
O&JIJXOM Haywor seha ~IHCTHTYT~ 38 MYJITHAElCqElIIJIElHapHa EICTpaXCHBSa A O H ~ T O ~  Ha 
CenHElqEI 0npXaH0j 17.02. 2011. rOnEIHe, ElMeHOBaHEl CMO 38 ZLTIZiHOBe K O M H C H ~ ~  38 

oqeHy HaymoEIc-rpaxEIsawcor pma ~p munuc M o p u ~ e ,  EIcTpamsaYa CapmHEIKa 
O A C ~ K ~  3a IIpEIpOnHe PeCypCe H HayKy 0 XHBOTHO~ CPenElHEl EIHCTEITYTa, KaO EI 38 

yTsp$~saKe HcnyKeHocTEI ycnosa 3a cTHqae 3 s a a  HaysHu capaAauK. Ha oc~osy  
ZiHmEI3e pma KaHAWaTa I IO~HOCHMO H a y w o ~  sehy cneneh 

QHJIEIC M o p ~ ~ a ,  nHnnoMHpZiHH 6~onor  ~ ~ I I I T E I T ~  msoTHe cpenme, po$e~a je 
14.1 1.1980. rOnHHe y 5eorpmy. ~ ~ M Y H C K Y  T E I M H ~ ~ H ~ Y ,  IIPEIPOAHO-MaTeMaTEIm CMep, 
s a ~ p r n ~ n a  je 1999. ronme. H c ~ e  ronme ynHcarra je ~EIOJIOIIIKH @aKyn~e~ y 5eorpmy, 
rne je nmnoMHparra Ha cMepy E ~ o n o r ~ j a  EI ~ ~ I I I T H T ~  XHsoTHe cpenme ~ o s e ~ 6 p a  2004., 
Ca IIpOCe~OM OqeHOM 9.20. 

On j w a  2005. ronme sanocne~a je y HHCTEIT~TY 3a MynTHn~cqHnmHapHa 
~c-rpsurcusaa y 5eorpany y OKBHPY n p o j e ~ a ~ a  OCHOBHHX Hc-rpamsaKa H TexHonomor 
pa3~0ja K0je @ H H ~ H C H ~ ~  MEIHEICT~PCTBO 38 HayKy EI TeXHOlIOIIIKH pa3~0j Peny6nHKe 
C p 6 ~ j  e. 

r I o c n e n ~ n n o ~ c ~ e  c ~ y n ~ l j e  ymcarra je y ue~-rpy 3a MynTHnHcqEInnmapHa 
Hc-rpamsaa, Y ~ ~ s e p s ~ ~ e ~ a  y Eeorpmy, Ha onceKy Y n p a s ~ b a ~ e  XHBOTHOM 

CpenmoM. TOKOM 200712008. ronme y OKBEIPY OSI/Chevening c ~ ~ n e ~ m j e  0 6 a ~ ~ m a  je 
c~yn~ljcmi 6 0 p a ~ a ~  y na60pa~0pEIjEI npoa. np Andrew Smith-a, Department of Plant 
Sciences, University of Oxford. 

~ O K T O P C K ~  nH~epTa~EIjy IIOn HaCJIOBOM ,,EEIOX~ME~~CKEI MeXSLHH3MH 
SLHTHOKCWaTElBHOI' OnrOBOpa nHBH3Me (Verbascum thapsus L.) Ha IIOBElIIIeHe 



~ o ~ q e ~ T p a E i j e  qEiHKa. MebynonynaqEijc~e pa3nEi~e" 0 ~ 6 p a ~ ~ u 1 a  je 201 1. roAEiHe. y 
HHCTEIT~TY 38 MYJITEiAEiCqEiIIlIEiHapHa EiCTpaXEiBSa, 6e0qZiA . 

On 2005.-2007. ronEiHe 6ma  je aHraxosma Ha n p o j e ~ ~ y  MHTP-a, TP 69236: 
, , < D o T o x ~ M E ~ ~ c K ~ ,  @ o T o J I H T E ~ ~ K ~  Ei M E I K ~ O ~ E I O J I O L U K ~  neqZiAaqEija OprmCKHX 3WGEiBara 
npEicyTHEix y B O ~ H  EI ~ ~ M J ~ E I ~ T Y " ,  me ce y OKBHPY EicTpamBma 6 a ~ m a  EicnEiTEiBaKeM 
yno~pe6e 6~ io@m~epa  H c n o c o 6 ~ o c ~ ~ i  ~ ~ i ~ p o o p r m ~ i 3 a ~ a  EI 6 ~ i ~ b a ~ a  38 p a 3 q a n ~ y  
oprmcKm 3arGEisara nopeKnoM ~ i 3  pa@Ei~epEije ~ a @ ~ e  y I I m r e ~ y  y q ~ i ~ b y  
6~iope~en~ijaq~ije OBHX 3arGe~Eix ~ ~ M J ~ E I L U T ~ .  

Y nepEioAy on 2008.-2010. ronEiHe 6ma  je mraxoBma Ha n p o j e ~ ~ y  MHTP-a 
OH 143020: ,,PevJIaqEija aHTEiOKCEiAaTEiBHOr ~e~a60nEi3Ma 6 ~ i ~ b a ~ a  Y TOKY PaCTeKa, 
Ei~@ewEije naToreHEiMa EI nenosaKa ~ ~ E I O T E I Y K O ~  cTpeca: ynora MEiHepanHe Eicxpme ~i 

MeXaHEi3MEi ~Ei~Ha.JIEi3aqEije~ OTnOPHOCTEi Ei T~SLHCIIOPT~." 

T P ~ H ~ T H O  je np <Dm~ic MopEi~a aHraxosaHa Ha n p o j e ~ ~ y  ~ i 3  nporpma 
EiCTpamBSa y 06nac~~ i  EiHTeqaJIHHX Ei EiHTePnEiCqEinJIEiHaPHElX EiCTpamkIBSa 
ME~HHCT~PCTB~ 38 nPOCBeTY H HaYKY, HHH 043010: "Mo~Ei@Ei~aEije 
aHTEiOKCEinaTEiBHOr MeTa60JI113Ma 6 ~ i ~ b a ~ a  Ca qHJbeM II0BehSa T~JIepkUIqEije Ha 
~ ~ E I O T C K I I  cTpec ~i Eine~~Ei@Ei~aqEija HOBHX 6EioMapKepa ca npEiMeHoM y pe~enEijaEijEi ~i 

M O H H T O P H H ~ ~  neqmEipaHm 3e~~bEim~a." 
Ta~obe je II VeCHEiK COST hqEije FA9060 UV-B radiation: 
,,A specz$c regulator of plant growth and food quality in a changing climate 

(UV4growth)". 

f i o c a ~ a r r r ~ ~ i  ~ a y w o - ~ i c ~ p a m s a m   pa^ np <Dm~ic MopEi~e nocsehe~ je npe 
cBera EIC~EITEIBS~ e @ e ~ a ~ a  noBEimeHm ~ o ~ q e ~ T p a E i j a  Me-rana Ha ~ I I J ~ K ~ ,  ca n o c e 6 ~ ~ i ~  
OCBPTOM Ha M ~ X S L H E ~ ~ M ~  ne~o~cEi@Ei~aEije j o ~ a  6 a ~ p a  ~i qEiHKa EI npoMeHe y 
SLHTEiOKCEinaTEiBHOM M ~ T ~ ~ O ~ H ~ M Y  6 ~ i ~ b a ~ a  YCJIen OKCEinaTEiBHOr CTpeCa, UEi Ei 

HC~EITEIBS~ n o ~ e ~ q ~ j a n a  6 ~ i ~ b a ~ a  ~ i 3  pona Verbascum ( ~ E I B E I ~ M ~ )  3a 
@ E ~ T O C T ~ ~ E ~ J I H ~ ~ E ~ ~ ~  OBEiX MeTUa y 3arGeHEiM 3eMJbEimTEiMa. 

On noce6~or s ~ a r a j a  cy EicTpaxEisaKa ~ e s m a  3a ~ e x m ~ i s a ~  HacTmKa 
OKCEinaTEiBHOr CTpeCa Ei3a3BmOr nOBEiIIIeHEiM K~HeHTpaqEijaMa PenOKC HeaKTEiBHOr 
MeTUa, IJEiHKa. KopEic~ehi MYJITEinEiCqEmJIHHaPHEi IIPEiCTP O B O ~  I I ~ o ~ ~ ~ M ~ T H ~ H ,  

K O M ~ E I H ~ ~ ~ ~ O M  @EI~EIOJIOIIIKE~X, ~ E ~ O X ~ M E ~ ~ C K H X ,  x ~ M E ~ ~ c K H X ,  @ E ~ ~ E ~ K o - x ~ M E ~ ~ c K H X  Ei 

MOJIeKyJIapHEiX TeXHEiKa, nOnpEiHeJIa je pa3yMeBaKy MeXmEi3Ma HaCTmKa OKCEinaTEiBHOr 
cTpeca npe csera y henEijc~o~ ~ E I A ~ ,  Kao II a~yMynaEijy PeaKTEiBHEix KEiceoHEiwEix 
BpCTa (PKB) y JIEiCTOBEiMa Ei KOpeHOBEiMa 6 ~ i ~ b a ~ a  TpeTEipaHHX VEiHKOM LUTO je neTZULH0 
onEicaHo y K e ~ o j  n o ~ ~ o p c ~ o j  nEicep~aEijEi. 

Ta~obe, y CBO~HM p e 3 y n ~ a ~ ~ i ~ a  no npBEi nyT nose3yje ~ E I O C E I H T ~ ~ Y  acKop6aTa ~i 

KeroB s ~ a r a j  y ne~o~cEi@Ei~aqEijEi PKB ~i ~onepmqEijEi 6 ~ i ~ b a ~ a  A E I B E ~ ~ M ~  Ha BEicoKe 
KoHqe~TpaqEij e IJEiHKa. 
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Ha OCHOBY AO cwa I I ~ ~ J I H K O B ~ H E ~ ~  pwosa Moxe ce ~ ~ K J L ~ T H  Aa je HcnHTHsme 
e+eKTa IIOBHIJIeHHX KoHqeH~aEija qHHKa (Zn) H 3aUITEITHHX MeXaHH3aMa Y JIHCTOBHMa 
H KOpeHOBHMa AHBH3Me (Verbascum thapsus L.) UeHTpUHa O ~ J I ~ C T  HCTpamElBaFba Ap 
@ m ~ c  Mopk~~e  ( p w o s ~  1,2, 3,6, 9, 13). nonynastija A H B H ~ M ~  (Verbascum thapsus L.) 
KaO AOMHHaHTHe H IIHOHHPCKe BpCTe Ha ~en0HEijH H ~ Y C T ~ H ~ C K O ~  OTIIwa MeTaJIa y 
Ulanqy H3a6paHa je Kao MoAen cHcTeM 3a ~cnHTHsa%e WanTHBHElx ~ e x a ~ ~ s m a  
6 ~ ~ b a ~ a  Ha BHCOKe K O H ~ ~ H T ~ ~ I @ I ~ ~  MeTaJIa, C 0 6 3 ~ ~ 0 ~  Aa Cy y 3eMJbHUITY A ~ I I o H H ~ ~  

~ @ e ~ e  BHcoKe ~ o ~ s e ~ T p a q k ~ j e  qHHKa, 6 a ~ p a  H ~ p y r ~ x  MeTana. kihlajyh y BRAY 

AocwamKy nmepaTypy H HeAoBoJbHo 0 6 j m ~ e ~ a  o HaYEiHy Ha K O ~ H  Zn ~ 3 a 3 ~ s a  
OKCmaTHBHH CTpeC y 6 ~ ~ b ~ m a ,  no npBH nyT je IIOKa3ZiHO Aa Zn CTHMyJIHIJIe HaCTZiHaK 
*OH H *CH3 pwHKana y H ~ O ~ O B ~ H H M  4 p a q ~ j m a  henk~jc~or 3 ~ ~ a ,  Kao H a~yMynm~jy  
H202 y anonnacTy nm-rosa, ~ O H H  pacTa KopeHa H KcHneMy (pw 1.). HacTZiHaK H 

aKyMyna~ja PKB y H ~ O ~ ~ T H M ~  h e n ~ j c ~ o r  3ma KopeHosa H ~ K O H  TpeTMaHa ca Zn 
nose3a~ti cy ca nporpecmHoM a ~ y M y n a ~ j o ~  Zn y +paq~jaMa h e n ~ j c ~ o r  s ~ ~ a  
KOpeHOBa; IIpkI TOMe, Zn c ~ a 6 m ~ 3 y j e  @ ~ H O K C I ~  PwHKaJIe y aIIOIIJIaCly KOpeHOBa H 

AOJIa3H A 0  IIOpaCTa y KOJIHYEiHH C ~ O ~ O A H E I X  PwHKaJIa. 
nopea OBHX paynTaTa, y pwy I., ~aKolje je noKa3aHo je Aa ~ H H K  y h e n ~ i j c ~ o ~  

3~ Moxe Aa + o p ~ ~ p a  KoMnneKce ca XmoHmia H C T ~ ~ H J I H ~ Y ~ ~  HX Ha Harm ~ o j n  
nosehma % H X O B ~  C ~ O C O ~ H O C T  Aa o6pa3yjy QH (charge transfer ~ o ~ n n e ~ c )  y h e n ~ i j c ~ o ~  
3my. C~~IPOTHO TOMe, EPR a ~ a n ~ 3 e  heJIHjcK0r 3HAa 6 ~ ~ b a ~ a  TpeTHPaHHX IIOBHIJIeHHM 
~ o ~ q e ~ T p a s ~ j m a  6aKpa noKa3ane cy Aa osaj Me-ran AOBOAH AO cTpeca Ha ApyraYEij~ 
HamH (pw 9.). Ha oc~osy  npeTxoAHHx pe3yn~a~a Moxe ce ~ ~ K J L ~ H T H  aa  QH 
p e c ~ s y j e  y p e r y n a q ~ j ~  peAoKc cTma y anonnac-ry. Osaj KoMnneKc y h e n ~ j c ~ o ~  3my 
MOXe HMaTH IIPOOKCmaTHBHY YJIOry Kwa AOBOAH A 0  O K C H A ~ H ~ ~  AA H n p 0 ~ ~ H j e  
H202 IIpBO y anonnacTy, 3aTHM y CHMnnacTy. A ~ T O O K C H A ~ H ~ O M  QH MOXe HaCTaTH 0 2 0 -  

H IIOTOM H202, &i *OH (pw 1 .). 



l$Xihe%e~ np0MeHa y aKTHBHOCTH H H30eH3MHCKOM I I ~ o @ H ~  POD, IIpOMeHa y 
YKYIIHOM iLHTHOKCHAaTHBHOM KXIauHTeTy, KaO H aKyMyJIwHjH @~HoJIHHx je~H%e%a, 
yKa3aHo je Ha a K ~ n ~ a u ~ j y  a,qanTauHoHm ~ ~ I I I T H T H ~  ~ e x a ~ ~ s m a  H Ha aKyMynau~jy 
PKB y 6H~bKa~a ~ o j e  cy pacne Ha nosHrueHHM ~ o ~ u e ~ T p a u n j m a  uHHKa, ~ J I H  H Ha 
pa3JIHKe y OArOBOpy H3~eby JIHCTOBa H KOpeHOBa ( ~ ~ A o B H  2,3 H 13). 

I l e p o ~ c ~ ~ a 3 e  majy BHruecTpyIcy ynory y @ ~ s ~ o n o r ~ j ~  pa3~oja H @ ~ s ~ o n o r ~ j ~  
CTpeCa. OBH eH3HMH K O ~ H  BPIIIe A ~ T O K C H @ H K ~ ~ H ~ ~  H202 y nePOKCHAaTHBHHM 
p e q ~ j m a ,  Mory y o ~ p e l j e ~ ~  ycnosHMa, npeKo o ~ c ~ ~ a u ~ j e  cpcTpaTa Kao IIITO cy 
NADH H IAA, Aa 6 y ~ y  H EI~BOP HacTaHKa PKB, IIITO je 6 ~ 0  npeweT ~cnHTma%a 
OIIHcaHm y paAOBHMa 6. H 7. 

Y pa,qoBma 10. H 12. noKa3aHo je Aa ~ s ~ e l j y  HcnHTHsiLHHx nonynw~ja noc~oje 
pa3JIHKe y OCeTJbHBOCTH Ha IIOBHIIIeHe K~HueHTpwHja Zn H CU y XpiLHJbHBOM PaCTBOpy, 
y ~ ~ B H C H O C T H  OA KmoBor nopema (ca MeTaJIma s a r a l j e ~ ~ x  HnH ~ e s a r a l j e ~ ~ x  
~ ~ M J ~ H I I I T ~ ) .  K O H T ~ H H ~ ~ H ~  a ~ ~ M J ~ H I I I T ~  K O ~  a ~ a c e ~ b a a j y  HcnHTnsiLHe nonynwnj e 
AHBH3Me je PeJIaTHBHO H O B H ~ ~ ~  AaTyMa (10-20 ~ O A H H ~ )  IIITO YKa3yje Aa je AHBH3Ma KaO 
BpCTa C ~ O C O ~ H ~  Aa Ce aAXITHpa Ha HOBe YCJIOBe H @0p~Hpa 3ajeAHHuy 3a PeJIaTHBHO 
KpaTKo BpeMe. T o n e p m ~ ~ e  nonynw~je A H B H ~ M ~ ,  H nopea Tora IIITO HHCY 

XmepaKyMynaTopH MeTana, Mory GHTH 3 ~ a ~ a j ~ e  3a @ H T O C T ~ ~ H J I E I ~ ~ H ~ ~  3aralje~m 
~ ~ M J ~ H I I I T ~ ,  jep Mory Aa ~ o n 0 ~ ~ 3 y j y  CHpoMama, o m ~ e h e ~ a  ~ ~ M J ~ H I I I T ~  6e3 ~ e r e ~ w ~ j e  
H aKyMyJIHpajy MeTme y KOpeHOBHMa H AeJIHMHYHO y JIHCTOBHMa. O B ~  ABOrOAHIII%a 
6HJbHa BpCTa MOXe Aa pa3~Hje AyraYaK H pa3vaHaT KOPeHOB CHCTeM H n p ~ ~ y ~ y j e  
BeJIHKy 6Ho~acy y ~pyr0 j  TOAHHH, IIITO je gElHH IIOrOAHHM ~ 3 6 0 ~ 0 ~  38 OBy CBPXY. 

Hac~aHaK oKcHAaTnBHor cTpeca,  an^ ca acnema ~ e @ n u ~ ~ a  ~ y ~ p ~ j e ~ a ~ a  Kao IIITO 

je  BOX@^, HCnHTHBaH je y PaAy 8., IIpeKO IIpOMeHa y aKTHBHOCTH SUlTHOKCHAaTHBHElX 
e ~ s ~ ~ a  H MepeKeM a~yMynau~je PKB y KopeHosHMa 6H~baKa. 

Y pwosma  4., 5. H 11. AaT je npernen 6H0@1mTepa pa3nHgElTor nopema 
(3eJbacTe H ApBeHaCTe GHJbKe), a K O ~ H  Ce MOry KOPHCTHTH 38 IIpegEldaBalbe OTnaAHElx 
H H A ~ C T ~ H ~ C K H X  H T a A C K H X  BOAa, KaO H %HXOBe IIpeAHOCTH H OvaHHYe%a. 

Pas 1. - Morina F, JovanoviC Lj, MojoviC M, VidoviC M, PankoviC D, VeljoviC- 
JovanoviC S Zinc-induced oxidative stress in Verbascum thapsus L. is caused by an 
accumulation of reactive oxygen species and quinhydrone in the cell wall. 
Physiologia Plantarum 140: 209-224. uHTHpa: 

1. Song A, Li P, Li Z, Fan F, Nikolic M, Liang Y (201 1) The alleviation of zinc 
toxicity by silicon is related to zinc transport and antioxidative reactions in rice. Plant 
and Soil. DOI: 10.1007/s11104-011-0749-3 (M2,). 



6.3a1c~by9a1c H npegnor 

Pesyn~a~kI aocaarnKer HaywokIcTpamHsawor p a a  ap < D ~ H c  MopH~e 
npeac~asfiajy samm aonpmoc 6 0 f i e ~  pa3yMesaBy e @ e ~ a ~ a  nosHrneHHx 
K~HueHTpmkIja UkIHKa Ha 6 m ~ e  H HaZIElH Ha K O ~ H  UHHK, KaO PeaOKC HeaKTHBHH MeTaJI, 
H3a3kIBa OKCHaaTHBHH CTpeC, Ha npkIMepy akIBkI3Me (Verbascum SSP.). Ta~ofie, 
p e 3 y n ~ a ~ ~  KmakIaa-ra cy oa senmor s~aqaja  3a 60fie nosaasa~e npoueca p e ~ e a ~ j a u ~ j e  
MeTanuMa 3a raQe~~x  noapvja H noaarnaBe 6k1fia~a ~ 3 n o m e ~ m  ~ O B ~ ~ ~ H H M  

~ o ~ q e ~ T p m ~ j a M a  ~ H H K ~ ,  jep ~ e x a ~ k ~ s a ~  TOKCEIW~OCTH O B O ~  MeTana ~ k ~ j e  ~ O B O ~ ~ H O  

HcTpameH y nmepaTypH. 
y aacaarnBeM p a y  ap <Dkm~c M o p ~ ~ a  je 06jas~na Kao n p s ~  ay-rop 2 p a a  y 

MefiyHap~aHEiM rIaCOIIHCHMa (M21 kI M23), 3 Ha MefiyHap~aHEiM ~kI~II03EijyhlH~a 
(M33) H 8 CaOnLIITeKa Ha MefiyHap~~HkIM kI AOM&M ~kI~n03kIjyhlEiMa. 

npernea HaywokIcTpamkIsaYKor p a a  no~a3yje aa je ap <Dkm~c MopkI~a cTeIuIa 
n o ~ p e 6 ~ o  HCKYCTBO, CaMOCTaTIHOCT kI KPkITkIrIKU IIPHCTJTI y eKCIIepHMeHTaJIHOM p a y .  
Ha oc~osy  aeTafiHor pa3MaTpaBa ~KJTIHOT H ~ ~ Y H O - H C T P ~ ~ H B ~ Y K O T  p a a  KaHaHaaTa k~ 

kIcnpeHocTkI ~ p ~ ~ e p ~ j y h l a  3a ~ 3 6 0 ~  y 3 s a ~ e  HaymkI c a p m m  (Ta6ena 2.), ~ o j e  je 
IIpOIIkICaTIO PI/IEIHEICT~PCTBO 3a HayKy H TeXHOJIOIJIKkI pa3~0j Peny6nk1~e CpGk~je, 
Ko~HckIja npemame H a y w o ~  sehy 3a Myn-rHakIcu~nnHHapHa kIcTpamHsaBa aa 
npmsam osaj k13sern~aj H npemomH ap < D H ~ H C  Mopk~~y aa 6yae ~3a6pma y s s a ~ e  
HaysHH capagam. 


