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Abstract. The paper deals with the eff,~ct of the application of certain ions (Zn 2+, BtO72-, 
Mn 2+, Gu 2+, MoOt 2-, Co 2+) on the development of the activity displayed by amylase, urease, 
and glutamate-oxalacetate (GOT) in hydroponically cultivated barley during the first seven 
days of ontogenesis. The enzymes were studied separately in the overground and root parts 
of the plants. The following main conclusions can be drawn from the findings made: 

1 ) The amylase activity of the control plants in connection with their development diminished 
slightly in the overground part, while it was relatively constant in the roots. Due to the effect 
of certain elements tested, this activity increased pronouncedly (significant differences were 
confirmed in variants containing MoOn ~ , Zn 2+, and Co2+). 

2) The urease level in the overground part of the control plants remained low throughout 
the entire experimental period and was only little influenced by the individual mieroelements 
under study (with the exception of B4072-). On the other hand, the urease activity in the root 
system increased markedly, the B40: ~- ions exhibiting a significantly stimulating effect. 

3) The activity of glutaraate-oxalaeetate transaminase (GOTj in the overground part of the 
control plants increased only slightly in the course of the initial development, while in the root 
system it grew relatively more pronmmeedly. In the overground part  of the plants all the micro- 
elements administered displayed a significantly depressive effect on the developmen~ of this 
enzyme activity; in the roots, the inhibitory action was maintained only in the last experimental 
period in variants with Zn 2+ ions. 

The stimulating activity of microelemeuts results primarily fl'om their 
ability to form structural or functional components of enzymes. Seen from 
this aspect, it is bivalent cations that  are significant. These cations fulfil 
the function of a free bond between enzyme and protein and are able to in- 
teract and fulfil biochemicallv identical functions (PEYvE, 1960). 

SgKOL~IK (1958) reports tl~at manganese, zinc, molybdenum, and copper 
activate oxireduction enzymes in plants. Zinc in cotton plants, in addition 
to polyphenoloxidase and peroxidase, increases the activity of lipase, pretense, 
and invertase (KusTovA, 1964). The effect of copper on the action of protease, 
amylase, lipase, peroxidase and on the content of proteins, sugars, and fats 
was studied by OKu~cov and RO~ZHINA (SgKoLxIK, 1959). AGARWAL~, 
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SnARMA and KuMA~ (1964) followed the effect of combined doses of man- 
ganese and copper on the activity of enzymes of the Fe-protein type in 
barley plants, RATNER and AKIMOCZKINA (1964) studied the interaction of 
the effect produced by molybdenum and certain hydrophilous vitamins on 
the activity of nitrate reductase in soya beans, etc. 

Other studies concerned the influence of ions on the activity of urease 
and glutamate-oxalacetate transaminase (GOT). SUMNER (1951),f or in- 
stance, reported that urease was inactivated by Cu e+, while Do~Y, 1965, 
demonstrated that CoS+ was also responsible for this action. GOT wasr epor- 
ted to be activated by iron compounds (SANwAL, ZINK and DI~r, 1964). 

Besides the changes in the systems of these enzymes, the action of micro- 
elements manifests itself also in other connections, e.g. by an increase of 
germinating energy, photosynthesis, respiratory intensity, elevated syn- 
thesis of chlorophyll, carotene and vitamins, improved glyeide exchange 
and also by action on the synthesis of amino acids and proteins through 
intensive nitrogen assimilation (DoBROLUBSKu 1958; 1)EYVE 1960; BERZIN 
1961). 

The wide importance of microelements for plants, which is but relatively 
little elucidated as regards their action on the activity of amylase, urease, 
and GOT transaminase, i.e. enzymes linked with nitrogen-glycide meta- 
bolism of plants, is evident. The present paper represents a contribution 
to existing data. 

Material and Methods 

The experiments were performed on a hydroponically cultivated barley 
(Hordeum sativum L.) cv. Slovensk:~ Dunajsk~ trh. During cultivation the 
procedure suggested by the Institute of Microbiology, Czechoslovak Academy 
of Sciences, T~ebofi (I)VTI, 1963) after previous administration of micro- 
elements was applied. The control seeds (120 g) were steeped only in distilled 
water, the experimental seeds in solutions of MnSO 4 (0.025%), Na2B407 
(0.025%), ZnSO 4 (0.05%), (NH4)2MoO a (0.01%), CuSO 4 (0.025%) and CoSO 4 
(0.05%), i.e. in concentrations recommended by Abutalybov et al. (1964) 
for stimulating protein synthesis in wheat and cotton. All variants were 
steeped for a period of twenty hours. During 4-day germination in the dark, 
the seeds were moistened with an automatic sprinkler twice a day as needed. 
The germinated grains were illuminated for seven days running with fluores- 
cent tubes and lamps (6.000 ergs. cm -2. sec -1) at 24 to 26 ~ C and 70 to 80 per- 
cent relative humidity. The roots of the plants were irrigated every day for 
one hour with Knop's nutrient solution devoid of microelements. For the 
control plants, a complete Knop's solution containing microelements was 
used. 

After the first, fourth and seventh day of illumination, samples were taken 
for analyses from 400 plants, whose overground and root parts were treated 
separately. During the entire experimental period the growth was fresh, 
deep green, and had reached a mean height of 15 cm when the last sample 
was taken. The extracts for estimation of the enzymatic activity were obtain- 
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ed by triturating the plant material with fine silica sand and adding a buffer 
solution. Thus we tried to eliminate the possible influence of heat when using 
another method of homogenization. 

The activity of the enzymes studied was determined by the photometric 
technique. Amylase activity was estimated according to the method of 
Hof~EJ~ et al. (1964); its units correspond to the amount of enzyme which 
under the conditions of the method hydrolyzes 10 mg out of the 60 mg of  
starch added. The resultant values are presented, converted to 1 g of dry 
matter. 

Transaminase activity was established according to I~EITMA~ and F~A~- 
EEL (1957) and is expressed in ~mol of pyruvate per hour per 1 g dry matter 
at 37 + C. 

Urease activity was determined according to HOFFMA~_~ (1962), its units 
corresponding to mg of ammonia nitrogen split off from the substrate (urea) 
and also converted to the unit of dry matter (1 g). 

The results obtained were treated by variation-statistical methods. 

Results 

The experimental values obtained by analysis of sueeesive samples 
of material from the overground and root parts of the hydroponically cultivat 
ed barley variants were graphically treated and the significance of the 
effect produced by the individual microelements was defined by the method 
of variance analysis (Table 1). 

The dynamics of the changes in amylase activity in the course of the 
experimental stages (Fig. 1) in comparison with the controls, shows a stimulat- 
ing effect of the bulk of the tested microelements in the concentrations used, 
yet significantly higher values were recorded in the overground part only 
when MoO~- was applied after the fourth and the seventh day of illumina- 
tion. In the roots, significant changes appeared, on the one hand, in the initial 
growth phase of the variants with Co2+; on the other hand, after the fourth 
and the seventh day of illumination in the variants containing Zne+ (Table 1). 

The inhibitive effect of the Cu 2+ concentration in the roots, conspicuous 
especially after seven days of illumination, was statistically insignificant. 

If  we summarize the influence of the individually tested microelements 
on amylase activity, we can see that the most pronounced stimulative 
effects, confirmed by the significant differences in the overground part with 
MoO~-, in the roots with Zn2+ and Co 2+, occur, for the most part, in the 
period between the fourth and the seventh day of illumination, i.e. not until 
a certain more advanced development stage of the plants is reached. 

The mean activity of urease in the overground and root parts is illustrated 
in Fig. 2 according to the tested variants and experimental periods. While 
in the overground part no changes in the level of this enzyme appeared as 
significant after the application of the tested microelements (with the ex- 
ception of B40 ~- after the first and the seventh day of illumination -- 
Table 1), a sharp increase occurred in the roots from the first to the seventh 
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day, particularly evident in the control plants. The variants with Co 2+, 
MoO~-, and Cu2+ ions displayed in the root system a diminished mean 
activity of the studied enzyme. 

Also the Zn2+ and Mn 2+ ions exhibited a similar effect. In all these cases 
the influence was not statistically significant. 
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F i g .  1. Amylase activity in hydroponically cultivated barley plants (Hordewm sativum); 1, 4, 
7 - -  days of illumination; co -- control, A - -  Z n  ~+, B - -  B~072- ,  C - -  ~V[n ~+, D - -  C u  2+, 
E - - M o O ~  ~-, F - -  Co ~+ 

Weighty changes in urease activity were also caused by the application 
of B40~-. Of all the microelements, only boron (despite the decrease in the 
urease level on the seventh day of illumination) in the given concentration 
exhibited a significant stimulative effect in the root system in the course 
of the entire experimental period (Table 1). If  we also take into consideration 
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the identical action of this microelement in the overground part, we can 
regard the influence of B40~- on urease activity as most significant. 

The last enzyme to be studied was glutamate-oxalacetate (GOT) trans- 
aminase, the behaviour of which in the individual parts of the experimental 
plants is presented in mean values in Fig. 3. The changes in GOT activity 
in the overground parts of the control plants are relatively low during the 
first to the seventh day. In all variants with microelements, transaminase 
activity was lower than in the controls. I t  goes without saying that there 
exist differences in the degree of quantitative influence on the GOT level 
according to the individual microelements tested, but their effect is, for the 
most part, significantly repressive. An exception is the application of MoO, ~- 
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Fig. 2. ISrease ac t i v i t y  in hyd ropon i ca l l y  cu l t i va t ed  ba r ley  p l an t s  ( H o r d e u m  s a t i v u m ) ;  1, 4 ,  
7 -  d a y s  o f  i l lumina t ion ;  co control ,  A --  Zn ~+, B - -  D40~ ~-, C -- Mn 2+, 
D - - C u  ~+, E - -  1~Io04 ~ , F - -  Co ~+. 



3 8 8  J-. P A V E L ,  J I ~ I N A  2 A K O V A  

for the first and the fourth day of illumination, when the recorded diminution 
lies within the limits of experimental error; therefore the values found in 
the individual cases can be considered identical with the activities displayed 
by the control plants. 

Transaminase activity in the roots exhibits the same tendency of change 
as urease. The level of this enzyme rises here with a delay in the time of 
growth, the highest values being registered again in the control plants after 
seven days of illumination. The values of the activity of this enzyme upon 
the application of MoO~- and Co2+ after the first day of illumination, even 
though they are rather higher as comppared with the controls, show no 
significant difference. The only significant influence (diminution) was con- 
firmed in the Zn 2+ --  treated variants after seven days of illumination. 
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F i g .  3. Glutaraate-oxalaeetate  transaminase  ac t i v i ty  in hydroponica l ly  cu l t iva ted  barley  p lants  
(Hordeum sat%urn); 1, 4,  7 - -  days  of i l lttmination; co -- control ,  A - -  Z n  ~+, B - -  
B407 ~-, C - -  Mn ~+, D --  Cu 2+, E --  MoO4 s- ,  F - -  Co S+ 
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Table la 
Significance of influence of microelements on the activity of enzymes in the overground part  
of barley (Hordeum sativum) defined by variance analysis 

Amylase Urease I GOT 
Micro - 

elements Day of illumination 

1 4 7 1 4 4 7 
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Table lb 

Significance of influence of microelements on the activity of enzymes in the roots of barley 
(Hordeum sativum) defined by variance analysis 

Amylase Urease | GOT 
Micro- 

elements Day of illundnation 

l 4 7 1 4 4 7 

Z n  2+ 
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) in  s 
C u  s+ 

MoO s -  
C o  2+ 

§ § 
'- § 

7 1 

_= 

§ 
§ 

r 

The conclusions can still be supplemented by an analysis of the coinci- 
dence of the tendencies mentioned with the findings of the authors cited 
in the introductory part  of this paper. As SUMNER (1951) demonstrated,  
the depressive effect of Cu 2+ ions on the intensity of urease act ivi ty mani- 
fested itself in the experiments markedly only in the roots. The same effect 
is at tr ibuted,  besides Cu2+ ions, by DoBr  (1965) to Co2+ ions as well. I t  was 
found that  in our case the effect of this microelement manifested itself re- 
pressively again only in the roots. In the overground parts of the experimen- 
tal plants, urease act ivi ty after the application of the ions mentioned in the 
more advanced development stage was even higher than in the controls. 

On the basis of the results achieved it would be possible to widen, for 
example, the conclusions arrived at by  KUSTOVA (1964) about  the stimulating 
effect of zinc on the act ivi ty of certain enzymes and about  the demonstrated 
effect of this element on stimulating the activity of amylase and/or to draw 
further analogies, etc. On the whole it can still be added that  our conclusions 
are typical, above all, for the chosen experimental conditions, i.e. for the 
hydroponic method of cultivation with a given concentration of the tested 
microelements and for a given development stage of the plants under s tudy.  



3 9 0  J. PAVEL, J I R I N A  2XKOV)~ 

References 

_A_OARWALA, S. C., SHAR~A, C. ]~., KU3iAR, A.: Interrela t ion of iron and manganese supply iu 
growth, chlorophyll  and iron porphyrin  enzymes in barley plants.  -- Plant .  Physiol. 39 : 
: 603--609, 1964. 

DORY, G.: P lan t  Biochemistry. Budapest ,  426--428, 1965. 
T-~OFFMANN, E. : in: BERG)~EYER, H. 13. (ed.): Methoden der enzymatischen Analyse. Pp. 913 --916,  

Weinheim, 1962. 
]=[o~Ezw J.  et al. : Zgk ady chemick6ho vy~ct~ovgnl v 16ka~stvl. [The Fundamenta ls  of Chemical 

Inves t iga t ion  in Medicine] -- V l t h  edition, Praha  1964. 
REITerAte, S. and  FRANKEL, S.: A colorimctric method for the determinat ion of serum glutamic- 

-oxalacetic and  glutalnic.pyruvic transaminases.  -- Amer. g. Chem. Path .  2 8 : 5 6 ,  1957. 
S~NWAL, B. D., ZINK, M. W. and  DIN, G.: in PEACH, K., TRACEY, :iV[. V. (ed.): Moderne Methoden 

der Pflanzenanalyse. 361--391, Springer-Verlag, Bcrlin-G6ttingen-tteidelberg,  1964. 
SUMNER, J .  B.; in: SUMNER, J.  B. and MYRBs (ed.): The Enzymes.  Pp.  873--892, New York, 

1951. 
~STAV VI~DECKOTECHNICKYC]=[ INFORMACI MZLVH: SouSasn~ s tay hydroponick6ho p~stovgni 

zeleniny a pice. [I~STITUTE OF SCIENTIFICO-TECHNICAL INFORMATIO~r MINISTRY OF AGRI- 
CULTURE, FORESTRY, and WATER MAnAGEMEnT: The Present  State of Hydroponic Cultivation 
of Vegetables and  Forage Plants . ]  22--30, Praha,  1963; 30--54, Praha,  1964. 

AB~JTAJIMBOB, M. F., A.rI~IEB, ~[. A.: Banm~ne l~mI<poaaeMenToB Ha OTTOH caxapo~ Ha :mcwbeB 
H nepe~BHmeH~c 3THX BCIReCTB B paCTHTe,TILHOM OpFaHII3M0. - -  C6. PO:IB MilHepaJIbHI, I* 
aJIeMeHWOB 13 o6Mene BeIIIeCTB II np0;IylcTRB~OCTH pacTen~fi. ]21- -125 ,  Mock,a ,  t964. 
[ABUTALYBOV, M~. G., ALYEV, D. A.: The influence of microclements on the abstract ion of 
sugars from the leaves and  the  behaveour  of these substances in the plant  organism] 

BEP3IIHb, A. J:[.: B a ~ n I ~ e  Mm;poaneMeH~o~ na  coalepa~anne BHTaMIIHOB B - r p y n n ~  B pa- 
cTeH~ax. C6.: Mri~poaaieMenT~I ~ ypomafi,  297--304,  Pz ra ,  1961. [B~z~x ,  A. a.:  The 
influence of mieroelements on the B-vi tamin content  in plants.  ] 

~osPoalIOSCKrlfi, O. H.: Ilpe~noceunaa o6pa6oTi~a ceM9H rI onp~ic~n~aHne nocenon pac- 
TBopaMr~ MrmpoaaenenTom - -  3eMaeaezne,  2 : 65- -69 ,  t959.  [Do~Rorczsx~,  O. K.: 
Presowing prepara ion of seeds and spraying of seeds with solutions containing microele- 
ments.  ] 

HYCTOBA, A. X.:  B~II~IHRC KHHKa Ha 6HOXIIMHqecEHe npo~ecch[ TOHHOBOJIOHHIICTOFO X.rIOH - 
qawHR~Ca. - -  l/Inn. AH Typ~M. CCP, cop. @on .  3 : 3 - -10 ,  t964.  [KusTOVA, A.: The ef- 
fect of zinc on bi chemical processes in thin-fibrous cot ton plants]  

OliYH~OB, M. M., PolIl, mH~ln, O. A. B: IIIIioOIbniati, M. H. (nan): IlplIMeneHne .xmtipo- 
aaeMenTOB B Cea~c~O~t xoaaficTue u MeammHe. 26--32,  Pnra ,  t959.  [Oxwxcov, M. M., 
tlONZmZV~, O. J . :  The application of mieroe ements in agriculture and  medicine] 

IIEfiBe, H. B.: Mni~poaae~ienTst u ~epMenT~ 8 - - t 5 ,  PHra, 1960. [ P ~ v w ,  a. B.: Micro- 
elements and  Enzymes]  

PATHEP, E. II., AHRMOqHHHA, T. A.: Conp~a~eHnoe ~C~CTmle MO3III6~cHa H nei<oTop~,ix 
BHTaMrlHOB r p y n n ~  ~B}> lla IIpoT~yETnBItOCTI~ CIIM6rlOTrI~IeCKOfi aaoT~II~CalIiIii B COil. --- 
ArpOXrlMHZr 4 : 59- -68 ,  J964. [RATNER. E. I., AKI~OCZKI~IA, T. A.: Composite action of 
molybdenum and certain B-Vitamins on the produkt iv i ty  of symbiotic fixation of ni trogen 
in soya beans] 

III~oal, nm; ,  M. El.: Ba~innne Mm;poaaeMenTon na ClIBTe3 tI nepeaImimenrle yraenoxom - -  
q~narmaorna  pacTeHr~fi, 5 : 393--399,  t958.  [SnKOLXXK, M. J . :  The effect of mieroele. 
ments  on the synthesis and  behaviour  of sugars] 

J.  P)~VEL a JIf~INA ~s katedra  biochemie agronomick6 fakul tyV~Z v Brn6, Zem6d~lsks 1 : 
l ~ i n e k  rdzn~eh mikroprvkfi na zm~ny aktivity n~kter~ch enzymd u hydroponieky p/~stovan~ho 
je~mene v prvnim 6dobl r6stu. - -  Biol. Plant. 9 : 383--391,  1967. 

V prAei je sledovgn fi6inek aplikaee n~ktcr~eh iontfl (Zn 2+, B40~ ~-, Mn 2+, Cu 2§ MoO4 *-, 
Co ~+) na  rozvoj ak t iv i ty  enzymfl amylAzy, ureAzy a t ransmin~zy glutamgtu-oxalacet~tu (GOT) 
u hydroponieky p6stovan6ho jeSmenc pc dobu prvnlch sedmi dnfl ontogencze. 
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Studovan6 enzymy byly sledovhay samostatn~ v nadze~rml ~ v ko~enov6 5~sti rostlin. Z do- 
sa~ien~ch poznatkft lze zdfirazr~it tyro hlavnl zhv~ry: 

1. Aktivita amyl~zy kontrolaich rostlin v souvislosti s jejich v~vojem se v nadzeInni 5hsti 
mirn~ sniiovala, v ko~enech byla pom~rn~ sts163 (~6inkem n~kter:~ch zkou~en~ch ionth se jeji 
aktivita velmi pror~ikav~ zvy~ovala (prf~kazn6 rozdily byly potvrzeny u variant s MoO~ ~-, 
Zn ~+ a Co~+). 

2. I-Iladina urohzy v nadzernnl 5~sti koatrolnich rostlirt se udr~ovala po cel6 pokusn6 obdobl 
na nizk6 firovni a byla jednotliv:~mi testovan~mi ionty (s vs~jimkou B4072-) pouze m~lo 
ovliva~na. 

Naproti  tomu v ko~onov6m syst6mu so aktivita ure~zy postupn6 siln~ zvy~ovala, pli6em~ 
i zde ionty BaO: z- vykazovaly prflkazn:~- stimula6ni efekt. 

3. Aktivita transamirrg~zy kyseliny L-gltttamov6-oxaloctov6 (GOT) so v prflb~hu poSg~te6niho 
v~voje v nadzemrti 6s kontrolnich rostliax zyhovala pouze mlrn~, v ko~enov6m syst6mu vw 
jeji aktivita vzrflstala relativn6 mnohem pronikav~ji. ~6inek vw zkoufien~ch mikroelementd 
v nadzemni 6g~sti rostlin se projevil prflkazn~ depresivn~ na rozvoj aktivity tohoto enzymu; 
v ko~enoch inhibiSnl pflsobeni zflstalo zachovhno pouze v poslednim pokusn6m obdobi u variant 
s ionty Zn *+. 

]~. IIABEJI, ~IPm~IA ~tfAI~0BA, I(a~eapa 6IIOX~IM~Iau arpoaoMaqecaoro ~aKyJIbTeTa B~cmefi 
CeJIbCKOX03}:[~ICTBeHHOH IIIK0YILI, BpHo: B03~elieTBHe pa3HbIX MHKpoaae~eHWOB Ha HZMeHeHHe 
aKTHBH0(~TH HeKoTOpbXX DH3HMOB y ~qMel I~  BbIpaK~HBaeM0rO C HpHMeHeHHe~ rH~pOHOHHH~ 
Ha nepBofi r ero pocva. - -  Biol. P lan t .  9 : 383- -39 i ,  1967. 

IIp~BO2[HTC~ pezyn~TaT~ Hccne~onann~ Bo3~e~ICTBHYI npaMenenan HeI(oTop~x HOHOB 
(Zn ~+, B~072-, Mn 2+, Cu ~+, M o Q  2-, Co 2+) Ha paa~nTae aI~THi~HOCTH 3tt3HMOB aM~naz~, 
ypeaabi n wpa~tcauaaazH r~]ywa~aTa-oKcanaaewawa (GOT) y an.~mHn, ~pan~nBaeMoro 
c HpHMeHeH~eM r ~ p o I I O H ~  B TeqeHHe nepBb~x ceM~ RHe~ ero OHTOreae3a. H3y~aeM~ie 
3H314MM 6I)IJI~I HCC~e~oBaHh~ OT~e.~IbHO B Ha~aeMHO~ qaeT~I pacTeHH~ H B ROpH~IX. Ha OCHO- 
BaHHII Ho~yqeaH~x pe3y~,wawoB MO~I~O c~e~awb c~e~y~oHI~e BI)IBO~M: 

t) AI~TIIBHOCTb aMa~a3~i y ROHTpOJIhHSIX pacweH~fi, n xo~e ~x pa3B~wan HeCI~O~h~O 
nonnma~ac~ B Ha~3eMHo~I qacw~I pacwennn, B TO ~peMn ~a~ B ~opHnx oHa ocwaBa~Iacb OT- 
H0C~We~I, nO nOCW0nHHOfi. Bo3~efiCTBHe He~oTop~IX ~OHOB non~nnano aKWI4BttOgWb aMn~aa~L 
3nan~Mrae p a z n ~ n  Hafi~eH~ ~ In  MoO~ 2-, Zn2+, COS+. 

2) ~pea3a  y KOHTpOJI/aHbIX pacwennf~ B Ha~3cMH0~I qacwI~ Haxo~anac~, ~ weqeHHe ~cero 
OIIMTa Ha H!~I3KOM ypo~He a OW2ieJIbHbIe M~Kpoo~IeMeHThI (I~p0Me B~072-) II0~TI~ He oKa3aJH4 
at~I~aKoro JIe~CTB~, B aopnenofi me C~CTeMe, Hao6opoT, aKTHBHOCTb ypeazM HOCTeHeHHO 
C~J[baO y B e J ~ B a ~ a c h ,  HpH~IeM H 3;~ecb HOHbI B~072- ~Me~Iff CTIIMyJI~II~IIOHHMH 3~)~)eKT. 

3) AKTHBHOCTI~ wpancaM~Haa~ ~gC~OW~ L-r~ywaMOBOfi-onca~y~cyc~ofi (GOT) n paHHIIx 
3TaIIax pa3BHTH~I 10acTeHH~I rIoBbima~IacI~ B Ita~i3eMHO~ gaCTI~ KOHTpOJILHhIX paCTeHH~ ~H~Ib 
y~epeHHO, B ~ o p ~ x  OWO ~ o ~ z m e ~ e  5 ~ o  ropaa~o 50~ee peaK~M. Bce Mmr 
~efiCT~Ona~ B Ha~SeMHOfi ~aCTH Ho;~an~I~O~e. n KOpH~X HHrHSH[~ HMe~a MeCTO TOJII~KO 
la KOHIIe paaBHW!4ff y napHaHwoB c Zn 2+. 


