinggland Fe toxicity [31]. Probably Zn enhancegi@idant
enzyme activities such as Zn-containing enzyme rexe dismutase and competes Cd to bind to —SHpgrand
membrane proteins of enzymes to protect plant ag&ld toxicity [28]. Antioxidant enzyme is one tietdefense
mechanisms against formation of hydrogen peroxiti®4{), superoxide (@) and hydroxyl (OH radicals which
are ROS related [32, 33, 30, 34, 35]. Among allicaidant enzymes, AP has an important role in ROT
detoxification in cells. AP uses ascorbic acid apecific electron transmitter and regresses,,H36].

Besides ruining the nature, heavy metals causevaresedamage on agricultural production. Contanmigati
agricultural lands with toxic, heavy metals suclCascause significant product losses in terms dtafjural plants
such as wheat, barley and corn which have impoftamttions in food chains and endanger human heatis
study focuses on corn because corn is an impantantional source, corn cultivation is common isrRey and the
Mediterranean region and there are very few studBesarching Cd + Zn interaction’s impact on cond &P
enzyme activities.

Bearing in mind that there are very few studieshia literature on applying Zn to corn seedlingsoseqa to Cd
stress conditions; this thesis focuses on studyimg effect on corn seedlings exposed to cadmiurteims of
physiological parameters such as root and rootuspengths, dry weight and root/root sprout ratial @n enzyme
activities such as ascorbate peroxide. In ordehawee a better understanding of metabolic ways e$ahtwo
elements interaction, one metal and one nutrimrefdted metals interaction with each other in teohspecific
parameters.

MATERIALS AND METHODS

Material

Corn seedsZea mayd.. cv. Mat 97) seedlings which have alternativetization qualities as well as known to have
good resistance against cold, winter and drougiet,used as plant material in our research. The seeuls are
provided by West Mediterranean Agricultural Reskdnstitution (Antalya).

Plant Growth Conditions

During the course of cultivating seedlings usednaserial in our study, corn seeds are sterilizeith ®i% sodium
hypochloride solution for 20 minutes [37] and thdwy are washed with distillate water and the sesds
germinated for a period of 48 hours in an incubafd25+2 °C between filter papers dampened withilldite water
in petri plate. The germinated seeds are cultivateter greenhouse conditions in containers comigisand-perlite
mixture (1:1 v:v) (average sand diameter 0.7 mmeyage perlite diameter 2.8 mm) and watered wittilldie water
for 7 days. The seedlings are taken out of sanlitgenixture at the end of seventh day and thes@we washed
thoroughly with distillate water. Two-liter plasticontainers, which are wrapped from outside to évoging
exposed to light, are used for cultivating thediegs with water culture technique. Two litersraftrient solution
is put in each container. Full-power Arnon and Haad[38]solution set to pH 6 is used as nutrient solutiAfter
being prepared in the containers as describedrheheiy are taken to climate chamber.

The seedlings are cultivated for 7 days by vemitathroughout the day. The solutions in the comdes are thrown
away on the eighth day and filled with new nutrisalutions. Heavy metal (zinc and cadmium) apfitices (when
the seedlings are 8-day old) are made by mixing wnittrient solutions. Chemical purity grade zintoclde (ZnC})
and cadmium chloride (Cdglsalts of heavy metals are used. These saltsdalexdaas follows; control 0 Cd 10, 15
MM and Zn 5 uM. The test is made as 3 parallel® plants are cultivated in the climate chamber whbe
temperature is approximately 24%2, relative humidity is 66 % and light conditiossdqual to approximately 1198
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gas lamps. The seedlings are harvested on"tli following the heavy metal application (whegr geedlings are
12-day old).

Fresh materials are used for measuring plant grafigr harvest. Roots of seedlings set aside focHamical
analyzes are cut from the point of root-root sprand the root spouts are kept in -80 degrees neezér and in
small pieces for enzyme analysis.

Plant Growth Measurements

After harvest, root and shoot lengths of 3 seedliage measures in cm after being selected accotdingndom
block test pattern among the seedlings exposedit@€and Cd + Zn applications. Then the seedlargscut from
the point of root-shoot sprout. Then plant samplesdried for 24 hours in drying ovens of 110 °@ dny weight
of root and shoot are determined separately.

Ascorbate Peroxidase Activity
The AP activity is determined by measuring the gsat® oxidation ratio in 290 nm according to thethods of
Cakmak and Marschng39] and Cakmak40].

Statistical Analyzes

Factorial variance analysis technique is used @mparing values obtained as a result of the téghere are
statistical differences between groups comparel faittorial variance analysis technique, Tukey, tesich is one
of the multiple comparison methods, is used foedwining different groups.

RESULTS AND DISCUSSION

The study determined that 5 uM Zn and Zn conceatratapplied with 10 uM and 15 uM Cd foster roaivgth by
p<0,05 (Figure 1.).

== 27N 0 UM
—8—7Zn 5uM

Root lenght
(cm/plant)
=
T

0 10 15
Cd (uM)

Fig. 1. Effects of Cd, Zn and Cd + Zn interactionon the root lenght of Zea maysL. MAT 97) the maize seedlings (n=3)

Ayhan[41] argued that if we compare root lengths of cypes (Vero, Luce, Doge, DK626, DK743, 31G98, 3223
and 32D99) in early seedling and growth stagescavesee that Cd is much more toxic than Pb. leterchined
that root lengths of all corn types in early semsglistage are exposed to 50 % and more inhibitic@omparison to
the control; 0,2-0,4 mM concentrations for Cd and thM concentrations for Pb. Different concentrasiaf Hg,
Cd, Co, Cu, Pb and Zn are applied to early seedliage of Triticum aestivumandCucumis sativuplants and it is
observed that Cd inhibits root growth more tharirPtase of both plants [42].

This situation is associated with the fact that &hjch is a plant nutrient element, is an importemmponent of
several enzymes required for lifecycle and it dbotes to structures of proteins, membrane and OiWAling
proteins [43]. On the other hand, Cd is a highkidonetal with has no metabolic significance aslaslbeing very
harmful for human and biosphere health [15].
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In our study, it is observed that root weight ignsficantly reduced when compared with control ase of 15 uM
Cd (p<0,01) and a decrease of p<0,05 is observieeeba 10 uM Cd and 15 uM Cd concentrations (Figuye
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Fig. 2. Effects of Cd, Zn and Cd + Zn interactia on the root dry weight of Zea maysL. MAT 97) the maize seedlings (n=3)

Cd is a dangerous health metal with have toxiccefém all crops and human health [3]. Although Gdchot a
mineral nutrient, it is easily taken in by planbt® and stored in a plant at a level causing a fdwn risk. Cd
might be also toxic in cellular level and accumiglatin plant tissue can restrict growth and develept. Thus, it is
argued that preventing Cd intake from plant roats lse crucial for minimizing biological effects Gfl. [44].

In case of plants subject to extended exposureetalmsuch as Pb, Cr, Al, Cu and Cd, root growtmish more
effected than stem. However, it is observed thatwaries according to the developmental stagdaoitpcultivation
conditions and type of plant [45]. Kig&engin [46]determined that applying Hg, Cd, Cu d&1ud onPhaseolus
vulgaris L. seedlings prevents root, stem and leaf grov@h. causes root damage [Zrgin and Oncel
[47]confirmed that if you apply Pb, Cd and Zn toeah seedlings, root growth of seedlings exposéthtenhances
whereas it decreases in case of seedlings expoged, depending on the increased concentration.

The root sprout of seedlings exposed to 15 uM Qedsiced in comparison to the control (p<0,05). iFheact of
Cd applications with Zn on length of root sproutdmsidered to be important at a level of p<0,d§uFre 3).
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Fig. 3. Effects of Cd, Zn and Cd + Zn interactionon the shoot lenght of Zeamays L. MAT 97) the maize seedlings (n=3)
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Our study confirmed that the dry weight of root@ps exposed to Cd application are significantiguced in
comparison to the control seedlings (p<0,05) (Fegdy but there are no statistical differences betwthe Cd
dosages applied.
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Fig. 4. Effects of Cd, Zn and Cd + Zn interactionon the shoot dry weight of Zea maysL. MAT 97) the maize seedlings (n=3)

As for the corn types exposed to Cd and Pb (Veuxel Doge, DK626,DK743, 31G98, 3223 and 32D99% th
resistant types 32D99 and Vero displayed an iribibitate of 31 % and 27 % respectively in Cd (0M)nand Pb

(8 mM) concentrations whereas 3223 type having tesistance displayed an inhibition rate of 25 % a8 %
respectively. It is observed that stem growth ahdypes is inhibited at least as much as the levgths in case of
seedlings exposed to Cd stress[4igiin and Oncel [47]determined that if we apply Bd, and Zn to wheat
seedlings, root sprout growth of seedlings expdsedn increases whereas the growth decreases aflingse
exposed to Cd, depending on the increased contiensa

It is confirmed thaOryza sativaseedlings exposed to 0,1 and 0,5 mM Cd and Ni actated these heavy materials
within the plant at significant levels and the stiemgth is reduced[37B8 uM Cdapplied to the leaves &haseolus
vulgarisL. cv. contendeseedlings reduced growth [48]. Kitghdengin (2002)[46]determined that applying Hg, Cd,
Cu and Pb causes inhibition in stem growthPdfaseolus vulgariseedlings. Cd and Ni exposure inhibits stem
growth ofOryza sativaseedlings [49].

Our findings concluded on this study about reduwed sprout caused by increased Cd concentratiomplyowith
the findings of Poschenrieder et al. (1989)[48]bRLet al. [37], Moya et al. [49], KirgaZengin [46], Ayhan [41],
and Ergun and Oncel [47].

In our study, 10 and 15 uM Cd applications and &lgM Zn with Cd applications are confirmed to hawportant
impact on AP enzyme activity (p<0,01) (Figure 5P Activity almost tripled in case of non-zinc apation of and
increased by almost 6 times in case of 15 uM QdMbZn applications reduced ascorbate peroxide iactowut it
almost quadrupled in case of 10 uM Cd + Zn appboat However, 15 pM Cd application is confirmed to
significantly reduce the enzyme activity (p<0,01) .

Generally, Zn applications reduce Cd intake andimedation in plants [24]. Zn's impact on plant's @dake and
accumulation is not permanent. There are report€dis and Zn's synergistic impacts. Nan et al. |§&@ermined
that Zn concentrations increase if Cd applicatimtsease in wheat seedlings or Zn concentrationaes! in the
contrary situation. Same observations are docurdebye Dudka et al.,[51]. Wu and Zhang [28] showedt th
increased Zn application in barley reduces Cd ttyxand supports growth as well as reducing men#mdamage.

It is argued that Cd toxicity is the cause of otiacell damages resulted from plant related Rpeeies. Thus, the
ROS elimination skill of plants under Cd toxicity @an important tolerance mechanism against Cditgj#8,30].
Zn has several protective roles in the process iofnmizing the damages caused on cells by ROS fororater
environmental stress conditions. Accordingly, Zrote in tolerance mechanisms of plants againssstrenditions
such as drought, low temperature stress, high, lggdinity and Fe toxicity is studied [31]. Probal@ln enhances
antioxidant enzyme activities such as Zn-containgyme superoxide dismutase and competes Cd dotdinSH
groups and membrane proteins of enzymes to prptant against Cd toxicity. Wu and Zhang [28]showieat Zn
application can decrease reduction of root dry enand increase of membrane damages caused byx{€dyto
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Hard wheat's higher level sensitivity to Cd toxygitn comparison to bread wheat, can be might éxpthby hard
wheat’'s weaker detoxification mechanism at cellldael in the process of Cd elimination by Cd bimglproteins
or in vacuole departments [52,53].

In case of Ascorbate-Glutathione cycle, AP hasngportant role in eliminating $#0, Song et al[54] confirmed role
of silicone (Si) in Cd tolerance with a study orottypes ofBrassica chinensik. with Cd tolerance and sensitivity
and observed that low levels of Cd application lants enhances AP activity whereas increased dosh@l
applications reduce AP activity.

Aravind and Prasad [15] studied antagonistic effeaft Zn and Cd orCeratophyllum demersurh. (Coontail)
macrophyte and confirmed that Zn application imfgasuppress Cd intake. The researchers deterrttiae&OD,
CAT, GP and AP activities of plants exposed to CAn+application are higher than plants exposedntyg @n or
only Cd applications.

Aravind and Prasad [15] observed that 10 uM C@&.irlemersunt.. has slight impact on AP activity but Cd + Zn
applications increase ascorbate-glutathione cywgrae (including AP) activities.

Ayhan [41]confirmed that leaves of corn typesthiy significantly higher AP, glutathione reductd&R) enzyme
activities in comparison to the control under PH &ul stress and in parallel to increased heavylroeteentration
and this process has an important role in neuingli+,0O, caused by superoxide dismutase (SOD) activity.
However, the researcher argued that even if thgne@activities show a significant increase in corigm to the
control under high Cd concentrations, there i$ @&tilownwards trend when compared with 5 mM Cd iappbn.

The data we obtained in this study regarding irsgdaAP enzyme activity based on increased Cd ctnatiems are
similar to the data reported by Song et al. [24jhan[41], andAravind and Parasad [15].

1,2

== ZnOuM

Zn5uM

0,6

0,4

0,2

0 10 15
Cd (M)

Ascorbat Peroksidase (umol/min/g.F.W)

Fig. 5. Effects of Cd, Zn and Cd + Zn interactionon the ascorbate peroxidase activity onZga mays L. MAT 97) the maize seedlings
(n=3)

Cd ions cause oxidative stress, peroxidation amdrdanization and thus have direct impact on tmeelir
membrane structure [55]and change the fat compasiti the lamellar membrane [56]. Also Zn is knowrprotect
bio-membrane against oxidative and peroxidative atgenreduced membrane integrity [15,31]and evengehaf
membrane permeability [57]as well as stabilizing io-membrane.

In this case, we believe that the data regardiemificant increase of approximately four timeslid uM Cd+Zn
application can be associated with the fact thatagplication in case of Cd toxicity protects tharl against
oxidative and peroxidative damages. Generally, Bplieations reduce Cd intake and accumulation antgl
[22,23,24]. However, our study confirmed that 15 | @d+Zn application significantly reduced enzymeiwdigt

(p<0,01) In this case, we believe that Cd and Zn will shgwesgistic effect in Zn concentration applied with

MM Cd and thus reduce AP enzyme activity.
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Besides, it is argued that Zn applications’ impeftCd concentration of plants might depend on tgpelant,
cultivation conditions and Cd concentration usez|22,25].

CONCLUSION

Root length growth of corn seedlings exposed tasdubt effected but the root growth of seedlingsased to only
Zn and Zn with Cd is significantly promoted. Thelmést Cd concentration showed a significant redodti root
and root sprout weight and root sprout length. Heeweusing Cd with Zn has positive impact on thet rerout
length but has no effect on root sprout and ropteright. Using Cd and Zn on seedlings has no effacoot / root
sprout ratio. In conclusion Cd has negative impdajrowth of root sprout length whereas Zn can mlate Cd’s
toxic impact on growth of length but Zn fails taneinate Cd’s influence on increase of dry weight.

In case of all Cd applications and also Zn applith Cd, it has important effect on AP enzyme. Agiaty

increases in case of non-zinc applications whesessly using Zn reduces AP activity and using 10 ThHZn
almost quadrupled the results. However, applyingit/b6Cd significantly reduced enzyme activity. Itdetermined
that AP activity is increased for eliminating Cdéxic effects. Heavy metals cause severe damagegcultural
production as well as ruining the environment. Testruction caused by heavy metals on the earthface
reduces productivity of several agricultural fietitsentirely impairs the productivity.

The impacts of heavy metals manifest themselves thi¢ free radicals formed within the cell; thegdeto several
animal and plant diseases such as tissue damagmdegenerative diseases, cancer and aging. Ongartiave
enzymatic and non-enzymatic defense systems againstdicals. Thus, these antioxidant componeatsry the
capacity repressing free radicals have become ynighportant. Antioxidants function by protectingetiorganism
against multitude of reactive oxygen radicals whenymatic defense system is insufficient [58].

According to our results, it is observed that usitgwith Zn has stimulator effect on root and stength as well as
having important impact on AP activity.

Thus, there should be further studies for studyirgantioxidant defense system in details in otddrave a better
understanding of plant defense against heavy nsttaks and for comprehending the role of Zn, whglkan

essential nutrient element, mineral, in prevent®d toxicity. Further studies in this area will ereswbetter

understanding of molecular basis of plant and ahigsistance against highly toxic heavy metals aglEd as well
as enabling to choose species agricultural plahishware resistant to heavy metals, preventingtisla®d intake

and minimizing the damage caused after uptake.
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