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2YD�GRNWRUVND�GLVHUWDFLMD�MH�XUDĀHQD�QD�

.DWHGUL� ]D� PRUIRORJLMX� L� VLVWHPDWLNX� ELOMDND�� %LRORäNRJ� IDNXOWHWD� 8QLYHU]LWHWD� X��

%HRJUDGX

.DWHGUL�]D�RUJDQVNX�KHPLMX��+HPLMVNRJ�IDNXOWHWD�8QLYHU]LWHWD�X�%HRJUDGX�

'RNWRUVND� GLVHUWDFLMD� MH� UHDOL]RYDQD� X� RNYLUX� GYD� SURMHNWD�0LQLVWDUVWYD� SURVYHWH�� QDXNH� L�

WHKQRORäNRJ�UD]YRMD�5HSXEOLNH�6UELMH�EU���������L��������

,]UDGRP� GRNWRUVNH� GLVHUWDFLMH� UXNRYRGLOL� VX� GU� 3HWDU� '�� 0DULQ�� UHGRYQL� SURIHVRU�

%LRORäNRJ�IDNXOWHWD�8QLYHU]LWHWD�X�%HRJUDGX�L�GU�3HĀD�-DQDýNRYLý��YDQUHGQL�SURIHVRU�%LRORäNRJ�

IDNXOWHWD�8QLYHU]LWHWD�X�%HRJUDGX��NRMLPD�GXJXMHP�QDMYHýX�]DKYDOQRVW�QD�QHVHELÿQRM�SRGUäFL��

NRULVQLP�VDYHWLPD�L�MRä�NRULVQLMLP�NULWLNDPD��X�VYLP�HWDSDPD�L]UDGH�RYH�GLVHUWDFLMH�

3RVHEQX�]DKYDOQRVW�GXJXMHP�L�GU�-HOHQL�$OHNVLý��QDXÿQRP�VDUDGQLNX�QD�,QVWLWXWX�]D�

PROHNXODUQX�JHQHWLNX�L�JHQHWLÿNR�LQæLQMHUVWYR�X�%HRJUDGX��QD�L]X]HWQRM�SRPRýL�X�UHDOL]DFLML�

PROHNXODUQLK�DQDOL]D�L�LQWHUSUHWDFLML�GRELMHQLK�UH]XOWDWD��

2G�YHOLNRJ�]QDÿDMD�]D�L]UDGX�RYH�GLVHUWDFLMH�MH�L�VWUXÿQD�SRPRý�SURI��GU�9HOHWD�7HäHYLýD�

L�VYLK�ÿODQRYD�&HQWUD�]D�LQVWUXPHQWDOQX�DQDOL]X�+HPLMVNRJ�IDNXOWHWD�8QLYHU]LWHWD�X�%HRJUDGX��

NRMLPD�VH�RYRP�SULOLNRP�LVNUHQR�]DKYDOMXMHP�

=DKYDOQRVW�æHOLP�GD� L]UD]LP�L�VYLP�NROHJDPD�VD�.DWHGUH� L�,QVWLWXWD�NRML�VX�SRPRJOL�

L]UDGX�RYH�GRNWRUVNH�GLVHUWDFLMH��D�SRVHEQR�7DQML�'RGRä�L�-HOLFL�1RYDNRYLý��QD�GUDJRFHQRM�

SRPRýL�X�VDNXSOMDQMX�PDWHULMDOD�L�VYRM�SUXæHQRM�SRGUäFL�L�SRPRýL�

%HVNUDMQX�]DKYDOQRVW�GXJXMHP�VYRMRM�SRURGLFL�L�SULMDWHOMLPD�NRML�VX�PH�UD]XPHOL��ERGULOL�

L�QD�VYH�QDÿLQH�SRPDJDOL�GD�LVWUDMHP�X�RVWYDUHQMX�VYRJD�FLOMD��

2YX�WH]X�SRVYHýXMHP�MHGQRJ�L]X]HWQRM�RVREL�EH]�ÿLMHJ�XWLFDMD�YHURYDWQR�QH�ELK�SLVDR�RYH�UHGRYH�GDQDV��

V�NRMRP� VDP�QDSUDYLR� VYRMH�SUYH�NRUDNH�ND�QDXFL�� L� ÿLMD�PH� MH� OMXEDY�SUHPD�NQMLJDPD� L� VYHWX� RNR�QDV�

LQVSLULVDOD�]D�FHR�æLYRW���0DULML�5DäNRY�7HRIDQRY��

8�%HRJUDGX������9�������� � � � ��� � ��1HPDQMD�)���5DMÿHYLý
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8�RYRP� UDGX� DQDOL]LUDQD� MH�ÀWRKHPLMVND� L�PROHNXODUQD�YDULMDELOQRVW� L� GLIHUHQFLMDFLMD�

SULURGQLK�SRSXODFLMD�WDNVRQD�VHNFLMH�-XQLSHUXV roda -XQLSHUXV�/��&XSUHVVDFHDH��VD�%DONDQVNRJ�

SROXRVWUYD��2GUHĀHQ�MH�UHODWLYQL�XGHR�SRMHGLQDÿQLK�Q�DONDQD�X�NXWLNXODUQLP�YRVNRYLPD�����

LQGLYLGXH�L]����SULURGQLK�SRSXODFLMD�WDNVRQD�VHNFLMH�-XQLSHUXV�(-��FRPPXQLV�YDU��FRPPXQLV��-��FRP�

PXQLV�YDU��VD[DWLOLV,�-��GHOWRLGHV�L�-��PDFURFDUSD���8�NXWLNXODUQLP�YRVNRYLPD�-��FRPPXQLV�YDU��FRPPX�

QLV�GHWHNWRYDQL�VX�Q�DONDQL�GXæLQH�RG����GR����XJOMHQLNRYLK�DWRPD��GRN�VX�NRG�SUHRVWDOD�WUL�

WDNVRQD�GHWHNWRYDQL�Q�DONDQL�GXJL�RG����GR����&�DWRPD��8�VYLP�X]RUFLPD�GRPLQDQWDQ�DONDQ�

MH�WULWULDNRQWDQ��&�����8�YHýLP�NROLÿLQDPD�VX�]DVWXSOMHQL�L�DONDQL�&��, C��, C����5HODWLYQL�XGHR�

DONDQD�NUDWNRJ�L�VUHGQMHJ�QL]D�MH�ELR�MDNR�QL]DN��L�NUHWDR�VH�X�RSVHJX�RG���GR�������RGQRVQR�

�������������8�VYLP�X]RUFLPD�XWYUĀHQD�MH�GRPLQDFLMD�DONDQD�GXJRJ�QL]D��,DNR�MH�WULWULDNRQWDQ�

GRPLQDQWDQ�X�VYLP�X]RUFLPD��X�]DYLVQRVWL�RG�GUXJD�GYD�GRPLQDQWQD�DONDQD��VUHGQMD�GXæLQD�

XJOMRYRGRQLÿQLK� ODQDFD��N�� MH�YDULUD�RG������GR�������3R�WDNVRQLPD��VUHGQMD�GXæLQD�XJOMR-

YRGRQLÿQLK�ODQDFD��N��MH�QDMPDQMD�]D�-��GHOWRLGHV��������D�QDMYHýD�]D�-��FRPPXQLV���������GRN�MH�

GLVSHU]LMD�RNR�N (G��YDULUDOD�RG�����GR�ÿDN�������3ULPHQMHQH�XQLYDULMDQWQH�L�PXOWLYDULMDQWQH�

VWDWLVWLÿNH�PHWRGH�VX�SRND]DOH�GLIHUHQFLMDFLMX�SRSXODFLMD�VYLK�WDNVRQD�QD�]DSDGQH��SULREDOQH��

L�LVWRÿQH��NRQWLQHQWDOQH���'LVNULPLQDQWQD�DQDOL]D��'$��MH�XND]DOD�QD�MDVQX�GLIHUHQFLMDFLMX�WUL�

YUVWH��-��FRPPXQLV��-��GHOWRLGHV��-��PDFURFDUSD��QD�RVQRYX�SURÀOD�HSLNXWLNXODUQLK�DONDQD��/LQHDUQD�

UHJUHVLMD� L�0DQWHORY�WHVW�VX�SRND]DOL� MDNX�NRUHODFLMX�SURÀOD�HSLNXWLNXODUQLK�DONDQD� OLVWRYD� L�

DULGQRVWL�VWDQLäWD��

2GUHĀHQ�MH�VDVWDY�HWDUVNRJ�XOMD�L]RORYDQRJ�L]�LJOLFD�����LQGLYLGXD�L]�GYDGHVHWäHVW�SUL-

URGQLK�SRSXODFLMD�NOHNH�VD�%DONDQD��,GHQWLÀNRYDQR�MH�SUHNR�����MHGLQMHQMD��QDMYLäH�X�HWDUVNRP�

XOMX�LJOLFD�-��GHOWRLGHV��������D�QDMPDQMH�X�XOMX�-��PDFURFDUSD��������0RQRWHUSHQL�VX�GRPLQDQWQD�

JUXSD�X�VDVWDYX�HWDUVNRJ�XOMD�������²����������äWR�MH�NDUDNWHULVWLND�VHNFLMH�-XQLSHUXV. Od mono-

WHUSHQD�QDM]DVWXSOMHQLML�VX�PRQRWHUSHQVNL�XJOMRYRGRQLFL�������²����������GRN�VX�RNVLJHQLVDQL�

PRQRWHUHSHQL�SURQDĀHQL�VDPR�X�PDORP�XNXSQRP�SURFHQWX��6HVNYLWHUSHQL�������²���������

VX�WDNRĀH�GRPLQDQWQR�SUHGVWDYOMHQL�VHVNYLWHUSHQVNLP�XJOMRYRGRQLFLPD�������²����������(WDU-

VNR�XOMH�-��FRPPXQLV�YDU��FRPPXQLV�VH�NDUDNWHULäH�QDMYHýLP�XGHORP�PRQRWHUSHQD��GRN�VH�HWDUVNR�

XOMH�-��FRPPXQLV�YDU��VD[DWLOLV�NDUDNWHULäH�L]X]HWQR�YLVRNLP�XGHORP�VHVNYLWHUSHQD�X�RGQRVX�QD�

VYD�RVWDOD�XOMD��6�GUXJH�VWUDQH��HWDUVND�XOMD�-��GHOWRLGHV�VX�SRND]DOD�QDMYHýL�XGHR�GLWHUSHQD�RG�

VYLK�LVSLWLYDQLK�JUXSD��7UL�PRQRWHUHSHQD��ơ�SLQHQ��OLPRQHQ�L�VDELQHQ��VX�GRPLQDQWQD�MHGLQMH-

QMD�X�VDVWDYX�HWDUVNRJ�XOMD��=DMHGQR��RYD�WUL�MHGLQMHQMD�X�SURVHNX�ÿLQH�RNR��������XNXSQRJ�



VDVWDYD�HWDUVNRJ�XOMD��8�]DYLVQRVWL�RG�YUVWH�L�ORNDOLWHWD��GRPLQDQWH�NRPSRQHQWH�VX�VH�VPHQML-

YDOH��ơ�SLQHQ�L�LOL�VDELQHQ�X�HWDUVNRP�XOMX�-��FRPPXQLV�YDU��FRPPXQLV��ơ�SLQHQ�L�JHUPDNUHQ�'�

VDELQHQ�NRG�-��FRPPXQLV�YDU��VD[DWLOLV��ơ�SLQHQ�L�LOL�OLPRQHQ�NRG�-��GHOWRLGHV��GRN�MH�X�LVSLWLYDQRM�

SRSXODFLML� -��PDFURFDUSD�GRPLQLUDR� ơ�SLQHQ��3ULPHQMHQH�XQLYDULMDQWQH� L�PXOWLYDULMDQWQH� VWD-

WLVWLÿNH�PHWRGH�VX�SRND]DOH�GLIHUHQFLMDFLMX�SRSXODFLMD�NRG�VYLK�LVSLWLYDQLK�WDNVRQD�GXæ�SUDYFD�

]DSDG�LVWRJ��1D�RVQRYX�VDVWDYD�HWDUVNRJ�XOMD�PRJXýH�MH�UD]OLNRYDWL�QHNROLNR�KHPRWLSRYD�NRG�

VYDNRJ�WDNVRQD�QD�%DONDQVNRP�SROXRVWUYX��0XOWLYDULMDQWQH�VWDWLVWLÿNH�PHWRGH�VX�SRND]DOH�

MDVQR�RGYDMDQMH�-��FRPPXQLV�V�O. od -��GHOWRLGHV�L�-��PDFURFDUSD��ãWDYLäH��3&$�L�'$�VX�SRND]DOD�L�

EODJR�RGYDMDQMH�-��FRPPXQLV�YDU��FRPPXQLV od -��FRPPXQLV�YDU��VD[DWLOLV�

8�FLOMX�XWYUĀLYDQMD�RGQRVD�L�GLIHUHQFLMDFLMH�LVSLWLYDQLK�WDNVRQD�QD�QLYRX�KORURSODVWQRJ�

JHQRPD��äHVW�QHNRGLUDMXýLK�KORURSODVWQLK�UHJLRQD� MH� WHVWLUDQR�NRG����� LQGLYLGXD� L]�GYDGH-

VHWSHW�SRSXODFLMD�YUVWD�URGD�-XQLSHUXV�VD�%DONDQVNRJ�SROXRVWUYD��D�NDR�DXWJUXSD�MH�NRULäýHQR�

SHW�MHGLQNL�-��VDELQD��ǗRG�YUVWD�URGD�-XQLSHUXV��ÿLMH�LQGLYLGXH�VH�RGOLNXMX�RGYRMHQLP�SRORYLPD��

KDSORLGQL�KORURSODVWQL�JHQRPL�VH�QDVOHĀXMX�SUHNR�RÿLQVNH�OLQLMH��8VSHäQD�3&5�DPSOLÀNDFLMD�L�

XWYUĀLYDQMH�SULPDUQRJ�UHGRVOHGD�QXNOHRWLGD�DPSOLÀNRYDQLK�VHNYHQFL�MH�ELOR�PRJXýD�NRULäýH-

QMHP�MHGQRJ�GR�ÿHWLUL�SUDMPHUD�X�VOXÿDMX�ÿHWLUL�UHJLRQD��WUQC�*&$�-WUQD�*8&�,�WUQL�8$$�-WUQF�*$$�, 

WUQG�88&�-WUQS�*&8� L�SVEA-WUQ+�*8*����3&5�DPSOLÀNDFLMD�UHJLRQD�USO���WUQL�8$*��L��·USV����·WUQK 

MH�ELOD�QHXVSHäQD�]ERJ�UHDUDQæPDQD�JHQD��RGQRVQR��JXELWND�PHVWD�YH]LYDQMD�MHGQRJ�SUDMPHUD��

8�PDWULFL�VDVWDYOMHQRM�RG�VYD�ÿHWLUL�UHJLRQD��ÿLMD�MH�SRUDYQDWD�GXæLQD������ES��GHWHNWR-

YDQH�VX����SR]LFLMH�VD�VXSVWLWXFLMDPD�ED]D�����SURVWD�L�VORæHQD�LQGHOD��LQVHUFLMD�LOL�GHOHFLMD��GX-

æLQH�������ES��NDR�L����PLNURVDWHOLWD�PRWLYD��$�
n
�LOL��7�

n
��QH�UDÿXQDMXýL�PXWDFLMH�X�LQVHUFLMDPD�

UD]OLÿLWH�GXæLQH�NRMH�VX�SULVXWQH�VDPR�NRG�SRMHGLQLK�WDNVRQD���2G�ÿHWLUL�KORURSODVWQD�UHJLRQD�

NRML�VX�3&5�DPSOLÀNRYDQL� L�]D�NRMH� MH�ELOR�PRJXýH�RGUHGLWL�SULPDUQL�UHGRVOHG�QXNOHRWLGD��

QDMLQIRUDPWLYQLML� MH�ELR�WUQC�*&$�-WUQD�*8&���VD����PXWDFLMH��VXEVWLWXFLMH�ED]D�L�GXæLQVNH�PX-

WDFLMH���D�NDR�QDMPDQMH�LQIRUPDWLYDQ�VH�SRND]DR�WUQL�8$$�-WUQF�*$$��VD�VYHJD�VHGDP�PXWDFLMD�

�VXSVWLWXFLMD�ED]D�L�GXæLQVNLK�PXWDFLMD��

0/�VWDEOR�NRQVWUXLVDQR�NRULäýHQMHP�PDWULFH�VDVWDYOMHQH�RG�ÿHWLUL� LVSLWLYDQD�UHJLRQD��

ÿLMD� MH�SRUDYQDWD�GXæLQD�NRG���� LQGLYLGXD�SUHGVWDYQLND� VHNFLMH� -XQLSHUXV� L� WUL� LQGLYLGXH� DX-

WJUXSH�-��VDELQD�L]QRVLOD������ES��L�*75�*�PRGHOD�HYROXFLMH��*HQHUDO�7LPH�5HYHUVLEOH�PRGHO�

VD� JDPD� NRUHNFLMRP���SRND]XMH�GD� MH� VHNFLMD� -XQLSHUXV�PRQRÀOHWVNRJ�SRUHNOD� �ERRWVWUDS� VX�

SSRUW�- BS �������8RÿHQH�VX�GYH�VWDWLVWLÿNL�GREUR�SRGUæDQH�NODGH��-��FRPPXQLV�V�O���%6�������L�

NODGD�NRMD�REXKYDWD�VYH�LQGLYLGXH�-��GHOWRLGHV�L�-��PDFURFDUSD��%6��������äWR�RGJRYDUD�QHIRUPDO-



QRM�SRGHOL�QD�NOHNH�VD�SODYLP�ERELFDPD��X�NRMH�VSDGD�-��FRPPXQLV��L�NOHNH�VD�FUYHQLP�LOL�PUNLP�

ERELFDPD� �X�NRMH� VSDGDMX� -�� GHOWRLGHV� L� -��PDFURFDUSD���2GQRVL�X�RNYLUX�SUYH�NODGH� VX RVWDOL�

QHUD]MDäQMHQL��LDNR�VH�PRæH�VH�XRÿLWL�WUHQG�JUXSLVDQMD�LQGLYLGXD�-��FRPPXQLV�YDU��FRPPXQLV�NDR�L�

MHGLQNL�-��FRPPXQLV�YDU��VD[DWLOLV�L�-��FRPPXQLV�YDU��LQWHUPHGLD��äWR�XND]XMH�QD�WR�GD�EL�XNOMXÿLYDQMH�

X�DQDOL]H�GRGDWQLK�KORURSODVWQLK�UHJLRQD�GRSULQHOR�UD]UHäHQMX�RGQRVD�RYLK�WDNVRQD��8�RNYLUX�

GUXJH�NODGH��XRÿHQH�VX�GYH�GREUR�SRGUæDQH�VXENODGH��MHGQD NRMX�ÿLQH�SUHGVWDYQLFL�-��GHOWRLGHV 

�%6�������L�GUXJD�NRML�ÿLQH�SUHGVWDYQLFL�-��PDFURFDUSD��%6�������2GQRVL�XQXWDU�VXENODGH�VD�

LQGLYLGXDPD�-��GHOWRLGHV�QLVX�UD]MDäQMHQL�]ERJ�PDOH�YDULMDELOQRVWL�LVSLWLYDQLK�KORURSODVWQLK�UHJL-

RQD�NRG�LQGLYLGXD�X]RUNRYDQLK�L]�VNRUR�FHORJ�DUHDOD�RYH�YUVWH��äWR�VH�SRGXGDUD�VD�SRGDFLPD�

GRELMHQL�NRULäýHQMHP�QXNOHDUQLK�PLNURVDWHOLWD��L�XND]XMH�QD�LVWRULMVNH�SURFHVH��NDR�äWR�VX�XVND�

JUOD��IUDJPHQWDFLMH�DUHDOD�L�LOL�UHNRORQL]DFLMH�L]�UHIXJLMXPD��NRML�VX�WRNRP�YUHPHQD�GRYHOL�GR�

VPDQMHQMD�YDULMDELOQRVWL�X�SRSXODFLMDPD�-��GHOWRLGHV��6WRJD�EL�GRGDWQH�DQDOL]H��NRMH�EL�XNOMXÿL-

OH�GRGDWQH�KORURSODVWQH�UHJLRQH��QDMYHURYDWQLMH�ELOH�RJUDQLÿHQRJ�XVSHKD��1DVXSURW�WRPH��X�

RNYLUX�VXENODGH�VD�-��PDFURFDUSD, XRÿHQD�MH�VWDWLVWLÿL�SRGUæDQD�GLIHUHQFLMDFLMD�RYRJ�WDNVRQD na 

GYH�VXENODGH�� MHGQX�NRMX�ÿLQH�LQGLYLGXH�L]�SRSXODFLMH�VD�.ULWD��%6������L�GUXJX�NRMX�ÿLQH�

LQGLYLGXH�L]�RNROLQH�7URJLUD��%6�������äWR�XND]XMH�QD�GXERNX�GLYHUJHQFLMX�L�GLIHUHQFLMDFLMX�

SRSXODFLMD�YUVWH�-��PDFURFDUSD��NRMD�MH�X�VNODGX�VD�RÿHNLYDQMLPD�YH]DQLP�]D�IUDJPHQWDUQX�GLV-

WULEXFLMX�RYH�YUVWH�X�RNYLUX�DUHDOD�UDVSURVWUDQMHQMD�

=D�UD]OLNX�RG�ÀWRKHPLMVNLK�PDUNHUD��DONDQD�L�HWDUVNRJ�XOMD���NRML�QH�VDPR�GD�VH�VODæX�

PHĀXVREQR�L�RPRJXýDYDMX�MDVQX�GLIHUHQFLMDFLMX�YUVWD�L�GLYHUJHQFLMX�SRSXODFLMD�QD�SULREDOQH�

L�NRQWLQHQWDOQH��GLIHUHQFLMDFLMD�QD�WUL�MDVQR�RGYRMHQD�WDNVRQD�²�-��FRPPXQLV��-��GHOWRLGHV�L�-��PD�

FURFDUSD�MH�XRÿHQD�L�QD�RVQRYX�ÿHWLUL�LVSLWLYDQD�UHJLRQD�KORURSODVWQRJ�JHQRPD��DOL�QLMH�XRÿHQD�

GLYHUJHQFLMD�SRSXODFLMD�X�RNYLUX�RYLK� WDNVRQD��0HĀXWLP��XRÿHQL� VX�NDUDNWHUL� NRML� VX� VLQD-

SRPRUIQL�]D�RGUHĀHQH�WDNVRQH�WH�VH�PRJX�NRULVWLWL�X�VYUKH�EDUNRGLQJD���SHWQDHVW�NDUDNWHUD�

�VXEVWLWXFLMH�ED]D�L�LQVHUFLMH�GHOHFLMH��MH�VLQDSRPRUIQR�]D�-��FRPPXQLV��deset ]D�-��GHOWRLGHV��ÿHWLUL�

]D�-��PDFURFDUSD�L�GYD�]D�QHIRUPDOQX�JUXSX�NOHND�VD�FUYHQLP�PUNLP�äLäDULFDPD�

.OMXÿQH�UHÿL��-XQLSHUXV�FRPPXQLV�V�O���-��GHOWRLGHV��-��PDFURFDUSD��&XSUHVVDFHDH��Q�DONDQL��WHUSHQL��
KHPRWDNVRQRPLMD��KORURSODVWQD�'1.��JHQHWLÿND�GLIHUHQFLMDFLMD

1DXÿQD oblast��%LRORJLMD�

8æD QDXÿQD oblast��0RUIRORJLMD��ÀWRKHPLMD�L�VLVWHPDWLND�ELOMDND�

UDK��>>�������>���������������@�>��������������������@@��������������������
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7KLV�WKHVLV�GHDOV�ZLWK�SK\WRFKHPLFDO�	�PROHFXODU�YDULDELOLW\�	�GLIIHUHQWLDWLRQ�RI �QDWXUDO�

SRSXODWLRQV�RI �WD[D�EHORQJLQJ�WR�VHFWLRQ�-XQLSHUXV�RI �WKH�JHQXV�-XQLSHUXV�/���&XSUHVVDFHDH��

IURP� WKH� %DONDQ� 3HQLQVXOD�� 7KH� FRPSRVLWLRQ� RI � WKH� HSLFXWLFXODU� OHDI � Q�DONDQHV� RI � ����

LQGLYLGXDOV� IURP� ��� SRSXODWLRQV� RI � WD[D� EHORQJLQJ� WR� VHFWLRQ� -XQLSHUXV� (-�� FRPPXQLV� YDU��

FRPPXQLV�� -�� FRPPXQLV� YDU�� VD[DWLOLV,� -�� GHOWRLGHV�	� -�� PDFURFDUSD�� ZDV� FKDUDFWHUL]HG� E\� *&�

),'�	�*&�06�DQDO\VHV��,Q�WKH�OHDI �ZD[HV�RI �-��FRPPXQLV�YDU��FRPPXQLV����Q�DONDQH�KRPRORJV�

ZLWK�FKDLQ�OHQJWKV�UDQJLQJ�IURP�&�� to C���ZHUH�LGHQWLÀHG��ZKLOH�LQ�RWKHU�WD[D�Q�DONDQH�FKDLQ�

OHQJWKV�UDQJHG�IURP�&
21

 to C����$OO�VDPSOHV�ZHUH�GRPLQDWHG�E\�WULWULDFRQWDQH��&�����6HYHUDO�

RWKHU�Q�DONDQHV�ZHUH�DOVR�SUHVHQW�LQ�KLJKHU�DEXQGDQFHV��&��, C��, C�����5HODWLYH�DEXQGDQFH�

RI �VKRUW�FKDLQ�	�PLG�FKDLQ�OHQJWK�Q�DONDQHV�ZDV�ORZ��UDQJLQJ�IRU���WR�������	�������������

UHVSHFWLYHO\�� $OO� VDPSOHV� ZHUH� GRPLQDWHG� E\� ORQJ�FKDLQOHQJWK� Q�DONDQHV�� (YHQ� WKRXJK�

WULWULDFRQWDQH�ZDV�GRPLQDQW� LQ�DOO� VDPSOHV��GHSHQGLQJ�RQ� WKH�VHFRQG� WZR�PRVW�DEXQGDQW�

DONDQHV�� DYHUDJH� FKDLQ� OHQJWK� �N�� YDULHG� IURP� ����� WR� ������ 7KH� VPDOOHVW� DYHUDJH� FKDLQ�

OHQJWK�ZDV�IRXQG�LQ�-��GHOWRLGHV��������	�ELJJHVW�LQ�-��FRPPXQLV���������'LVSHUVLRQ�DURXQG�N (G��

YDULHG�VLJQLÀFDQWO\��IURP�����WR�������8QLYDULDQW�	�PXOWLYDULDQW�VWDWLVWLFDO�PHWKRGV�VKRZHG�

GLIIHUHQWLDWLRQ� RI � SRSXODWLRQV� RI � DOO� WD[D� LQWR� ZHVWHUQ� �FRDVWDO�� 	� HDVWHUQ� �FRQWLQHQWDO���

'LVFULPLQDQW� DQDO\VLV� �'$�� VKRZHG� FOHDU� GLIIHUHQWLDWLRQ� RI � WKUHH� VSHFLHV� �-�� FRPPXQLV�� 

-�� GHOWRLGHV�� -��PDFURFDUSD��EDVHG�RQ� OHDI �Q�DONDQHV��/LQHDU� UHJUHVVLRQ�	�0DQWHO� WHVW� VKRZHG�

VWURQJ�FRUUHODWLRQ�RI �Q�DONDQH�SURÀOH�	�DULGLW\��

7KH�OHDI �HVVHQWLDO�RLO�FRPSRVLWLRQ�RI �����LQGLYLGXDOV�IURP����QDWXUDO�SRSXODWLRQV�RI �

WD[D�EHORQJLQJ�WR�VHFWLRQ�-XQLSHUXV�IURP�%DONDQV�KDV�EHHQ�GHWHUPLQHG�E\�*&�06�DQDO\VLV��,Q�

WRWDO��MXVW�RYHU�����FRPSRXQGV�ZHUH�GHWHFWHG�	�LGHQWLÀHG��PRVW�LQ�-��GHOWRLGHV�������	�IHZHVW�

LQ�-��PDFURFDUSD��������7KH�RLOV�ZHUH�GRPLQDWHG�E\�PRQRWHUSHQHV�������²����������D�FKDUD-

FWHULVWLF�RI �VSHFLHV�EHORQJLQJ�WR�VHFWLRQ�-XQLSHUXV��0RQRWHUSHQH�K\GURFDUERQV�UHSUHVHQWHG�

�����²��������RI �WKH�WRWDO�RLO�FRQWHQW��ZKLOH�R[\JHQDWHG�PRQRWHUSHQHV�UHSUHVHQWHG�RQO\�D�

VPDOO�SHUFHQWDJH��6HVTXLWHUSHQH�IUDFWLRQ�������²���������ZDV�GRPLQDWHG�E\�VHVTXLWHUSHQH�

K\GURFDUERQV� ������²����������(VVHQWLDO�RLO�RI � -�� FRPPXQLV�YDU�� FRPPXQLV�ZDV FKDUDFWHULVHG�

ZLWK�WKH�KLJKHVW�DEXQGDQFH�RI �PRQRWHUSHQHV��ZKLOH�HVVHQWLDO�RLO�RI �-��FRPPXQLV�YDU��VD[DWLOLV 

ZDV� FKDUDFWHULVHG�ZLWK� WKH� KLJKHVW� DEXQGDQFH� RI � VHVTXWHUSHQHV�� LQ� UHVSHFW� WR� RWKHU� RLOV��

2Q�WKH�RWKHU�KDQG��HVVHQWLDO�RLO�RI �-��GHOWRLGHV�KDG�WKH�KLJKHVW�DEXQGDQFH�RI �GLWHUSHQHV�RI �



DOO�DQDO\VHG�HVVHQWLDO�RLOV��7KUHH�PRQRWHUSHQHV��ơ�SLQHQH��OLPRQHQH�	�VDELQHQH�ZHUH�PRVW�

DEXQGDQW�FRPSRXQGV�LQ�WKH�FRPSRVLWLRQ�RI �HVVHQWLDO�RLOV��7RJHWKHU��WKHVH�WKUHH�FRPSRXQGV�

UHSUHVHQWHG��RQ�DYHUDJH��������RI �WKH�WRWDO�RLO��'HSHQGLQJ�RQ�WKH�WD[D�	�WKH�JHRJUDSKLFDO�

RULJLQ�RI �WKH�SRSXODWLRQ��WKH�PRVW�DEXQGDQW�FRPSRQHQWV�YDULHG��ơ�SLQHQH�DQG�RU�VDELQHQH�

ZHUH�PRVW�DEXQGDQW�LQ�HVVHQWLDO�RLO�RI �-��FRPPXQLV�YDU��FRPPXQLV��ơ�SLQHQH�	�JHUPDFUHQH�'�

VDELQHQH�ZHUH�PRVW�DEXQGDQW�LQ�HVVHQWLDO�RLO�RI �-��FRPPXQLV�YDU��VD[DWLOLV��ơ�SLQHQH�DQG�RU�OL-

PRQHQH�ZHUH�PRVW�DEXQGDQW�LQ�HVVHQWLDO�RLO�RI �-��GHOWRLGHV��ZKLOH�ơ�SLQHQH�ZDV�WKH�VLQJH�PRVW�

DEXQGDQW� FRPSRXQG� LQ� HVVHQWLDO� RLO� RI � -��PDFURFDUSD��8QLYDULDQW�	�PXOWLYDULDQW� VWDWLVWLFDO�

PHWKRGV�VKRZHG�ZHVW�HDVW�GLIIHUHQWLDWLRQ�RI �SRSXODWLRQV�EHORQJLQJ�WR�DOO�IRXU�WD[D��%DVHG�

RQ�WKH�HVVHQWLDO�RLO�FRPSRVLWLRQ��LW�ZDV�SRVVLEOH�WR�LGHQWLI\�VHYHUDO�FKHPRW\SHV�LQ�HDFK�WD[D�LQ�

WKH�%DONDQ�3HQLQVXOD��0XOWLYDULDQW�VWDWLVWLFDO�PHWKRGV�VKRZHG�FOHDU�VHSDUDWLRQ�RI �-��FRPPXQLV�

V�O� from -��GHOWRLGHV�	�-��PDFURFDUSD��3ULQFLSOH�FRPSRQHQW�DQDO\VLV��3&$��	�'$�DOVR�VKRZHG�

VHSDUDWLRQ�RI �-��FRPPXQLV�YDU��FRPPXQLV�	�-��FRPPXQLV�YDU��VD[DWLOLV�

7R� LQIHU� UHODWLRQV�	�GLIIHUHQWLDWLRQ�RI � WD[D�EHORQJLQJ� WR� WKH�VHFWLRQ� -XQLSHUXV� DW� WKH�

PROHFXODU�OHYHO��VL[�SRWHQWLDOO\�LQIRUPDWLYH�FKORURSODVW�UHJLRQV�ZHUH�WHVWHG�LQ�����LQGLYLGXDOV�

IURP����SRSXODWLRQV�IURP�WKH�%DONDQ�3HQLQVXOD��)LYH�LQGLYLGXDOV�RI �-��VDELQD�IURP�%DONDQV�

ZHUH�XVHG�DV�RXWJURXS��,Q�MXQLSHUV��GLRHFLRXV�VSHFLHV��FKORURSODVWV�DUH�LQKHULWHG�SDWHUQDOO\��

)RXU�RXW�RI �VL[�SODVWRPH�UHJLRQV�ZHUH�VXFFHVVIXOO\�3&5�DPSOLÀHG�	�VHTXHQFHG�XVLQJ�RQH�WR�

IRXU�SULPHUV��WUQC�*&$�-WUQD�*8&�,�WUQL�8$$�-WUQF�*$$�,�WUQG�88&�-WUQS�*&8� L�SVEA-WUQ+�*8*����3&5�

DPSOLÀFDWLRQ�RI �USO���WUQL�8$*��	��·USV����·WUQ.�UHJLRQV�ZDV�XQVXFFHVVIXO�GXH�WR�JHQH�UH�DU-

UDQJHPHQW�	�ORVV�RI �SULPHU�ELQGLQJ�VLWH��UHVSHFWLYHO\��

,Q�PDWUL[�FRPSULVHG�RI �DOO�IRXU�SODVWRPH�UHJLRQV�ZKRVH�DOLJQHG�OHQJWK�ZDV������ES�� 

���SRVLWLRQV�ZLWK�EDVH�VXEVWLWXWLRQV�	����VLPSOH�	�FRPSOH[�LQGHOV��LQVHUWLRQV�RU�GHOHWLRQV��

���²�����ES��DV�ZHOO�DV����PLFURVDWHOLWHV�ZLWK�PRQRQXFOHRWLGH�PRWLI ��$�RU�7��ZHUH�GHWHFW-

HG��QRW�LQFOXGLQJ�PXWDWLRQV�LQ�LQVHUWLRQV�SUHVHQW�RQO\�LQ�FHUWDLQ�WD[D��2XW�RI �IRXU�SODVWRPH�

UHJLRQV��PRVW�LQIRUPDWLYH�ZDV�WUQC�*&$�-WUQD�*8&���ZLWK����GHWHFWHG�PXWDWLRQV��EDVH�VXEVWLWX-

WLRQV�	�OHQJWK�PXWDWLRQV���ZKLOH�WKH�OHDVW�LQIRUPDWLYH�RQH��ZLWK�RQO\�VHYHQ�PXWDWLRQV��EDVH�

VXEVWLWXWLRQV�	�OHQJWK�PXWDWLRQV��ZDV�WUQL�8$$�-WUQF�*$$��UHJLRQ�

0D[LPXP�OLNHOLKRRG��0/��WUHH�FRQVWUXFWHG�XVLQJ�PDWUL[�FRPSULVHG�RI �DOO�IRXU�SODVWRPH�

UHJLRQV��DOLJQHG�OHQJWK������ES�����LQGLYLGXDOV�RI �VHFWLRQ�-XQLSHUXV�	�WKUHH�LQGLYLGXDOV�RI �-��

VDELQD�XVHG�DV�RXWJURXS���	�*75�*�PRGHO��*HQHUDO�7LPH�5HYHUVH�PRGHO�ZLWK�JDPPD�FRUUHFWLRQ��

RI � HYROXWLRQ� UHYHDOHG� PRQRSK\O\� RI � UHSUHVHQWDWLYHV� RI � WKH� VHFWLRQ� -XQLSHUXV (ERRWVWUDS�



VXSSRUW���%6��������	�WKH�WKHLU�VSOLW�LQWR�WZR�ZHOO�VXSSRUWHG�FODGHV��ZKLFK�FRUUHVSRQGHG�

WR�LQIRUPDO�GLYLVLRQ�RI �MXQLSHUV�LQWR�EOXH�VHHG�FRQH�MXQLSHUV��-��FRPPXQLV�V�O���	�UHGLVK�VHHG�

FRQH�MXQLSHUV��-��GHOWRLGHV�	�-��PDFURFDUSD���(YHQ�WKRXJK�WKH�UHODWLRQV�DPRQJ�WKH�LQGLYLGXDOV�

IURP�FODGH�,� UHPDLQHG�XQUHVROYHG��FHUWDLQ� WUHQGV� LQ�JURXSLQJ�RI � LQGLYLGXDOV�EHORQJLQJ� WR�

LQIUDJHQHULF�WD[D�RI �-��FRPPXQLV (-��FRPPXQLV�YDU��FRPPXQLV� -��FRPPXQLV�YDU��VD[DWLOLV�	�-��FRPPXQLV�

YDU�� LQWHUPHGLD�� ZHUH� DSSHUHQW�� VXJJHVWLQJ� WKDW� IXUWKHU� DQDO\VHV� XVLQJ� DGGLWLRQDO� SODVWRPH�

UHJLRQV�ZRXOG�PRVW� OLNHO\�FRQWULEXWH� WRZDUGV� UHVROYLQJ� WKHLU� UHODWLRQV��:LWKLQ� WKH� VHFRQG�

FODGH��WZR�ZHOO�VXSSRUWHG�VLVWHU�VXEFODGHV�ZHUH�GHWHFWHG�²�-��GHOWRLGHV��%6����� 	�-��PDFURFDUSD�

�������'XH�WR�ORZ�YDULDELOLW\�RI �WHVWHG�SODVWRPH�UHJLRQV�LQ�-��GHOWRLGHV�IURP�WKH�HQWLUH�UDQJH��

WKH�UHODWLRQV�ZLWKLQ�WKLV�VXEFODGH�ZHUH�QRW�UHVROYHG��7KH�REVHUYHG�SDWWHUQ�PRVW�OLNHO\�UHÁHFWV�

WKH�FRPSOH[�KLVWRU\�RI �WKLV�WD[RQ�FKDUDFWHULVHG�E\�SDVW�ERWWOHQHFN�HYHQWV��DV�ZHOO�DV�UDQJH�

IUDJPHQWDWLRQ�	�UH�FRORQL]DWLRQV�IURP�UHIXJLD��WKDW�OHDG�WR�WKH�GHFUHDVH�LQ�JHQHWLF�YDULDWLRQ�

RYHU�WLPH��DV�LQGLFDWHG�SUHYLRXVO\�EDVHG�RQ�QXFOHDU�PLFURVDWHOOLWHV��7KXV�IXUWKHU�DQDO\VLV�RI �

DGGLWLRQDO�FKORURSODVW�UHJLRQV�ZRXOG�PRVW�OLNHO\�EH�RI �D�OLPLWHG�VXFFHVV��2Q�WKH�RWKHU�KDQG�

GHHS�GLYHUJHQFH�RI �LQGLYLGXDOV�EHORQJLQJ�WR�-��PDFURFDUSD�ZDV�GHWHFWHG��DV�LQGLYLGXDOV�EHORQJLQJ�

WR�SRSXODWLRQV�IURP�&UHWH��%6������	�7URJLU��%6�������IRUPHG�VHSDUDWH�ZHOO�VXSSRUWHG�

VXEFODGHV���7KLV�LV�LQ�DFFRUGDQFH�ZLWK�H[SHFWDWLRQV�EDVHG�RQ�IUDJPHQWHG�GLVWULEXWLRQ�RI �WKLV�

WD[RQ�ZLWKLQ�LWV�QDWXUDO�UDQJH��

8VHG�SK\WRFKHPLFDO�PDUNHUV��OHDI �Q�DONDQHV�	�HVVHQWLDO�RLOV��VKRZHG�FRQFRUGDQFH��%RWK�

SK\WRFKHPLFDO�PDUNHUV�VKRZHG�GLIIHUHQWLDWLRQ�RI �WD[D��EXW�DOVR�GLIIHUHQWLDWLRQ�RI �SRSXODWLRQV��

)XUWKHUPRUH�� SRSXODWLRQV� IURP� DOO� WD[D� VKRZHG� VLJQLÀFDQW� ZHVW�HDVW� GLIIHUHQWLDWLRQ��

0ROHFXODU�PDUNHUV�RQ�WKH�RWKHU�KDQG��ZHUH�DEOH�WR�GHSLFW�GLIIHUHQWLDWLRQ�RI �WKUHH�WD[D�DW�WKH�

VSHFLHV�OHYHO��-��FRPPXQLV��-��GHOWRLGHV�	�-��PDFURFDUSD���EXW�IDLOHG�WR�UHYHDO�GLIIHUHQWLDWLRQ�DW�WKH�

LQIUDVSHFLÀF�OHYHO��1RQ�WKH�OHVV��ZLWKLQ������ES�ORQJ�PDWUL[��VHYHUDO�FKDUDFWHUV�V\QDSRPRUSKLF�

WR�FHUWDLQ�WD[D�ZHUH�REVHUYHG��	�WKH\�FRXOG�EH�XVHG�IRU�EDUFRGLQJ��)LIWHHQ�FKDUDFWHUV�ZHUH�

V\QDSRPRUSKLF�IRU�-��FRPPXQLV��ten for�-��GHOWRLGHV��IRXU for -��PDFURFDUSD�	�WZR�IRU�WKH�LQIRUPDO�

JURXS�RI �UHGLVK�VHHG�FRQH�MXQLSHUV��

.H\�ZRUGV��-XQLSHUXV�FRPPXQLV�V�O����-��GHOWRLGHV��-��PDFURFDUSD��&XSUHVVDFHDH��Q�DONDQHV��WHUSHQHV��
FKHPRWD[RQRP\��FKORURSODVW�'1$��JHQHWLF�GLIIHUHQWLDWLRQ

6FLHQWLÀF�ÀHOG��%LRORJ\�

6SHFLÀF�VFLHQWLÀF�ÀHOG��3ODQW�PRUSKRORJ\��SK\WRFKHPLVWU\�	�V\VWHPDWLFV

UDK��>>�������>���������������@�>��������������������@@��������������������
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6D� SUHNR� ��� WDNVRQD�� URG� -XQLSHUXV� /�� SUHGVWDYOMD� QDMYHýL� L� QDMUD]QRYUVQLML� URG�

&XSUHVVDFHDH�V�O��3UHPD�$GDPVX������D��RYDM�URG�EURML����YUVWD�L����YDULMHWHWD��6YL�WDNVRQL�

�RVLP�-��SURFHUD�+RFKVW��H[�(QGO���VX�UDVSURVWUDQMHQL�QD�VHYHUQRM�KHPLVIHUL��5RG�MH�SRGHOMHQ�QD�

WUL�VHNFLMH��&DU\RFHGUXV��-XQLSHUXV��6\Q��2[\FHGUXV��L�6DELQD��1D�%DONDQVNRP�SROXRVWUYX�UDVWX�GYD�

WDNVRQD�L]�VHNFLMH�-XQLSHUXV�X�äLUHP�VPLVOX (-��FRPPXQLV�V�O��L�-��R[\FHGUXV V�O����

-XQLSHUXV� FRPPXQLV�/�� V�O��QDVWDQMXMH� NVHURWHUPQD� RWYRUHQD� VWDQLäWD�� RG� ���� GR� ������

P�Q�Y�� X�(YURSL��0HGLWHUDQX��5XVLML�� FHQWUDOQRM� L� ]DSDGQRM�$]LML�� -DSDQX�� QD�.DPÿDWNL� L� X�

SHYHUQRM�$PHULFL��2YR�MH�YUVWD�YUOR�YHOLNH�NOLPDWVNH�L�HGDIVNH�DPSOLWXGH��äWR�VH�YLGL�L]�QMHQRJ�

YHOLNRJ�DUHDOD�NDR�L�UD]OLÿLWLK�WLSRYD�VWDQLäWD�NRMH�QDVWDQMXMH��7DNVRQRPVNL�VWDWXV�RYH�YUVWH�MH�

YHRPD�SUREOHPDWLÿDQ��1D�RVQRYX�PRUIRORäNH�YDULMDELOQRVWL�RSLVDQ�MH�YHOLNL�EURM�SRGYUVWD�

YDULMHWHWD� RYRJ� WDNVRQD�� =ERJ� L]X]HWQR� äLURNRJ� DUHDOD� L� YHOLNH� PRUIRORäNH� YDULMDELOQRVWL��

SUREOHP�VWDWXVD�RYRJ�WDNVRQD�L�GDOMH�SRVWRML�LPDMXýL�X�YLGX�GD�MH�X�GRVDGDäQMLP�VWXGLMDPD�NRMH�

VH�EDYH�RYRP�SUREOHPDWLNRP�DQDOL]LUDQ�UHODWLYQR�PDOL�EURM�MHGLQNL�VD�QMHJRYRJ�FHORNXSQRJ�

DUHDOD��

-�� R[\FHGUXV L.� V�O�� UDVWH�QD� VXYLP�EUGLPD� L�SODQLQVNLP�SDGLQDPD�0HGLWHUDQVNH�REDOH��

1DVWDQMXMH�VWDQLäWD�QD�YLVLQDPD�RG�QLYRD�PRUD�GR�������P�Q�Y��D�UHWNR�]DOD]L�X�NRSQR�GXEOMH�

RG�����NP�L]X]HY�QD�%DONDQVNRP�L�3LULQHMVNRP�SROXRVWUYX��,DNR�VX�UDQLMH�PRUIRORäNH�VWXGLMH�

SRND]DOH�GD�X�RNYLUX�DUHDOD�RYD�YUVWD� LVSROMDYD�QH]QDWQX�YDULMDELOQRVW��QRYLMD�ÀWRKHPLMVND�

L�PROHNXODUQD� LVWUDæLYDQMD� VX�SRND]DOD�GD� VH�0HGLWHUDQVNH�SRSXODFLMH�]QDÿDMQR� UD]OLNXMX�X�

SRJOHGX�HWDUVNLK�XOMD� L]RORYDQLK� L]� OLVWRYD�NDR� L�QD�QLYRX�5$3'�SURÀOD�� äWR� MH�GRYHOR�GR�

SRGHOH�RYRJ� WDNVRQD�QD�QHNROLNR�YUVWD�� -�� QDYLFXODULV Grand., -�� EUHYLIROLD� �6HXE���$QWRLQH�� -��

FHGUXV�:HEE�	�%HUWKHO���-��R[\FHGUXV L.,�-��PDFURFDUSD�6LEWK�	6P��L�-��GHOWRLGHV R.P. Adams. Na 

RVQRYX�PRUIRORäNLK�� ÀWRKHPLMVNLK� L�PROHNXODUQLK� DQDOL]D�� ]DSDGQH� SRSXODFLMH� -�� R[\FHGUXV�

V�O�� VX� L]GYRMHQH� NDR� WDNVRQ� -�� R[\FHGUXV� V.VWU��� GRN� VX� SRSXODFLMH� NRMH� VX� UDVSURVWUDQMHQH� X�

LVWRÿQRP�0HGLWHUDQX��$SHQLQVNR�L�%DONDQVNR�SROXRVWUYR��RVWUYD�LVWRÿQRJ�0HGLWHUDQD�L�PDOD�

$]LMD��L]GYRMHQH�NDR�-��GHOWRLGHV.

.RG� YHOLNRJ� EURMD� LVWUDæLYDQLK� ELOMQLK� YUVWD� NXWLNXOD� L� QMHQ� VDVWDY� LPDMX� YHRPD�

ELWDQ� HNRÀ]LRORäNL� L� WDNVRQRPVNL� ]QDÿDM�� .XWLNXOD�� NRMD� VOXæL� NDR� SRVOHGQMD� EDULMHUD�

QHNRQWUROLVDQRP�JXELWNX�YRGH�� MH�VDÿLQMHQD� L]�UDVWYRUOMLYLK� OLSLGD��YRVNRYD�� L�SROLHVWDUVNRJ�

PDWULNVD� VDÿLQMHQRJ� XJODYQRP� L]� NXWLQD�� .RPSOHNVQD� PHäDYLQD� GXJRODQÿDQLK� DOLIDWLÿQLK�
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L�FLNOLÿQLK� MHGLQMHQMD� IRUPLUD� LQWUDNXWLNXODUQL� L� HSLNXWLNXODUQL� VORM��8�]DYLVQRVWL�RG�VDVWDYD��

HSLNXWLNXODUQL�VORM�IRUPLUD�UD]OLÿLWH�WURGLPHQ]LRQDOQH�VWUXNWXUH�NRMH�LPDMX�XORJX�X�UHÁHNVLML�

VYHWORVWL��DOL� L�GUXJLP�ELRWLÿNLP�L�DELRWLÿNLP�RGQRVLPD��NDR�äWR�MH�RGELMDQMH�YRGH��ÿLäýHQMH�

SRYUäLQH�OLVWD�LOL�VSUHÿDYDQMH�SURGLUDQMD�SDWRJHQD���(SLNXWLNXODUQL�VORM�MH�VDÿLQMHQ�RG�DONDQD�

QRUPDOQRJ� ODQFD�� DONLO� HVWDUD�� NDUERNVLOQLK� NLVHOLQD�� DONRKROD�� DOGHKLGD��PRQR�� L� GLNHWRQD��

=ERJ� VYRMH� L]X]HWQR� YDæQH� ELRORäNH� XORJH�� RYDM� VORM� QDOD]L� VH� SRG� VWURJRP� JHQHWLÿNRP�

NRQWURORP��2G�VYLK�NRPSRQHQWL�HSLNXWLNXODUQLK�YRVNRYD��DONDQL�VX�QDMYLäH�SURXÿDYDQL�NDR�

KHPRWDNVRQRPVNL� PDUNHUL�� 1HNROLNR� DXWRUD� MH� RSLVDOR� IXQGDPHQWDOQH� UD]OLNH� X� VDVWDYX�

YRVNRYD�NRG�JRORVHPHQLFD�L�VNULYHQRVHPHQLFD��GRN�MH�0DIIHL��������SRND]DR�]QDÿDM�DONDQD�

NDR�KHPRWDNVRQRPVNLK�PDUNHUD�NRG�UHGD�3LQDOHV��'RGG�L�$I]DO�5DÀL��������VX�DQDOL]LUDOL�

YRVNRYH� NRG� YUVWD� L]� IDPLOLMH� &XSUHVVDFHDH� L� QDäOL� GD� VDVWDY� DONDQD� SUHGVWDYOMD� VHOHNFLRQL�

RGJRYRU�QD�UD]OLÿLWH�VUHGLQVNH�IDNWRUH��L�GD�SRND]DMH�MDNX�JHQHWLÿNX�NRQWUROX��

6� GUXJH� VWUDQH�� NYDOLWDWLWLYQL� L� NYDQWLWDWLYQL� VDVWDY� HWDUVNRJ� XOMD� VH� X� GRVDGDäQMLP�

LVWUDæLYDQMLPD� SRND]DR� NDR� ]QDÿDMDQ� WDNVRQRPVNL� PDUNHU�� 7HUSHQL� �PRQRWHUSHQL��

VHVNYLWHUSHQL��GLWHUSHQL��SUHGVWDYOMDMX�JODYQH�NRPSRQHQWH�X�HWDUVNRP�XOMX��7HUSHQL�VX�LVSDUOMLYD�

MHGLQMHQMD�VD�SRQDYOMDMXýRP�SHWR�XJOMHQLÿQRP�L]RSUHQVNRP�MHGLQLFRP�X�VYRMRM�RVQRYL��=ERJ�

VYRMLK�UD]QRURGQLK�ELRORäNLK�XORJD��]DäWLWD�RG�SUHWHUDQRJ�]DJUHYDQMD�ELOMDND��DQWLPLNUREQD�

]DäWLWD�� DQWLKHUELYRUQD� ]DäWLWD�� LQVHNWLFLGQD�XORJD��SULYODÿHQMH� LQVHNDWD�� DOHORSDWLMD����� QDOD]H�

VH�SRG�VWURJRP�JHQHWLÿNRP�NRQWURORP��SRJRWRYX�NRG�ÿHWLQDUD��7HUSHQL�L]RORYDQL�L]�LJOLFD�

ÿHWLQDUD�VX�GR�VDGD�NRULäýHQL�NDR�HNRORäNL� L�KHPRWDNVRQRPVNL�PDUNHUL� �QD�QLYRX�IDPLOLMD��

URGRYD�� YUVWD� L� SRSXODFLMD��� 1RYLMH� VWXGLMH� VDVWDYD� HWDUVNRJ� XOMD� L]RORYDQRJ� L]� UD]OLÿLWLK�

SRSXODFLMD�-��R[\FHGUXV�V�O��SRND]XMX�]QDÿDMQX�NRUHODFLMX�VD�JHRJUDIVNRP�GLVWULEXFLMRP��ãWDYLäH��

VDVWDY�HWDUVNRJ�XOMD� L]RORYDQRJ� L]� LJOLFD�VH�SRND]DR�NDR�]QDÿDMDQ�WDNVRQRPVNL�NDUDNWHU�QD�

LQIUDVSHFLMVNRP�QLYRX� NRG�RYRJ� URGD�� ,DNR�SRVWRMH� EURMQH� VWXGLMH� NRMH� VH� EDYH� VDVWDYRP�

HWDUVNRJ�XOMD�NRG�YUVWD�URGD�-XQLSHUXV��QH�SRVWRML�GHWDOMQD�VWXGLMD�YDULMDELOQRVWL�VDVWDYD�HWDUVNRJ�

XOMD�NRG�YUVWD�RYRJ�URGD�QD�%DONDQVNRP�SROXRVWUYX�

+ORURSODVWQL�JHQRP�� MHGDQ�RG� WUL�ELOMQD�JHQRPD��SRND]DR�VH�NDR� L]X]HWQR�SRJRGDQ�

]D� ÀORJHQHWVND� LVWUDæLYDQMD� NRG� ELOMDND� �7DEHUOHW� HW� DO��� ������� 2YDM� JHQRP� MH� KDSORLGDQ��

WH�QH�SRND]XMH�NODVLÿQR�0HQGHOHMHYVNR�QDVOHĀLYDQMH��+ORURSODVWQD�'1.� MH� UHODWLYQR�PDOL�

FLUNXODUQL�PROHNXO��GXæLQH�RNR���������ED]D��UHODWLYQR�VWDELOQH�VWXNXUH�NRML�VH�NRG�IDPLOLMH�

&XSUHVVDFHDH� QDVOHĀXMH� SUHNR� RÿLQVNH� OLQLMH�� =ERJ� PDQMH� HIHNWLYQH� YHOLÿLQH� SRSXODFLMH�

KDSORLGQRJ�JHQRPD�X�RGQRVX�QD�PDUNHUH�QXNOHDUQRJ�JHQRPD��KORURSODVWQL�JHQRP�MH�RVHWOMLYLML�

QD�HIHNWH�JHQHWLÿNRJ�GULIWD��3RND]DOR�VH�GD�RYDM�PROHNXO�LPD�YLVRNRNRQ]HUYLUDQH�UHJLRQH��äWR�
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MH�RPRJXýLOR�GL]DMQLUDQMH�W]Y��XQLYHU]DOQLK�SUDMPHUD�NRML�VH�PRJX�NRULVWLWL�]D�DPSOLÀNDFLMX�

æHOMHQLK� SRWHQFLMDOQR� LQIRUPDWLYQLK� UHJLRQD� NRG� YHýLQH� YLäLK� ELOMDND��1HNRGLUDMXýL� UHJLRQL�

KORURSODVWQH� '1.� �LQWURQL� L� LQWHUJHQVNL� VSHMVHUL�� VH� QH� QDOD]H� SRG� XWLFDMHP� SULURGQH�

VHOHNFLMH�L�X�GRVDGDäQMLP�LVWUDæLYDQMLPD�VX�SRND]DOL�L]X]HWQX�YDULMDELOQRVW�NRG�YHOLNRJ�EURMD�

YUVWD� XNOMXÿXMXýL� L� SUHGVWDYQLNH� URGD� -XQLSHUXV�� +ORURSODVWQL� PDUNHUL� VX� VH� SRND]DOL� NDR�

LQIRUPDWLYQL�]D�VWLFDQMH�EROMHJ�XYLGD�X�SLWDQMD�JHQHWLÿNRJ�GLYHU]LWHWD��GLIHUHQFLMDFLMH�SRSXODFLMD�

L�LVWRULMVNLK�SURFHVD�NRML�VX�YRGLOL�IRUPLUDQMX�GDQDäQMLK�DUHDOD�UD]OLÿLWLK�WDNVRQD��,VWUDæLYDQMD�

$GDPVD�L�GUXJLK�LVWUDæLYDÿD�VX�SRND]DOD�GD�VX�RYL�PDUNHUL�X�YHOLNRM�PHUL�VSHFLÀÿQL�]D�VYDNX�

RG� LVSLWLYDQLK� YUVWD� URGD� -XQLSHUXV�� WH� VH� X� RGUHĀHQRM�PHUL�PRJX� VPDWUDWL� LQIRUPDWLYQL� ]D�

XWYUĀLYDQMH�JHQHWLÿNLK�JUDQLFD�L]PHĀX�YUVWD�



Doktorska disertacija Uvod

5

�����&835(66$&($(�/���þ(035(6,�

)DPLOLMD�&XSUHVVDFHDH��ÿHPSUHVL��VD�RNR�����YUVWD�X����URGRYD�SUHGVWDYOMD�GUXJX�SR�

YHOLÿLQL�SRURGLFX�X�RNYLUX�ÿHWLQDUD��RGPDK�L]D�3LQDFHDH�����URGRYD������YUVWD���+LOO���������

,VWRULMD� LQIUDIDPLOLMDOQH� NODVLÀNDFLMH� RYH� SRURGLFH� MH� GXJD� L� NRPSOLNRYDQD�� 3LOJHU�

������� MH� SUYL� GHÀQLVDR� IDPLOLMH� X� RNYLUX� ÿHWLQDUD� RSLVDYäL�� L]PHĀX� RVWDOLK�� &XSUHVVDFHDH�

V�VWU�� �SRWIDPLOLMH�� &XSUHVVRLGHDH�� -XQLSHURLGHDH�� 7KXMRLGHDH�� L� 7D[RGLDFHDH� �7D[RGRLGHDH��

6FLDGRSLW\RLGHDH���FI��7DEHOD�������8�7D[RGLDFHDH�MH�VYUVWDR�QL]�UHOLNWQLK�URGRYD�L�YUVWD�NRMH�

QLMH�PRJDR�GD�VPHVWL�QL�X� MHGQX�GUXJX�SRURGLFX��3RWRQMD� LVWUDæLYDQMD�VX�YRGLOD�RSLVLYDQMX�

QRYLK�URGRYD�XQXWDU�&XSUHVVDFHDH������L�7D[RGLDFHDH������/L��������3LOJHU�	�0HOFKLRU���������

0HĀXWLP��RYDNR�GHÀQLVDQH�7D[RGLDFHDH�VX�LPDOH�PDOL�EURM�]DMHGQLÿNLK�NDUDNWHULVWLND�NRMH�VX�

GHOLOH�L�VD�GUXJLP�JUXSDPD��GRN�VX��V�GUXJH�VWUDQH��PQRJH�L]YHGHQH�NDUDNWHULVWLNH�GHOLOH�VD�

&XSUHVVDFHDH��QSU��NDUDNWHULVWLNH�PHJDVWURELOXVD���)DUMRQ��������

6OpGHýL�UH]XOWDWH� L]X]HWQR�GHWDOMQH�PRUIRORäNH�DQDOL]H��(FNHQZDOGHU� ������� MH�GRYHR�

X�SLWDQMH�RSUDYGDQRVW�RGYDMDQMD�RYLK�SRURGLFD��L�SUHGORæLR�QMLKRYR�VSDMDQMH�X�&XSUHVVDFHDH�

V�O��'RND]L� ]D� VSDMDQMH� RYH� GYH� IDPLOLMH� VX� ED]LUDQL� QD� NDUDNWHULPD�PHJDVWURELOXVD�� NDR� L�

YHJHWDWLYQLP�NDUDNWHULVWLNDPD��SRSXW�GLPRUÀ]PD�PODGLK�L�DGXOWQLK�OLVWRYD��WH�YHRPD�VOLÿQH�

DQDWRPLMH�NRUH�L�GUYHWD���3ROHQRYD�]UQD�NRG�VYLK�SUHGVWDYQLND�QHPDMX�QDVWDYNH�]D�OHWHQMH��

GRN�MH�GRäOR�GR�SRWSXQRJ�VUDVWDQMD�SORGQH�L�]DäWLWQH�OMXVSH�X�PHJDVWURELOXVLPD��3RVOHGQMD�

ÀORJHQHWVND�LVWUDæLYDQD�ED]LUDQD�QD�PROHNXODUQLP�L�QHPROHNXODUQLP�SRGDFLPD�VX�SRND]DOD�

GD�VX�7D[RGLDFHDH�SROLÀOHWVND�JUXSD��NRMD�MH�SDUDÀOHWVND�VD�&XSUHVVDFHDH��2YD�LVWUDæLYDQMD�VX�

WDNRĀH�SRND]DOD�GD�MH�URG�6F\DGRSLW\V�MHGLQVWYHQ�X�YHRPD�ELWQLP�VLVWHPDWVNLP�NDUDNWHULVWLNDPD��

L�YHýLQD�WDNVRQRPD�MH�SULKYDWLOD�RGYDMDQMH�RYRJ�URGD�X�PRQRWLSVNX�SRURGLFX�6FLDGRS\WDFHDH�

�)DUMRQ��������
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1DMYHýL�URG�MH�Juniperus /��VD����YUVWD�L����YDULMHWHWD��$GDPV������D���VOHGH�Cupressus������

L�Callitris�������GRN�RVWDOL�URGRYL�VDGUæH�QH�YLäH�RG���YUVWD��D�YHýLQD�LK�MH�PRQRWLSVND��)DUMRQ��

�������

6YH�IDPLOLMH�ÿHWLQDUD�QDVHOMDYDMX�LVNOMXÿLYR�MHGQX��VHYHUQX�LOL� MXæQX�KHPLVIHUX��GRN�VH�

MHGLQR�&XSUHVVDFHDH�VUHýX�QD�REH��6OLND���������1DMVWDULML�IRVLOQL�QDOD]L�ÿHPSUHVD�GDWLUDMX�L]�

NDVQRJ�7ULMDVD��+LOO���������=D�UD]OLNX�RG�RVWDOLK�SRURGLFD�ÿHWLQDUD��NRG�ÿHPSUHVD�QH�SRVWRML�

Calocedrus
Microbiota
Platycladus
Tetraclinis
Cupressus
Juniperus
Chamaecyparis
Fokienia
Thuja
Thujopsis
Actinostrobus
Callitris
Neocallitopsis
Diselma
Fitzroya
Widdringtonia
Austroceddrus
Libocedrus
Pilgerodendron
Papuacedrus
Cryptomeria
Glyptostrobus
Taxodium
Metasequoia
Sequoia
Sequoiadendron
Athroraxis
Taiwania
Cunninghamia
Amentotaxus*
Picea (outgroup)

Cupressoideae

Callitroidae

Taxodioideae

Sequoioideae�

Athrotaxidoideae
Taiwanioideae
Cunninghamioideae

Slika 1.1.1�)LORJHQHWVNR�VWDEOR�&XSUHVVDFHDH s.l. GRELMHQR�QD�RVQRYX�mat.�L�rbc/�VHNYHQFL�
�QDFUWDQR�SUHPD�*DGHN�HW�DO��������. ��Amentotaxus�L�Picea�VX�X]HWH�NDR�DXWJUXSH
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�

WROLNR�MDVQR�RGYDMDQMH�L]PHĀX�WDNVRQD�MXæQH�L�VHYHUQH�KHPLVIHUH��QD�äWD�XND]XMH�GLVWULEXFLMD�

UHFHQWQLK� SRSXODFLMD� L� IRVLOQLK� QDOD]D�� 3UDWHýL� GLVWULEXFLMX� IRVLOQLK� QDOD]D� UHFHQWQLK� YUVWD�

�GRVWXSQLK� YHý� RG�.UHGH�� L� QMLKRYLK� SUHGDND�� )DUMRQ� ������� MH� GRäDR� GR� ]DNOMXÿND� GD� VH�

UHFHQWQD� GLVWULEXFLMD� WDNVRQD� RYH� IDPLOLMH� �SRJRWRYX� HNVWUHPQLK� HQGHPLWD� SRSXW�)LW]UR\D��

0HWDVHTXRLD��6HTXRLD�L�6HTXRLDGHQGURQ��PRUD�SRVPDWUDWL�NDR�UHOLNW�QHNDGD�PQRJR�äLUHJ�DUHDOD��

0HĀXWLP��QHNROLNR�URGRYD��L]PHĀX�QMLK�L�-XQLSHUXV��SRND]XMX�GRND]H�VNRULMH�UDGLMDFLMH��$GDPV��

����D��)DUMRQ���������

&XSUHVVDFHDH� V�O�� SRND]XMX� YHRPD� YHOLNX� HNRORäNX� DPSOLWXGX�� 0RJX� VH� QDýL� RG�

HNVWUHPQR�YODæQLK��NDR�äWR�VX�PRQVXQVNH�äXPH�L�YODæQH�SULREDOQH�äXPH�XPHUHQH�]RQH��SD�

GR�VHPL�DULGQLK�VWDQLäWD�QD�UXERYLPD�NRQWLQHQWDOQLK�SXVWLQMD��1D�VHYHU��YUVWH�URGD�-XQLSHUXV 

LGX�GR�JOHÿHUD�*UHQODQGD��NDR�L�YHÿLWR�]DOHĀHQLK�YUKRYD�YLVRNLK�SODQLQD��GDOHNR�L]QDG�JRUQMH�

äXPVNH� JUDQLFH�� D� VSXäWDMX� VH� GR� SHäÿDQLK� L� NDPHQLWLK� REDOD�0HGLWHUDQD� �$GDPV�� ����D��

)DUMRQ��������9LGDNRYLý���������

2YDM�YHOLNL�GLYHU]LWHW�VWDQLäWD�MH�XWLFDR�QD�SRMDYX�YHOLNRJ�EURMD�YUVWD�L�æLYRWQLK�IRUPL��RG�

SDWXOMDVWLK�SROHJOLK�NRMH�QH�GRVWLæX�YLVLQX�YHýX�RG�GYDGHVHWDN�FHQWLPHWDUD��GR�QDMYLäHJ�GUYHWD�

QD�VYHWX�NRMH�PRæH�LPDWL�SUHNR�����P�YLVLQH��9HýLQD�LK�æLYL�QD�L]X]HWQR�VLURPDäQRM�SRGOR]L�

�$GDPV������D��)DUMRQ��������9LGDNRYLý��������

Slika 1.1.2�'LVWULEXFLMD�&XSUHVVDFHDH�V�O���ED]LUDQR�QD�SRGDFLPD�)DUMRQ�������
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1.1.1. Rod Juniperus L. (kleka)

Rod -XQLSHUXV� /�� SUHGVWDYOMD� QDMYHýL� L� QDMUD]QRYUVQLML� URG� &XSUHVVDFHDH� V�O�� VD� SUHNR�

��� WDNVRQD� �YUVWD�� SRGYUVWD�YDULMHWHWD��� 3UHPD� $GDPVX� �����D�� RYDM� URG� EURML� ��� YUVWD� L�

���YDULMHWHWD��GRN�)DUMRQ��������]DVWXSD�NRQ]HUYDWLYQLML�SULVWXS�L�SUHSR]QDMH����YUVWH��äHVW�

SRGYUVWD��GYDGHVHWSHW�YDULMHWHWD�L�MHGQX�IRUPX��3UHJOHG�WDNVRQRPVNRJ�WUHWPDQD�URGD�GDW�MH�

X�7DEHOL�����

=DKYDOMXMXýL� L]X]HWQR� YHOLNRM� HNRORäNRM� L� HGDIVNRM� DPSOLWXGL�� NDR� L� UD]YRMX�PHVQDWH�

äLäDULFH��YUVWH�URGD�-XQLSHUXV�/��VH�PRJX�VUHVWL�QD�VYLP�NRQWLQHQWLPD��RVLP�$QWDUNWLND���QD�REH�

KHPLVIHUH��JGH�QDVHOMDYDMX�UD]OLÿLWD�VWDQLäWD��6OLND���������$GDPV������D��

.OHNH� UDVWX� RG� QLYRD� PRUD� �QSU�� -�� GHOWRLGHV�� -�� PDFURFDUSD�� -�� IRHWLGLVVLPD�� SD� VYH� GR�

L]QDG� JRUQMH� JUDQLFH� äXPD�YHýLQH�SODQLQD� VHYHUQH�KHPLVIHUH� �QSU�� -�� FRPPXQLV�� -��PRQWLFROD�� 

-��SU]HZDOVNLL���,DNR�VH�QDMYHýL�EURM�YUVWD�PRæH�QDýL�QD�NUHÿQMDNX��QH�SRND]XMX�MDNX�SUHIHUHQFX�

SUHPD�SRGOR]L��äWDYLäH�� LVWD�YUVWD��-��GHOWRLGHV��-�� FRPPXQLV��VH�PRæH�QDýL� L�QD�NUHÿQMDÿNX�L�QD�

VHUSHQWLQLWX��1HNL�WDNVRQL�VH�PRJX�SURQDýL�QD�SHäÿDQLP�GLQDPD��-��FRPPXQLV�YDU��FRPPXQLV�� 

-��FRPPXQLV�YDU��PHJLVWRFDUSD��-��KRUL]RQWDOLV���JUDQLWX��-��FRPPXQLV�YDU��GHSUHVVD���YXONDQVNLP�VWHQDPD�

(-��PDGDUHQVLV��L�SHäÿDUX��-��WKXULIHUD���$GDPV������D��9LGDNRYLý��������=KDQJ�HW�DO���������

Slika 1.1.3�'LVWULEXFLMD�YUVWD�URGD�-XQLSHUXV�/���ED]LUDQR�QD�SRGDFLPD�$GDPV������D�
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9UVWH�RYRJ�URGD�VH�PRJX�QDýL�QD�UD]OLÿLWLP�VWDQLäWLPD��RG�UXERYD�SXVWLQMD��-��FDOLIRUQLFD��

-�� KRUL]RQWDOLV�� -�� VDELQD�YDU�� DUHQDULD��� SUHNR�PHGLWHUDQVNLK� VWDQLäWD� �-�� GHOWRLGHV�� -�� R[\FHGUXV�� -��

PDFURFDUSD��-��IRHWLGLVVLPD���NDPHQMDUD��-��VDELQD��L�YLVRNRSODQLQVNLK�OLYDGD�L�UXGLQD��-��FRPPXQLV�� 

-��SU]HZDOVNLL���GR�PRÿYDUD��-��EDUEDGHQVLV�YDU�� OXFD\DQD, -��EODQFRL��LOL�ÿDN�QD�VWHQDPD�QD�VDPRM�

REDOL�PRUD�JGH�VX� L]ORæHQL� VODQRM�PRUVNRM�YRGL� �-�� FKLQHQVLV�YDU�� VDUJHQWLL��� ,SDN��QDMÿHäýH�VH�

MDYOMDMX�QD�VXYOMLP�VWDQLäLPD�L�PDQMH�KUDQOMLYRM�SRGOR]L��$GDPV������D��

.OHNH� VX� ]LP]HOHQL� SROHJOL� LOL� XVSUDYQL� JUPRYL� LOL� RPDQMH� GUYHýH�� .RUD� VH� OMXäWL�

XJODYQRP� X]GXæQLP� OMXVNDPD�� 0ODGH� JUDQÿLFH� VX� WUREULGH�� ���� XJDRQH�� L]XHWQR� UHWNR� 

(-��WKXULIHUD��VSOMRäWHQH��/LVWRYL�VX�GLPRUIQL��.RG�PODGLK�ELOMDND�L�QRYLK�L]GDQDND�OLVWRYL�VX�QDMSUH�

LJOLÿDVWL��GD�EL�VH�NDVQLMH�UD]YLMDOL�LJOLÿDVWL�LOL�OMXVSDVWL�OLVWRYL��,JOLÿDVWL�OLVWRYL�VX�UDVSRUHĀHQL�SR�

��X�SUäOMHQX��QD� L]X]HWQR�NUDWNLP�GUäNDPD� LOL� VX�VHGHýL��/MXVSDVWL� OLVWRYL�VX�QDVSUDPQL��QH�

VUDVWDMX�]D�L]GDQNH��1D�OLVWRYLPD�VH�QHNDGD�PRJX�XRÿLWL�DEDNVLMDOQH�æOH]GH��$GDPV������D��

-RYDQRYLý��������7XWLQ�HW�DO���������9LGDNRYLý��������

0XäNL�VWURELOXVL�VX�MDMROLNL�LOL�VX�X�REOLNX�GXJLK�UHVD��L]JUDĀHQL�L]���GR���PLNURVSRURÀOD�

�PLNURVSRURÀOL�QDVSUDPQL�LOL�X�SUäOMHQRYLPD�SR�����VYDNL�QRVL�����SROHQRYLK�NHVLFD��åHQVNL�

VWURELOXVL�VX�ORSWDVWL�LOL�MDMROLNL��������������PP�X�SUHÿQLNX��QDMÿHäýH�VMDMQH�SRYUäLQH��L]JUDĀHQL�

L]� �� GR� �� SDURYD� HSLPDFLMXPD� �NDUDNWHULVWLND� SRURGLFH�� VUDVOH� ]DäWLWQH� L� SORGQH� OMXVSH���

(SLPDFLMXPL� RVWDMX� ]DWYRUHQL�� 6YDNL� HSLPDFLMXP� UD]YLMD� ���� VHPHQD� NRMD� VX� RNUXJOD� LOL�

YLäHVWUDQD�� EH]� NULODFD� LOL� GUXJLK� L]UDäWDMD��.RWLOHGRQD� �����+DSORLGQL� EURM� KURPR]RPD� MH�

Q ����RVLP�NRG� -�� FKLQHQVLV� �WHWUDSORLG��JGH� MH�Q ����9UVWH�GYRGRPH�� LOL� UHWNR� MHGQRGRPH��

�$GDPV������D��-RYDQRYLý��������9LGDNRYLý��������

(YROXWLYQR� JOHGDQR�� UD]YRMHP� VRÿQRJ� PHJDVWURELOXVD� �ÿHVWR�� ERELÿDVWD� äLäDULFD� LOL�

´ERELFDµ��NRML�MH�L]X]HWQR�SULYODÿQD�KUDQD�]D�SWLFH��NOHND�MH�XVSHOD�GD�QDVHOL�L�$WODQWVND�RVWUYD�

SRSXW�$]RUQLK��%HUPXGD��.DULSVNLK�L�.DQDUVNLK�RVWUYD��L�GD�]D�YUOR�NUDWNR�YUHPH�XVSH�GD�

UHNRORQL]XMH��-��FRPPXQLV��QH�VDPR�NRQWLQHQWDOQH�REODVWL�NRMH�VX�ELOH�SRG�JOHÿHULPD�WRNRP�

SRVOHGQMHJ�OHGHQRJ�GRED��YHý�L�RVWUYD�SRSXW�,VODQGD�L�*UHQODQGD��$GDPV�HW�DO�������D���
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3UHPD�SRVOHGQRM�NODVLÀNDFLML��URG�-XQLSHUXV�/��VH�GHOL�QD�WUL�VHNFLMH�

���� 6HNFLMD��&DU\RFHGUXV�(QGO��²�WLSVND�L�MHGLQD�YUVWD�MH�-��GUXSDFHD�/DELOO���6\Q��$UFHXWKRV 

$QWRLQH��FI��7DEHOD�����

���� 6HNFLMD��-XQLSHUXV�/���6\Q��2[\FHGUXV�6SDFK���²�VD����YUVWD�NRMH�QDVHOMDYDMX�KRODUNWLN

���� 6HNFLMD��6DELQD�6SDFK��²�VD�SUHRVWDOLK����YUVWD�NRMH�QDVHOMDYDMX�VHYHUQX�KHPLVIHUX�

L�VSXäWDMX�VH�GR�HNYDWRUD�L�MXæQH�KHPLVIHUH�X�$IULFL

-XQLSHUXV�GUXSDFHD��MHGLQD�YUVWD�NRMD�SULSDGD�VHNFLML�&DU\RFHGUXV�VPDWUD�VH�QDMSULPLWLYQLMRP�

YUVWRP�� 1DVHOMDYD� UHJLRQ� RG�*UÿNH� GR� 7XUVNH�� .DR� L� YUVWH� VHNFLMH� -XQLSHUXV� LPD� DGXOWQH�

LJOLÿDVWH�OLVWRYH��D�RG�QMLK�VH�UD]OLNXMX�SR�ERML�äLäDULFD�L�GLVWULEXFLML��7DNRĀH�MH�]DQLPOMLYR�GD�

NRG�RYH�YUVWH��WUL�VHPHQNH�X�äLäDULFL�VUDVWDMX�X�MHGQX�YHOLNX�´NRäWLFXµ��9UVWH�VHNFLMH�6DELQD se 

VPDWUDMX�QDML]YHGHQLMLP�YUVWDPD��QD�äWD�XSXýXMX�PRUIRORäNL� L�ELRKHPLMVNL�SRGDFL� �$GDPV��

����D���.DUDNWHUL�QD�RVQRYX�NRMLK�VX�YUVWH�VYUVWDQH�X�WUL�VHNFLMH�VX�GDWL�X�3ULORJX�$�
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1.1.2. Sekcija Juniperus�/���6\Q��2[\FHGUXV�6SDFK�

7LSVND�YUVWD� MH�-�� FRPPXQLV�/��9UVWH�RYH�VHNFLMH�VX�GYRGRPR�GUYHýH�LOL�æEXQMH��.DNR�

PODGL��WDNR�L�DGXOWQL�OLVWRYL�VX�LJOLÿDVWL������GR�����PP�äLURNL��UDVSRUHĀHQL�X�SUäOMHQRYLPD�SR�

���0XäNL� L� æHQVNL� VWURELOXVL� VH�QDOD]H�QD�ERÿQLP�JUDQDPD��QD�YHRPD�NUDWNLP�GUäNDPD�SD�

L]JOHGDMX�VHGHýL������������PP���=UHOH�æHQVNH�äLäDULFH������PP�X�SUHÿQLNX��L]JUDĀHQH�RG�SR���

HSLPDFLMXPD�VD�XJODYQRP���VHPHQNH��åHQVNH�äLäDULFH�VD]UHYDMX�]D�GYH��NRG�-��FRPPXQLV�]D�WUL��

JRGLQH��$GDPV������D��-RYDQRYLý��������9LGDNRYLý���������$UHDO�GLVWULEXFLMH�VHNFLMH�-XQLSHUXV 

SULND]DQ�MH�QD�6OLFL�������

%D]LUDMXýL�VH�QD�VDVWDYX�HWDUVNRJ�XOMD�OLVWRYD��PRUIRORäNLP�L�PROHNXODUQLP�SRGDFLPD�

�KORURSODVWQH�VHNYHQFH�WUQC-WUQ'���$GDPV�MH�VHNFLMX�SRGHOLR�QD�GYH�JUXSH��

���� VHYHUQH�L�GDOHNRLVWRÿQH�YUVWH��YH]DQH�]D�-��FRPPXQLV�VD�SODYLP�LOL�SODYLÿDVWRFUQLP�

äLäDULFDPD�NRMH� LPDMX� MHGQX� VWRPLQX� OLQLMX�QD� DGDNVLMDOQRM� VWUDQL� OLVWD� �-�� FRPPXQLV�� -��

IRUPRVDQD��-��OXWKFXHQVLV��-��ULJLGD��-��WD[LIROLD��

Slika 1.1.4� 'LVWULEXFLMD� YUVWD� VHNFLMH� -XQLSHUXV� /�� �ED]LUDQR� QD� SRGDFLPD� $GDPV�� ����D��
-DODV�	�6RXPLQHQ�������
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���� 0HGLWHUDQVNH�YUVWH��YH]DQH�]D�-��R[\FHGUXV�VD�QDUDQGæDVWRFUYHQLP�GR�FUYHQRPUNLP�

LOL�FUYHQNDVWRSXUSXUQLP�]UHOLP�æHQVNLP�äLäDULFDPD��VD�SR���VWRPLQH�OLQLMH�QD�DGDNVLMDOQRM�

VWUDQL� OLVWD� �-�� EUHYLIROLD�� -�� FHGUXV�� -�� GHOWRLGHV�� -�� PDFURFDUSD�� -�� PDGDUHQVLV�� -�� QDYLFXODULV�� -��

R[\FHGUXV��

2YD�SRGHOD�GRVWD�SRGVHýD�QD�*DXVVHQRYX�SRGHOX��9LGDNRYLý���������JGH�MH��X�RYRP�

VOXÿDMX��SRGURG�2[\FHGUXV� �6SDFK��*DXVVHQ�SRGHOMHQ�QD� WUL� VHNFLMH��2[\FHGURLGHV��5LJJLGRLGHV��

5HFXUYRLGHV��9UVWH�VHNFLMH�5HFXUYRLGHV�*DXVVHQ�VDGD�SULSDGDMX�VHNFLML�6DELQD�6SDFK��
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1.1.2.1. Juniperus communis /���²�NOHND��RELÿQD�ERURYLFD

2ELÿQD�NOHND�MH�GYRGRPL�JUP�LOL�PDQMH�VWDEOR�����������P�YLVRNR��+DELWXV�MH�UD]OLÿLW��

DOL� MH�QDMÿHäýH� MDMROLN� LOL�NXSDVW��.RUD� MH�VLYRVPHĀD�GR�FUYHQNDVWRVPHĀD��X�SRÿHWNX�JODWND��

NDVQLMH� X]GXæQR� LVSXFDOD��0ODGL� L]GDQFL� VX� WURELULGL��/LVWRYL� VX� LJOLÿDVWL�� UDVSRUHĀHQL�SR���

X�SUäOMHQX�������������PP�GXJL������PP�äLURNL��/LVWRYL�VH�VXæDYDMX�RG�RVQRYH�SUHPD�YUKX��

WYUGL�VX��ERGOMLNDYL��YHýLQRP�VLYR]HOHQL��VD�EHORP�SUXJRP��QD�SRSUHÿQRP�SUHVHNX�WUDSH]DVWL�

�-RYDQRYLý��������9LGDNRYLý���������

0XäNL�VWURELOXVL�VX�æXýNDVWL��UHWNR�]HOHQNDVWL��VLWQL��6D]UHYDMX�X�DSULOX�LOL�PDMX��åHQVND�

äLäDULFD�MH�RNUXJODVWD������PP�X�SUHÿQLNX��QD�NUDWNRM�GUäFL��6D]UHYD�X�GUXJRM�LOL�WUHýRM�JRGLQL��

8�SUYRM�MH�]HOHQD��D�NDGD�VD]UL�SRVWDMH�SODYR�FUQD��V�QHMDVQLP�EHOLÿDVWLP�YHQÿLýHP�QD�YUKX��

6HPHQNH�VX�]DREOMHQH�L�VPHĀH��RELÿQR�SR�WUL�X�SORGX��-RYDQRYLý��������9LGDNRYLý��������

2ELÿQD�NOHND�MH�QDMUDVSURVWUDQMHQLMD�RG�VYLK�YUVWD�ÿHWLQDUD��9LGDNRYLý���������2YR�MH�

YUVWD�L]X]HWQR�äLURNH�HGDIVNH�L�NOLPDWVNH�DPSOLWXGH��0RæH�VH�QDýL�QD�VYLP�WLSRYLPD�SRGORJH��

RG�NUHÿQMDND��SUHNR�VHUSHQWLQLWD��PDJPDWVNLK�VWHQD�GR�SHVND��1DVHOMDYD�UD]OLÿLWD�VWDQLäWD��RG�

QLYRD�PRUD�GR������P�Q�Y��0RæH�VH�VUHVWL�QD�NDPHQLWLP�SDGLQDPD�L�OLWLFDPD��YLVRNRSODQLQVNLP�

OLYDGDPD�L�UXGLQDPD�L]QDG�JRUQMH�JUDQLFH�äXPD��SHäÿDUDPD�L�SHäÿDQLP�GLQDPD��]DSDUORæHQLP�

QMLYDPD�L�QDSXäWHQLP�LPDQMLPD��DOL�L�PRÿYDUDPD��QDMÿHäýD�MH�QD�RWYRUHQLP�VWDQLäWLPD��DOL�XOD]L�

L�X�VDVWDY�äXPVNLK�]DMHGQLFD��1D�VHYHUX�VH�SURVWLUH�GR�*UHQODQGD�L�,VODQGD��QD�MXJX��GR�VHYHUQH�

L�FHQWUDOQH�*UÿNH�L�VHYHUQH�7XUVNH��1D�LVWRN�LGH�GR�.DPÿDWNH��D�QD�]DSDG�GR�3DFLÀÿNLK�REDOD�

6HYHUQH�$PHULNH��6OLND���������$GDPV������D��)DUMRQ��������-DODV�	�6XRPLQHQ��������7XWLQ�

HW�DO���������

2YDNR� YHOLND� NOLPDWVND� L� HGDIDVND� DPSOLWXGD�� JRWRYR� KRODUNWLÿNL� DUHDO� NDR� L� VNRULMD�

LVWRULMD�YUVWH��XJODYQRP�SRG�XWLFDMHP�JODFLMDFLMD�L�LQWHUJODFLMDFLMD�NRMH�VX�VH�GHäDYDOD�QD�YHýHP�

GHOX�QMHQRJ�DUHDOD��RJOHGD�VH�L�X�SRVWRMDQMX�YHOLNRJ�EURMD�LQIUDVSHFLMVNLK�WDNVRQD��J. communis 

MH�YHURYDWQR�QDMLVWUDæLYDQLML�L�QDMPDQMH�UD]MDäQMHQ�WDNVRQ�X�RNYLUX�RYRJ�URGD��2�WRPH�VYHGRÿL�

SUHNR����UD]OLÿLWLK�VLQRQLPD�L�YHOLNL�EURM�UD]OLÿLWLK�LQIUDVSHFLMVNLK�NODVLÀNDFLMD��,QIUDVSHFLMVNL�

WDNVRQL�NRML�SULSDGDMX�RYRM�YUVWL�VX�WUHWLUDQL�NDR�SRVHEQH�YUVWH��J. sibirica, J. nana, J. montana, 
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-�� PLFURSK\OOD�� -�� YXOJDULV������ ]DWLP� SRGYUVWH� �-�� FRPPXQLV� VXEVS�� GHSUHVVD�� VXEVS�� DOSLQD�� VXEVS� 

QDQD������YDULMHWHWL��-��FRPPXQLV�YDU��VD[DWLOLV��YDU��QDQD��YDU��DOSLQD��YDU��QLSSRQLFD�����LOL�ÿDN�IRUPH�

(-��FRPPXQLV�f. FULVSD���

9HURYDWQR�QDMäLUH�SULKYDýHQD�LQIUDVSHFLMVND�NODVLÀNDFLMD�WDNVRQD�MH�SRGHOD�QD�YDULMHWHWH��

)DUMRQ��������RSLVXMH��-��FRPPXQLV�/��YDU��FRPPXQLV���NDR�WLSVNX�YUVWX���]DWLP�YDU��GHSUHVVD���YDU��

PHJLVWRFDUSD��YDU��QLSSRQLFD�L YDU��VD[DWLOLV��'RN��$GDPV������D��X]�QMLK�RSLVXMH�MRä�L�-��FRPPXQLV 

YDU��FKDUORWHQVLV�L�-��FRPPXQLV�YDU��MDFNLL��

-�� FRPPXQLV�YDU��GHSUHVVD�� -�� FRPPXQLV�YDU��PHJLVWRFDUSD�� -�� FRPPXQLV�YDU�� MDFNLL�� -�� FRPPXQLV 

YDU��FKDUORWHQVLV�L�-��FRPPXQLV�YDU��VD[DWLOLV�QDVHOMDYDMX�6HYHUQX�$PHULNX��-��FRPPXQLV�YDU��FRPPXQLV 

L�-��FRPPXQLV�YDU��VD[DWLOLV�QDVHOMDYDMX�*UHQODQG��,VODQG��(YURSX�L�$]LMX�GR�0RQJROLMH��GRN�-��

FRPPXQLV�YDU��QLSSRQLFD�L�-��FRPPXQLV�YDU��VD[DWLOLV�QDVHOMDYDMX�.DPÿDWNX��-DSDQ�L�GDOHNL�,VWRN��

.DGD� VH� XSRUHGL� GDQDäQML� DUHDO� YUVWH� VD� GLVWULEXFLMRP� OHGQLND� WRNRP� 3OHLVWRFHQD�

�6OLND���������GROD]L�VH�GR�]DNOMXÿND�GD�VDPR�SRSXODFLMH�VD�$OMDVNH�L�.DPÿDWNH�QLVX�ELOH�SRG�

OHGQLFLPD��$GDPV�HW�DO�������D���'D�OL�VX�RQH�SUHæLYHOH�JODFLMDFLMX��LOL�VX�NDVQLMH�UHNRORQL]RYDOH�

GDQDäQML�DUHDO��MH�L�GDOMH�RWYRUHQR�SLWDQMH��7RNRP�SRVOHGQMHJ�JODFLMDFLRQRJ�PDNVLPXPD��SUH�

�������JRGLQD���OHGQLFL�VX�SUHNULOL�JRWRYR�FHOX�.DQDGX��VSXäWDMXýL�VH�QD�MXJ�GR�.ROXPELMVNRJ�

SODWRD�QD�]DSDGX�L�EDVHQD�2KDMR�0LVLVLSL�QD�LVWRNX��1D�$OMDVFL�OHGQLFL�VX�ELOL�RJUDQLÿHQL�VDPR�

QD�MXæQL�GHR�L�$OHXWVND�RVWUYD�GRN�VX�*UHQODQG�L�,VODQG�ELOL�SRWSXQR�SUHNULYHQL�OHGQLFLPD��

8�(YURSL��OHGQLFL�VX�VH�VSXäWDOL�RG�NUDMQMHJ�VHYHUD�QD�MXJ�GR�FHQWUDOQH�(YURSH��D�WDNRĀH�L�VD�

QDMYLäLK�SODQLQD��$OSD��'LQDULGD��.DUSDWD��X�MXæQLMLP�GHORYLPD��1LYR�PRUD�MH�ELR�QLæL�L�]D�GR�

����P��SD�VX�ELOMNH�PRJOH�GD�QDVHOH�QRYD�SRGUXÿMD�QD�MXJX��1DNRQ�SRVOHGQMHJ�JODFLMDOQRJ�

PDNVLPXPD��X�SHULRGX�RG�SUH�RNR��������GR�������JRGLQD��OHG�NUHýH�SRODNR�GD�VH�SRYODÿL�

QD�VHYHU�L�]DX]LPD�GDQDäQMH�JUDQLFH��GRN�]D�QMLP�RVWDMX�PDQML�JOHÿHUL�QD�SRMHGLQLP�YLVRNLP�

SODQLQDPD��JODFLMDOQD�MH]HUD�L�QLYR�PRUD�NRML�MH�SRUDVWDR�WRSOMHQMHP�OHGD��3UH�RNR�������JRGLQD�

JOHÿHUL�VX�VH�SRYXNOL�VD�REDOD�*UHQODQGD�L�]DX]LPDMX�PDQMH�YLäH�LVWX�SR]LFLMX�NDR�L�GDQDV��3UYL�

WUDJRYL�SROHQD�X�IRVLOQLP�QDOD]LPD��MDYOMDMX�VH�YHý�SUH�RNR��������JRGLQD�X�6LELUX�L�.DQDGL��

L�SUH�������JRGLQD�QD�VHYHUX�%ULWDQVNRJ�RVWUYD��%HQQHWW�HW�DO���������3LVDULF�HW�DO���������<X��

�������=DQLPOMLYR�MH�LVWDýL�GD�VH�SROHQRYD�]UQD�NOHNH�QDOD]H�X�IRVLOQLP�QDOD]LPD�VWDULMLP�RG�

�������JRGLQD�X�(YURSL�L�L]QDG�SHGHVHWH�SDUDOHOH��äWR�XSXýXMH�QD�PRJXýQRVW�SUHæLYOMDYDQMD�

RYH�YUVWH�X�FHQWUDOQRM�(YURSL�L�WRNRP�SRVOHGQMHJ�JODFLMDOQRJ�PDNVLPXPD��)RVLOQL�GRND]L�]D�

SUHæLYOMDYDQMD�QH�SRVWRMH��DOL�SRVOHGQMD�LVWUDæLYDQMD�$)/3�PDUNHUD�SRSXODFLMD�-��FRPPXQLV� L]�

FHQWUDOQH�(YURSH�XND]XMX�QD�PRJXýQRVW�SUHæLYOMDYDQMD�RYH�YUVWH� L]X]HWQR�äLURNH�HNRORäNH�

DPSOLWXGH�L�YDQ�MXæQLK�UHIXJLMXPD�NDNDY�MH�ELR�L�%DONDQ��0LFKDOF]\N�HW�DO����������
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Slika 1.1.5�5HFHQWQD�GLVWULEXFLMD�  -��FRPPXQLV�/��L�JOHÿHUD� �WRNRP�SRVOHGQMHJ�JODFLDFLRQRJ�
PDNVLPXPD��/*0���ED]LUDQR�QD�SRGDFLPD�$GDPV������D��-DODV�	�6RXPLQHQ�������

.RULVWHýL�SRSXODFLMH�-��FRPPXQLV�L]�6HYHUQH�$PHULNH��-��FRPPXQLV�YDU��GHSUHVVD��-��FRPPXQLV 

YDU��PHJLVWRFDUSD��� VD�*UHQODQGD� L� ,VODQGD� �-�� FRPPXQLV�YDU�� VD[DWLOLV��� L]�(YURSH� L� VD�8UDOD� �-��

FRPPXQLV�YDU��FRPPXQLV, -��FRPPXQLV�YDU��VD[DWLOLV��L�.DPÿDWNH��-�FRPPXQLV�YDU��VD[DWLOLV���$GDPV�L�

VDUDGQLFL������D��VX�NRQVWUXLVDOL�0LQLPXP�6SDQQLQJ�1HWZRUN�ED]LUDQX�QD�����GRELMHQD�5$3'�

EHQGD��QD�RVQRYX�NRMH�VH�YLGL�MDND�JHRJUDIVND�DVRFLMDFLMD�L]PHĀX�SRSXODFLMD��NRMH�VH�JUXSLäX�

SUHPD�NRQWLQHQWX��ãWDYLäH��GRELOL�VX�GD�VX�SRSXODFLMH�VD�*UHQODQGD�L�,VODQGD�JHQHWLÿNL�VOLÿQLMH�

SRSXODFLMDPD�L]�(YURSH��GRN�VH�SRSXODFLMH�VD�.DPÿDWNH�MDNR�RGYDMDMX�RG�VYLK�RVWDOLK��$GDPV�

HW� DO��� ����D���2YL� UH]XOWDWL� VH� XNODSDMX�X� WHRULMX�GD� MH� GDQDäQML� DUHDO� -�� FRPPXQLV�QDMYHýLP�

GHORP� QDVWDR� YUOR� EU]R� SR� SRYODÿHQMX� OHGQLND� QDNRQ� SRVOHGQMHJ� OHGHQRJ� GRED�� ãWDYLäH��

EU]LQD�L�äDEORQ�UHNRORQL]DFLMH�XSXýXMH�QD�L]X]HWQR�ELWQX�HYROXWLYQX�SUHGQRVW�NRMX�VX�YUVWH�

NOHNH�UD]YLOH�²�ERELÿDVWD�äLäDULFD�NRMD�MH�SULYODÿQD�NDR�YLVRNRNDORULÿQD�KUDQD�]D�SWLFH��NRMH�QD�

SXWX�VYRMLK�SUROHýQLK�PLJUDFLMD�YUOR�EU]R�SUHQRVH�VHPHQD�QD�YHOLNH�GLVWDQFH��äWR�VX�L�SRND]DOH�

VWXGLMH�PLJUDWRUQLK�SWLFD�NRMH�L]�VYRMLK�(YURSVNLK�]LPVNLK�RGPDUDOLäWD��OHWH�QD�,VODQG��D�QHNH�

SRWRP�L�QD�*UHQODQG��X�SUROHýH��$GDPV������D���3RÿHWNRP�GYDGHVHWRJ�YHND�NUHQXOD�VX�SUYD�

LVWUDæLYDQMD�R�XOR]L�SWLFD�X�UD]QRäHQMX�äLäDULFD�NOHNH��+ROWKXLM]HQ�	�6KDULN��������+ROWKXLM]HQ�

HW�DO���������3KLOOLSV���������8NUDWNR��UH]XOWDWL�RYLK�VWXGLMD�VX�SRWYUGLOL��

�D��GD�VH�QDMYHýL�EURM�VHPHQD�UD]QRVL�SWLFDPD��������D�SRWRP�L�VLWQLMLP�VLVDULPD�L�

PUDYLPD��

�E��GD�MH�SURVHÿQD�GLVWDQFD�QD�NRMX�VH�VHPH�SUHQRVL�YHýD�RG����P��
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�F�� GD� VH� NOLMDYRVW� VHPHQD� NRG� QHNLK� YUVWD� QDJOR� SRYHýDYD� QDNRQ� SURODVND� NUR]�

GLJHVWLYQL� WUDNW�SWLFH� �SUHWSRVWDYOMD�VH�GD�QD�RYDM�QDÿLQ�GROD]L�GR�VNDULÀNDFLMH�

VHPHQMDÿH�L�ODNäH�NOLMDQMH�VHPHQD��L�

�G��GD�MH�NOLMDYRVW�VHPHQD�QDMPDQMD�X�QHSRVUHGQRM�EOL]QL�DGXOWQH�ELOMNH��PDGD�QLMH�

XWYUĀHQR� GD� OL� MH� WR� SRVOHGLFD� DOHORSDWVNLK� RGQRVD� LOL� SURVWR� NRPSHWLFLMD� ]D�

UHVXUVLPD�NRML�VX�L]X]HWQR�RJUDQLÿHQL�QD�VWDQLäWLPD�QD�NRMLPD�RYH�YUVWH�æLYH��



Doktorska disertacija Uvod

��

1.1.2.1.1 -XQLSHUXV�FRPPXQLV L. var. FRPPXQLV���RELÿQD�NOHND

�6\Q��-��VXHFLFD�0LOO���-��FRPPXQLV�/��YDU��YXOJDULV�$LWRQ��-��FRPPXQLV�/��YDU�VXHFLFD��0LOO���$LWRQ; 

-��FRPPXQLV�/��YDU��PRQWDQD�1HLOU���-��GLIIRUPLV�*LOLE���-��ERUHDOLV�6DOLVE���-��FRPPXQLV�/��YDU��W\SLFD�

)RPLQ��-��FRPPXQLV�/��YDU��HUHFWD�3XUVK��-��FRPPXQLV�/��YDU��GHSUHVVD��6WHYHQ��%RLVV���-��KHPLVSKDHULFD�

-	&�3UHVO��-��FRPPXQLV�/��YDU��DUERUHVFHQV�*DXGLQ��-��GHSUHVVD�6WHYHQ��-��FRPPXQLV�/��YDU��REORQJD�

KRUW��([�/RXGRQ��-��RFFLGHQWDOLV�KRU��([�&DUULHUH��-��FRPPXQLV�/��YDU��KLVSDQLFD��-	&�3UHVO��3DUO���

-�� FRPPXQLV�/�� VXEVS�� HXFRPPXQLV� 6\PH�� -�� FRPPXQLV�/��YDU�� IDVWLJLDWD�3DUO��� -�� FUDFRYLD�KRUW�� H[�

.�.RFK��� -�� FRPPXQLV�/��VXEVS�KHPLVSKDHULFD� �-	&�3UHVO��1\PDQ�� -�� FRPPXQLV� �/��YDU�� JHQXLQD 

)RUPDQHN�� -�� YXOJDULV�7UDJXV� H[�%XEDQL�� -�� QLHPDQQLL�(�/�:ROII�� -�� FRPPXQLV�/�� YDU�� EUHYLIROLD�

6DQLR��-��R[\FHGUXV�/��VXEVS��KHPLVSKDHULFD��-	&�3UHVO��(�6FKPLG��-��FRPPXQLV�/��VXEVS��EUHYLIROLD�

�6DQLR��3HQ]HV��-��DOEDQLFD�3HQ]HV��-��FRPPXQLV�/��VXEVS��FXSUHVVLIRUPLV�9LFW�	6HQQHQ�H[�3HQ]HV��

-��FRPPXQLV�/��VXEVS��SDQQRQLFD��3HQ]HV��6RR��-��FRPPXQLV�L. f. FULVSD�%RURZLF]	=LHOLQVNL�

åEXQ�LOL�GUYR�YLVRNR�GR���P��6OLND������D�E���MDMDVWH�LOL�NXSDVWH�NURäQMH��.RUD�WUDNDVWR�

X]GXæQR�LVSXFDOD��0ODGH�JUDQÿLFH�WURXJODVWH��þHWLQH�UDVSRUHĀHQH�X�SUäOMHQRYLPD�SR�WUL��NUXWH��

ERGOMLNDYH��������������PP�GXJH��QD�SRSUHÿQRP�SUHVHNX�WUDSH]DVWH��1D�OLFX�OLVWD�QDOD]L�VH�EHOD�

WUDND�VD�VWRPDPD�L�GYH�ERÿQH�]HOHQH�WUDNH��%HOD�WUDND�MH�VDPR�X�RVQRYL�SRGHOMHQD�X]GXæQR�QD�

GYH��PDGD�VH�UHWNR�PRæH�GHVLWL�GD�EXGH�FHOD�SRGHOMHQD��0XäNL�VWURELOXVL�VD]UHYDMX�DSULO�MXQ��

%RELÿDVWH�äLäDULFH�]UHOH�X�GUXJRM� LOL� WUHýRM�JRGLQL��RNUXJODVWH������PP�X�SUHÿQLNX��1H]UHOH�

äLäDULFH�VX�]HOHQH��NDG�VD]UHMX�SRVWDMX�SODYH�GR�SODYLÿDVWRFUQH��6HPHQD�RELÿQR�SR���X�äLäDULFL��

�Q �����$GDPV������D�

9UVWD�L]X]HWQR�äLURNRJ�DUHDOD��1DVHOMDYD�LVNOMXÿLYR�LVWRÿQX�KHPLVIHUX��(YURD]LMX���6OLND�

��������1D� VHYHU� UDVWH� GR� NUDMQMHJ� VHYHUD�(YURSVNRJ� NRQWLQHQWD� L� 6LELUD�� QD� MXJ�GROD]L� GR�

0HGLWHUDQD��FHQWUDOQD�L�VHYHUQD�*UÿND��VHYHUQD�7XUVND���QD�]DSDGX�VH�MDYOMD�QD�%ULWDQVNLP�

RVWUYLPD�D�QD�LVWRN�GROD]L�GR�0RQJROLMH�

8�6UELML�VH�MDYOMD�X�NVHURWHUPQLP��ED]LÀOQLP�KUDVWRYLP�äXPDPD�GHOLEODWVNRJ�SHVND�L�

)UXäNH�JRUH��NDR�L�DFLGRÀOQLP�YULäWLQDPD�]DSDGQH�6UELMH�L�GHYDVWLUDQLP�äXPDPD�EXNRYRJ�L�

EXNRYR�MHORYRJ�SRMDVD��5DVSURVWUDQMHQD�
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Slika 1.1.7. -��FRPPXQLV�/��YDU��FRPPXQLV�/��D��KDELWXV��E��æHQVNH�äLäDULFH�L�LJOLFH��-��FRPPXQLV L. 
YDU��VD[DWLOLV�3DOO��F��KDELWXV��G��æHQVNH�äLäDULFH�L�LJOLFH��SKRWR�1��5DMÿHYLý�

Slika 1.1.6.�'LVWULEXFLMD�-��FRPPXQLV�/��YDU��FRPPXQLV��L�-��FRPPXQLV�/��YDU��VD[DWLOLV�3DOO���ED]LUDQR�
QD�SRGDFLPD�$GDPV������D��-DODV�	�6RXPLQHQ�������

-��FRPPXQLV�YDU��FRPPXQLV

-��FRPPXQLV�YDU��VD[DWLOLV

-��FRPPXQLV�YDU��GHSUHVVD

-��FRPPXQLV�YDU��QLSSRQLFD�

-��FRPPXQLV�YDU��MDFNLL

-��FRPPXQLV�YDU��FKDUORWWHQVLV
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1.1.2.1.2 -XQLSHUXV�FRPPXQLV L. var. VD[DWLOLV�3DOO��²�NOHÿLFD��NOHNXäD

�6\Q��-��VLELULFD�%XUJVG���-��QDQD�:LOOG���-��FRPPXQLV�/��YDU��PRQWDQD�$LWRQ���-��FRPPXQLV L. 

YDU��DOSLQD�6XHWHU��-��REORQJD�0�%���-��FRPPXQLV�/��YDU��QDQD��:LOOG���%DXPJ���-��DOSLQD�6�)�*UD\��

-�� FRPPXQLV�/��YDU��REORQJD� �0�%���3DUO��� -�� FRPPXQLV�/��YDU�� FDXFDVLFD�(QGO��� -��QDQD�:LOOG��YDU��

DOSLQD��$LWRQ��(QGO���-��S\JPDHD�.�.RFK��-��PRQWDQD��$LWRQ��/LQGO�	*RUGRQ��-��FDHVLD�5HJHO���-��

FRPPXQLV�/��VXEVS��DOSLQD��6XWHU��&HODN���-��FRPPXQLV�/��VXEVS��QDQD��:LOOG���6\PH��-��FRPPXQLV 

/��VXEVS��DOSLQD��6PLWK��&HODNRVYN\��-��VLELULFD�%XUJVG��YDU��PRQWDQD���$LWRQ��%HFN���-��UHEXQHQVLV 

.XGR	6X]DNL���-��FRPPXQLV�/��VXEVS��REORQJD��0�%���*DOXVKNR��-��FRPPXQLV�/��VXEVS��VD[DWLOLV�

�3DOO���(��0XUUD\��-��FRPPXQLV�/��VXEVS��S\JPDHD��.�.RFK��,PNKDQ��

1L]DN�SROHJOL�æEXQ��6OLND������F�G���YLVLQH�GR����FP��VD�JXVWLP�JUDQDPD�SROHJOLP�SR�

]HPOML��.RUD�WDQND��JXOL�VH�X�äLURNLP�WUDNDPD��*UDQH�VX�GHEHOH�L�NUDWNH��0ODGL�L]GDQFL�WUREULGL��

VD�SURäOMHQRYLPD�ÿHWLQD��SR����PHĀXVREQR�XGDOMHQLP�VYHJD�����PP��þHWLQH�VX�GXJH������PP��

VDEOMDVWR�VDYLMHQH��PDQMH�YLäH�SULOHJOH�X]�JUDQÿLFX��VD�QDJOR�]DäLOMHQLP�YUKRP��þHWLQH�VX�QD�

OLFX�XGXEOMHQH��D�QD�QDOLÿMX�]DREOMHQH��WDPQR]HOHQH�L�VMDMQH��'YRGRPH�YUVWH��0XäNH�äLäDULFH�

VD]UHYDMX�X�PDMX��%RELÿDVWH�äLäDULFH�MDMDVWH�LOL�RNUXJOH�������PP�X�SUHÿQLNX��6HPHQD�RELÿQR�

����SR�äLäDULFL��1H]UHOH�VX�]HOHQH�ERMH��GRN�VX�]UHOH�WDPQRSODYH�LOL�SODYLÿDVWR�FUQH�VD�NUDWNRP�

SHWHOMNRP��6D]UHYDMX�X�GUXJRM�JRGLQL���$GDPV������D��-RYDQRYLý��������9LGDNRYLý���������

9UVWD� MH� UDVSURVWUDQMHQD� X� FHORP� KRODUNWLNX�� DOL� MH� RJUDQLÿHQD� QD� YHOLNH� JHRJUDIVNH�

äLULUH�L�YHOLNH�QDGPRUVNH�YLVLQH�RG�����GR�������P�Q�Y��6OLND���������1DVHOMDYD�]DSDGQX�REDOX�

6HYHUQH�$PHULNH� �2UHJRQ��9DäLQJWRQ�� ]DSDGQD�.DQDGD���*UHQODQG�� ,VODQG�� (YURSX� �YLäH�

SODQLQH�(YURSH��QD�QLæLP�QDGPRUVNLP�YLVLQDPD�QD�VHYHUX��XNOMXÿXMXýL� L�NOLIRYH�$WODQWVNH�

REDOH�QD�VHYHUX���.YDND]��6LELU�L�VUHGQMX�$]LMX��VHYHU�,QGLMH��3DNLVWDQ��1HSDO��VHYHUQRLVWRÿQX�

L�VHYHUQR]DSDGQX�.LQX��-DSDQ��.DPÿDWNX��$GDPV������D��)DUMRQ��������-DODV�	�6XRPLQHQ��

������7XWLQ�HW�DO���������

8�6UELML�VH�VUHýH�QD�QDMYLäLP�SODQLQVNLP�PDVLYLPD��6WDUD�SODQLQD��6XYD�SODQLQD��%HVQD�

.RELOD��*ROLMD��.RSDRQLN��3URNOHWLMH���5DVWH�QD�NDPHQMDULPD�DOL�L�YLVRNRSODQLQVNLP�UXGLQDPD�

L]QDG�JRUQMH�äXPVNH�JUDQLFH��1D�.RSDRQLNX�X�äXPL�9DFFLQLHWR�-XQLSHUHWR�3LFHWXP�VXEDOSLQXP��na 

6XYRM�SODQLQL�X�]DMHGQLFL�-XQLSHUHWXP�QDQDH�LQWHUPHGLDH��6UHýH�VH�ÿHVWR�X�]DMHGQLFL�VD�PXQLNRP��

PROLNRP��NULYXOMHP��VPUÿRP�L�GUXJLP�YUVWDPD��1D�6WDURM�SODQLQL�X�DVRFLMDFLML�%UXFNHQWKDOLR�

-XQLSHUHWXP�QDQDH�(-RYDQRYLý��������9LGDNRYLý�������
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1.1.2.2 -XQLSHUXV�R[\FHGUXV�V�O��²�FUYHQD�NOHND��äPULND

8�PRUIRORäNRP� SRJOHGX� äPULND� MH� MHGDQ� RG� QDMSUHSR]QDWOMLYLMLK� WDNVRQD� L]� VHNFLMH�

-XQLSHUXV�� ãPULND� MH� GYRGRPL� æEXQ� LOL� QLVNR� GUYR�� GR� ��P� YLVLQH��.URäQMD� MH� NXSDVWD�� D� X�

VWDURVWL�GRVWLæH�DPUHODVWL�REOLN��0ODGH�JUDQÿLFH�VX�VD�FUYHQNDVWRæXýNDVWRP�NRURP��þHWLQH�

VX� UDVSRUHĀHQH�SR� WUL� X�SUäOMHQX��GXJH�GR����PP��RäWR� ]DäLOMHQH��QD�SRSUHÿQRP�SUHVHNX�

PDQMH�YLäH� WURXJODVWH�� RGQRVQR� VD� LVWDNQXWLP�GRU]DOQLP� UHEURP��1D� OLFX� ÿHWLQD� VH�QDOD]H�

GYH� EHOH� SUXJH� VWRPD�� UDVWDYOMHQH� MHGQRP� ]HOHQRP� SUXJRP�� 0XäNL� VWURELOXVL� VD]UHYDMX�

UDQR��QDMNDVQLMH�GR�PDUWD�DSULOD��%RELÿDVWH�äLäDULFH�VPHĀHFUYHQNDVWH��RELÿQR�EH]�SHWHOMNH��

RNUXJODVWH������������PP�X�SUHÿQLNX��JUDĀHQH�L]�����HSLPDFLMXPD��8�äLäDULFL�RELÿQR���VHPHQNH�

�-RYDQRYLý��������9LGDNRYLý��������

1DVHOMDYD�NVHURWHUPQH�KUDVWRYH�L�FUQRERURYH�äXPH�GR�����P�YLVLQH��RGQRVQR�SUHNR�

�����P�Q�Y��8JODYQRP�QD�VHUSHQWLQX��.VHURÀOQD��KHOLRÀOQD�YUVWD��8�0HGLWHUDQX� MH� äLURNR�

UDVSURVWUDQMHQD�� RG� $]RUQLK� RVWUYD� QD� ]DSDGX�� GR� ,UDÿNLK� REDOD� &UQRJ� PRUD� QD� LVWRNX�

�-RYDQRYLý��������9LGDNRYLý���������6OLND���������

Slika 1.1.8�'LVWULEXFLMD�-��R[\FHGUXV�V�O���ED]LUDQR�QD�SRGDFLPD�$GDPV������D��-DODV�	�6RXPLQHQ��
�����

-��R[\FHGUXV V�VWU��                   �-��PDFURFDUSD����������������������������������
-��GHOWRLGHV
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)DUMRQ��������RSLVXMH�QHNROLNR�SRGYUVWD��-��R[\FHGUXV�/��VXEVS��EDGLD��+��*D\��'HEHDX[��

VXEVS��PDFURFDUSD��6LEWK��	�6P���1HLOU���VXEVS��R[\FHGUXV�L�VXEVS��WUDQVWDJDQD�)UDQFR��0HĀXWLP��

SRVOHGQMD� LVWUDæLYDQMD�PRUIRORäNLK� NDUDNWHUD�� ELRKHPLMVNLK� L�PROHNXODUQLK�PDUNHUD� GRYHOD�

VX�GR�]QDÿDMQLK�SURPHQD�X�WUHWPDQX�RYRJ�WDVNRQD��%D]LUDMXýL�VH�QD�RYLP�SRGDFLPD��$GDPV�

�$GDPV������D��������$GDPV�HW�DO���������MH�-��R[\FHGUXV�L. V�O��SRGHOLR�QD�QHNROLNR�PRUIRORäNL�

UD]GYRMHQLK�L�JHRJUDIVNL�YUOR�XGDOMHQLK�WDNVRQD�

-XQLSHUXV�QDYLFXODULV�Gands. (6\Q��-��R[\FHGUXV�/��VXEVS��WUDQVWDJDQD�)UDQFR��²�NRMD�QDVHOMDYD�

$WODQWVNX�REDOX�3RUWXJDOLMH��QD�SOLRFHQVNLP�SHVNRYLPD�X�EOL]LQL�REDOH��

-XQLSHUXV�PDFURFDUSD�6LEWK��	�6P���6\Q�-��R[\FHGUXV�VXEVS��PDFURFDUSD��6LEWK��	�6P���1HLOU��

²�SUDYD�0HGLWHUDQVND�YUVWD�NRMD�VH�PRæH�QDýL�LVNOMXÿLYR�X�REODVNRM�]RQL�0HGLWHUDQD��QDMÿHäýH�

SRPHäDQD� VD� GUXJLP� YUVWDPD� PHGLWHUDQVNH� NOHNH�� .DUDNWHULäH� VH� NUXSQLP� ERELÿDVWLP�

äLäDULFDPD�����PP�X�SUHÿQLNX��NDR�L�QHäWR�VSOMRäWHQLMLP�LJOLFDPD��EH]�LVWDNQXWRJ�FHQWUDOQRJ�

UHEUD��

-XQLSHUXV� R[\FHGUXV�L. V�VWU� (6\Q�-�� R[\FHGUXV� VXEVS�� R[\FHGUXV�� ²� RJUDQLÿHQD� QD� ]DSDGQL�

0HGLWHUDQ��GR�6DUGLQLMH�L�.RU]LNH�L�QD�VHYHU�$IULNH��8�VDVWDYX�HWDUVNRJ�XOMD��NDR�L�PROHNXODUQLP�

PDUNHULPD�MDNR�VH�UD]OLNXMH�RG�QMRM�QDMEOLæH�YUVWH�-��GHOWRLGHV�5�3��$GDPV��GRN�QD�PRUIRORäNRP�

QLYRX�SRND]XMH�GLVNUHWQH�UD]OLNH�

-��GHOWRLGHV�5�3��$GDPV�²�UDOWLYQR�VNRUR�QRYRRSLVDQL�WDNVRQ��NULSWLÿQD�YUVWD��REXKYDWD�

SRSXODFLMH�-��R[\FHGUXV�L. V�O��NRMH�QDVHOMDYDMX�LVWRÿQL�GHR�0HGLWHUDQD��GR�REDOD�&UQRJ�PRUD�

X�,UDQX��,VWUDæLYDQMD�PROHNXODUQLK�SRGDWDND�L�HWDUVNLK�XOMD�L]RORYDQLK�L]�OLVWRYD�VX�SRND]DOD�

RSUDYGDQRVW�RGYDMDQMD�RYRJ�NULSWLÿQRJ�WDNVRQD�RG�WLSLÿQH�-��R[\FHGUXV�L. V�VWU�
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1.1.2.2.1 Juniperus deltoides R.P.Adams

(Syn. J. oxycedrus f. parvifolia Novak; J. oxycedrus var. microcarpa Neilr; J. oxycedrus var. 

parvifolia �1RYDN��-RYDQÿ�J. oxycedrus var. fastigiata Jovan)

J. deltoides �6OLND��������MH�GYRGRPL�YHOLNL�æEXQ�LOL�GUYR�YLVRNR�GR����P��ÿHVWR�SLUDPLGDOQH�

NURäQMH�� %RMD� NRUH� MH� æXýNDVWR�EUDQ� GR� EUDRQ�� OMXäWL� VH� X� WDQNLP� SORÿDPD��0ODGL� L]GDQFL�

WUREULGL��/LVWRYL�LJOLÿDVWL�������PP�GXJL����������PP�äLURNL��/LVWRYL�VHGHýL��SUL�RVQRYL�äLURNL�

JRWRYR�NROLNR�L�VDPD�OLVQD�SORÿD��/LVWRYL�VD�DGDNVLMDOQH�VWUDQH�LPDMX�GYH�EHOLÿDVWH�OLQLMH�NRMH�

RELÿQR�QLVX�XOHJOH��0XäNL�VWURELOXVL�VLWQL��MDMDVWL��FUYHQNDVWRPUNL��VD]UHYDMX�X�NDVQR�SUROHýH��

åHQVNL� VWURELOXVL� ���� PP� X� SUHÿQLNX�� ]UHOL� QDUDQGæDVWR�EUDRQ� LOL� QDUDQGæDVWR�PUNL� NDGD�

VD]UHMX��VD�L]UD]LWLP�EHOLP�YHQÿLýHP�QD�YUKX��8�äLäDULFDPD�����VHPHQNL��$GDPV������D���

9UVWD�L]X]HWQR�RWSRUQD�QD�VXäX�²�WLSÿQD�KHOLRÀOQD�L�NVHURWHUPQD�YUVWD��8�VWDQMX�MH�GD�

SRGQHVH� NDNR�QDMYHýH� æHJH� LVWRÿQRJ�0HGLWHUDQD�� WDNR� L� YHOLNH�KODGQRýH� ����� �&���8VSHYD�

QD�PQRJLP� YUVWDPD� WOD�� UD]QLK� À]LÿNLK� L� KHPLMVNLK� VYRMVWDYD�� ED]QH� GR� NLVHOH� UHDNFLMH��8�

NRQWLQHQWDOQRP�SRGUÿMX� MH� LPD� X� QHNLP�KUDVWRYLP�� ERURYLP� L� EXNRYLP�ÀWRFHQR]DPD�QD�

VHUSHQWLQLWX��1DVHOMDYD�NDPHQLWD� VWDQLäWD� ,WDOLMH��%DONDQD��PHGLWHUDQVNLK�RVWUYD� LVWRÿQR�RG�

,WDOLMH� L�PHGLWHUDQVNX� L� FUQRPRUVNX�REDOX�0DOH�$]LMH�QD� LVWRN�GR� ,UDQD��8�6UELML� VH� VUHýH�

X� åXSL� �RNR� $OHNVDQGURYFD��� QD� *RÿX�� 6WRORYLPD�� ,EDUVNRM� NOLVXUL�� .RSDRQLNX�� RNROLQL�

5DäNH�L�1RYRJ�3D]DUD��L�3ÿLQMVNRM�NOLVXUL��$GDPV������D��-RYDQRYLý��������7XWLQ�HW�DO���������

9LGDNRYLý��������
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6OLND������. -��GHOWRLGHV�5�3��$GDPV�D��KDELWXV��E��æHQVNH�äLäDULFH�L�LJOLFH��SKRWR��1��5DMÿHYLý�

Slika 1.1.10. -��PDFURFDUSD�6LEWK�	6P��D��KDELWXV��E��æHQVNH�äLäDULFH�L�LJOLFH
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1.1.2.2.2 -XQLSHUXV�PDFURFDUSD�6LEWK�	6P��²�SXNLQMD��OMXVNDYDF

�6\Q�� -�� FRPPXQLV�L. PDFURFDUSD� �6LEWK�	6P��� 6SDFK�� -�� OREHOLL�*XVV��� -�� ELDVROHWWLL� /LQN��

-��XPELOLFDWD� �*RUGU���6DELQD�SKRHQLFHD� �/���$QWRLQH�YDU�� OREHOLL� �*XVV���$QWRLQH�� � -��ZLOONRPPLL 

$QJRLQH��-��VSKDHURFDUSD�$QWRLQH��-��PDFURFDUSD�6LEWK�	6P��YDU��OREHOLL��*XVV���3DUO���-��R[\FHGUXV�

/��VXEVS��PDFURFUSD��6LEWK�	6P���1HLOU���-��PDFURFDUSD�6LEWK�	6P��YDU��JORERVD�1HLOU���-��R[\FHGUXV�

VXEVS��PDFURFDUSD��6LEWK�	6P���%DOO��-��PDMRU�'LRVFRULGHV�H[�%XEDQL��-��R[\FHGUXV�YDU��PDFURFDUSD�

�6LEWK�	6P���6LOED�

'YRGRPL�JUP�LOL�PDOR�GUYR��YLVRNR�����������P��6OLND����������.URäQMD�SLUDPLGDOQD��

NRMD�VH�NDVQLMH�VYH�YLäH�]DRNUXæXMH��*UDQÿLFH�YLWNH��SUHPD�JRUH�XVPHUHQH��DOL�LP�YUKRYL�YLVH��

/LVWRYL�VX�LJOLÿDVWL��UHODWLYQR�PHNDQL��X�SRUHĀHQMX�VD�-��R[\FHGUXV��-��GHOWRLGHV���������PP�GXJL��

������PP�äLURNL��RäWUR�XäLOMHQL��ÿHVWR�QHäWR�VYHWOLML��/LVWRYL�VX�QD�YUKX�L]GDQND�UDVSRUHĀHQL�

SRSXW�ÿHWNLFH�� D� VD�GRQMH� VWUDQH� VX�GRVWD�]DREOMHQL��EH]� VUHGLäQMHJ� UHEUD�� VD���EHOH�SUXJH�

$EDNVLMDOQD�VWUDQD�OLVWD�MH�EODJR�SRYLMHQD�QD�GROH��0XäNL�VWURELOXVL�VD]UHYDMX�X�UDQR�SUROHýH��

åHQVNH� ERELÿDVWH� äLäDUNH� L]UD]LWR� NUXSQH�� ��� PP� X� SUHÿQLNX�� QDUDQGæDVWR�FUYHQH� GR�

QDUDQGæDVWR�PUNH�� L]JUDĀHQH� L]� ��� YHRPD� UHWNR� �� HSLPDFLMXPD�� 6HPHQNH� SR� �� X� äLäDULFL�

�$GDPV������D��9LGDNRYLý���������

,]UD]LWR�PHGLWHUDQVND� YUVWD�� 1DVHOMDYD� NDPHQLWH� REDOH�0HGLWHUDQD� RG� MXJRLVWRÿQRJ�

3RUWXJDOD�GR�.LSUD��9HRPD�ÿHVWR�UDVWH�VD�GUXJLP�PHGLWHUDQVNLP�YUVWDPD�NOHNH��1D�%DONDQX�

VH�VUHýH�X�XVNRP�SULPRUVNRP�SRMDVX��XJODYQRP�X�VWDQLäWX�4XHUFHWXP�LOLFLV�QD�GHJUDGLUDQLP�

]HPOMLäWLPD�� PDNLML� L� NDPHQMDULPD�� 2VHWOMLYD� QD� QLVNH� WHPSHUDWXUH�� �$GDPV�� ����D��

-DODV�	�6XRPLQHQ��������7XWLQ�HW�DO���������9LGDNRYLý��������
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1.1.3. Distribucija vrsta sekcije Juniperus�/��QD�%DONDQVNRP�SROXRVWUYX

,]� URGD� -XQLSHUXV� QD� %DONDQVNRP� SROXRVWYX� VH� PRæH� QDýL� QHNROLNR� YUVWD� L]� VHNFLMH�

-XQLSHUXV��3UHJOHG�YUVWD�L�QMLKRYD�GLVWULEXFLMD�MH�GDWD�X�7DEHOL�����

Takson 'LVWULEXFLMD
-��FRPPXQLV�/��YDU��FRPPXQLV L. $OEDQLMD��%RVQD�L�+HUFHJRYLQD��%XJDUVND��

&UQD�*RUD��*UÿND��+UYDWVND��0DNHGRQLMD��
6UELMD

-��FRPPXQLV�/��YDU��VD[DWLOLV L. $OEDQLMD��%RVQD�L�+HUFHJRYLQD��%XJDUVND��
&UQD�*RUD��*UÿND��+UYDWVND��0DNHGRQLMD��
6UELMD

-��GHOWRLGHV R.P. Adams $OEDQLMD��%RVQD�L�+HUFHJRYLQD��%XJDUVND��
&UQD�*RUD��*UÿND��+UYDWVND��0DNHGRQLMD��
6UELMD

-��PDFURFDUSD�6LEWK�	6P� $OEDQLMD��%RVQD�L�+HUFHJRYLQD��%XJDUVND�
*UÿND��+UYDWVND

7DEHOD������3UHJOHG�YUVWD�URGD�-XQLSHUXV�VHNFLMH�-XQLSHUXV�L�QMLKRYD�GLVWULEXFLMD�QD�%DONDQVNRP�
SROXRVWUYX��-DODV�	�6XRPLQHQ��������7XWLQ�HW�DO��������
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1.2. ALKANI

1.2.1. Epikutikularni voskovi

.XWLNXOD�SUHNULYD�JRWRYR�VYDNL�QDG]HPQL�ELOMQL�RUJDQ��,]GDQFL��OLVWRYL��NUXQLÿQL�OLVWLýL��

æLJ�WXÿND��SROHQ��SORGRYL����VYL�VX�SUHNULYHQL�YRäWDQLP�VORMHP��NRML��X�]DYLVQRVWL�RG�VDVWDYD��

LJUD�UD]OLÿLWX�XORJX��(JOLQWRQ�	�+DPLOWRQ��������

1D� 6OLFL� ������ SULND]DQD� MH� äHPD� JUDĀH� NXWLNXOH� QD� SRYUäLQL� ELOMQRJ� RUJDQD�� ,]QDG�

FHOXOR]QRJ�ýHOLMVNRJ�]LGD�HSLGHUPLVD�QDOD]L�VH�VORM�SHNWLQD��QD�NRPH�OHæL�NXWLNXOD��.XWLNXOD�MH�

WDQDN�NRQWLQXLUDQL�VORM�NRML�VH�VDVWRML�XJODYQRP�L]��L��QHUDVWYRUOMLYLK�SROLPHUD�L��LL��UDVWYRUOMLYLK�

lipida. 

�L��1HUDVWYRUOMLY�MH�XJODYQRP�SROLHVWDUVNL�PDWULNV��NXWLQ��VDÿLQMHQ�L]�ơ�KLGURNVL�PDVQLK�

NLVHOLQD�VD�GXæLQRP�ODQFD�RG�&���GR�&����%DNHU��������+ROORZD\��������������1HLQKXLV�HW�DO���

�������NDR�L�GRGDWQL�SROLPHU��NXWDQ���2ED�VX�RWSRUQD�QD�DONDOQX�KLGUROL]X��1LS�HW�DO����������

2QL�ÿLQH�RVQRYX�NXWLNXOH��'HEOMLQD�RYRJ�VORMD�YDULUD��RG�VYHJD������P�SD�GR�YLäH�RG�������P�

NRG�SORGRYD�L�NVHURÀWD��+ROORZD\���������.XWLQ�MH�PRQRPHU�L]YHGHQ�L]�&�����L�&�����PDVQLK�

NLVHOLQD�VLQWHWLVDQLK�X�SODVWLGLPD��1DVWDMH�NDR�SURL]YRG�SRURGLFH�UD]OLÿLWLK�RNVLGD]D�NRMH�LPDMX�

DNWLYQRVWL� VOLÿQH� RQLPD� X� ELRVLQWHWVNLP�SXWHYLPD�X� NRMLPD�QDVWDMX� NRPSRQHQWH� YRVNRYD��

LDNR�NXWLQ�RNVLGD]H�QDMYHURYDWQLMH�QH�NRULVWH�PDVQH�NLVHOLQH�YHRPD�GXJRJ� ODQFD��9/&)$��

NDR�SUHNXUVRUH��3RVW�%HLWWHQPLOOHU���������

�LL�� 5DVWYRUOMLYL� SROLPHUL� SUHGVWDYOMDMX� VORæHQX� PHäDYLQX� DOLIDWLÿQLK� L� FLNOLÿQLK�

NRPSRQHQWL�NRMH�VH�QD]LYDMX�YRVNRYLPD��2QL�PRJX�ELWL�X�DPRUIQRP�LOL�NULVWDOQRP�REOLNX��8�

zavisnosti od toga da li se nalaze u matriksu kutina ili iznad njega, razlikuju se intrakutikularni 

L�HSLNXWLNXODUQL�YRVNRYL��1MLKRYD�NROLÿLQD�YDULUD�RG�VYHJD����J�FP2��SD�GR�ÿDN������J�FP2 

NRG�QHNLK�NVHURÀWD� �+ROORZD\���������6DVWDY�YRVNRYD�]DYLVL�RG�YUVWH�� LDNR�GR�SURPHQD�X�
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�SULODJRĀHQR�SUHPD�%DUWKORWW�	�1HLQKXLV�������
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SRMHGLQLP�NRPSRQHQWDPD�L�QMLKRYLP�NROLÿLQDPD�PRæH�GRýL�WRNRP�RQWRJHQHWVNRJ�UD]YLýD�

�%DNHU�� ������� *ODYQH� NRPSRQHQWH� XNOMXÿXMX� Q�DONDQH�� DONLO� HVWUH�� NDUERNVLOQH� NLVHOLQH��

SULPDUQH� L� VHNXQGDUQH� DONRKROH�� DOGHKLGH�� PRQR�� L� GLNHWRQH� �.RODWWXNXG\� HW� DO��� ������

%LDQFKL���������3RUHG�Q�DONDQD�PRJX�VH�SURQDýL�L�JUDQDWL�DONDQL��XJODYQRP�X�]QDWQR�PDQMHP�

SURFHQWX��NDR�L�QHND�FLNOLÿQD�MHGLQMHQMD��QDMÿHäýH�WULWHUSHQL���

,QWUDNXWLNXODUQL�YRVNRYL�LPDMX�GUXJDÿLML�VDVWDY�RG�HSLNXWLNXODUQLK��.RG�QMLK�ÿHVWR�JODYQX�

NRPSRQHQWX� ÿLQH� NDUERNVLOQH� NLVHOLQH� YHRPD� GXJRJ� ODQFD� �%DNHU�� ������� (SLNXWLNXODUQL�

YRVNRYL�ÿHVWR�LPDMX�MHGQX�GRPLQDQWQX�NRPSRQHQWX��D�WR�VX�QD�SULPHU�DONDQL�NRG�%UDVVLFD�VS�� 

5L]RSKRUD�VS���+ROORZD\��������'RGG�HW�DO����������DOGHKLGL�NRG�6DFFKDUXP�RIÀFLQDUXP�/���3RDFHDH���

SULPDUQL�DONRKROL�NRG�3LVXP�VDWLYXP�/���)DEDFHDH��L�PQRJLK�WUDYD��7XOORFK�	�+RIIPDQ��������

7XOORFK���������NHWRQL�NRG�$OOLXP�VS���+ROORZD\���������VHNXQGDUQL�DONRKROL�NRG�3DSDYHU�VS��L�

QHNLK�ÿHWLQDUD��1LNROLý�HW�DO�������D������E������D��L���GLNHWRQL�NRG�(XFDO\SWXV�VS��L�'LDQWKXV�

VS���+ROORZD\���������6YDND�NODVD�OLSLGD�X�NXWLNXODUQRP�YRVNX�MH�SUHGVWDYOMHQD�KRPRORJRP�

VHULMRP�XJOMRYRGRQLND��X�NRMRM�QDMÿHäýH�MHGQD�GXæLQD�ODQFD�GRPLQLUD��.DGD�X�QDM]DVWXSOMHQLMRM�

NODVL�OLSLGD��!�������GRPLQLUD�MHGQD�NRPSRQHQWD��!��������HSLNXWLNXODUQL�YRVNRYL�REUD]XMX�

WURGLPHQ]LRQDOQH� VWUXNWXUH�QD�SRYUäLQL��2EOLN� L� L]JOHG�RYLK� NULVWDOD� MH� X]URNRYDQ�À]LÿNR�

KHPLMVNLP�NDUDNWHULVWLNDPD�NRPSRQHQWL�HSLNXWLNXODUQRJ�VORMD��QDURÿLWR�QMHJRYH�GRPLQDQWQH�

NRPSRQHQWH��(LJHQEURGH�	�(VSHOLH���������1D�SULPHU��GXJH�WDQNH�WXEXOH�VX�NDUDNWHULVWLÿQH�

]D���GLNHWRQH��GRN�VH�SORÿLFH�YH]XMX�]D�YLVRNH�NROLÿLQH�&���SULPDUQLK�DONRKROD��/LVWRYL�YUVWH�

/LULRGHQGURQ��0DJQROLDFHDH��QD�SRYUäLQL�LPDMX�NULVWDORLGH�X�REOLNX�WUDVYHU]QR�NUXWLK�äWDSLýD�

NRMH� IRUPLUD� KHQWULDNRQWDQ����RQ�� OLVWRYL� YUVWH� URGD�7LOLD� �7LOLDFHDH�� LPDMX� ÿHWYRURXJDQH�

äWDSLýH� NRMH� IRUPLUD� Ƣ�DPLUHQLO� DFHWDW�� GRN� VH� NRG� OLVWRYD� YUVWD� URGD�4XHUFXV� �)DJDFHDH��

VUHýX�PLNURVWUXNXUH�X�REOLNX� OLVWLýD�NRMH� IRUPLUD� WHWUDNR]DQRO��9UVWH�URGD�)DJXV� L�&DVWDQHD 

�)DJDFHDH��QHPDMX�QD�OLVWRYLPD�NULVWDORLGH��YHý�VDPR�REOLNRYDQL�SRYUäLQVNL�VORM�QD�JRUQMRM�

VWUDQL�OLVWD��GüO]���������=ERJ�SRVWRMDQMD�YHOLNRJ�GLYHU]LWHWD�RYLK�WURGLPHQ]LRQLK�VWUXNXUD��

%DUWKORWW� L�VDUDGQLFL� �������VX� L]YUäLOL�QMLKRYX�NODVLÀNDFLMX��1D�RVQRYX�SRGDWDND�GRELMHQLK�

VNHQLQJ�HOHNWURQVNRP�PLNURVNRSLMRP��6(0��SRYUäLQD�ELOMQLK�RUJDQD�SUHNR��������WDNVRQD��

SUHGORæLOL� VX� NODVLÀNDFLMX�RYLK� VWUXNXUD�X� ÿDN���� WLSD�� WH�GDOL� SUHJOHG�NRUHODFLMD� VWUXNXUH� L�

KHPLMVNRJ�VDVWDYD��
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1.2.2. Biološka uloga epikutikularnih voskova

Kutikula na površini gotovo svih nadzemnih biljnih organa formira hidrofobni sloj 

NRML� LPD�UD]QRYUVQH�XORJH��VSUHÿDYD�QHNRQWUROLVDQX�WUDQVSLUDFLMX��3RVW�%HLWWHQPLOOHU��������

5RZODQG�HW�DO���������6FK|QKHUU��������������DOL�IRUPLUD�L�YRGRQHSURSXVDQ�VORM�NRML�VSUHÿDYD�

]DGUæDYDQMH�YRGH�QD�SRYUäLQL�OLVWRYD��%DNHU��������-HIIUHH���������VSUHÿDYD�SURGLUDQMH�SDWRJHQD�

�-HQNV�HW�DO�������D���SUHGVWDYOMD�]DäWLWX�RG�KHUELYRUQLK�LQVHNDWD��(LJHQEURGH�	�(VSHOLH��������

3RGLOD� HW� DO��� ������6WlGOHU� HW� DO��� ������7KRPSVRQ���������YUäL� UHÁHNVLMX� VYHWORVWL� �%DUQHV�

HW�DO���������5HLFRVN\�	�+DQRYHU���������VSUHÿDYD�SURGLUDQMH�SROXWDQDWD��0DUWLQ�	�-XQLSHU��

������YRQ�:HWWVWHLQ�.QRZOHV��������L� LPD�YDæQX�XORJX�X�LQWHUDNFLML�SROHQRYRJ�]UQD�L�æLJD�

�3UHXVV�HW�DO����������2�QMHQRP�]QDÿDMX�JRYRUL�L�ÿLQMHQLFD�GD�VH�HSLNXWLNXODUQL�YRVNRYL�QDOD]H�

ÿDN�L�QD�OLVWRYLPD�NRML�VX�MRä�XYHN�X�SXSROMNX��.QLJKW�HW�DO���������

-HGQD� RG� YDæQLMLK� XORJD� NXWLNXODUQLK� YRVNRYD� MH� VSUHÿDYDQMH� JXELWND� YRGH� XVOHG�

QHNRQWUROLVDQH� WUDQVSLUDFLMH�� 9RVNRYL� XQXWDU� NXWLNXODUQRJ� PDWULNVD� IRUPLUDMX� PR]DLN�

UD]OLÿLWLK�KHPLMVNLK�MHGLQMHQMD�� L�äWR�VX�XJOMRYRGRQLÿQL� ODQFL�GXæL��WR�VH�IRUPLUD�KRPRJHQLML�

VORM�NUR]�NRML�PROHNXOL�YRGH�WHäNR�PRJX�GD�GLIXQGXMX��=DQLPOMLYD�MH�L�NRUHODFLMD�YLVRNH�89�%�

UDGLMDFLMH�L�YHýH�NROLÿLQH�JUDQDWLK�DONDQD�L�NUDýLK�n�DONDQD�NRG�Nicotiana tabacum /���6RODQDFHDH��

NRMX�VX�XWYUGLOL�%DUQHV�L�VDUDGQLFL���������.RG�EURMQLK�ÿHWLQDUVNLK�YUVWD�NRMH�æLYH�QD�YHýLP�

QDGPRUVNLP�YLVLQDPD�XRÿHQR�MH�SRYHýDQMH�NXWLNXODUQH�WUDQVSLUDFLMH�VD�QDGPRUVNRP�YLVLQRP��

3RVWDYOMD�VH�SLWDQMH�GD�OL�MH�SRYHýDQMH�89�%�UDGLMDFLMH�GLUHNWQR�XWLFDOR�QD�VPDQMHQMH�GXæLQH�

XJOMRYRGQLÿQLK�ODQDFD��RPHWDQMHP�QMLKRYH�VLQWH]H��L�SRYHýDQMH�XGHOD�JUDQDWLK�DONDQD�� LOL� MH�

´NULYDFµ�NUDýL�YHJDWDFLRQL�SHULRG��.HUVWLHQV��������

3URSXVWOMLYRVW�NXWLNXOH��GDNOH��]DYLVL�YLäH�RG�VDVWDYD�L�RUJDQL]DFLMH�VDPLK�XJOMRYRGRQLÿQLK�

PROHNXOD�XQXWDU�QMH��QHJR�RG�GHEOMLQH�NXWLNXODUQRJ�VORMD��.HUVWLHQV��������'RGG�	�$I]DO�

5DÀL�� ������� %URMQD� LVWUDæLYDQMD� VX� SRND]DOD� ]QDÿDM� NXWLNXODUQLK� YRVNRYD� QD� WUDQVSLUDFLMX�

�0DUWLQ�	�-XQLSHU��������6FK|QKHUU��������5H\QKDUGW�	�5LHGHUHU��������-HQNV�HW�DO�������D��

.HUVWLHQV�� ������ +DXNH� 	� 6FKUHLEHU�� ������� 0DUWLQ�6PLWK� L� VDUDGQLFL� ������� VX� SRND]DOL�

GD� MH�NROLÿLQD�YRVNRYD�REUQXWR�VUD]PHUQD�NROLÿLQL�GRVWXSQH�YRGH��D�GD�UDVWH�VD�SRUDVWRP�

temperature kod pet vrsta roda Cortaderia �3RDFHDH���6FK|QKHUU��������MH�XNORQLR�NXWLNXOX�VD�
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OLVWRYD�OLPXQD��&LWUXVDXUDQWLXP�/���5XWKDFHDH���NUXäNH��3\UXV�FRPPXQLV�/���5RVDFHDH��L�FUQRJ�

OXND��$OOLXP�FHSD�/���/LOLDFHDH��L�L]PHULR�SRYHýDQMH�SHUPHDELOQRVWL�YRGH�]D�����GR�����SXWD��

3URSXVWOMLYRVW�]D�YRGX�NRG�PODGLK�OLVWRYD��L�RQLK�NRML�QLVX�ELOL�SRWSXQR�IRUPLUDQL��MH�QDNRQ�

XNODQMDQMD� NXWLNXOH� ELOD� SRYHýDQD� QHNROLNR� SXWD�� äWR� XND]XMH� QD� SURPHQX� X� NROLÿLQL� L�LOL�

VDVWDYX�YRVNRYD�WRNRP�RQWRJHQHWVNRJ�UD]YLýD��6OLÿQH�UH]XOWDWH�VX�GRELOL�L�GUXJL�DXWRUL��+DXNH�

L� 6FKUHLEHU� ������� VX� SRVPDWUDOL� NXWLNXODUQX� WUDQVSLUDFLMX� OLVWRYD� EUäOMDQD� �+HGHUD� KHOL[�L., 

$UDOLDFHDH��WRNRP�FHOH�YHJHWDFLRQH�SHULRGH��.XWLNXODUQD�WUDQVSLUDFLMD�MH�ELOD�QDMYLäD�QXOWRJ�

GDQD�GD�EL�VH�SRWRP�VPDQMLYDOD�VYH�GR�WULGHVHWRJ��1DNRQ�WRJD��GR�NUDMD�YHJHWDFLRQH�SHULRGH��

WUDQVSLUDFLMD�MH�RVWDOD�PDQMH�YLäH�NRQVWDQWQD��2YDNYD�SURPHQD�X�QLYRX�WUDQVSLUDFLMH�MH�SUDýHQD�

L�SURPHQRP�X�VDVWDYX�YRVNRYD��1DLPH��LDNR�VX�VH�DSVROXWQH�NROLÿLQH�YRVNRYD�PHQMDOH�WRNRP�

FHOH�YHJHWDFLRQH� VH]RQH��QDNRQ� VD]UHYDQMD� OLVWD�� XGHR�SRMHGLQDÿQLK�NRPSRQHQWQL� MH�RVWDR�

PDQMH�YLäH�QHSURPHQMHQ��XND]XMXýL�QD�]QDÿDM�VDVWDYD�D�QH�GHEOMLQH�YRäWDQRJ�VORMD��þDN�L�VD�

VWDQMHQRP�NXWLNXORP�L�PDQMRP�DSVROXWQRP�NROLÿLQRP�YRVNRYD�QD�SRYUäLQL�OLVWRYD��QLMH�GRäOR�

GR�SRYHýDQMD� WUDQVSLUDFLMH��=DQLPOMLYR� MH� L� WR�GD� MH�SURSXVWOMLYRVW�NXWLNXOH�NRG�VXEPHU]QH�

ELOMNH�� 3RWDPRJHWRQ� OXFHQV� /�� �3RWDPRJHWRQDFHDH��� RNR� �� SXWD� YHýD� RG� OLVWRYD� LVSLWLYDQLK�

NRSQHQLK�YUVWD��6FK|QKHUU���������äWR�GRGDWQR�SRWYUĀXMH�YDæQX�XORJX�NXWLNXOH�X�UHJXODFLML�

WUDQVSLUDFLMH�

'UXJD� ]QDÿDMQD� XORJD� NXWLNXOH� MH� GD� GHOXMH� NDR� UHSHOHQW� YRGH�� 2YR� VYRMVWYR� MH�

RSLVDQR� SRG� WHUPLQRP� ORWXVRY� HIHNDW� �%DUWKORWW� 	�1HLQKXLV�� ������� 9D]GXK� VDGUæL� EURMQH�

NRQWDPLQDQWH��SRSXW�SUDäLQH�L�ÿHVWLFD�]HPOMH�NRML�XJODYQRP�LPDMX�DEUD]LYQL�NDUDNWHU��]DWLP�

KHPLMVNLK� SROXWDQDWD�� DOL� L� VSRUD� SDWRJHQLK� JOMLYD��2YH� ÿHVWLFH�PRJX� SRYHýDWL� SRYUäLQVNX�

WHPSHUDWXUX�OLVWRYD�LOL�RPHWDWL�QRUPDODQ�UkG�VWRPD��%DUWKORWW�	�1HLQKXLV���������2VQRYD�

RYRJ�HIHNWD�MH�X�À]LÿNLP�NDUDNWHULVWLNDPD�KLGURIREQRJ�NXWLNXODUQRJ�VORMD�L�WURGLPHQ]LRQDOQLK�

HSLNXWXNXODUQLK�VWUXNXUD�L�VDPLK�PROHNXOD�YRGH��1DLPH��NDGD�MH�SRYUäLQD�OLVWD�JODWND��NDSOMLFD�

YRGH�ýH�FHORP�VYRMRP�SRYUäLQRP�ELWL�X�NRQWDNWX�VD�NXWLNXORP��ãWR�MH�YHýD�NROLÿLQD�SRODUQLK�

JUXSD�XQXWDU�YRVNRYD��WR�ýH�VH�ODNäH�QDGYODGDWL�SRYUäLQVNL�QDSRQ�NDSOMLFH�YRGH�L�RQD�ýH�]DX]HWL�

YHýX�SRYUäLQX�� L� VDPLP� WLP�ýH� MDÿH�SULMDQMDWL� ]D�SRYUäLQX� OLVWD� �LOL�GUXJRJ�ELOMQRJ�RUJDQD���

0HĀXWLP��NRG�SRYUäLQD�NRMH�VX�KUDSDYH��L]PHĀX�WURGLPHQ]LRQDOQLK�VWUXNXUD�QD�SRYUäLQL�VH�

QDOD]H�PROHNXOL�YD]GXKD�NRML�GRGDWQR�VPDQMXMX�NRQWDNW�L]PHĀX�NDSL�YRGH�L�SRYUäLQH�OLVWD��

RGQRVQR�VYH�VX�PDQMH�VLOH�NRMH�GHOXMX�QDVXSURW�VLODPD�SRYUäLQVNRJ�QDSRQD�NDSL�YRGH��8�WRP�

VOXÿDMX��NkS�YRGH�ýH�]DX]HWL�QDMPDQMX�PRJXýX�SRYUäLQX�L�ODNR�ýH�VNOL]QXWL�VD�SRYUäLQH�OLVWD��

1D�VYRP�SXWX�ýH�SUL�WRP�SRNXSLWL�VYH�ÿHVWLFH�SUOMDYäWLQH�NRMH�VH�]DGHVH��'D�EL�VH�NkS�YRGH�

SRNUHQXOD��RQD�PRUD�VDYODGDWL�DGKH]LRQH�VLOH�NRMH�MH�YH]XMX�]D�SRYUäLQX�ELOMQRJ�RUJDQD��ãWR�
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MH�SRYUäLQD�JUXEOMD��WR�VX�RYH�VLOH�VODELMH��WH�MH�L�NROLÿLQD�NLQHWLÿNH�HQHUJLMH�]D�SRNUHWDQMH�NDSL�

PDQMD��(NVSHULPHQWDOQR� MH�XWYUĀHQR�GD�NDSL� NLäH� LPDMX�GRYROMQR�NLQHWLÿNH� HQHUJLMH�GD� VH�

SRNUHQX�VD�SRYUäLQH�OLVWD��%DUWKORWW 	�1HLQKXLV��������6OLND�������

3RUHG�PHKDQLÿNRJ�XNODQMDQMD��%DUWKORWW�	�1HLQKXLV��������LOL�VSUHÿDYDQMD�SURGLUDQMD�

VSRUD�JOMLYD��-HQNV�HW�DO�������D���HSLNXWLNODUQL�YRVNRYL�LPDMX�UD]QRYUVQL�XWLFDM�L�QD�KHUELYRUQH�

LQVHNWH��6DVWDY�YRVNRYD�L�SRYUäLQVNH�WURGLPHQ]LRQDOQH�VWUXNWXUH�VX�SRND]DOH�GLUHNWDQ��NUR]�

WRNVLÿQRVW��LOL�LQGLUHNWDQ��SUXæDQMH�¶SRJUHäQLK·�YL]XHOQLK�WUDJRYD��XWLFDM�QD�LVKUDQX�LQVHNDWD�L�

SRODJDQMH�MDMD��(LJHQEURGH�	�(VSHOLH���������

-HGQR�RG�QDMYLäH�SURXÿDYDQLK�VYRMVWDYD�NXWLNXOH�MH�UHÁHNVLMD��89��VYHWORVWL��3RMHGLQH�

ELOMNH�RGDMX�VLYNDVW�LOL�SODYLÿDVW�VMDM�VD�SRYUäLQH�ELOMQLK�RUJDQD��2YR�MH�SRVHEQR�XRÿOMLYR�NRG�

NVHURPRUIQLK�YUVWD��3UYH�SUHWSRVWDYNH�VX�ELOH�GD�MH�NROLÿLQD�YRVND�RGJRYRUQD�]D�RYDM�VMDM��'D�

EL�LVSLWDOL�RYX�WHRULMX��7XOORFK�L�+RIIPDQ��������VX�HNVWUDKRYDOL�YRVNRYH�VD�SRYUäLQH�ELOMQLK�

RUJDQD�NRG�MHGQH�RYDNYH�YUVWH��$JURS\URQ�LQWHUPHGLXP�/���3RDFHDH���.ROLÿLQD�YRVNRYD�VH�QL�SR�

ÿHPX�QLMH�UD]OLNRYDOD�RG�VURGQLK�YUVWD�NRMH�QHPDMX�RYDNDY�VMDM��8WYUĀLYDQMHP�VDVWDYD�GRäOR�VH�

GR�SUHWSRVWDYNH�GD�MH�RYDM�HIHNDW�QDMYHURYDWQLMH�YH]DQ�]D�YLVRNL�XGHR���GLNHWRQD�X�YRVNRYLPD�

NRG� RYLK� ELOMDND�� 5HLFRVN\� L�+DQRYHU� ������� VX� LVSLWLYDOL� UD]OLNX� X� UHÁHNVLML� VYHWORVWL� NRG�

VLYNDVWLK�L�´QRUPDOQLKµ�OLVWRYD�NRG�3LFHD�SXQJHQHV�(QJHO���3LQDFHDH���8WYUGLOL�VX�GD�RED�WLSD�

OLVWRYD�UHÁHNWXMX�VYHWORVW�X� LVWRP�RSVHJX��RG�����GR�����QP���1DMYHýD�UHÁHNVLMD� MH�ELOD�X�

UHJLRQX�����GR�����QP��D�QDMQLæD�RNR�����QP��6LYNDVWL� OLVWRYL�VX�SRND]DOL�YHýX�UHÁHNVLMX�

VYHWORVWL�QD�VYLP�WDODVQLP�GXæLQDPD�X�SRUHĀHQMX�VD�´QRUPDOQLPµ�OLVWRYLPD��1DMYHýD�UD]OLND�

MH�ELOD�X�RSVHJX�RG�����QP��VD�WHQGHQFLMRP�SDGD�ND�YHýLP�WDODVQLP�GXæLQDPD��6OLÿQH�UH]XOWDWH�

VX�GRELOL�L�GUXJL�DXWRUL��Grant et DO���������Barnes et DO�����������

'D�EL�VH�RVWYDULOH�VYH�RYH�XORJH��RÿXYDQMH�NRQ]LVWHQFLMH�VWUXNWXUH�MH�SUHVXGQR��8NROLNR�

EL�GRäOR�GR�WRSOMHQMD�YRVNRYD�XVOHG�YLVRNLK�WHPSHUDWXUD�� LVWRSLOH�EL�VH� L� WURGLPHQ]LRQDOQH�

VWUXNWXUH�QD�SRYUäLQL�OLVWRYD�L�VDPLP�WLP�EL�VH�L�L]JXELR�QMLKRY�]QDÿDM��,]�WRJ�UD]ORJD��EURMQL�

DXWRUL�VX�SRNXäDOL�GD�SRNDæX�NRUHODFLMX� L]PHĀX�GXæLQH�XJOMRYRGRQLÿQLK� ODQDFD� L�HNRORäNLK�

XVORYD�VUHGLQH��.DZDPXUD�L�VDUDGQLFL��������VX�L]QHOL�KLSRWH]X�GD�ELOMNH�NRMH�UDVWX�X�WURSVNLP�

UHJLRQLPD� VLQWHWLäX� YHýH� NROLÿLQD� GXJRODQÿDQLK� XJOMRYRGRQLND� NDNR� EL� RGUæDOH� ÿYUVWRýX�

HSLNXWLNXODUQLK� YRVNRYD� D� VDPLP� WLP� L� WURGLPHQ]LRQDOQH� VWUXNXUH� NRMH� RQL� IRUPLUDMX��

7RSOMHQMH�YRVND�EL��QDMSUH��L]D]YDOR�SRYHýDQMH�SHUPHDELOQRVWL�NXWLNXOH��D�VDPLP�WLP�EL�GRYHOR�

GR�SRYHýDQMD�NXWLNXODUQH� WUDQVSLUDFLMH� �*LEEV���������7DÿNH� WRSOMHQMD� ÿLVWLK�Q�DONDQD� UDVWX�

]D�RNR����&�]D�VYDND�GYD�XJOMHQLNRYD�DWRPD��&����������&��&����������&� ����&����������&��
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�5RPPHUVNLUFKHQ�HW�DO����������1DæDORVW��PDOR�VH�]QD�R�WDÿNDPD�WRSOMHQMD�PHäDYLQH�DONDQD��

,DNR� VH� DONDQL� QDMÿHäýH� NRULVWH� X� LVWUDæLYDQMLPD� VDVWDYD� HSLNXWLNXODUQLK� YRVNRYD�� RQL� QLVX�

MHGLQH�NRPSRQHQWH��0HäDYLQD�Q�DONDQD�UD]OLÿLWH�GXæQH�VD�]DVLýHQLP�L�QH]DVLýHQLP�DOLIDWLÿQLP�

L�DURPDWLÿQLP�MHGLQMHQMLPD�NRMH�XOD]H�X�VDVWDY�HSLNXWLNXODUQLK�YRVNRYD�ýH�VYDNDNR�LPDWL�XWLFDM�

QD�NRQDÿQX�WDÿNX�WRSOMHQMD��*LEEV��������MH�LVSLWDR�PHäDYLQX�GYD�Q�DONDQD��,�GRN�VX�VH�ÿLVWL�

DONDQL�WRSLOL�QDJOR�X�LQWHUYDOX�RG�VYHJD������&��PHäDYLQH�VX�LPDOH�GDOHNR�äLUL�RSVHJ��������&���

6�GUXJH�VWUDQH��PHäDYLQD�YHäWDÿNLK�HVWDUD�L�Q�DONDQD�MH�LPDOD�QLæX�WDÿNX�WRSOMHQMD�]D�QHNROLNR�

VWHSHQL�FHO]LMXVD�RG�LQGLYLGXDOQLK�OLSLGD��3DWHO�HW�DO���������
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Slika 1.2.3.�%LRVLQWH]D�YRVNRYD�X�ELOMQRM�ýHOLML������VX�NRPSOHNVL�HQ]LPD��)$6��NRML�GHOXMX�X�
SURFHVX�HNVWHQ]LMH�XJOMRYRGRQLÿQRJ�ODQFD����NHWRDFLO�UHGXNWD]D����NHWRDFLO�$&3�VLQWD]D��GH-
KLGUDWD]D��HQRLO�UHGXNWD]D���RYD�WUL�NRPSOHNVD�VH�UD]OLNXMX�SR�VLQWH]DPD�NRMH�XOD]H�X�QMLK��1 - 
KAS III, 2 - KAS I, 3���.$6�,,��4���SDOPLWRLO�$&3�WLRHVWHUD]D��5���VWHDURLO�$&3�WLRHVWHUD]D��6 
��DFLO�&R$�VLQWHWD]D��HORQJD]H����NHWRDFLO�UHGXNWD]D����NHWRDFLO�&R$�VLQWD]D��GHKLGUDWD]D��HQ-
RLO�UHGXNWD]D���UD]OLNXMH�VH�X�VDPR�MHGQRP�HQ]LPX��7- KCS, 8���&(5���� - CER2, 10 - CER10, 
11���&(5���ER���HQGRSOD]PDWLÿQL�UHWLNXOXP��30���SOD]PD�PHPEUDQD��ü=���ýHOLMVNL�]LG�
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 1.2.3. Biosinteza (epi)kutikularnih voskova

=QDÿDMQD� XORJD� HSLNXWLNXODUQLK� YRVNRYD� X� æLYRWX� ELOMDND� XND]XMH� QD� MDNX� JHQHWLÿNX�

NRQWUROX�QMLKRYH�ELRVLQWH]H��%LRVLQWH]D��HSL�NXWLNXODUQLK�YRVNRYD�VH�GHäDYD�X�WUL�ID]H�

����de novo ELRVLQWH]D�PDVQLK�NLVHOLQD�X�VWURPL�SODVWLGD

����ELRVLQWH]D�9/&)$��PDVQLK�NLVHOLQD�YHRPD�GXJRJ�ODQFD��²�HORQJDFLMD

����WUDQVIRUPDFLMD�9/&)$�X�NRPSRQHQWH�NXWLNXODUQLK�YRVNRYD�NUR]�QHNROLNR�SDUDOHOQLK�

ELRVLQWHVNLK�SXWHYD

����De novo ELRVLQWH]D�PDVQLK�NLVHOLQD

3UHNXUVRUL�]D�ELRVLQWH]X�YRVNRYD�VX�PDVQH�NLVHOLQH�NRMH�VH�VLQWHWLäX�de novo�X�SODVWLGLPD��

,QLFLMDFLMD�VLQWH]H�PDVQLK�NLVHOLQD�MH�NRQGHQ]DFLMD�PDQRLO�$&3��Acetil Carrier Protein��VD�DFHWLO�

.RHQ]LPRP�$��2KOURJJH�HW�DO����������1DNRQ�RYRJ�NRUDND��VOHGHýH�UHDNFLMH�VH�SRQDYOMDMX�

FLNOLÿQR��JGH�VH�GRGDMX�SR���XJOMHQLND�QD�NUDMX�VYDNRJ�FLNOXVD��7R�VX��UHGXNFLMD���NHWRDFLO�

$&3�NRPSOHNVD��GHKLGUDWDFLMD���KLGURNVLDFLO�$&3�L�UHGXNFLMD�trans�ƅ��HQRLO�$&3�D��3URL]YRG�

SUYRJ�FLNOXVD�RVWDMH�HVWHULÀNRYDQ�]D�$&3�D�SRWRP�VH�QD�QMHJD�GRGDMX�SR���XJOMHQLNRYD�DWRPD�

X�VYDNRP�QDUHGQRP�FLNOXVX��'RQRU�WD�GYD�XJOMHQLNRYD�DWRPD�MH�PDQRLO�$&3��D�1$'�3�+�

MH�GRQRU�YRGRQLND�]D�GYH�UHGXNWD]H��=D�VLQWH]X�&���PDVQH�NLVHOLQH�X�SODVWLGX��QHRSKRGQR�

MH�QHNROLNR�UD]OLÿLWLK�NRQGHQ]XMXýLK�HQ]LPD��1DLPH��RQL�VH�UD]OLNXMX�SUHPD�VWURJRM�DVRFLMDFLML�

VD� RGUHĀHQRP�GXæLQRP�DFLO� ODQFD��.$6,,,� �&��&4�� �&ORXJK� HW� DO��� �������.$6,� �&4�&���� L�

.$6,,��&���&�����6KLPDNDWD�	�6WXPSI���������'YH�UHGXNWD]H�L�GHKLGUDWD]D�QHPDMX�VSHFLMDOQX�

SUHIHUHQFX�SUHPD�GXæLQL�DFLO�ODQFD��'XJRODQÿDQL�SUR]LYRGL��&���L�&����SRVWDMX�SUHNXUVRUL�X�

ELRVLQWH]L�YLäH�UD]OLÿLWLK�OLSLGQLK�NRPSRQHQWL��3RVW�%HLWWHQPLOOHU���������

����%LRVLQWH]D�9/&)$

'UXJD�ID]D�MH�HORQJDFLMD�PDVQLK�NLVHOLQD��RGQRVQR�SURGXæHQMH�XJOMRYRGRQLÿQRJ�ODQFD�

RVQRYQLK�&��� L�&���PDVQLK�NLVHOLQD�GR�9/&)$�ODQDFD�NRML�VH�NRULVWH�X�VLQWH]L�DOLIDWLÿQLK�

YRäWDQLK�NRPSRQHQWL��2QD�MH�NDWDOL]RYDQD�HNVWUD�SODVWLGQLP�PHPEUDQVNLP�PXOWLHQ]LPVNLP�

NRPSOHNVLPD��SR]QDWLMLP�NDR�HORQJD]H�PDVQLK�NLVHOLQD��)$(���YRQ�:HWWVWHLQ�.QRZOHV���������

6OLÿQR� de novo� VLQWH]L�PDVQLK� NLVHOLQD� X� SODVWLGX�� VHULMD� ÿHWLUL� HQ]LPDWVNH� UHDNFLMH� UH]XOWXMH�
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HNVWHQ]LMRP�ODQFD�]D�GYD�XJOMHQLNRYD�DWRPD��NRQGHQ]DFLMD��NRMX�SUDWL���NHWR�UHGXNFLMD��SRWRP�

GHKLGUDWDFLMD�L�QD�NUDMX�HQRLO�UHGXNFLMD��)HKOLQJ�	�0XNKHUMHH���������9LäH�FLNOXVD�HORQJDFLMD�

MH�QHRSKRGQR�GD�EL� VH�DFLO� ODQDF�SURGXæLR�GR�æHOMHQH�GXæLQH��'XæLQD�9/&)$� MH�QDMÿHäýH�

L]PHĀX� ��� L� ��� XJOMHQLNRYD� DWRPD�� GRN�PDVQH� NLVHOLQH� NRMH� HVWHULÀNDFLMRP�GDMX� DONRKROH�

PRJX�ELWL�L����GR����XJOMHQLNRYLK�DWRPD�GXJH��3RVW�%HLWWHQPLOOHU���������1$'�3�+�L�RYGH�

REH]EHĀXMH�YRGRQLN�]D�UHGXNFLMX��PHĀXWLP��SRVWRMH�QHNH�ELWQH�UD]OLNH�L]PHĀX�de novo VLQWH]H�

L�HORQJDFLMH�� �D��HORQJDFLMD�9/&)$�VH�QH�GHäDYD�QD�$&3��D�GRQRU�GYD�XJOMHQLND� MH�PDQRLO�

.RHQ]LP�$� �XPHVWR�PDQRLO�$&3��� �E��HORQJD]H� VX�HNVWUDSODVWLGQH� L�YH]DQH�VX�]D�ýHOLMVNX�

PHPEUDQX�� �F�� HORQJD]H� LPDMX�SRWUHEX�]D�$73RP� �PDGD�NROLNR� WURäH�$73� MRä�XYHN�QLMH�

SR]QDWR��3RVW�%HLWWHQPLOOHU���������

����%LRVLQWH]D�YRVNRYD

7UHýL�NRUDN� MH�ELRVLQWH]D� OLSLGQLK�NRPSRQHQWL�YRVNRYD��3UHNXUVRUL�]D�RYDM�NRUDN�VX�

9/&)$��.RG�YHýLQH�ELOMDND��SRVWRMH�GYD�RVQRYQD�SXWD�ELRVLQWH]H�YRVNRYD��DFLO�UHGXNFLRQL�SXW�

�ÿLML�VX�SURL]YRGL�SULPDUQL�DONRKROL�L�HVWUL��L�SXW�GHNDUERNVLODFLMH��NRML�YRGL�IRUPLUDQMX�DOGHKLGD��

DONDQD��VHNXQGDUQLK�DONRKROD�L�NHWRQD���6OLND���������.RG�QHNLK�WDNVRQD��RED�ELRVLQWHWVND�SXWD�

PRJX�LPDWL�]DMHGQLÿNH�QHNH�LOL�VYH�UHDNFLMH�HORQJDFLMH�PDVQLK�NLVHOLQD��D�UD]OLNRYDWL�VH�VDPR�

X�HQ]LPLPD�NRML�GHOXMX�QD�SURGXæHQX�PDVQX�NLVHOLQX�LOL�QMHQ�SURL]YRG���3RVW�%HLWWHQPLOOHU��

�������1D�SULPHU��Arabidopsis cer4�PXWDQWL�VH�VPDWUDMX�GHIHNWQLP�X�DOGHKLG�UHGXNWD]L��-HQNV�HW�

DO����������.RG�RYLK�PXWDQDWD�MH�NDUDNWHULVWLÿQD�YHOLND�NROLÿLQD�DOGHKLGD�NDR�L�SDG�X�NROLÿQLPD�

SULPDUQLK� DONRKROD� �DFLO�UHGXNXMXýL� ELRVLQWHWVNL� SXW�� DOL� QHPD� SURPHQD� X� SURGXNWLPD�

GHNDUERNVLODFLRQRJ�SXWD��Cer13�PXWDQWL� LPDMX�YHýL�XGHR�GXJRODQÿDQLK�DONDQD�L�DONRKROD��D�

PXWDFLMD�X�RYRP�JHQX�VH�SULSLVXMH�PXWDFLML�NRMD�YUäL� UHGXNFLMX�&���PDVQH�NLVHOLQH�X�&���
DOGHKLG��5DVKRWWH�HW�DO����������5H]XOWDW�WDNYRJ�EORNLUDQMD�X�VLQWH]L�YRVNRYD�MH�QDJRPLODYDQMH�

&���PDVQH�NLVHOLQH�äWR�]D�SRVOHGLFX�LPD�SRYHýDQX�SURGXNFLMX�&���SULPDUQRJ�DONRKROD� LOL�

HORQJDFLMX�X�&���PDVQX�NLVHOLQX��SUDýHQX�UHGXNFLMRP�X�&���DOGHKLG�L�GHNDUERNVLODFLMRP�X�

KHQWULDNRQWDQ��&�����

%LRVLQWHWVNL� SXW� GHNDUERNVLODFLMH� ]DSRÿLQMH� SURGXNFLMRP� DOGHKLGD� RG� 9/&)$� X]�

SRPRý�PHPEUDQVNRJ�SURWHLQD�²�DFHWLO�&R$�UHGXNWD]H��2YD�UHGXNWD]D�MH�L]RORYDQD�L]�OLVWRYD�

JUDäND��3RND]DOR�VH�GD�VH�QD�RVQRYX�PROHNXOVNH�WHæLQH�RG����N'D�L�ELRKHPLMVNLK�VYRMVWDYD�

UD]OLNXMH�RG�UHGXNWD]H�XNOMXÿHQH�X�SURGXNFLMX�SULPDUQLK�DONRKROD��9LRTXH�	�.RODWWXNXG\��

�������6LQWHWLVDQL�DOGHKLGL�VH�SRWRP�GHNDUERNVLOLäX�GR�DONDQD�QHSDUQRJ�QL]D�X]�RVOREDĀDQMH�

XJOMHQ�PRQRNVLGD��
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������.RQWUROD�ELRVLQWH]H�OLSLGQLK�NRPSRQHQWL

0DVQH� NLVHOLQH� VH�

VLQWHWLäX� X� SODVWLGLPD� GH�

QRYR� L� NRULVWH� VH� X� EDU� WUL�

UD]OLÿLWD� ELRVLQWHWVND� SXWD�

NRMH�YRGH�GR�SURL]RYRGQMH�

JOLFHUROLSLGD�� YRVNRYD�� L�

NXWLQD�VXEHULQD� �6OLND�

��������

'HOMHQMH�SUHNXUVRUD�

PDVQLK� NLVHOLQD� L]PHĀX�

RYLK� ELRVLQWHWVNLK� SXWHYD�

MH� QDMYHURYDQWLMH� JODYQD�

WDÿND� NRQWUROH� X� NRMRM� VH�

RGUHĀXMH� NROLÿLQD� L� VDVWDY�

NXWLNXODUQLK� OLSLGD�� 8�

YHýLQL� YHJHWDWLYQLK� WNLYD��

GH� QRYR� VLQWHWLVDQH�PDVQH� NLVHOLQH� &����� L� &����� VX� SUHNXUVRUL� ]D� ELRVLQWH]X� JOLFHUROLSLGD�

PHPEUDQH�� GRN� VX� SUHNXUVRUL� ]D� VLQWH]X� NXWLNXODUQLK� YRVNRYD� SULPDUQR� ]DVLýHQH�PDVQH�

NLVHOLQH�� YHURYDWQR� L]YHGHQH� L]�&������.XWLQ� L� VXEHULQ� VX� SROLPHUL� &����� L� &�����PDVQLK�

NLVHOLQD��'DNOH�� QDNRQ� GH� QRYR� VLQWH]H�PDVQLK� NLVHOLQD�� GHäDYD� VH� RGYDMDQMH� NRMH� XVPHUDYD�

&�����L�&�����PDVQH�NLVHOLQH�X�JOLFHUROLSLGH�LOL�NXWLQ�VXEHULQ�ELRVLQWH]X��L�&�����L�&�����NRMH�

VH�SUHEDFXMX�X�HQGRSOD]PDWLÿQL�UHWLNXOXP�JGH�VH�GHäDYDMX�SUYL�NRUDFL�X�ELRVLQWH]L�YRVNRYD��

7UHQXWQR�QLMH�SR]QDW�PHKDQL]DP�NRML�UHJXOLäH�RYR�RGYDMDQMH��3RVW�%HLWWHQPLOOHU���������

0LNUR]RPDOQH� HORQJD]H�SRWRP�SURGXæDYDMX�RYH�PDVQH� NLVHOLQH�GR�PDVQLK� NLVHOLQD�

YHRPD�GXJRJ�ODQFD��9/&)$���%OLVND�À]LÿND�DVRFLMDFLMD�L]PHĀX�SODVWLGD�L�(5�PRæH�RODNäDYDWL�

WUDQVIHU�PDVQLK�NLVHOLQD�L]�SODVWLGQH�PHPEUDQH�X�(5��'RXFH�	�-R\DUG���������=D�VDGD�QLMH�

SR]QDWR�NDNR�PROHNXOL�WDNR�GXJLK�ODQDFD��DONRKROL��DOGHKLGL�L�DONDQL�SUHOD]H�L]�(5�NUR]�SOD]PD�

PHPEUDQX���.XQVW�	�6DPXHOV�������

&�����$&3

&�����$&3 &����

&����

&����&�����$&3

)$6

BiosintezA 
glicerolipidA

BiosintezA 
voskovA

BiosintezA  
kutinA i suBerinA

1

2

�

�

Slika 1.2.4��ãHPDWVNL�SULND]�XSXýLYDQMD�PDVQLK�NLVHOLQD�X�WUL�
RVQRYQD�ELRVLQWHWVND�SXWD��)$6���NRPSOHNVL�HQ]LPD�NRML�GH-
OXMX�X�SURFHVX�HNVWHQ]LMH�XJOMRYRGRQLÿQRJ�ODQFD��1 - KAS II, 
2���SDOPLWRLO�$&3�WLRHVWHUD]D��3���VWHDURLO�$&3�WLRHVWHUD]D��
4���ROHRLO�$&3�WLRHVWHUD]D��SULODJRĀHQR�SUHPD�3RVW�%HLWWHQ-
PLOOHU�������
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5DQLMH�6(0�VWXGLMH�VX�GRYHOH�GR�SRVWDYOMDQMD�GYD�PRJXýD�PRGHOD�]D�RYDM�WUDQVSRUW��

����SUROD]DN�NUR]�GHÀQLVDQH�SRUH�L�����GLIX]LMD�NUR]�PLNURVNRSVNH�SURVWRUH�X�ýHOLMVNRP�]LGX�

�-HIIUHH�HW�DO����������3UYD�KLSRWH]D�MH�ED]LUD�QD�QHUDYQRPHUQRM�GLVWULEXFLML�HSLNXWLNXODUQLK�

YRäWDQLK�VWUXNWXUD�L�SULVXVWYX�VSRUQLK�SRUD�QD�SRYUäLQL�QHNLK�ELOMQLK�YUVWD��'UXJD�KLSRWH]D�

MH�ED]LUDQD�QD�DPRUIQLP�YRäWDQLP�VORMHYLPD�NRMH�VH�PRJX�QDýL�X�VYLP�GHORYLPD�NXWLNXOH�

äWR�XSXýXMH�QD�NRQWLQXLUDQL� LOL�YHRPD�ÿHVWL�WUDQVSRUW��7URGLPHQ]LRQDOQH�NULVWDOQH�VWUXNXUH�

NRMH� REUD]XMX� HSLNXWLNXODUQL� YRVNRYL� VX� SRVOHGLFD� À]LÿNR�KHPLMVNLK� VYRMVWDYD� YRVNRYD��

QSU�� NRQFHQWUDFLMH� L� WLSD� VSHFLÀÿQLK� NRPSRQHQWQL� �%DUWKORWW� 	� 1HLQKXLV�� ������� 6WXGLMH�

UHNULVWDOL]DFLMH�YRVNRYD�VD�LJOLFD�VPUÿH�SRND]XMX�GD�VH�YRäWDQH�WXEXOH�SRQRYR�IRUPLUDMX�ÿDN�L�

QD�LJOLFDPD�NRG�NRMLK�QHPD�VLQWH]H�LOL�HNVSRUWD�YRVNRYD��%HUPDGLQJHU�6WDEHQWKHLQHU���������

6(0�VWXGLMH�QD�YUVWDPD�URGD�6RUJKXP�SRND]XMX�GD�VX�YRäWDQL�ÀODPHQWL��NRML�VH�L]OXÿXMX�QD�

SRYUäLQX�HSLGHUPLVD��X�YH]L�VD�LQWUDFHOXODUQLP�YH]LNXODPD��ÿLMD�JXVWLQD�UDVWH�VD�LQGXNRYDQRP�

SURGXNFLMRP�YRVNRYD��1H�SRVWRMH�GRND]L�]D�XPHäDQRVW�NDQDOD�LOL�SRUD��,DNR�MH�VDVWDY�RYLK�

YH]LNXOD�QHSR]QDW��SUHWSRVWDYOMD� VH�GD�RQH�PRJX�VDGUæDWL�SURWHLQH� VSHFLÀÿQR�XNOMXÿHQH�X�

WUDQVSRUW�YRVNRYD�QD�SRYUäLQX�ýHOLMH��-HQNV�HW�DO�������E��
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1.2.5. 3UHWKRGQD�LVWUDæLYDQMD�DONDQD

,DNR�VH�HSLNXWLNXODUQL�VORM�VDVWRML�RG�EURMQLK�NRPSRQHQWL��NDR�äWR�VX�Q�DONDQL��DONLO�HVWUL��

NDUERNVLOQH�NLVHOLQH��SULPDUQL�L�VHNXQGDUQL�DONRKROL��DOGHKLGL��PRQR��L�GLNHWRQL��.RODWWXNXG\�

HW�DO���������%LDQFKL����������Q�DONDQL�VX�QDMYLäH�SURXÿDYDQH�NRPSRQHQWH�NXWLNXOH��-HGDQ�RG�

JODYQLK� UD]ORJD� MH� QMLKRYD�KHPLMVND� VWDELOQRVW��=ERJ�QHSRVHGRYDQMD� IXQNFLRQDOQLK� JUXSD��

DONDQL�VX�L]X]HWQR�KHPLMVNL�VWDELOQL�L�SRVWRMDQL��PRJX�VH�SURQDýL�ÿDN�L�X�IRVLOQLP�QDOD]LPD��

ODNR� VH� L]ROXMX� L� LGHQWLÀNXMX�� D�XQLYHU]DOQR� VX�SULVXWQL�NRG�ELOMDND��9Hý� äH]GHVHWLK�JRGLQD�

SURäORJ�YHND�NUHQXOD�MH�SULPHQD�DONDQD��L�GUXJLK�NRPSRQHQWQL�HSLNXWLNXODUQLK�YRVNRYD��NDR�

KHPRWDNVRQRPVNLK�PDUNHUD� �(JOLQWRQ� HW� DO��� ����D�� ����E�� (JOLQWRQ�	�+DPLOWRQ�� ������

0DUWLQ�6PLWK�HW�DO���������'HO�&DVWLOOR�HW�DO���������'\VRQ�	�+HUELQ���������DOL�L�XSRWUHED�X�

JHRORäNLP�VWXGLMDPD��+DQ�HW�DO���������+DQ�	�&DOYLQ��������

$ONDQL�VX�X�SRÿHWNX�NRULäýHQL�X�JHRORäNLP�VWXGLMDPD�X�SURQDODæHQMX�WOD�]D�HNVSORDWDFLMX�

QDIWH�L�XJOMD��8�WDNYLP�]HPOMLäWLPD�MH�XGHR�DONDQD�SDUQRJ�QL]D�YHýL�RG�XGHOD�DONDQD�QHSDUQRJ�

QL]D��1DLPH��SUYD�LVWUDæLYDQMD�DONDQD�NRG�ELOMDND�VX�SRND]DOD�GD�NRG�VYLK�NRSQHQLK�ELOMDND�

DONDQL�QHSDUQRJ�QL]D�GRPLQLUDMX�X�RGQRVX�QD�DONDQH�SDUQRJ�QL]D��7DM�RGQRV�MH�ÿHVWR�L�SUHNR�

��X�NRULVW�DONDQD�QHSDUQRJ�QL]D��%XVK 	�0F,QHUQH\���������1RYLMD�LVWUDæLYDQMD�VX��PHĀXWLP��

SRND]DOD�GD�äXPVNL�SRæDUL�PRJX�GD�GRYHGX�GR�UDVSDGDQMD�DONDQD�X�]HPOMLäWX��äWR�GRYRGL�GR�

VPDQMHQMD�GRPLQDFLMH�DONDQD�VD�QHSDUQLP�EURMHP�XJOMHQLND��.XKQ�HW�DO����������1R��DONDQL�

VX� YHRPD� ÿHVWR� NRULäýHQL� NDR�SURNVLML� X� SDOHRKLGURORäNLP� L� SDOHRYHJHWDFLMVNLP� VWXGLMDPD��

1MLKRYD�XSRWUHED� MH�]DVQRYDQD�QD� MHGLQVWYHQRP�XJOMRYRGRQLÿQRP�SURÀOX�HSLNXWLNXODUQLK�

YRVNRYD�RVORERĀHQLK�L]� OLVWRYD�UD]OLÿLWLK�YUVWD�WRNRP�QMLKRYH�GHJUDGDFLMH�X�]HPOMLäWX��.DR�

KHPRWDNVRQRPVNL�PDUNHUL�� DONDQL�QHPDMX�YHOLNX� UH]ROXFLMX�]ERJ�VYRMH�PDOH�YDULMDELOQRVWL��

WH� VH� VOLÿQL� SURÀOL�PRJX�QDýL� L� NRG� HYROXWLYQR�XGDOMHQLK� WDNVRQD� D� NRML� QDVHOMDYDMX� LVWD� LOL�

VOLÿQD�VWDQLäWD��0HĀXWLP��NDR�HNRORäNL�LQGLNDWRUL�DONDQL�PRJX�XND]DWL�QD�WLS�YHJHWDFLMH�NRML�

MH��ELR��SULVXWDQ�QD�QHNRP�VWDQLäWX��%URMQD�LVWUDæLYDQMD�SRND]XMX�YH]X�L]PHĀX�GXæLQH�ODQDFD�

Q�DONDQD�NRML�GRPLQLUDMX�X�HSLNXWLNXODUQRP�YRVNRYLPD� L� VXäH� �'RGG�	�$I]DO�5DÀL��������

'RGG�	�3RYHGD��������%XVK�	�0F,QHUQH\�������
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=D�XVYDMDQMH�XJOMHQ�GLRNVLGD��ELOMNH�VX�UD]YLOH�WUL�PHKDQL]PD��&���&DOYLQ�%HQVRQ���&��

�+DWFK�6ODFN�� L�&$0��&UDVVXODFHDQ�$FLG�0HWDEROLVP���'RN�X�&��ELOMNH� VSDGD�YHýLQD�GUYHýD��

æEXQMD�L�WUDYH�KODGQLMLK�VWDQLäWD��YHýLQD�&��ELOMDND�VX�WUDYH��3RDFHDH��L�WUDYH�RäWULFH��&\SHUDFHDH���

&��PHWDEROL]DP�RPRJXýDYD�ELOMNDPD�HÀNDVQLMH�XVYDMDQMH�&2
2
��L�SUL�QLæHP�pCO

2
��L�HÀNDVQLMH�

NRULäýHQMH�YRGH��(ÀNDVQRVW�XVYDMDQMD�YRGH�L�&2
2
�MH�NRG�&$0�ELOMDND�MRä�YHýD��SD�VX�RQH�L�

QDMÿHäýH�X�YUHOLP�L�DULGQLP�VWDQLäWLPD��%RRP�HW�DO���������

1D� RVQRYX� VDVWDYD� DONDQD� HSLNXWLNXODUQLK� YRVNRYD�� RGQRVQR� SURÀOD� DONDQD�� L� XGHOD�

VWDELOQLK�L]RWRSD�XJOMHQLND�GRQHNOH�MH�PRJXýH�UD]OLNRYDWL�RYH�ELOMNH��1DLPH��SRND]DOR�VH�GD�&���

&��L�&$0�ELOMNH�LPDMX�MDNX�GRPLQDFLMX�QHSDUQLK�X�RGQRVX�QD�SDUQH�DONDQH��L�JHQHUDOQR�MDNX�

GRPLQDFLMX�GXJRODQÿDQLK�DONDQD��'RPLQDQWDQ�DONDQ�NRG�&��ELOMDND�MH�XJODYQRP�&�� dok je 

NRG�&��ELOMDND�WR�&�� �.XKQ�HW�DO����������6DPR�QD�RVQRYX�DONDQVNLK�SURÀOD�QLMH�XYHN�PRJXýH�

UD]OLNRYDWL�WLS�YHJHWDFLMH��,SDN��]ERJ�UD]OLNH�X�PHWDEROL]PX�&��L�&��ELOMDND��RQH�LPDMX�L�UD]OLÿLWH�

NROLÿLQH�VWDELOQRJ�XJOMHQLNRYRJ�L]RWRSD�Ƥ��&��.DNR�QD�RWYRUHQLP�VWDQLäWLPD�GRPLQLUDMX�WUDYH�

�NRMH� LPDMX� XJODYQRP� &�� PHWDEROL]DP��� D� äXPVNLP� HNRVLVWHPLPD� GRPLQLUDMX� &�� ELOMNH��

UHODWLYQR�MH�ODNR�UD]OLNRYDWL�´SRWSLVµ�NRML�RYD�YHJHWDFLMD�RVWDYOMD�X�JHRORäNLP�VORMHYLPD��.RG�

&��ELOMDND�MH�]QDWQR�YHýL�XGHR�RYRJ�XJOMHQLNRYRJ�L]RWRSD�����Æ��QHJR�NRG�&��ELOMDND�����Æ��

�%RRP�HW�DO����������%RRP�L�VDUDGQLFL��������VX�QD�RVQRYX�Ƥ��&�ELOL�X�PRJXýQRVWL�GD�UD]OLNX�

&��RG�&��WUDYD��ãWDYLäH��GHWDOMQLMH�DQDOL]H�VX�SRND]DOH�GD�MH�SRUHG�XGHOD�XJOMHQLNRYRJ�L]RWRSD�

NDR�GREURJ�PDUNHUD�]D�UD]OLNRYDQMH�&��L�&��WUDYD��WR�PRJXýH�XUDGLWL�L�QD�RVQRYX�YLäHJ�XGHOD�

C���L�&���DONDQD��NDR�L�&���SULPDUQRJ�DONRKROD�NRG�&��YUVWD��5RPPHUVNLUFKHQ�HW�DO���������

'RN�NRG�YHýLQH�JRORVHPHQLFD�L�FYHWQLFD�GRPLQLUDMX�&��, C���L�&���DONDQL��D�NRG�SDSUDWL�

C����%XVK�	�0F,QHUQH\���������NRG�EHOLK�PDKRYLQD��6SKDJQXP�VS���6SKDJQDFHDH��GHWHNWRYDQD�

MH� GRPLQDFLMD� &
25

 Q�DONDQD� X� HSLNXWXNXODUQRP� VORMX� �1LFKROV� HW� DO��� ������� 3RUHG� EURMQLK�

SDOHRQWRORäNLK�� SDOHRKLGURORäNLK� L� SDOHRHNRORäNLK� VWXGLMD� �&UDQZHOO�� ������&UDQZHOO� HW� DO���

������)LFNHQ�HW�DO���������+LQULFKV�HW�DO���������+XDQJ�HW�DO���������1LFKROV�HW�DO���������6DFKVH�

HW�DO���������=KDQJ�HW�DO���������0H\HUV��������=KDR�HW�DO���������2WWR�HW�DO���������1LFKROV�HW�

DO���������%XVK�	�0F,QHUQH\���������Q�DONDQL�VH�NRULVWH�L�NDR�SURNVLML�X�SURXÿDYDQMX�SURPHQH�

YHJHWDFLMH� L�NOLPH�GDQDV� �&RQWH�HW�DO���������.DZDPXUD�HW�DO���������6FKHIX��HW�DO�������D��

����E��6DFKVH�HW�DO���������6LFUH�	�3HOW]HU��������%HQGOH�HW�DO���������&DVWDxHGD�	�6FKRXWHQ��

������
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3RUHG�SDOHRHNRORäNLK��JHRORäNLK�L�NOLPDWRORäNLK�LVWUDæLYDQMD��Q�DONDQL�VX�QDäOL�SULPHQX�

L�X�SROMRSULYUHGL��L�WR�NDR�PDUNHUL�]D�SURFHQX�NYDOLWHWD�LVKUDQH�NRG�GRPDýLK�æLYRWLQMD��3ULQFLS�

MH� LVWL� ²� SURXÿDYDMX� VH� SURÀOL� DONDQD� NDR� L� VWDELOQL� XJOMHQLNRY� L]RWRS� Ƥ��&� X� HNVNUHPHQWX�

GRPDýLK�æLYRWLQMD�L�QD�RVQRYX�WRJD�SURFHQMXMH�XGHR�WUDYD��PDKRP�&��ELOMDND��L�PDKXQDUNL�L�

RVWDOLK�&��ELOMDND��/DUHGR�HW�DO���������9XOLFK�HW�DO���������'RYH�	�0D\HV��������3LDVHQWLHU�HW�

DO����������
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�������9DULMDELOQRVW�L�XSRWUHED�DONDQD�X�WDNVRQRPVNLP�LVWUDæLYDQMLPD

3UYH� WDNVRQRPVNH� VWXGLMH� QD� HSLNXWLNXODUQLP� YRVNRYLPD� VX� ]DSRÿHWH� ���LK� JRGLQD�

SURäORJ�YHND��8�SRÿHWNX�VX�VH�EDYLOH�XNXSQLP�YRVNRYLPD��GD�EL�VH�NDVQLMH�IRNXV�SUHEDFLR�

na Q�DONDQH�� 9UOR� EU]R� MH� XWYUĀHQR� GD� VH� XQXWUDäQML� XJOMRYRGRQLFL� UD]OLNXMX� GUDVWLÿQR� RG�

SRYUäLQVNLK��GD�LPDMX�´UDYQRPHUQX�GLVWULEXFLMXµ�RGQRVQR�GD�QH�SRVWRMH�UD]OLNH�X�NROLÿLQDPD�

L]PHĀX�NRPSRQHQWL��WH�GD�SRYUäLQVNL�YRVNRYL�SRND]XMX�GRPLQDFLMX�RQLK�VD�QHSDUQLP�EURMHP�

XJOMHQLND�X�RGQRVX�QD�RQH�VD�SDUQLP��+HUELQ�	�5RELQV���������

Varijabilnost n-alkana

'D� EL� Q�DONDQL� PRJOL� NRULVWLWL� NDR� KHPRWDNVRQRPVNL� PDUNHUL�� QHRSKRGQR� MH� ELOR�

XWYUGLWL�QMLKRYX�ELRORäNX�XORJX�NDR�L�YDULMDELOQRVW��3UYH�VWXGLMH�VH�XND]LYDOH�GD�VX�YRVNRYL�

�SD�VDPLP�WLP�L�Q�DONDQL��VWDELOQL�� WM��GD�QH�YDULUDMX� L]PHĀX�OLVWRYD� MHGQH� MHGLQNH� LOL� WRNRP�

VWDUHQMD�OLVWD��3XUG\�	�7UXWHU��������(JOLQWRQ�HW�DO�������E���Q�$ONDQL�VX�]ERJ�VYRMH�KHPLMVNH�

VWDELOQRVWL��MHGQRVWDYQH�LGHQWLÀNDFLMH�L�XQLYHU]DOQH�SULVXWQRVWL�RGDEUDQL�NDR�QDMSRJRGQLML�]D�

WDNVRQRPVND�LVWUDæLYDQMD��

,DNR� VX� VH� X�QHNLP� LVWUDæLYDQMLPD�SRND]DOL� NDR� L]X]HWQR� VWDELOQL�� YHOLNL� EURM� UDGRYD�

XND]XMH�QD�YDULMDELOQRVW�X�VDVWDYX�YRVNRYD�L�VDPLK�Q�DONDQD�WRNRP�YHJHWDFLRQH�SHUL{GH��.RG�

SRMHGLQLK�YUVWD� L]� IDPLOLMD�=DPLDFHDH� �2VERUQH� HW� DO��� �������3LQDFHDH� �*�QWKDUGW�*RHUJ��

������.HUIRXUQ�	�*DUUHF��������7XUXQHQ�HW�DO����������)DJDFHDH��*�O]�HW�DO���������/�W]�HW�

DO���������*�O]�	�%RRU��������*�O]�	�0�OOHU���������7LOLDFHDH��*�O]�HW�DO����������5XELDFHDH�

�6WRFNHU�	�:DQQHU�������� L�3RDFHDH� �$YDWR�HW� DO��� ������6PLWK�HW� DO��� ������SURQDĀHQD� MH�

VH]RQVND� YDULMDELOQRVW�� 8RÿHQD� VH]RQVND� YDULMDELOQRVW� VH� XJODYQRP� RJOHGD� X� DSVROXWQLP�

NROLÿLQDPD� SRMHGLQLK� JUXSD� MHGLQMHQMD�� GRN� VH� RGQRV� NRPSRQHQWL� QLMH� PHQMDR�� ãWDYLäH��

SRND]DQR�MH�GD�MH�XRÿHQD�NYDOLWDWLYQD�YDULMDELOQRVW�SRVOHGLFD��

(a) UD]OLÿLWLK�ID]D�RQWRJHQHWVNRJ�UD]YLýD�RUJDQD��SD�MH�WDNR�QD�SULPHU��NRG�EXNYH��)DJXV�

V\OYDWLFD�/���)DJDFHDH��GHWHNWRYDQR�GXSOLUDQMH�XNXSQH�NROLÿLQH�YRVNRYD��L�SRMDYD�DOGHKLGD�NRML�
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SUHWKRGQR�QLVX�ELOL�GHWHNWRYDQL�X�SXSROMNX��GRN�VH�GXæLQD�GRPLQDQWQRJ�XJOMRYRGRQLÿQRJ�

ODQFD�PHQMDOD��RG�NUDýHJ�ND�GXæHP���8�RVWDWNX�VH]RQH�VDVWDY�VH�QLMH�PHQMDR��3UDVDG�	�*XO]��

�������(SLNXWLNXODUQL�YRVNRYL�EUäOMDQD��+HGHUD�KHOL[�/���$UDOLDFHDH��VX�WRNRP�SUYLK����GDQD�

UD]YRMD�OLVWD�SUROD]LOL�NUR]�GUDPDWLÿQH�SURPHQH��'RN�VX�X�SRÿHWNX�GRPLQLUDOL�DONDQL�VUHGQMH�

GXæLQH� ODQFD� �&
22

-C
26
���QDNRQ�GHVHWRJ�GDQD�GROD]L�GR� ODJDQRJ�SRPHUDQMD�ND� ODQFLPD�YHýH�

GXæLQH��&���L�&�����1DNRQ�WULGHVHWRJ�GDQD��GLVWULEXFLMD�GXæLQH�ODQFD�DONDQD��DONRKROD��DOGHKLGD�L�

PDVQLK�NLVHOLQD�VH�QLMH�PHQMDOD��GRN�VX�VH�DSVROXWQH�NROLÿLQH�RYLK�MHGLQMHQMD�SRQRYQR�VPDQMLOH�

�+DXNH�	�6FKUHLEHU���������.RG�ÿHWLQDUD��3LQXV�FHPEUD�L.��3LFHD�DELHV��/���+�.DUVW���3LQDFHDH��

HSLNXWLNXODUQL�YRVNRYL�VH�QLVX�NYDOLWDWLYQR�PHQMDOL�VD�VWDURäýX�LJOLFD��DOL�MHVX�NYDQLWLWDYQR�äWR�

MH�]D�SRVOHGLFX�LPDOR�SURPHQH�X�SRYUäLQVNLP�VWUXNWXUDPD�QD�OLVWRYLPD��*�QWKDUGW�*RHUJ��

������

(b) UD]OLNH� L]PHĀX� ELOMQLK� RUJDQD�� 3ULOLNRP� SURXÿDYDQMD� XNXSQLK� HSLNXWLNXODUQLK�

YRVNRYD�NRG� WUDYD� �3RDFHDH�� L]� UD]OLÿLWLK�VH]RQD��6PLWK� L� VDUDGQLFL� �������VX�XRÿLOL� UD]OLNX�

L]PHĀX�VXäQH�L�NLäQH�VH]RQH��2QL�VX�SUHGORæLOL�GD�MH�XRÿHQD�UD]OLND�PRæGD�L�SRVOHGLFD�IHQRID]D��

'HWDOMQLMH�VWXGLMH�VX�SRND]DOH�GD�VH�DONDQL�FYDVWL�UD]OLNXMX�RG�DONDQD�RVWDWND�ELOMNH��RGQRVQR�

GD�VDPH�FYDVWL�RELOXMX�NUDýLP�DONDQLPD��&��, C���L�NUDýLP���WH�GD�MH�SULOLNRP�L]RORYDQMD�L]�FHOLK�

ELOMDND��]QDÿDMDQ�XGHR�LPDOD�L�FYDVW�RQGD�NDGD�MH�ELOD�UD]YLMHQD�X�RGQRVX�QD�GHR�YHJHWDFLRQH�

SHUL{GH�NDGD�MRä�QLMH�ELOD�UD]YLMHQD��5RPPHUVNLUFKHQ�HW�DO���������

'HWDOMQD� VWXGLMD� XWLFDMD� UD]OLÿLWLK� IDNWRUD� QD� VDVWDY� OLVWRYD� �OLVWRYL� VXQFD� L� VHQNH��

YHJHWDFLRQH�SHULRGH��VHQHVFHQFLMH��MH�SRND]DOD�GD�QH�SRVWRML�VWDWLVWLÿNL�]QDÿDMQD�UD]OLND�L]PHĀX�

OLVWRYD�VHQNH�L�VXQFD�NRG�JRORVHPHQLFD�L�VNULYHQRVHPHQLFD��1DNRQ�SHULRGD�VD]UHYDQMD�OLVWD��

QLMH�SURQDĀHQD�VWDWLVWLÿNL�]QDÿDMQD�UD]OLND�L]PHĀX�X]RUDND�X]HWLK�X�OHWR�L�MHVHQ��äWDYLäH�VDVWDY�

DONDQD�MH�RVWDR�VWDELODQ�L�WRNRP�VHQHVFHQFLMH�OLVWRYD��%XVK�	�0F,QHUQH\��������

7DNVRQRPVNL�]QDÿDM

3UYD� ]DSDæDQMD� R� SRWHQFLMDOQRP� ]QDÿDMX� HSLNXWLNXODUQLK� YRVNRYD� VX� L]QHOL� 3XUG\�

L� 7UXWHU� ��������2QL� VX� WRNRP� VYRMLK� LVWUDæLYDQMD� SRYUäLQVNLK� OLSLGD� OLVWRYD� XRÿLOL� UD]OLNX�

L]PHĀX�UD]OLÿLWLK�YUVWD��2QL�VX�SURXÿDYDOL����YUVWD�PRQRNRWLOD��)HVWXFD�SUDWHQVLV��)��RYLQD��)��

UXEUD� JHQXLQD��'DFW\OLV� JORPHUDWD��$JURVWLV� WHQXLV��$ORSHFXUXV� SUDWHQVLV��/ROLXP� LWDOLFXP��/�� SHUHQQH��

+ROFXV� PROOLV�� L� ��� YUVWD� GLNRWLOD� �5KRGRGHQGURQ� SRQWLFXP�� ,OH[� DTXLIROLXP�� )UD[LQXV� H[FHOVLRU��
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$HVFXOXV�KLSSRFDVWDQXP��0DOXV�VSS���5RVD�VS���%UDVVLFD�ROHUDFHD�VXEVS��JHPPLIHUD��%��ROHUDFHD�FDSLWDWD��

&KU\VDQWKHPXP� VS���$QWLUUKLQXP� PDMXV�� 3HWXQLD� VSS��� %HWD� YXOJDULV�� 7ULIROLXP� UHSHQV��� 1MLKRYD�

LQLFLMDOQD�]DSDæDQMD�VX�SRND]DOD�GD�MH�VDVWDY�SRYUäLQVNLK�OLSLGD�VSHFLHV�VSHFLÀÿDQ��GD�VH�QH�

PHQMD�WRNRP�YUHPHQD��RGQRVQR�GD�VX�LVWL�OLSLGL�L]RORYDQL�L]�VYHæLK�L�VXYLK�OLVWRYD���NDR�L�GD�

QLMH�ELOR�UD]OLNH�X�RGQRVX�QD�SHULRG�X]RUNRYDQMD��9Hý�QDUHGQH�JRGLQH��(JOLQWRQ�L�VDUDGQLFL�

�����E��VX�SURXÿDYDOL�Q�DONDQH�VD�SRYUäLQH� OLVWRYD����YUVWD� L]�SRWIDPLOLMH�6HPSHUYLYRLGHDH�

�&UDVVXODFHDH��VD�.DQDUVNLK�RVWUYD��L�GRäOL�GR�]DNOMXÿND�GD�DONDQL�SRND]XMX�VSHFLHV�VSHFLÀÿQX�

GLVWULEXFLMX��WH�GD�VX�VH�SRND]DOL�VWDELOQL�L�QH]DYLVQL�RG�YUHPHQD�X]RUNRYDQMD��3RWRP�VX�XVOHGLOD�

EURMQD�LVWUDæLYDQMD�DONDQD�NDR�KHPRWDNVRQRPVNLK�PDUNHUD��.RG�FYHWQLFD�VX�SURXÿDYDQL�NRG�

IDPLOLMD��&UDVVXODFHDH��(JOLQWRQ�HW�DO�������E��6WHYHQV�HW�DO����������6RODQDFHDH��0HFNOHQEXUJ��

������=\JDGOR�HW�DO���������6LOYD�HW�DO�������E���2QDJUDFHDH��7LQ�HW�DO���������%RZPDQ���������

2OHDFHDH��%LDQFKL�HW�DO����������%UDVVLFDFHDH��9LRTXH�HW�DO���������0DIIHL������D���)DEDFHDH�

�0DIIHL������D��0HULQR�HW�DO���������%XVK�	�0F,QHUQH\���������6DOLFDFHDH��%XVK�	�0F,QHUQH\��

������&DPHURQ�HW�DO����������5XWDFHDH��6NRUXSD�HW�DO����������5RVDFHDH��(JOLQWRQ�HW�DO�������D��

:LVVHPDQQ��������:LVVHPDQQ�HW�DO����������/DPLDFHDH��0DIIHL������D���$VWHUDFHDH��0DIIHL��

����E�� 5DGXORYLF� 	�0LORMHYLF�� ������� /LOLDFHDH� �+HUELQ� 	� 5RELQV�� ������ ������� 3RDFHDH�

�(JOLQWRQ�HW�DO�������D��.HOORJJ�	�:DWVRQ��������/L�HW�DO���������0DIIHL������E��0DUWLQ�6PLWK�

HW�DO���������5RPPHUVNLUFKHQ�HW�DO���������7XOORFK��������������L�EURMQLK�GUXJLK��*�O]��������

.QLJKW�HW�DO���������/L�HW�DO���������0HGLQD�HW�DO���������0RWWD�HW�DO���������1JX\HQ�7X�HW�DO���

������5RFLQL�HW�DO���������6DODWLQR�HW�DO���������6RQLEDUH�HW�DO���������

7DNVRQRPVNL�]QDÿDM�DONDQD�NRG�JRORVHPHQLFD

6D�WDNVRQRPVNRJ�DVSHNWD��Q�DONDQL�VX�SURXÿDYDQL�NRG�YHOLNRJ�EURMD�JRORVHPHQLFD��3UYX�

REXKYDWQLMX�VWXGLMX�MH�XUDGLR�'HO�&DVWLOOR�VD�VDUDGQLFLPD���������3URXÿDYDOL�VX�HSLNXWLNXODUQH�

YRVNRYH����WDNVRQD�L]�RVDP�IDPLOLMD�JRORVHPHQLFD��JGH�MH�QDMGHWDOMQLMH�SURXÿDYDQD�IDPLOLMD�

3RGRFDUSDFHDH��2G�GYDGHVHWLMHGQH�SURXÿDYDQH�YUVWH��VDPR�WUL�QLVX�PRJOH�GD�VH�JUXSLäX�VD�

RVWDOLP�QD�RVQRYX�GLVWULEXFLMH� DONDQD��1MLKRY�]DNOMXÿDN� MH�ELR�GD� VH� DONDQL�PRJX�NRULVWLWL�

X� VLVWHPDWLFL�ELOMDND�� DOL� VDPR�NDR�SRPRý�D�QH�NDR� VDPRVWDOQL� WDNVRQRPVNL�PDUNHU��*�O]�

������� MH�GDR�SUHJOHG�HSLNXWLNXDUQLK�YRVNRYD�NRG�YLäLK�ELOMDND��'RäDR� MH�GR�]DNOMXÿND�GD�

SRVWRML� IXQGDPHQWDOQD� UD]OLND� L]PHĀX� HSLNXWLNXODUQLK� YRVNRYD� OLVWRYD� JRORVHPHQLFD� L�

VNULYHQRVHPHQLFD�� WH�GD� MH�QMLKRY� VDVWDY� NDR� L� SRYUäLQVNH� VWUXNXUH� NRMH� YRVNRYL�REUD]XMX�
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SRG�MDNLP�VHOHNFLRQLP�SULWLVNRP��*�O]�MH�SURXÿDYDMXýL�OLVWRYH�GUYHQDVWLK�YUVWD�JRORVHPHQLFD�

]DSD]LR� GD� YRVNRYL� NRG�Ginkgo biloba LPDMX� LQWHUPHGLMDUQL� NDUDNWHU�� WM�� GD� VOLÿQR� NDR� NRG�

OLVWRSDGQLK�VNULYHQRVHPHQLFD�GRPLQLUDMX�DONDQL��HVWUL�DOGHKLGL�L�DONRKROL��DOL�VH�QDOD]L�SULVXWDQ�

L�QRQDNR]DQ����RO�NRML�MH�NUDNWHULVWLÿDQ�]D�SURXÿDYDQH�JRORVHPHQLFH��

0DIIHL� L� VDUDGQLFL� ������� VX� SURXÿDYDOL� n�DONDQH� NDR� KHPRWDNVRQRPVNH� PDUNHUH�

X� RNYLUX� UHGD� 3LQDOHV�� 2QL� VX� SURQDäOL� n�DONDQH� X� RSVHJX� RG� &18� GR� &34�� JGH� MH� &31 bio 

GRPLQDQWDQ�X�YHýLQL�X]RUDND��$UDXFDULDFHDH�VX�LPDOH�UHODWLYQR�QL]DN�XGHR�&31 (5.23%±1.58), 

GRN� VX� &HSKDORWD[DFHDH� LPDOH� YLVRN� XGHR� &29� �������������� L� &27 (28.00%±1.00). Kod  

&XSUHVVDFHDH�VX�VH�QDOD]H�XPHUHQD�NROLÿLQD�&31���������������L�&33 (5.36%±1.07), dok je 

NRG�3LQDFHDH�&31 bio dominantan n�DONDQ����������������.RG�3RGRFDUSDFHDH�VX�XPHUHQR�

]DVWXSOMHQL� ELOL� QHSDUQL� DONDQL� RG�&27� GR�&33�� GRN� MH�&31� ELR�QDMGRPLQDWQLML� NRG�7D[DFHDH�

���������������6WDWLVWLÿNH�DQDOL]H��'$��3&$��&$��VX�SRND]DOH�RGYDMDQMH�IDPLOLMD�L�SRWIDPLOLMD�

QD�RVQRYX�SURÀOD�n-alkana. 

3UHJOHG�WDNVRQRPVNLK�LVWUDæLYDQMD�NRG�JRORVHPHQLFD�

(1) 5RGRYL�Ceratozamia, Dioon, Lepidozamia, Macrozamia, Zamia iz familije Zamiaceae 

�2VERUQH�HW�DO��������

(2) Ginkgo biloba, IDPLOLMD�*LQNJRDFHDH��%XVK�	�0F,QHUQH\��������*�O]�������

(3) 5RGRYL�Podocarpus, Dacrydium, Phyllocladusiz�IDPLOLMH�3RGRFDUSDFHDH��'HO�&DVWLOOR�

HW�DO���������0DIIHL�HW�DO��������

(4) 5RGRYL�Araucaria i Agathis� L]� IDPLOLMH� $UDXFDULDFHDH� �'HO� &DVWLOOR� HW� DO��� ������

Maffei et al., 2004)

(5) Rod Scyadopitys L]�IDPLOLMH�6FLDGRSLWDFHDH��'HO�&DVWLOOR�HW�DO���������0DIIHL�HW�DO���

2004)

(6) Rod Cephalotaxus�L]�IDPLOLMH�&HSKDORWD[DFHDH��'HO�&DVWLOOR�HW�DO���������0DIIHL�HW�

al., 2004)
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���� 5RGRYL�7D[XV, 7RUUH\D�L]�IDPLOLMH�7D[DFHDH��'HO�&DVWLOOR�HW�DO���������0DIIHL�HW�DO���

�����

���� 5RGRYL�$ELHV��&HGUXV��.HWHOHHULD��/DUL[�� 3VHXGRWVXJD�� 3LFHD�� 3LQXV��7VXJD� � L]� IDPLOLMH�

3LQDFHDH��%RMRYLý�et DO���������������%XVK 	�0F,QHUQH\��������'HO &DVWLOOR et DO���������

&RUULJDQ et DO���������GüO]��������0DIIHL et DO���������1LNROLF et DO���������1LNROLý�et DO., 

2010, 2012a, 2012E������a������E��Oros et DO��������

���� 5RGRYL� &DORFHGUXV�� &KDPDHF\SDULV�� &U\SWRPHULD�� &XQQLQJKDPLD�� &XSUHVVXV�� -XQLSHUXV��

/LERFHGUXV��0HWDVHTXRLD�� 3ODW\FODGXV�� 6HTXRLD�� 6HTXRLDGHQGURQ�� 7D[RGLXP�� 7KXMD� L]� IDPLOLMH�

&XSUHVVDFHDH��%XVK�	�0F,QHUQH\��������'HO�&DVWLOOR�HW�DO���������'\VRQ�	�+HUELQ��

������*�O]��������.LP��������0DIIHL�HW�DO���������3RYHGD�HW�DO��������
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�������3UHWKRGQD�LVWUDæLYDQMD�n-alkana kod vrsta roda Juniperus L.

=D� UD]OLNX� RG� NRPHUFLMDOQR� ]QDÿDMQLK� SUHGVWDYQLND� L]� IDPLOLMD� �3LQDFHDH�� 3RDFHDH��

)DEDFHDH��5RVDFHDH��6RODQDFHDH���YUVWH�URGD�-XQLSHUXV�VX�PDOR�SURXÿDYDQH�VD�RYRJ�DVSHNWD��

3UYD� LVWUDæLYDQMD� VDVWDYD� HSLNXWLNXODUQLK� YRVNRYD� NRG� YUVWD� URGD� -XQLSHUXV� VX� SRÿHOD� ���LK�

JRGLQD�SURäORJ�YHND��7XOORFK�	�%HUJWHU�������L�FLWLUDQH�UHIHUHQFH���$ONDQL�VX�SURXÿDYDQL�NRG�

-��VFRSRORUXP��*�O]��������7XOORFK�	�%HUJWHU���������-��DOSLQD��-��FKLQHQVLV��-��FKLQHQVLV�YDU��SOXPRVD�

DXUHD���-��FRPPXQLV��-��FRPPXQLV�YDU��DXUHD��-��KRUL]RQWDOLV��-��LQGLFD��-��SURFXPEHQV��-��SURFXPEHQV�YDU��

QDQD��-��UHFXUYD��-��VDELQD��-��VDELQD�YDU��WDPDULVFLIROLD��-��VTXDPDWD�YDU��PH\HUL��0DIIHL�HW�DO����������-��

FRPPXQLV�VXEVS��VD[DWLOLV��'RGG�	�3RYHGD��������3RYHGD�HW�DO���������

3UHPD�GRVWXSQLP� OLWHUDWXUQLP�SRGDFLPD��QH�SRVWRMH� LVWUDæLYDQMD�SRYUäLQVNLK� DONDQD�

NRG�YUVWD�VHNFLMH�-XQLSHUXV (6\Q��2[\FHGUXV��VD�%DONDQVNRJ�SROXRVWUYD��
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1.3.1. Etarska ulja

-HGQD� RG� QDMYLäH� SURXÿDYDQLK� JUXSD� VHNXQGDUQLK�PHWDEROLWD� ELOMDND� VX� HWDUVND� XOMD��

(WDUVND�XOMD�SUHGVWDYOMDMX�YHRPD�VORæHQX�VPHäX�LVSDUOMLYLK�UD]QRURGQLK�MHGLQMHQMD��DOGHKLGD��

DONRKROD��HVWDUD�PDVQLK�NLVHOLQD��VXPSRUQLK�MHGLQMHQMD��WHUSHQD��NRMD�LVSROMDYD�UD]OLÿLWD�GHMVWYD�

QD�PLNURRUJDQL]PH��æLYRWLQMH�L�GUXJH�ELOMNH��$GRUMDQ�	�%XFKEDXHU��������%DVHU�	�%XFKEDXHU��

������&VHNH�HW�DO��������.

(WDUVND� XOMD� VH� VLQWHWLäX� X� VSHFLMDOQR� UD]YLMHQLP� WNLYLPD� D� ]ERJ� VYRMH� L]X]HWQH�

DXWRWRNVLÿQRVWL�VH�ÿXYDMX�X�SRVHEQLP�VWUXNWXUDPD��æOH]GDPD��æOH]GDQLP�GODNDPD��VPRQLP�

NDQDOLPD�������&VHNH�HW�DO����������6WUXNWXUH�]D�ÿXYDQMH�HWDUVNRJ�XOMD�VX�VWUDWHäNL�SRVWDYOMHQH�QD�

ELOMFL�NDNR�EL�LPDOH�PDNVLPDOQL�XÿLQDN��QD�SULPHU�QD�SRYUäLQL�RUJDQD�X�RNYLUX�æOH]GDQLK�GODND�

LOL�X�VPRQLP�NDQDOLPD�OLVWRYD�L�VWDEOD��8�]DYLVQRVWL�RG�VDVWDYD��HWDUVND�XOMD�LVSROMDYDMX�UD]OLÿLWH�

À]LÿNR�KHPLMVNH� NDUDNWHULVWLNH�� DOL� X� RVQRYL� VX� WR� YLVNR]QH� QHSRODUQH� WHÿQRVWL�� EH]ERMQH��

VYHWOR� LOL� WDPQR� RERMHQH��PDQMH� VSHFLÀÿQH� WHæLQH� RG� YRGH� �/DQJHQKHLP�� �������.ROLÿLQD�

HWDUVNRJ�XOMD�X�MHGQRM�ELOMFL�MH�UHODWLYQR�QLVND��QDMÿHäýH�MH�PDQMD�RG������D�QLMH�QL�UHWNR�GD�VH�

QDOD]H�X�L]X]HWQR�PDOLP�NROLÿLQDPD��PDQMH�RG���������6DVWDY�HWDUVNRJ�XOMD�]DYLVL�RG�WDNVRQD��

LDNR�PRæH�YDULUDWL�X�]DYLVQRVWL�L�RG�ELOMQRJ�RUJDQD��RQWRJHQHWVNH�ID]H��JHQHWLÿNLK�L�VUHGLQVNLK�

IDNWRUD� �$GDPV��������������$GDPV�	�7DVKHY��������$GDPV�HW� DO��� ����D��$QJLRQL� HW� DO���

������&DYDOHLUR�HW�DO���������(O�6DZL�HW�DO���������/DQJHQKHLP��������0HGLQL�HW�DO�������D��

3RZHOO�	�$GDPV��������7DWUR�HW�DO����������,DNR�VH�X�HWDUVNRP�XOMX�VUHýX�MHGLQMHQMD�SRSXW�

DOLIDWLÿQLK� L� DURPDWLÿQLK�XJOMRYRGRQLND�� IHQLOSURSDQRLGD� L�GU��JODYQL�GHR�HWDUVNRJ�XOMD�ÿLQH�

WHUSHQL��
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Terpeni predstavljaju strukturalno najraznovrsniju grupu prirodnih proizvoda. Naziv 

WHUSHQLPD� GDR� MH� KHPLÿDU� .HNXOH� NUDMHP�;,;� YHND�� QD� RVQRYX� SUYLK� MHGLQMHQMD� NRMD� VX�

L]RORYDQD�L]�VPROH�ÿHWLQDUD��lat. terebintha - smola���%DVHU�	�%XFKEDXHU��������%XFKDQDQ�HW�

DO����������2YD�MHGLQMHQMD� LPDMX�MHGLQVWYHQX�]DMHGQLÿNX�NDUDNWHULVWLNX�SRPRýX�NRMH�VH�ODNR�

GHÀQLäX�L�L]GYDMDMX��2WWR�:DOODFK�MH�������SRVWDYLR�WDNR]YDQR�izoprensko pravilo prema kome 

VX�WHUSHQL�GHÀQLVDQL�NDR�MHGLQMHQMD�NRMD�X�VYRMRM�RVQRYL�LPDMX�SRQDYOMDMXýX�SHWR�XJOMHQLÿQX�

MHGLQLFX� �%XFKDQDQ� HW� DO��� ������ &VHNH� HW� DO��� ������� 2YDM� PRQRPHU� WHUSHQD� VH� QD]LYD�

L]RSUHQVNRP�MHGLQLFRP�LOL�L]RSUHQRP�MHU�WHUPLÿND�UD]JUDGQMD�YHýLQH�WHUSHQD�LPD�]D�SURL]YRG�

JDVRYLWL�DONHQ�²�L]RSUHQ��%XFKDQDQ�HW�DO���������

7HUSHQL� VH� SUHPD� EURMX� L]RSUHQVNLK� MHGLQLFD� NODVLÀNXMX� NDR�� KHPLWHUSHQL� �&5���

PRQRWHUSHQL� �&����� VHVNYLWHUSHQL� �&����� GLWHUSHQL� �&����� VHVWHUWHUSHQL� �&����� WULWHUSHQL� �&�����

WHWUDWHUSHQL� �&���� L� SROLWHUSHQL� �&45+�� � �0D]XUHN�	� 6LPRQHLW�� ������� 8� RYRM� MHGQRVWDYQRM�

NODVLÀNDFLML�VNULYHQD�MH�RJURPQD�VWUXNWXUQD�UD]QROLNRVW�NRMD�GRSULQRVL�YHOLNRM�YDULMDELOQRVWL�

WHUSHQRLGQLK� MHGLQMHQMD�� +HPLMVNH� UHDNFLMH� SRSXW� RNVLGDFLMD�� UHGXNFLMD�� L]RPHUL]DFLMD� L�

NRQMXJDFLMD� GRYRGH� GR� SURPHQD� X� IXQNFLRQDOQLP� JUXSDPD� L� RVQRYQRP� XJOMRYRGQLÿQRP�

VNHOHWX�� äWR� ]D� SRVOHGLFX� LPD� YHOLNL� VWUXNWXUDOQL� GLYHU]LWHW�� 'R� VDGD� MH� LGHQWLÀNRYDQR�

SUHNR��������WHUSHQD��%DUWUDP�HW�DO���������%RKOPDQQ�HW�DO�������D��&RUGRED�HW�DO���������

'DYLV�	�&URWHDX��������3KLOOLSV�	�&URWHDX��������3KLOOLSV�HW�DO���������6DFFKHWWLQL�	�3RXOWHU��

�������2G�WHUSHQD��X�VDVWDY�HWDUVNRJ�XOMD�XOD]H�VDPR�PRQR���VHVNYL��L�GLWHUSHQL��6OLND���������

GRN�RVWDOL�WHUHSHQL�QLVX�LVSDUOMLYL�L�LPDMX�GUXJDÿLMX�ELRORäNX�XORJX��

Monoterpeni�VH�VDVWRMH�L]�GYH�L]RSUHQVNH�MHGLQLFH�L� LPDMX�GHVHW�XJOMHQLNRYLK�DWRPD�
�&�����3UYH�PRQRWHUSHQH� MH� L]RORYDR� IUDQFXVNL�KHPLÿDU�0�� -��'XPDV�������JRGLQH�� DOL� WHN�

MH�2WWR�:DOODFK�VKYDWLR�GD� MH�QHNROLNR�MHGLQMHQMD� L]RORYDQLK� L]�UD]OLÿLWLK�YUVWD�]DSUDYR�LVWR�

MHGLQMHQMH�VDPR�RSLVDQR�SRG�GUXJDÿLMLP�LPHQRP��2��:DOODFK�MH�VD�NROHJDPD�NUDMHP�;,;�YHND�

������������L]RORYDR�L�RNDUDNWHULVDR�QHNROLNR�WHUSHQD��SLQHQ��NDPIHQ��OLPRQHQ��IHODQGUHQ��

WHUSLQROHQ��IHQKHQ������8�SRÿHWNX�VH�VPDWUDOR�GD�PRQRWHUSHQL�SUHGVWDYOMDMX�RVQRYQH�MHGLQLFH�

L]�NRMLK�VX� L]YHGHQL�GUXJL� WHUSHQL� �%DVHU�	�%XFKEDXHU��������%XFKDQDQ�HW�DO����������2YD�

MHGLQMHQMD�SUHGVWDYOMDMX�QDMYHýL�XGHR�X�PQRJLP�HWDUVNLP�XOMLPD��L�NDR�WDNYD��LPDMX�YHRPD�YHOLN�

HNRORäNL�L�HNRQRPVNL�]QDÿDM��8�RGQRVX�QD�VWUXNWXUX�UD]OLNXMHPR�DFLNOLÿQH��PRQRFLNOLÿQH�L�

ELQRFLNOLÿQH�PRQRWHUSHQH�
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Seskviterpeni (C
15
��VH�VDVWRMH�L]�WUL�L]RSUHQVNH�MHGLQLFH��L�PRJX�VH�QDýL�X�DOLIDWLÿQRP��

ELFLNOLÿQRP�L�WULFLNOLÿQRP�REOLNX��3RSXW�PRQRWHUSHQD��YHýLQD�VHVNYLWHUSHQD�VX�NRPSRQHQWH�

HWDUVNLK�XOMD�ELOMDND��8]�WR��PQRJL�VHVNYLWHUSHQL�VH�SRQDäDMX�NDR�ÀWRDOHNVLQL�L�DQWLQXWULWLYQD�

MHGLQMHQMD�� ,QWHUHVDQWQR� MH� GD�� LDNR� MH� DSVFLVLQVND� NLVHOLQD� VWUXNWXUDOQR� VHVNYLWHUSHQ�� RQD�

QDVWDMH�GUXJDÿLMH�RG�YHýLQH�VHVNYLWHUSHQD��RGQRVQR�QHVLPHWULÿQLP�FHSDQMHP�&���SUHNXUVRUD�

�%XFKDQDQ�HW�DO���������&RUGRED�HW�DO���������&VHNH�HW�DO����������

Diterpeni (C
20
��VX�UD]QROLND�JUXSD�WHUSHQD�NRMD�VH�VDVWRML�L]�ÿHWLUL�L]RSUHQVNH�MHGLQLFH��

=ERJ� YLVRNH� WDÿNH� NOMXÿDQMD�� XOD]H� X� VDVWDY� VDPR�PDORJ� EURMD� HWDUVNLK� XOMD�� 8� GLWHUSHQH�

VSDGDMX� L�ÀWRO��JLEHUHOLQL��VPRQH�NLVHOLQH�ÿHWLQDUD� L�PDKXQDUNL��ÀWRDOHNVLQL� L�GUXJL�]QDÿDMQL�

PHWDEROLWL�SRSXW�WDNVROD��%XFKDQDQ�HW�DO���������
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�������%LRORäND�XORJD�HWDUVNLK�XOMD

)XQNFLMD� WHUSHQD�NRG�ELOMDND� MH� L�HNRORäND� L�À]LRORäND��0QRJL�RG�QMLK� LQKLELUDMX�UDVW�

GUXJLK�ELOMDND�X�EOLæHP�VXVHGVWYX� �DOHORSDWLMD���1HNL� VX�SR]QDWL� NDR� LQVHNWLFLGL�� GUXJL�SDN�

SULYODÿH�RSUDäLYDÿH���

'D� EL� VH� X� SRWSXQRVWL� UD]XPHOD� DGDSWLYQD� IXQNFLMD� HWDUVNLK� XOMD�PRUD� VH� UD]XPHWL�

FHQD�SURL]YRGQMH��NRULVW�QMLKRYH�SURGXNFLMH��WH�QMLKRYD�YLäHVWUXND�XORJD��7KRPSVRQ���������

3URGXNFLMD�HWDUVNLK�XOMD�]DKWHYD�XSRWUHEX�RUJDQVNL�YH]DQRJ�XJOMHQLND��D� UD]OLÿLWH�VWUXNWXUH�

]D�ÿXYDQMH�RYLK�VPHäD�WDNRĀH�]DKWHYDMX�HQHUJLMX��2YR�L]PHäWDQMH�UHVXUVD�PRæH�VH�SRND]DWL�

NDR�YHRPD�]QDÿDMDQ�HQHUJHWVNL�WURäDN�NRML�PRæH�GRYHVWL�GR�XVSRUDYDQMD�UDVWD��äWR�XND]XMH�

QD� IXQGDPHQWDODQ� HNRORäNL� L� HYROXFLRQL� ]QDÿDM� QMLKRYH� SURGXNFLMH� �/DQJHQKHLP�� ������

7KRPSVRQ���������*HUVKHQ]RQ��������VPDWUD�GD�MH�VLQWH]D�UHGXNRYDQLK�WHUSHQD�VNXSOMD�RG�

RNVLJHQLVDQLK��äWR�EL�X�QHNX�UXNX�L�REMDVQLOR�ÿLQMHQLFX�GD�VYL�HQ]LPL�NRML�XÿHVWYXMX�X�QMLKRYRM�

VLQWH]L� NDR�ÀQDOQL� SURGXNW� LPDMX� VPHäX�PRQR��RGQRVQR� VHVNYLWHUSHQD�� D� QH� VDPR� MHGQR�

MHGLQMHQMH�

(WDUVND� XOMD� L]RORYDQD� L]� ELOMQLK� RUJDQD� L� FHOLK� ELOMDND�� NDR� L� MHGLQMHQMD� L]RORYDQD� L]�

HWDUVNLK�XOMD��VX�DQDOL]LUDQL�VD�DVSHNWD�QMLKRYH�IXQNFLMH�X�RUJDQL]PX�ELOMNH��0RQRWHUSHQL�VX�

LGHDOQD�MHGLQMHQMD�]D�SURXÿDYDQMH�VD�DVSHNWD�XORJH�NRMX�LPDMX�X�LQWHUDNFLML�ELOMNH�VD�ELRWLÿNLP�

L� DELRWLÿNLP� IDNWRULPD� VSROMDäQMH� VUHGLQH�� %LRVLQWHWLÿNL� SXW� PRQRWHUSHQD� MH� GRVWD� GREUR�

SR]QDW��D�RQL�SDN�PRJX�LJUDWL�YLäHVWUXNX�HNRORäNX�XORJX�XVOHG�UD]OLÿLWRJ�HIHNWD�QD�ELRORäNH�

SURFHVH�X�QHSRVUHGQRM�RNROLQL��7KRPSVRQ���������

6DPD�XORJD�HWDUVNRJ�XOMD�RGUHĀHQD�MH�VPHäRP�NRPSRQHQWL�NRMH�JD�ÿLQH��2YH�VORæHQH�

VPHäH�QDMÿHäýH�LPDMX�������NRPSRQHQWL�VD�UHODWLYQLP�XGHORP�YHýLP�RG�����RVLP�X�UHWNLP�

VOXÿDMHYLPD� JGH� MHGQD� NRPSRQHQWD� ÿLQL� SUHNR� ���� VDGUæDMD� HWDUVNRJ� XOMD�� NDR� QD� SULPHU�

NRG� FLWUXVD� �(VSLQD� HW� DO��� ������� 2GQRV� RYLK� NRPSRQHQWL� PRæH� ]QDÿDMQR� SURPHQLWL�

QMHJRYH� NDUDNWHULVWLNH�� NDR� L� ELRORäNX� DNWLYQRVW��0DOH� SURPHQH� X� VDPRP� MHGLQMHQMX� �QSU��

NDULRÀOHQ�NDULRÀOHQ� RNVLG�� PRJX� LPDWL� GUDVWLÿQH� SURPHQH� X� SRJOHGX� QMLKRYH� DNWLYQRVWL�

�$UUKHQLXV� 	� /DQJHQKHLP�� ������ +RZDUG� HW� DO��� ������ +XEEHOO� HW� DO��� ������� ãWDYLäH��

VWUXNWXUQL� L]RPHUL� MHGQRJ� MHGLQMHQMD� VH� PRJX� UD]OLNRYDWL� X� VYRMRM� ELRORäNRM� DNWLYQRVWL��

QD� SULPHU� �²��ơ�SLQHQ� L� �²����SLQHQ� HQDQWLRPHUL� QLVX� SRND]DOL� ELRORäNX� DNWLYQRVW� GRN� VX�

����HQDQWLRPHUL�SRND]DOL�MDNX�DQWLPLNUREQX�DNWLYQRVW��6LOYD�HW�DO�������D���



Doktorska disertacija Uvod

52

$ELRWLÿNL�IDNWRUL

(WDUVNR�XOMH�PRæH�SREROMäDWL�WROHUDQFLMX�QD�VXäX��þLQMHQLFD�GD�VH�X�0HGLWHUDQX��L�VOLÿQLP�

NOLPDWLPD��QDOD]L� MDNR�YHOLNL�EURM�SUHGVWDYQLND�NRML�SURGXNXMX�YHOLNX�NROLÿLQX�HWDUVNRJ�XOMD�

JRYRUL�X�SULORJ�RYRM�WYUGQML��5RVV�	�6RPEUHUR���������NDR�L�-RIIUH�L�VDUDGQLFL��������VX�SUHGORæLOL�

GD� SURGXNFLMD� L� DNXPXODFLMD� HWDUVNLK� XOMD�PRæH� GD� LPD� XORJX� GD� SUHXVPHUL� YLäDN� VXQÿHYH�

HQHUJLMH��NRMRP�VX�L]ORæHQH�RYH�ELOMNH�WRNRP�OHWQMLK�PHVHFL��VD�GUXJLK�HQ]LPVNLK�VLVWHPD�NRML�

EL�PRJOL�ELWL�SUHRSWHUHýHQL��SRSXW�IRWRVLQWH]H��,VWUDæLYDQMD�QD�SXWHYLPD�ELRVLQWH]H�WHUSHQD�

VX�SRND]DOD�GD�VXQÿHYD�VYHWORVW�VWLPXOLäH�QMLKRYX�SURL]YRGQMX��%DQHUMHH�	�6KDUNH\��������

/HZLQVRKQ�HW�DO���������5RGULJXH]�&RQFHSFLRQ���������(WDUVNR�XOMH�PRæH�SRYHýDWL�WROHUDQFLMX�

ELOMNH�QD�YLVRNH�WHPSHUDWXUH�L�UHGXNRYDWL�VXYLäDQ�JXELWDN�YRGH�WDNR�äWR�ýH�VH�QDýL�́ ]DUREOMHQRµ�

L]PHĀX�WULKRPD�QD�SRYUäLQL� OLVWD� L�QD�WDM�QDÿLQ�VPDQMLWL� WUDQVSLUDFLMX��$XGXV�	�&KHHWKDP��

������LOL�KODGLWL�SRYUäLQX�ELOMQLK�RUJDQD�VYRMLP�LVSDUDYDQMHP��6KDUNH\�	�6LQJVDDV�������.

%LRWLÿNL�IDNWRUL

3RUHG� VYHJD� QDYHGHQRJ�� QDM]QDÿDMQLMD� XORJD� HWDUVNLK� XOMD� MH� PHGLMDFLMD� X� ELRWLÿNLP�

LQWHUDNFLMDPD��0RJX�VOXæLWL�X�RGEUDQL�RG�LQVHNDWD��$WKDQDVVLRX�HW�DO���������&URWHDX�HW�DO���

������(ODQJR�HW�DO���������*LDWURSRXORV�HW�DO���������*LM]HQ�0DUN�HW�DO���������0DKPRXGYDQG�

HW�DO���������5DWWDQ�	�6KDUPD���������DOL�L�SULYODÿHQMX�RGQRVQR�VHOHNFLML�RSUDäLYDÿD��$FNHUPDQ�

HW� DO��� ������%HNHU� HW� DO��� ������5R\�	�5DJXVR�� ������:LOOLDPV� HW� DO��� ������� 3RND]DQR� MH�

GD�SRMHGLQH� NRPSRQHQWH� X� HWDUVNRP�XOMX� LPDMX� ]QDÿDMQX�XORJX� L� X�RGYUDýDQMX�KHUELYRUD�

�$GDPV�HW�DO�������D��0DUNy�HW�DO����������������0HKDQL]DP�GHORYDQMD�MRä�XYHN�QLMH�GRYROMQR�

SR]QDW��EDUHP�QH�NDGD�VX�X�SLWDQMX�VYH�YUVWH�NRG�NRMLK�MH�XWYUĀHQ�RYDNDY�RGQRV��2VQRYD�

PRæH� ELWL� UD]OLÿLWD�� /DQJHQKHLP� ������� NDR�PRJXýH� QDYRGL� LQKLELFLMX� IRUPLUDQMD� $73�D��

JUDĀHQMH�NRPSOHNVD�VD�VORERGQLP�VWHUROLPD�X�JDVWURLQWHVWLQDOQRP�WUDNWX�ELOMRMHGD��XWLFDM�QD�

QHUYQL�VLVWHP����'R�VDGD�MH�SRND]DQR�GD�VHVNYLWHUSHQL�ED]LUDQL�QD�VNHOHWX�ELVDEROHQD�LPLWLUDMX�

MXYHQLOQH� KRUPRQH� LQVHNDWD� L� QD� WDM� QDÿLQ� RPHWDMX� QMLKRY� SUDYLODQ� UD]YRM� �%RKOPDQQ� HW�

DO�������E���GRN�V�GUXJH�VWUDQH��SRMHGLQL�WHUSHQL�SULYODÿH�SUHGDWRUH�LOL�SDUD]LWH�DUWURSRGQLK�
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ELOMRMHGD�� NRML� X� WRP� VOXÿDMX� LQGLUHNWQR� äWLWH� ELOMNX� �0DUWLQ�� �����. .RG� LQVHNDWD�� HIHNDW�

RGYUDýDQMD�RG�LVKUDQH�MH�QDMYHURYDWQLMH�QD�QLYRX�UHFHSWRUD��GRN�MH�NRG�VLVDUD�XWLFDM�QDMÿHäýH�

SULSLVDQ�ELKHYLRUDOQRP�RGJRYRUX�æLYRWLQMH�QD�MDN�RäWDU�PLULV�LOL�JRUNL�XNXV��3RUHG�RYDNYRJ�

HIHNWD�� L]GYDMD� VH� L� MHGDQ�SRVHEDQ�� JGH� LQVHNWL� ELUDMX� MHGLQNH� NRMH� XSUDYR� LPDMX�RGUHĀHQH�

WHUSHQH��NDNR�EL�LK�DNXPXOLUDOL�L�NRULVWLOL�X�RGEUDQL�RG�VYRMLK�SUHGDWRUD��/DQJHQKHLP��������

6FKXK�	�%HQMDPLQ��������LOL�LK��SDN��NRULVWLOL�NDR�SUHNXUVRUH�X�ELRVLQWH]L�GUXJLK�WHUSHQD�NRML�

LPDMX�XORJX�X�NRPXQLNDFLML�VD�RVWDOLP�MHGLQNDPD�LVWH�YUVWH��3KLOOLSV�	�&URWHDX��������

=QDÿDMQD� MH� L� XORJD� HWDUVNLK� XOMD� X� VPDQMHQMX� NRPSHWLFLMH� VSUHÿDYDQMHP� NOLMDQMD� LOL�

UD]YRMD�GUXJLK�MHGLQNL�X�QHSRVUHGQRM�EOL]LQL��+ROWKXLM]HQ�	�6KDULN��������.DW]�HW�DO���������

0F3KHUVRQ�	�0XOOHU��������5REOHV�HW�DO���������7DUD\UH�HW�DO���������7KRPSVRQ��������9RNRX�

HW�DO���������:KLWWDNHU�	�)HHQ\���������2YR�MH�SRVHEQR�XRÿOMLYR�X�0HGLWHUDQX��JGH�VH�RNR�

DGXOWQLK�MHGLQNL�SURXÿDYDQLK�YUVWD�QDOD]L�]RQD�X�NRMRM�QHPD�GUXJLK�ELOMDND��8�WLP�VOXÿDMHYLPD�

MH�SURQDĀHQR�GD�VH�X�]HPOMLäWX�RNR�LVSLWDQLK�LQGLYLGXD�QDOD]LOD�L]YHVQD�NROLÿLQD�HWDUVNRJ�XOMD�

NRMH�MH�WX�GRVSHOR�QDMYHURYDWQLMH�RVOREDĀDQMHP�L]�RSDORJ�OLäýD��3RUHG�DOHORSDWVNRJ��HWDUVND�

XOMD�LPDMX�L�DXWRDOHORSDWVNR�GHMVWYR��2YR�MH�RSDæHQR�L�NRG�-XQLSHUXV�PRQRVSHUPD��JGH�MH�NOLMDYRVW�

VHPHQD�ELOD�QDMYHýD�QD���P�RG�RGUDVOH� MHGLQNH��D�X�VDPRP�SRGQRæMX� MH�ELOD� L�GR����SXWD�

manja �+ROWKXLM]HQ�	�6KDULN�������. .RG�ELOMND�VXäQLK�HNRVLVWHPD��HWDUVND�XOMD�LPDMX�XORJX�X�

RGUHĀLYDQMX�RSWLPDOQRJ�SHULRGD�]D�NOLMDQMH�VHPHQD��0DUJDULV�	�9RNRX��������7KDQRV�HW�DO���

�������1DLPH��VHPHQD�RVWDMX�QHDNWLYQD�GRN�QH�SDGQH�GRYROMQD�NROLÿLQD�YRGH�NRMD�ýH�GD�VSHUH�

HWDUVNR�XOMH��LOL�GRN�VH�QH�GHVL�SRæDU�NRML�ýH�GD�RPRJXýL�NOLMDQMH��

,�NRQDÿQR��HWDUVND�XOMD�GHOXMX�NDR�VYRMHYUVQL�´LPXQL�VLVWHPµ�VDPH�ELOMNH��ÿXYDMXýL�MH�RG�

UD]OLÿLWLK�SDWRJHQD�²�RG�YLUXVD��SUHNR�EDNWHULMD�GR�JOMLYLFD��&DYDOHLUR�HW�DO���������(O�6DZL�HW�

DO���������0LORMHYLý�HW�DO���������6HFD�	�6LOYD��������7DEDQFD�HW�DO���������8QOX�HW�DO���������
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1.3.3. Biosinteza terpena

PoÿHWNRP�;;�YHND��2��:DOODFK�MH�IRUPXOLVDR�ªL]RSUHQVNR�SUDYLOR©�NRMH�SRVWXOLUD�GD�

VH� YHýLQD� WHUSHQD�PRæH� GRELWL� UHSHWLWLYQLP� VSDMDQMHP� L]RSUHQVNLK� MHGLQLFD�� ,DNR� QHWDÿDQ��

RYDM�NRQFHSW�MH�REH]EHGLR�NRQFHSWXDOQL�RNYLU�]D�VWUXNWXUDOQD�LVWUDæLYDQMD�WHUSHQD��/HRSROG�

5X]LFND�MH�NDVQLMH�IRUPXOLVDR�ªELRJHQHWLÿNR�L]RSUHQVNR�SUDYLOR©�QDJODäDYDMXýL�PHKDQLFLVWLÿNH�

DVSHNWH�VLQWH]H�WHUSHQD��%XFKDQDQ�HW�DO���������
%LRVLQWH]D� VYLK� WHUSHQD� L]� MHGQRVWDYQLK�SUHNXUVRUD� VH�PRæH�SRGHOLWL� QD� ÿHWLUL� RSäWD�

NRUDND�

����ELRVLQWH]D�IXQGDPHQWDOQRJ�SUHNXUVRUD�,33��L]RSHQWHQLO�GLIRVIDW���

����UHSHWLWLYQR�GRGDYDQMH�,33�NDNR�EL�VH�IRPLUDOL�SUHQLO�GLIRVIDWQL�KRPROR]L��NRML�VOXæH�

NDR�QHSRVUHGQL�SUHNXUVRUL�UD]OLÿLWLK�NODVD�WHUSHQRLGD���

����REUDGD�RYLK�SUHQLO�GLIRVIDWD�RG�VWUDQH�VSHFLÀÿQLK�WHUSHQ�VLQWD]D�GR�WHUSHQRLGQRJ�

VNHOHWD��

����VHNXQGDUQH�HQ]LPDWVNH�PRGLÀNDFLMH�VNHOHWD��XJODYQRP�UHGRNV�UHDNFLMH��NRMH�GRGDMX�

IXQNFLRQDOQH� JXSH� L� GRSULQRVH� YHOLNRP�KHPLMVNRP�GLYHU]LWHWX� �%RKOPDQQ� HW� DO���

������%XFKDQDQ�HW�DO���������
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����%LRVLQWH]D�,33

,DNR� VH� ELRVLQWH]D� VYLK� WHUSHQD� GHäDYD� X� VSHFLMDOL]RYDQLP� ýHOLMDPD�� SRVWRML� MDVQD�

RUJDQL]DFLMD�L�QD�VXEýHOLMVNRP�QLYRX��0RQRWHUSHQL��&
10
���GLWHUSHQL��&

20
��L�WHWUDWHUSHQL��&�����

NDR� L� RGUHĀHQL� NLQRQL� VH� SURGXNXMX� LVNOMXÿLYR� X� SODVWLGLPD�� GRN� VH� VHVNYLWHUSHQL� �&
15
���

WULWHUSHQL� �&���� L� SROLWHUSHQL� �&����� SURGXNXMX� X� FLWRVROX� L� HQGRSOD]PDWLÿQRP� UHWLNXOXPX�

�%DQHUMHH�	�6KDUNH\��������%DUWUDP�HW�DO���������%RKOPDQQ�HW�DO���������&RUGRED�HW�DO���������

3KLOOLSV�HW�DO���������=XODN�	�%RKOPDQQ���������þDN�VX�L�SUHNXUVRUL�]D�RYH�ELRVLQWHWVNH�SXWHYH�

RGYRMHQL��0HYDORQDWQL� SXW� �09$�� MH� DNWLYDQ� X� FLWRVROX� L�(5�� GRN� VH� X� SODVWLGLPD� NRULVWL�

PHWLOHULWURO�IRVIDWQL� SXW� �0(3�� �%LFN� 	� /DQJH�� ������ %RKOPDQQ� HW� DO��� ������ %XFKDQDQ�

HW� DO��� ������ &RUGRED� HW� DO��� ������ (LVHQUHLFK� HW� DO��� ������ 5RGULJXH]�&RQFHSFLRQ�� �����. 

,DNR�SRVWRML� MDVQD�NRPSDUWPHQWDOL]DFLMD�RYLK�SURFHVD��UD]PHQD� LQWHUPHGLMHUD��,33�L�SUHQLO�

GLIRVIDWD��LSDN�SRVWRML��8�ELRVLQWH]L�VHVNYLWHUSHQD�NRG�NDPLOLFH��0DWULFDULD�UHFXWLWD��SRND]DQR�

MH� GD� L]YHVWDQ� EURM� VHVNYLWHUSHQD� VDGUæL� PROHNXOH� NRML� VX� ELOL� VLQWHWLVDQL� X� KORURSODVWLPD�

�$GDP�	�=DSS���������3URWRN�LQWHUPHGLMHUD�L]PHĀX�FLWRVROD�L�SODVWLGD�%DUWUDP�L�VDUDGQLFL�

�������VX�SRND]DOL�QD�SULPHUX� LQGXNRYDQH�ELRVLQWH]H�PRQR�� L�VHVNYLWHUSHQD�NRG�3KDVHROXV�

OXQDWXV��þDN�L�NDGD�VX�EORNLUDOL�09$�SXW��GROD]LOR�MH�GR�LQGXNRYDQH�ELRVLQWH]H�VHVNYLWHUSHQD�X�

FLWRVROX��,33�]D�QMLKRYX�VLQWH]X�REH]EHGLR�MH�0(3�SUHNR�&D���]DYLVQH�SXPSH�NRMD�SUHEDFXMH�

,33�L�SUHQLO�GLIRVIDWH�L]�SODVWLGD�X�FLWRVRO��6�GUXJH�VWUDQH��LVWUDæDYLQMD�VX�SRND]DOD�GD�MH�XGHR�

GHXWHULMXP�REHOHæHQRJ�,33�QDVWDORJ�NUR]�09$�SXW�XYHN�PDQML�RG������äWR�JRYRUL�GD�LDNR�

QLMH� GRPLQDQWDQ�� LSDN� MHGDQ� GHR� ,33� X� ELRVLQWH]L�PRQRWHUSHQD� SRWLÿH� L]�09$�SXWD�� =D�

UD]OLNX�RG�æLYRWLQMD�L�JOMLYD�NRMLPD�MH�GRVWXSDQ�VDPR�09$�ELRVLQWHWVNL�SXW��ELOMNH�NRULVWH�RED�

ãWDYLäH��SRND]DQR�MH�GD�X�VOXÿDMX�ªRWND]LYDQMD©�MHGQRJ�ELRVLQWHWVNRJ�SXWD��ELOMNH�SUHXVPHUDYDMX�

ELRVLQWH]X�QD�GUXJL��$GDP�	�=DSS��������%DUWUDP�HW�DO���������%LFN�	�/DQJH���������,]�VYLK�

QDYHGHQLK�UD]ORJD��ELWQR�MH�XSR]QDWL�RED�SXWD�ELRVLQWH]H�,33�SUHNXUVRUD��6OLND��������
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i. 0HYDORQDWQL�SXW��09$��ELRVLQWH]H�,33��ELRVLQWH]D�X�FLWRVROX�

2YDM� SXW� ELRVLQWH]H� ,33� XNOMXÿXMH� QHNROLNR� UHDNFLMD�� �D�� NRQGHQ]DFLMX� WUL� PROHNXOD�

DFHWLO�&R$� X� GYD� NRUDND� X]� SRPRý� HQL]LPD� WLROD]H� L� KLGURNVLPHWLO�JOXWDULO�&R$� VLQWD]H�� 

�E�� UHGXNFLMX� GRELMHQRJ� ��KLGURNVL���PHWLOJOXWDULO�&R$� SRPRýX� HQ]LPD� +0*�&R$�

UHGXNWD]H�X�GYH�VSRMHQH�UHDNFLMH�NRMD�]D�SURL]YRG�LPD�PHYDORQVNX�NLVHOLQX��09$���L��F��$73�

]DYLVQD�IRVIRULODFLMD�L�IRVIRULODFLMD�GHNDUERNVLODFLMD�PHYDORQVNH�NLVHOLQH�GR�,33��%XFKDQDQ�HW�

DO����������6OLND�������

ii. 0HWLOHULWUROIRVIDWQL�SXW��0(3��ELRVLQWH]H�,33��ELRVLQWH]D�X�SODVWLGLPD�

.DGD�MH�SUYL�SXW�RWNULYHQ�SUH����DN�JRGLQD�QD]YDQ�MH�QHPHYDORQDWQL�LOL�5RKPHU�RY�SXW�

�5RGULJXH]�&RQFHSFLRQ���������1D]LYD�VH�MRä�L���GHRNVL�'�NVLOXOR]QL�SXW�LOL�';2��SRäWR�MH�

MHGDQ�RG�SRÿHWQLK�LQWHUPHGLMHUD�RYRJ�SXWD�';2��6KRGQR�WHUPLQRORJLML�NRULäýHQRM�]D�09$�

SXW�� ��C�PHWLO�'�HULWULWRO���IRVIDW� LQWHUPHGLMHU� MH� DQDORJ�PHYDORQVNRM� NLVHOLQL�� SD� VH� L� VDP�

SXW�ELRVLQWH]H�QD]LYD�SR�QMHPX�²�0(3��2YDM�SXW�ELRVLQWH]H�MH�SRND]DQ�NRG�PQRJLK�]HOHQLK�

DOJL��HXEDNWHULMD�L�ELOMDND��6OLND���������6DVWRML�VH�L]�VHGDP�HQ]LPDWVNLK�NRUDND���D��ELRVLQWH]D�

��GHRNVL�'�NVLOXOR]R���IRVIDWD��';3��L]�SLUXYDWD�L�JOLFHUDOGHKLG���IRVIDWD��*$3��X]�SRPRý�

HQ]LPD�';3� VLQWD]H� �';6��� �E��';3� UHGXNWRL]RPHUD]D� �';5�� NRYHUWXMH�';3�X�PHWLO�

'�HULWULWRO���IRVIDW� �0(3��� �F��NRML� X� VH�X� WUL� X]DVWRSQH�HQ]LPDWVNH� UHDNFLMH� WUDQIRUPLäH�X�

FLNORGLIRVIDWQL�LQWHUPHGLMHU�0H&'3���G��HQ]LP�+0%33�VLQWD]H��+'6��X�QDUHGQRP�NRUDNX�

NRQYHUWXMH� 0H&'3� X� KLGURNVLPHWLOEXWHQLO� GLIRVIDW� �+0%33��� �H�� GD� EL� X� SRVOHGQMHP�

NRUDNX�+'5��+0%33�UHGXNWD]D��GDOD�,33��%DQHUMHH�	�6KDUNH\��������%DUWUDP�HW�DO���������

&RUGRED�HW� DO��� ������(LVHQUHLFK�HW� DO��� ������3KLOOLSV�HW� DO��� ������5RGULJXH]�&RQFHSFLRQ��

������=XODN�	�%RKOPDQQ���������
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Slika 1.3.1.�%LRVLQWH]D�SUHNXUVRUD�WHUSHQD�X�ELOMQRM�ýHOLML���D��09$��1 ��WLROD]D��2 ��+0*�&R$�
VLQWD]D��3 �+0*�&R$�UHGXNWD]D��4 ��09$�NLQD]D��5 ��09$3�NLQD]D��6 �09$33�GHNDUERNVL-
OD]D�� � �E��0(3�� i - ';�VLQWD]D� �';6�� ii - ';�UHGXNWRL]RPHUD]D� �';5�� iii - CDP-ME 
VLQWD]D��0&7���iv - &'3�0(�NLQD]D��&0.���v - 0(F33�VLQWD]D��0'6���vi - +0%33�VLQWD]D�
�+'6���vii - +0%33�UHGXNWD]D��+'5���$���,33�L]RPHUD]D��B ��*33�VLQWD]D��C ��)33�VLQWD-
]D��D ��**33�VLQWD]D

&,72
62
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��+LGURNVL���PHWLO�JOXWDULO�&R$
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����)RUPLUDQMH�SUHQLO�GLIRVIDWQLK�KRPRORJD

2VQRYQL�PRQRPHU�X� VLQWH]L� WHUSHQD� MH� ,33��3ROLPHUL]DFLMD� ,33�GRYRGL�GR�QDVWDQND�

SUHQLO� GLIRVIDWQLK� KRPRORJD� NRML� VOXæH� NDR� LQWHUPHGLMHUQL� SUHNXUVRUL� ]D� VLQWH]X� UD]OLÿLWLK�

NODVD�WHUSHQD��PRQR���VHVNYL���GLWHUSHQD������6OLND�������. 

3UYL� NRUDN� MH� L]RPHUL]DFLMD� ,33� X]� SRPRý� HQ]LPD� ,33�L]RPHUD]H�� 3URL]YRG�
RYH� UHDNFLMH� MH� GLPHWLODOLO� GLIRVIDW� �'0$33���=DKYDOMXMXýL� GXSORM� YH]L� X�'0$33� L� SUHQLO�

GLIRVIDWLPD��RYD�MHGLQMHQMD�PRJX�GD�VH�MRQL]XMX�L�VWYRUH�VWDELOQH�NDUERNDWMRQH��7DNR�IRUPLUDQ�

NDUERNDWMRQ�RG�Q�XJOMHQLND�PRæH�SRWRP�GD�SURĀH� UHDNFLMX�NRQGHQ]DFLMH� VD� ,33� L� IRUPLUD�

Q���WHUSHQ��6LQWH]X�&
10

, C
15
� L�&

20
�SUHQLO�GLIRVIDWD�NDWDOL]XMX�prenil transferaze��3URL]YRGL�

RYLK�HQ]LPD�VX�JHUDQLO�GLIRVIDW��*33��&
10
���IDUQH]LO�GLIRVIDW��)33��&

15
��L�JHUDQLOJHUDQLO�GLIRVIDW�

(GGPP, C
20
����%XFKDQDQ�HW�DO����������6OLND��������

CH2OPP

CH2OPP

CH2OPP

,]RSHQWHQLO�GLIRVIDW��,33�

CH2OPP

'LPHWLODOLO�GLIRVIDW��'0$33�

CH2OPP
1

*HUDQLO�GLIRVIDW��*33�

*HUDQLOJHUDQLO�GLIRVIDW��**33�

IPP

PP2

IPP

PP�

)DUQH]LO�GLIRVIDW��)33�

IPP

PP�
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�
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Slika 1.3.2.�%LRVLQWH]D�SUHQLO�GLIRVIDWD�L]�,33�L�'0$33�X�ELOMQRM�ýHOLML��1��,33�L]RPHUD]D��
2��*33�VLQWD]D��3��)33�VLQWD]D��4��**33�VLQWD]D



Doktorska disertacija Uvod

��

����)RUPLUDQMH�WHUSHQD

5HDNFLMH�NUR]�NRMH�SUROD]H�SUHQLO�GLIRVIDWL��QDMÿHäýH�FLNOL]DFLMH���D�NRMH�NDWDOL]XMX�VLQWD]H�

WHUSHQD�� SURGXNXMX� YHOLNL� EURM� WHUSHQRLGQLK� MHGLQMHQMD��(Q]LPL� SUHQLO� GLIRVIDWD]H� L� WHUSHQ�

VLQWD]H��736��GHOH�VOLÿQD�VYRMVWYD�L�VDGUæH�NRQ]HUYDWLYQH�VHNYHQFH��SRJRWRYX�X�UHJLRQLPD�NRML�

NRGLUDMX�PHVWD�]D�YH]LYDQMH�VXSVWUDWD��%XFKDQDQ�HW�DO����������'R�VDGD�VX�SR]QDWH�VHNYHQFH�]D�

MHGDQ�EURM�PRQR���VHVNYL��L�GLWHUSHQD��1D�RVQRYX�VDPH�VHNYHQFH�QLMH�PRJXýH�SUHGYLGHWL�WDÿQR�

SURL]YRG�HQ]LPD�V�RE]LURP�QD�WR�GD�VX�UD]OLNH�X�QMLPD�L]X]HWQR�PDOH��=XODN�	�%RKOPDQQ��

�������7DNR��]DPHQD�VDPR�MHGQH�DPLQRNLVHOLQH��DUJLQLQD�VD�L]ROHXFLQRP��X�����FLQHRO�VLQWD]L�

GROD]L�GR�SURPHQH�JODYQRJ�SURL]YRGD�X�VDELQHQ��GRN�SURPHQD�X�WUL�DPLQRNLVHOLQH�QD�NOMXÿQRP�

PHVWX�GRYRGL�GR�WRJD�GD�HQ]LP�NRML�MH�VLQWHWLVDR�VDELQHQ�SRÿQH�GD�VLQWHWLäH���NDUHQ��6YHJD�

��� UD]OLNH� X� VHNYHQFL� DPLQRNLVHOLQD� MH� GRYROMQR� GD� �²��OLPRQHQ� VLQWD]D� ´SRVWDQHµ� GUXJL�

HQ]LP��� �²��OLPRQHQ��²��ơ�SLQHQD�VLQWD]D�NRMD�X]� �²��OLPRQHQ�VLQWHWLäH� L� ]QDÿDMQH�NROLÿLQH�

(²��ơ�SLQHQD��.DPSUDQLV�HW�DO���������.DWRK�HW�DO���������5RDFK�HW�DO����������

)DPLOLMH�HQ]LPD�RGJRYRUQLK�]D�VLQWH]X�WHUSHQD�L]�*33��)33�L�**33�VX�SR]QDWH�NDR�

PRQRWHUSHQ�, seskviterpen-� L�diterpensintaze��2YH�VLQWD]H�NRULVWH�RGJRYDUDMXýH�SUHQLO�

GLIRVIDWH�NDR�VXSVWUDW�]D�IRUPLUDQMH�YHOLNRJ�EURMD�UD]OLÿLWLK�WHUSHQD��9HýLQD�WHUSHQD�VX�FLNOLÿQD��

D�PQRJD�VDGUæH�PXOWLSQH�SUVWHQRYH�X�VLVWHPX��ÿLMX�RVQRYQX�VWUXNWXUX�GHWHUPLQLäX�YLVRNR�

VSHFLÀÿQH� VLQWD]H��7HUSHQ� VLQWD]H� NRMH� SURGXNXMX� FLNOLÿQH� SURL]YRGH� VH� WDNRĀH� QD]LYDMX� L�

FLNOD]DPD�� LDNR�SRVWRMH�SULPHUL�RQLK�NRMH�SURL]YRGH� DFLNOLÿQD� MHGLQMHQMD� �%XFKDQDQ� HW� DO���

�������6YH�736�VX�VOLÿQLK�VYRMVWDYD��PROHNXODUQD�WHæLQD��SRWUHED�]D�NRIDNWRULPD�L�NLQHWLÿNL�

SDUDPHWUL�� L� VYH� REDYOMDMX� VOLÿQH� HOHNWURÀOQH� FLNOL]DFLMH� �NRMH� XNOMXÿXMX� LVWH� NRUDNH� SRSXW�

VWYDUDQMD��PRGLÀNRYDQMD� L� VWDELOL]DFLMH�YLVRNRUHDNWLYQRJ�NDUERNDWMRQD�� L�ÀQDOQLP�NRUDNRP�

GHSURWRQDFLMH� LOL� ]DUREOMDYDQMD� QXNOHRÀOD� �%RKOPDQQ� HW� DO��� �������2YD� VOLÿQRVW� X� IXQNFLML�

RJOHGD�VH�L�X�VOLÿQRVWL�X�VWUXNWXUL�VYLK�736�L]RORYDQLK�L]�ELOMDND��%RKOPDQQ�HW�DO�������D��

'RVDGDäQMD�LVWUDæLYDQMD�VX�SRND]DOD�GD�VX�VH�PRQRWHUSHQ�VLQWD]H�SRMDYOMLYDOH�YLäH�SXWD�

WRNRP�HYROXFLMH�ELOMDND��1D�SULPHU��OLPRQHQ�VLQWD]D�VH�MDYLOD�QH]DYLVQR�NRG�VNULYHQRVHPHQLFD�

L�JRORVHPHQLFD��%RKOPDQQ�HW�DO�������D���ãWDYLäH��GRVDGDäQML�UDGRYL�QD�JRORVHPHQLFDPD�VX�

SRND]DOL�GD�VH�OLPRQHQ�VLQWD]D�MDYLOD�YLäH�SXWD�QH]DYLVQR�L�XQXWDU�VDPLK�JRORVHPHQLFD��0DUWLQ��

�������=DQLPOMLYR� MH�GD�VHNYHQFH�736� L]PHĀX�JRORVHPHQLFD� L� VNULYHQRVHPHQLFD�SRND]XMX�
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VYHJD����DN�SRVWR�KRPRORJLMH��L�GD�VX�UD]OLNH�XQXWDU�JRORVHPHQLFD��ÿLMH�VX�VH�IDPLOLMH�RGYRMLOH�

SUH�YLäH�VWRWLQD�PLOLRQD�JRGLQD��PDQMH�QHJR�UD]OLNH�L]PHĀX�SRURGLFD�VNULYHQRVHPHQLFD��6WRSD�

PXWDFLMD� RYLK� VLQWD]D� RGJRYDUD� HYROXFLML� ��6� U51.� NRG� JRORVHPHQLFD� �%RKOPDQQ� HW� DO���

����D���6HNYHQFH�DPLQR�NLVHOLQD�NRG�ELOMQLK�736�VX�RPRJXýLOH�SRGHOX�7SV�JHQVNH�SRURGLFH�

QD���SRWSRURGLFD��6OLND���������=DQLPOMLYR� MH�GD�VX�WHUSHQ�VLQWD]H�SULPDUQRJ�PHWDEROL]PD�

�ELRVLQWH]D� SUHNXUVRUD� ELOMQLK� KRUPRQD� L� SLJPHQDWD�� ÀORJHQHWVNL� MDNR� XGDOMHQH� RG� WHUSHQ�

VLQWD]D� VHNXQGDUQRJ�� L� GD� VH� RYR� RGYDMDQMH� GHVLOR� SUH� RGYDMDQMD� VNULYHQRVHPHQLFD� RG�

JRORVHPHQLFD��%RKOPDQQ�HW�DO�������D��.HHOLQJ�	�%RKOPDQQ���������7SV�G�SRWSRURGLFD�VH�
VDVWRML�VDPR�RG�736�L]RORYDQLK�L]�JRORVHPHQLFD��1RYLMD�LVWUDæLYDQMD�VX�SRWYUGLOD�UDQLMH�QDOD]H�

L�SRND]DOD�GD�VH�RYD�JUXSD�PRæH�SRGHOLWL�QD�WUL�SRGJUXSH�²�7SV�G���SULPDUQR�PRQRWHUSHQ�

VLQWD]H���7SV�G���SULPDUQR�VHVNLYHWHUSHQ�VLQWD]H��L�7SV�G���SULPDUQR�GLWHUSHQ�VLQWD]H���0DUWLQ��

�������=DQLPOMLYR�MH�GD�VH�VHVNYLWHUSHQ�VLQWD]H�MDYOMDMX�X�VYH�WUL�JUXSH��XND]XMXýL�QD�WR�GD�VX�

HYROXLUDOH�QH]DYLVQR�YLäH�SXWD�

=D�UD]OLNX�RG��²��&'3�VLQWD]H��736�SULPDUQRJ�PHWDEROL]PD���ÿLML�JHQ�SRVWRML�VDPR�X�

MHGQRM�NRSLML��PQRJH�736�VHNXQGDUQRJ�PHWDEROL]PD�VX�NRGLUDQH�VD�YLäH�NRSLMD�JHQD��2YR�

XPQRæDYDQMH�7SV�JHQD�MH�RPRJXýLOR�YHOLNX�GLYHU]LÀNDFLMX�XQXWDU�7SV�SRURGLFH��7DNR��X�$ELHV�

JUDQGLV�EDU� VHGDP�YHRPD�VOLÿQLK�JHQD� ����� L�YLäH� VOLÿQLK�VHNYHQFL�DPLQRNLVHOLQD��NRGLUDMX�

PRQRWHUSHQ�VLQWD]H�NRMH�VLQWHWLäX�UD]OLÿLWH�PRQRWHUSHQH��%RKOPDQQ�HW�DO�������D���

7SV�a

VHVNYLWHUSHQ�L�GLWHUSHQ�
VLQWD]H�VNULYHQRVHPHQLFD

PRQRWHUSHQ�VLQWD]H�
VNULYHQRVHPHQLFD

WHUSHQ�VLQWD]H�JRORVHPHQLFD

OLQDORRO�VLQWD]D�&��EUHZHUL

GLWHUSHQ�VLQWD]H�
VNULYHQRVHPHQLFD

7SV�E

7SV�d

    abietadien sintaza
    taxadien sintaza*
 E�Į�ELVDEROHQ�VLQWD]D�
����į�VHOLQHQ�VLQWD]D
�������Ȗ�KXPXOHQ�VLQWD]D�
     (-)-pinen sintaza
����������NDPIHQ�VLQWD]D
���������WHUSLQROHQH�VLQWD]D
����������ȕ�IHODQGUHQ�VLQWD]D
������PLUFHQ�VLQWD]D
����������������OLPRQHQ�VLQWD]D
�����������OLPRQHQ�VLQWD]D7SV�f

7SV�e
7SV�F

Slika 1.3.3.�)LORJHQHWVNL�RGQRVL�WHUSHQ�VLQWD]D��6YH�VLQWD]H�WHUSHQD�NRG�JRORVHPHQLFD�VX�L]�
$ELHV�JUDQGLV��RVLP�WD[DGLHQ�VLQWD]H�NRMD�MH�L]RORYDQD�L]�7D[XV�EUHYLIROLD�����/LQDORRO�VLQWD]D�MH�
L]RORYDQD�L]�FYHWD�&ODUNLD�EUHZHUL��7HUSHQ�VLQWD]H�NRMH�SULSDGDMX�7SV�H�L�7SV�F�NODGDPD�VLQWHWLäX�
SUHNXUVRUH�SULPDUQRJ�PHWDEROL]PD���3ULODJRĀHQR�SUHPD�%RKOPDQQ�HW�DO�������D�
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0RQRWHUSHQ�VLQWD]H

9HOLNL� EURM� UD]OLÿLWLK� PRQRWHUSHQ� VLQWD]D� �076�� MH� L]RORYDQ� L]� JRORVHPHQLFD� L�

VNULYHQRVHPHQLFD��6YL�RYL�HQ]LPL�SRUHG�VOLÿQRJ�PHKDQL]PD�GHORYDQMD�VH�RGOLNXMX�L�GUXJLP�

]DMHGQLÿNLP�NDUDNWHULVWLNDPD��PROHNXOVND�PDVD� MH�X�RSVHJX�RG����GR�����N'D��]DKWHYDMX�

GYRYDOHQWQL�PHWDOQL� MRQ� �L�PRQRYDOHQWQL� NRG� ÿHWLQDUD��� JRWRYR�QHXWUDOQX�S+�D�SURL]YRGH�

VPHäH�PRQRWHUSHQD� �%RKOPDQQ� HW� DO��� ����D���.DNR� VH� VLQWH]D�PRQRWHUSHQD� RGLJUDYD� X�

SODVWLGLPD��D�076�VX�NRGLUDQH�QXNOHDUQLP�JHQLPD��VYL�RYL�HQ]LPL�LPDMX�WUDQ]LWQL�SHSWLG�QD�

1�NUDMX�NRML�RPRJXýDYD�WUDQVSRUW�X�SODVWLGH��'DYLV�	�&URWHDX��������

5HDNFLMD� VLQWH]H�PRQRWHUSHQD� ]DSRÿLQMH� MRQL]DFLMRP�*33� X]� SRPRý� GYRYDOHQWQRJ�

MRQD�PHWDOD� NDR� NRIDNWRUD��0Q��� NRG� ÿHWLQDUD�� GRN� MH� NRG� VNULYHQRVHPHQLFD� WR� QDMÿHäýH�

Mg���%RKOPDQQ�HW�DO����������'YRYDOHWQL jon PHWDOD je QHRSKRGDQ ]D QHXWUDOL]DFLMX QHJDWLYQRJ 

QDHOHNWULVDQMD GLIRVIDWD kako EL doäOR do L]RPHUL]DFLMH�� =DQLPOMLYR� MH� GD� PRQRWHUHSHQ�

VLQWD]H� NRG� ÿHWLQDUD� ]D� UD]OLNX� RG� RQLK� NRG� VNULYHQRVHPHQLFD�� ]DKWHYDMX� L� SULVXVWYR� .� 

]D� DNWLYDFLMX� HQ]LPD� L� JRWRYR� QHXWUDOQX� S+� �%RKOPDQQ� HW� DO��� ������ ������� 6PDWUD� VH� GD�

PRQRYDOHQWQL�L�GYRYDOHQWQL�MRQ�GLUHNWQR�XÿHVWYXMX�X�VWDELOL]DFLML�IRVIDWQLK�JUXSD�VXSVWUDWD��

äWR�XND]XMH�QD�IXQGDPHQWDOQX�UD]OLNX�IXQNFLRQLVDQMD�076�NRG�JRORVHPHQLFD�X�RGQRVX�QD�

VNULYHQRVHPHQLFH��%RKOPDQQ�HW�DO����������3RÿHWQD�MRQL]DFLMD�MH�SUDýHQD�YUDýDQMHP�GLIRVIDWD�

�33L�� L� L]RPHUL]DFLMRP� NDNR� EL� VH� IRUPLUDR� HQ]LPVNL� YH]DQ� LQWHUPHGLMHU� ²� OLQDOLO� GLIRVIDW�

�/33���8�]DYLVQRVWL�RG�PRQRWHUSHQ�VLQWD]H��IRUPLUDýH�VH���5��/33�LOL���6��/33�L]RPHU��WDNR�

GD� MH� VWHUHRKHPLMD�ÀQDOQRJ�SURL]YRGD�RGUHĀHQD� YHý� X� RYRP�NRUDNX��1DNRQ� URWDFLMH� RNR�

&��&�� �IRUPLUDQMH� FLV� NRQIRUPHUD��� /33� SUROD]L� NUR]� VHNXQGDUQX� MRQL]DFLMX� XNODQMDQMHP�

GLIRVIDWQH� JUXSH�� SUDýHQX� DQWL�� HQGR�FLNOL]DFLMRP� X� ��5��� RGQRVQR� ��6��ơ�WHUSLQLO� NDWMRQ��

SUYL� FLNOLÿQL� LQWHUPHGLMHU�� $FLNOLÿQL� PRQRWHUSHQ� �PLUFHQ�� PRæH� QDVWDWL� GHSURWRQDFLMRP�

ELOR�NRMD�RG�GYD�SUYD�NDUERNDWMRQD��2YD�L]RPHUL]DFLMD�MH�QHRSKRGQD�MHU�*33�QH�PRæH�GD�

FLNOL]XMH�GLUHNWQR�]ERJ�SULVXVWYD�GXSOLK�YH]D��ơ�7HUSLQLO�NDWMRQ�GDOMH�SUROD]L�NUR]�GRGDWQH�

HOHNWURÀOQH�FLNOL]DFLMH��SRPHUDQMH�YRGRQLND�LOL�GUXJH�UHDUDQæPDQH��SUH�QHJR�äWR�VH�UHDNFLMD�

]DYUäL�GHSURWRQDFLMRP�NDUERNDWMRQD�LOL�]DUREOMDYDQMHP�QXNOHRÀOD��QSU��YRGH���9DULMDFLMH�RYH�

MHGQRVWDYQH� äHPH�� XNOMXÿXMXýL� SRWRQMH� UHDNFLMH� ơ�WHUSLQLO� NDUERNDWMRQD�� VX� RGJRYRUQH� ]D�

HQ]LPDWVNX�VLQWH]X�YHýLQH�PRQRWHUSHQVNLK�VNHOHWD��%RKOPDQQ�HW�DO���������%XFKDQDQ�HW�DO���

������&URWHDX�HW�DO���������*DPEOLHO�	�&URWHDX��������
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'HSURWRQDFLMD�ơ�WHUSLQLO�NDWMRQD�GDMH�PRQRFLNOLÿQH�PRQRWHUSHQH��OLPRQHQ��WHUSLQROHQ���

$NR�VH�QDNRQ�RYRJ�NRUDND�GHVL�SRPHUDQMH�YRGRQLÿQLK�YH]D�X������LOL�����SRORæDM�PRJX�QDVWDWL�

GUXJL�PRQRFLNOLÿQL����IHODQGUHQ��LOL�ELFLNOLÿQL��VDELQHQ��WHUSHQL��'RGDWQH�HOHNWURÀOQH�FLNOL]DFLMH�

ơ�WHUSLQLO�NDWMRQD��SUHNR�SUHRVWDOH�GXSOH�YH]H�GDMH�ELFLNOLÿQH�NDERNDWMRQ�LQWHUPHGLMHUH�NRMH�

ýH�NDR�ÀQDOQH�SURL]YRGH�GDWL�ELFLNOLÿQH�PRQRWHUSHQH�SRSXW���NDUHQD��NDPIHQD��ơ��L���SLQHQD��

�%RKOPDQQ�HW�DO���������&URWHDX�HW�DO���������*DPEOLHO�	�&URWHDX���������6OLND����������

0RQRWHUSHQ� VLQWD]H� VX� SURXÿDYDQH� L� VD� DVSHNWD� SURQDODæHQMD� DNWLYQLK� PHVWD� ]D�

YH]LYDQMH� VXSVWUDWD��=DQLPOMLYR� MH� GD� VX� NRG� ÿHWLQDUD� LGHQWLÀNRYDQL� VDPR� DUJLQLQ� L� FLVWHLQ�

NDR�DPLQRNLVHOLQH�NOMXÿQH�]D�YH]LYDQMH�VXSVWUDWD��GRN�VX�NRG�VNULYHQRVHPHQLFD�WR�KLVWLGLQ�L�

FLVWHLQ��,VWUDæLYDQMD�QD�PXWDQWQLP�OLPRQHQ�VLQWD]DPD�XSXýXMX�GD�MH�+LV����]DGXæHQ�]D�GDOMH�

WUDQVIRUDPDFLMH� ơ�WHUSLQLO� NDWMRQD� L� QDVWDQDN� L]YHGHQLMLK� PRQRWHUSHQD�� GRN� /HX� QD� RYRM�

SR]LFLML�IRUPLUD�QHGRYROMQR�VWDELOQL�NDUERNDWMRQ�NRML�YUOR�EU]R�JXEL�SURWRQ�L�GDMH�NDR�SURL]YRG�

MHGQRVWDYQLMH� WHUSHQH� SRSXW� OLPRQHQD� �.DWRK� HW� DO��� ������� ,QKLELFLMD� FLNOD]D� GLIRVIDWQLP�

DQDOR]LPD� MH� SRND]DOD� WUL� JODYQH� RVRELQH� NRMH� VXSVWUDW� PRUD� SRVHGRYDWL� GD� EL� JD� YH]DOD�

RGJRYDUDMXýD�076�� ���� VWDQMH� MRQL]DFLMH� QD� S+�X� NRPH� MH� HQ]LPDWVND� UHDNFLMD� RSWLPDOQD��

����VWUXNWXUQD�ÁHNVLELOQRVW�GLIRVIDWD�L�����PRJXýQRVW�YH]LYDQMD�GYRYDOHQWQRJ�PHWDOQRJ�MRQD�

�'DYLV�	�&URWHDX���������6YH�PRQRWHUSHQ�VLQWD]H�VX�X�VWDQMX�GD�NDWDOL]XMX�L�L]RPHUL]DFLMX�L�

FLNOL]DFLMX��%RKOPDQQ�HW�DO�������D��

7DEHOD��������'LVWULEXFLMD�SURL]YRGD�QHNROLNR�PRQRWHUSHQ�VLQWD]D�L]RORYDQLK�L]�JRORVHPHQLFD�
�3RGDFL�SUHX]HWL�L]�%RKOPDQQ�HW�DO���������.DWRK�HW�DO���������5RDFK�HW�DO���������

MTS* 0RQRWHUSHQ����

LS �� � 12 11 1

LPS �� �� 11 20 10

PS - �� �� - -

FS 6 � �� 52 -

SS <1 5 2 � ��

*076���0RQRWHUSHQ�VLQWD]D��LS����²��/LPRQHQ�VLQWD]D��/36����²��/LPRQHQ��²��ơ�SLQHQ�
VLQWD]D��36���²��3LQHQ�VLQWD]D� FS����²����)HODQGUHQ�VLQWD]D��SS���²��6DELQHQ�VLQWD]D

�²��ơ�3LQHQ�²��/LPRQHQ �²����3LQHQ �²����)HODQGUHQ �²��6DELQHQ
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0QRJH� 076� ELRVLQWHWLäX� PXOWLSQH� SURGXNWH� �DFLNOLÿQH�� PRQRFLNOLÿQH� L� ELFLNOLÿQH��

YDULMDFLMDPD�X�ED]LÿQRP�PHKDQL]PX��7DNR��QD�SULPHU���²��OLPRQHQ�VLQWD]D�SURGXNXMH�L�PDOH�

NROLÿLQH�PLUFHQD��ơ��L���SLQHQD��GRN��²��SLQHQ�VLQWD]D�NRG�$ELHV�JUDQGLV�VLQWHWLäH��²�����������

L� �²��ơ�SLQHQ��������%DQWKRUSH�	�/H�3DWRXUHO��������%RKOPDQQ�HW�DO���������&ROE\�HW�DO���

������*DPEOLHO�	�&URWHDX��������/HZLQVRKQ�HW�DO����������7DEHOD���������=DQLPOMLYR�MH�GD�RG�

WDNVRQD��RGQRV�VLQWHWLVDQLK�NRPSRQHQWL�PRæH�GUDVWLÿQR�GD�YDULUD��SD�WDNR���²��SLQHQ�VLQWD]D�

kod 3LFHD�VLWFKHQVLV�VLQWHWLäH�ÿDN������²��ơ�SLQHQD��L�WHN������²���²SLQHQD��GRN�VH�NRG�3LQXV�

WDHGD�VLQWHWLäH�LVNOMXÿLYR��²��ơ�SLQHQ��0F.D\��������3KLOOLSV�HW�DO����������

ơ��L���3LQHQ�VX�QDMÿHäýH�NRPSRQHQWH�HWDUVNLK�XOMD��*DPEOLHO�	�&URWHDX���������'RN�VH�

ơ�SLQHQ�PRæH�MDYLWL�X�RED�RSWLÿND�VWDQMD������L��²��ơ�SLQHQ�����SLQHQ�VH�MDYOMD�JRWRYR�LVNOMXÿLYR�

kao (²���HQDQWLRPHU��*DPEOLHO�	�&URWHDX���������,GHQWLÀNRYDQH�VX�GYH�SLQHQ�VLQWD]H��pinen-

FLNOD]D�,�L�SLQHQ�FLNOD]D�,,��2VQRYQD�UD]OLND�MH�X�VWHUHRKHPLML�GRELMHQLK�SURL]YRGD��3LQHQ�
FLNOD]D�,�LPD�]D�SURL]YRG�����ơ�SLQHQ������NDPIHQ�L�����OLPRQHQ��GRN�SLQHQ�FLNOD]D�,,�GDMH�

(²��ơ�SLQHQ����²����SLQHQ����²��NDPIHQ����²��OLPRQHQ�L�PLUFHQ��*DPEOLHO�	�&URWHDX���������

ơ�3LQHQ�QDVWDMH�JXELWNRP�SURWRQD�+6��GRN���SLQHQ�QDVWDMH�JXELWNRP�SURWRQD�+���'HZLFN��

������ �6OLND��������ơ�3LQHQ� MH�SUHNXUVRU�]D�ELRVLQWH]X�YHUEHQROD� L�YHUEHQRQD��GYD� WHUSHQD�

NRMD�LJUDMX�YDæQX�XORJX�X�LQWHUDNFLML�ÿHWLQDUD�VD�LQVHNWLPD�SRWNRUQMDFLPD��3KLOOLSV�	�&URWHDX��

�������

/LPRQHQ�VLQWD]H� �� ����� L� �²��OLPRQHQ� VLQWD]D��XNODQMDMX�SURWRQ� L]� LVWH�PHWLO� JUXSH�
��5���RGQRVQR���6��ơ�WHUSLQLO�NDWMRQD��IRUPLUDMXýL�PHWLOHQVNX�JUXSX�OLPRQHQD��6OLND��������

3URL]YRG� OLPRQHQ� VLQWD]H� NRG�0HQWKD� VSLFDWD� MH� ���� OLPRQHQ� L� RWSULOLNH� MHGQDNH� NROLÿLQH�

PLUFHQD��ơ��L���SLQHQD��=DSUDYR��X�RNR����VOXÿDMHYD�ơ�WUHUSLQLO�NDWMRQ�VH�WUDQVIRUPLäH�X�SLQLO�

NDWMRQ�NRML�LPD�����äDQVH�GD�VH�WUDQVIRUPLäH�X�ơ��RGQRVQR���SLQHQ��D�X�RNR����VOXÿDMHYD�

*33�LOL�/33�QH�XVSHYDMX�GD�VH�FLNOL]XMX�L�QMLKRYD�GHSURWRQDFLMD�GRYRGL�GR�IRUPLUDQMH�PLUFHQD�

�'DYLV�	�&URWHDX���������.RG�3LFHD�DELHV�� (²��OLPRQHQ�VLQWD]D�GDMH������²��OLPRQHQD�����

PLUFHQD������²��ơ�SLQHQD���������OLPRQHQD�L�PDQMH�RG�����²����SLQHQD��6OLÿQR�MH�L�NRG�$ELHV�

JUDQGLV, dok kod 3LFHD�VLWFKHQVLV (²��OLPRQHQ�VLQWD]D�GDMH�LVNOMXÿLYR��²��OLPRQHQ��0DUWLQ���������

/LPRQHQ� MH� SUHNXUVRU� ]D� QL]� GUXJLK�PRQRWHUSHQD�� SRSXW�PHQWROD�� SLSHULWRQD� LOL� NDUYROD�

(%XFKDQDQ et DO���������'HZLFN��������
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(–��/LPRQHQ��–��ơ�SLQHQ�VLQWD]D�MH�HQ]LP�RWNULYHQ�NRG�$ELHV�JUDQGLV��8�SRÿHWNX�VH�
VPDWUDOR�GD�MH�JHQ�NRML�NRGLUD�RYDM�HQ]LP�DOHO�JHQD�]D��²��OLPRQHQ�VLQWD]X��PHĀXWLP��GHWDOMQLMH�

SURXÿDYDQMH�RYRJ�HQ]LPD�L�QMHJRYLK�SURGXNDWD�MH�SRND]DOR�GD�LDNR�SRVWRML�����SUHNODSDQMD�

X� VHNYHQFL� DPLQRNLVHOLQD�� RGQRV� SURL]YRGD� MH� GUDVWLÿQR� UD]OLÿLW��'RN� �²��OLPRQHQ� VLQWD]D�

SURL]YRGL�JRWRYR�LVNOMXÿLYR�²��OLPRQHQ��QDMPDQMH�������RYDM�HQ]LP�VLQWHWLäH�����OLPRQHQD��

���� �²��ơ�SLQHQD�� ���� �²����IHODQGUHQD� L� ���� VDELQHQD� NDR� JODYQH� SURL]YRGH��2VQRYQD�

UD]OLND� L]PHĀX� RYD� GYD� HQ]LPD�� NRMD� VH� SRND]DOD� RGJRYRUQRP� ]D� VPDQMHQMH� SURGXNFLMH�

OLPRQHQD�X�NRULVW�SLQHQD� L� IHODQGUHQD� MH�X�]DPHQL�/HX����VD�+LV�����%RKOPDQQ�HW�DO���������

.DWRK�HW�DO���������

Sabinen sintaza�MH�GR�VDGD�L]RORYDQD�L]�æDOÀMH��6DOYLD�RIÀFLQDOLV��L�VPUÿH��3LFHD�VLWFKHQVLV��

�3HWHUV�	�&URWHDX��������5RDFK�HW� DO��� ������:LVH� HW� DO��� �������3URL]YRG�RYRJ�HQ]LPD� MH�

PHäDYLQD� PRQRWHUSHQD� L� WR� �NRG� 3LFHD� VLWFKHQVLV��� ���� VDELQHQD�� ���� ơ�WHUSLQROHQD�� ���

ơ�SLQHQD�L�SR�QHNROLNR�SURFHQDWD���ÀHODQGUHQD����SLQHQD��OLPRQHQD�L�GUXJLK��*ODYQL�SURL]YRGL�

VDELQHQ�VLQWD]H��VDELQHQ��QDVWDMH�L]�ơ�WHUSLQLO�NDUERNDWMRQD�����KLGULGQLP�SRPHUDQMHP��6OLND�

��������5RDFK�HW�DO���������:LVH�HW�DO���������
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Seskviterpen sintaze

0HKDQL]DP� IRUPLUDQMD� VHVNYLWHUSHQD� L]� )33� MH� VOLÿDQ� VLQWH]L� PRQRWHUSHQD�� � LDNR�

SRYHýDQD� ÁHNVLELOQRVW� &
15
� LQWHUPHGLMHUD� HOLPLQLäH� SRWUHEX� ]D� SRÿHWQRP� L]RPHUL]DFLMRP�

L� IRUPLUDQMD� MHGLQMHQMD� �5�� LOL� �6�QHUROLGRO� GLIRVIDWD� �DQDORQJ� /33��� 1DNRQ� LQLFLMDOQH�

L]RPHUL]DFLMH� GROD]L� GR� MRQL]DFLMH� L� FLNOL]DFLMH�� 'RGDWQD� &
5
� MHGLQLFD� L� GXSOD� YH]D� )33�

WDNRĀH�GR]YROMDYD�IRUPLUDQMH�QH�VDPR����� L����ÿODQLK�SUVWHQRYD��YHý� L�GDOHNR�YHýHJ�EURMD�

VWUXNWXUQR� UD]OLÿLWLK� VHVNYLWHUSHQD� X� RGQRVX� QD�PRQRWHUSHQH��2VQRYQL�PHKDQL]PL�076�

NRULVWH�L�676��V�WLP�VH�GD�WRNRP�ELRVLQWH]H�VHNVYLWHUSHQD�IRUPLUD�GDOHNR�YHýL�EURM�SRÿHWQLK�

LQWHUPHGLMDUQLK� NDUERNDWMRQD� �IDUQH]LO�� QHUROLGLO�� JHUPDNUDGLHQLO�� KXPXOLO�� ELVDEROLO��

FLNORKHSWHQLO�� HXGH]PDQLO� NDWMRQ����� �'HJHQKDUGW� HW� DO��� ������� -HGQD� RG� JODYQLK� SRVOHGLFD�

SRVWRMDQMD�YHOLNRJ�EURMD�LQWHUPHGLMDUQLK�NDUERNDWMRQD��SRUHG�PRJXýQRVWL�ELRVLQWH]H�GDOHNR�

YHýHJ� EURMD� UD]OLÿLWLK� VHVNYLWHUSHQD�� MH� L� PRJXýQRVW� ELRVLQWH]H� LVWRJ� VHVNYLWHUSHQD� NUR]�

QHNROLNR� UD]OLÿLWLK�PHKDQL]DPD��2NDUDNWHULVWDQ� MH�YHOLNL�EURM� UD]OLÿWLK� VHVNYLWHUSHQ� VLQWD]D�

�676��� 3RMHGLQH� VLQWD]H� L]RORYDQH� L]� ÿHWLQDUD� VX� X� VWDQMX� GD� SURL]YHGX� L� GR� ��� UD]OLÿLWD�

VHVNYLWHUSHQD��GRN�GUXJH��SRJRWRYX�RQH�NRMH�VX�YH]DQH�]D�RGJRYRU�ELOMNH�QD�QDSDG�LQVHNDWD�

SRSXW��E��ơ�ELVDEROHQ�L�Ƥ�FDGLQHQ�VLQWD]H��VLQWHWLäX�LVNOMXÿLYR�SR�MHGDQ�SURL]YRG��%XFKDQDQ�

HW�DO���������3KLOOLSV�	�&URWHDX��������

6HVNYLWHUSHQ�VLQWD]H�SUHGVWDYOMDMX�SULOLÿQR�]DQLPOMLYX�JUXSX�736��1DLPH��SDUFLMDOQRP�

HNVSUHVLMRP� JHQD� ]D� 076�� SUH� VYHJD� RGVWUDQMLYDQMHP� SROLSHSWLGD� VD� 1�NUDMD� SURWHLQD��

X]URNXMH�]DGUæDYDQMH�RYLK�PRQRWHUSHQ�VLQWD]D�XQXWDU�FLWRVROD��JGH�VH�VXVUHýX�VDPR�VD�)33��

,DNR� VH� NRG� QHNLK� YUVWD� ELRVLQWH]D� VHVNYLWHUSHQD� RVODQMD� �PDNDU� X� QRUPDOQLP� XVORYLPD��

LVNOMXÿLYR�QD�09$�SXW��5LFFLRFDUSRV�QDWDQV���:XU]HO�	�%HFNHU����������NRG�GUXJLK�SDN�GROD]L�

GR�´SR]DMPOMLYDQMDµ�,33�'0$33�SUHNXUVRUD�L]�0(3�ELRVLQWHWVNRJ�SXWD��0DWULFDULD�UHFXWLWD, 

�$GDP�	�=DSS����������)LORJHQHWVND�DQDOL]D�VHNYHQFL�676�XND]XMH�QD�JUXSLVDQMH�L�VD�GLWHUSHQ�

VLQWD]DPD�DOL�L�VD�PRQRWHUSHQ�VLQWD]DPD��7DNR�MH�HQ]LP�]D�VLQWH]X�VHVNYLWHUSHQD�IDUQH]HQD�

QDMYHURYDWQLMH�QDVWDR�L]�JHQD�]D�076�NRG�JROR��L�VNULYHQRVHPHQLFD��0DUWLQ���������6OLÿQR�

076��WUL�676�VX�HYROXLUDOD�QHNROLNR�SXWD�QH]DYLVQR�NRG�ÿHWLQDUD�L]�PRQR��L�GLWHUSHQ�VLQWD]D��

((��ơ�ELVDEROHQ�VLQWD]D�L��(�(��ơ�IDUQH]HQ�VLQWD]D�VX�QDVWDOH�JXELWNRP�WUDQ]LWQRJ�SHSWLGD�QD�

1�NUDMX�SURWHLQD�L�VSHFLMDOL]DFLMRP�]D�)33��0DUWLQ���������
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Diterepen sintaze

'LWHUSHQ�VLQWD]H��'76��NRULVWH�GYD�UD]OLÿLWD�WLSD�HQ]LPDWVNLK�UHDNFLMD�FLNOL]DFLMH�GD�EL�

WUDQVRIUPLVDOH�**33�X�GLWHUSHQH��3UYD�FLNOL]DFLMD�SRGVHýD�QD�FLNOL]DFLMX�NRMX�YUäH�076�L�676�

²�MRQL]DFLMD�GLIRVIDWQRJ�VXSVWUDWD�L�HOHNWURÀOQL�QDSDG�NDUERNDWMRQD�QD�MHGQX�RG�GXSOLK�YH]D�

XQXWDU�**33��%XFKDQDQ�HW�DO����������

'UXJL�WLS�FLNOL]DFLMH�VH�GHäDYD�GUXJDÿLMH��1DLPH��X�RYRM�FLNOL]DFLML�GROD]L�GR�SURWRQDFLMH�

GXSOH�YH]H�L�VWYDUDQMH�SUYRJ�NDUERNDWMRQD��NRML�VH�FLNOL]XMH�X�ELFLNOLÿQL�LQWHUPHGLMHU��-RQL]DFLMD�

GLIRVIDWQRJ�HVWUD�SURPRYLäH�GUXJX�FLNOL]DFLMX�NDNR�EL�VH�GRELR�WULFLNOLÿQL�SURL]YRG��%XFKDQDQ�

HW�DO���������

1DMYLäH� L]XÿDYDQH� GLWHUSHQ� VLQWD]H� ÿHWLQDUD� VX� DELHWDGLHQ� VLQWD]D� L]� $ELHV� JUDQGLV�

�%RKOPDQQ�HW�DO���������3HWHUV�HW�DO���������5DYQ�HW�DO���������:LOGXQJ���������������RGJRYRUQD�

]D�VLQWH]X�DELHWDGLHQD�NRML�MH�MHGDQ�RG�QDMYDæQLMLK�NRPSRQHQWL�VPROD��NDR�L�WDNVDGLHQ�VLQWD]D�

L]�UD]OLÿLWLK�YUVWD�URGD�7D[XV��&URWHDX�HW�DO���������+H]DUL�HW�DO���������.DL�HW�DO���������/DVNDULV�

HW�DO���������:LOOLDPV�HW�DO���������=DPLU�HW�DO�������D������E���NRMD�VLQWHWLäH�WDNVRO��MHGDQ�RG�

NRPHUFLMODQR�QDM]QDÿDMQLMLK�GLWHUSHQD�X�WUHWPDQX�NDQFHUD�
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 (4) Obrada terpenskog skeleta

9HOLNRM� UD]QRYUVQRVWL� WHUSHQD� L]RORYDQLK� L]� ELOMDND� GRSULQRVH� ]DSUDYR� PRGLÀNDFLMH�

RVQRYQRJ�VNHOHWD�NRMHJ�VX�SURGXNRYDOH� WHUSHQRLG�VLQWD]H��2YH�VHNXQGDUQH�WUDQVIRUPDFLMH�

QDMÿHäýH�XNOMXÿXMX�RNVLGDFLMH��UHGXNFLMH��L]RPHUL]DFLMH�L�NRQMXJDFLMH�NRMH�PHQMDMX�IXQNFLRQDOQH�

JUXSH�QD�RVQRYQRP�VNHOHWX��0QRJH�KLGURNVLODFLMH�LOL�HSRNVLGDFLMH�XNOMXÿHQH�X�XYRĀHQMH�DWRPD�

NLVHRQLND�X�WHUSHQRLGQL�VNHOHW�REDYOMD�FLWRKURP�3����RNVLGD]H��%XFKDQDQ�HW�DO����������

&LWRKURP� 3���� PRQRRNVLGD]H� �&<3����� VX� L]X]HWQR� ]QDÿDMQH� ]D� GLYHU]LÀNDFLMX�

WHUSHQD�NUR]�RNVLGDFLMX��2YL�SURWHLQL�SUHGVWDYOMDMX�YHOLNX�NODVX�HQ]LPD�NRMH�NRULVWH�1$'�3�

+�NDNR�EL�RNVLGRYDOL�WHUSHQ��'R�VDGD�MH�LGHQWLÀNRYDQ�YHOLNL�EURM�&<3����JHQD��SUHNR����NRG�

3LQXV�WDHGD��.HHOLQJ�	�%RKOPDQQ���������.RG�ÿHWLQDUD��FLWRKURP�3����RNVLGD]H�VX�RGJRYRUQH�

]D�RNVLGDFLMX�DELHWDGLHQD�GR�DELHWDGLHQROD�L�GUXJLK�RNVLJHQLVDQLK�MHGLQMHQMD��NRMH�ÿLQH�JODYQH�

GLWHUSHQVNH�NRPSRQHQWH�VPROH��=XODN�	�%RKOPDQQ���������
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�������.RQWUROD�ELRVLQWH]H�PRQRWHUSHQD

%LRVLQWH]D�WHUSHQD�MH�NRPSDUWPHQWDOL]RYDQD�X�ýHOLML��'RN�VH�PRQRWHUSHQL�L�GLWHUSHQL�

VLQWHWLäX�X�SODVWLGLPD�SUHNR�0(3�ELRVLQWHWVNRJ�SXWD��VHVNYLWHUSHQL�VH�VLQWHWLäX�X�FLWRVROX�SUHNR�

09$�SXWD��0HĀXWLP��JHQL�NRML�NRGLUDMX�HQ]LPH�RED�HQ]LPDWVND�SXWD��NDR�L�SUHQLO�GLIRVIDW�

VLQWD]H�L�736�VH�QDOD]H�X�RNYLUX�MHGDUQRJ�JHQRPD��%DQHUMHH�	�6KDUNH\��������%DUWUDP�HW�DO���

������%RKOPDQQ�HW�DO���������&RUGRED�HW�DO���������3KLOOLSV�HW�DO���������=XODN�	�%RKOPDQQ��

�������7HUSHQL�VH�VLQWHWLäX�L�ÿXYDMX�X�SRVHEQLP�VWUXNWXUDPD��PHWDEROLÿNL�VX�VNXSL�SURGXNWL�

L�RG�YHOLNRJ�]QDÿDMD�]D�VDPX�ELOMNX��WH�MH�L�NRQWUROD�QMLKRYH�ELRVLQWH]H�RG�L]X]HWQRJ�]QDÿDMD��

.RQWUROD�ELRVLQWH]H�VH�YUäL�QD�YLäH�UD]OLÿLWLK�PHVWD��

5HJXODFLMD�09$��+0*�&R$�UHGXNWD]D�MH�MHGDQ�RG�QDMNRQ]HUYLUDQLMLK�UHJXODWRUQLK�
HQ]LPD�NRG�æLYRWLQMD��V�RE]LURP�QD�WR�GD�MH�YHýLP�GHORP�]DGUXæHQ�]D�NRQWUROX�ELRVLQWH]H�

KROHVWHUROD��%URMQD�LVWUDæLYDQMD�SRND]XMX�GD�MH�LVWL�VOXÿDM�L�VD�+0*�&R$�L]RORYDQRJ�L]�(5�

ELOMDND��8�PQRJLP�VOXÿDMHYLPD��PDOH�JHQVNH�IDPLOLMH�NRMH�VDGUæH�QHNROLNR�ÿODQRYD�NRGLUDMX�

RYDM�HQ]LP��2YH�JHQVNH�IDPLOLMH�VX�HNVSULPLUDMX�QD�VORæHQL�QDÿLQ��VD� LQGYLGXDOQLP�JHQLPD�

NRML� SRND]XMX� NRQVWLWXWLYQX�� WNLYQX�� RQWRJHQHWVNX� LOL� KRUPRQVNL�LQGXNRYDQX� HNVSUHVLMX�

�%XFKDQDQ�HW� DO��� �������6SHFLÀÿQL�JHQL� ]D�+0*�&R$�UHGXNWD]X�PRJX�ELWL�SRG�XWLFDMHP�

SRVWUDQVODFLRQH� UHJXODFLMH�� QSU�� LQDNWLYDFLMRP� HQ]LPD� SUHNR� IRVIRULODFLMH�� 3URWHROLWLÿND�

GHJUDGDFLMD�+0*�&R$�UHGXNWD]H�L�YHN�WUDMDQMD�L51.�WUDQVNULSWD�PRæH�WDNRĀH�GD�LPD�XWLFDM�

QD�HQ]LPDWVNX�DNWLYQRVWL��-Rä�XYHN�QH�SRVWRML�XQLÀNRYDQD�äHPD�NRMD�EL�REMDVQLOD�NDNR�UD]OLÿLWL�

PHKDQL]PL� NRML� UHJXOLäX� +0*�&R$� UHGXNWD]X� XVPHUDYDMX� SURGXNFLMX� UD]OLÿLWLK� WHUSHQD�

�%XFKDQDQ�HW�DO���������

5HJXODFLMD�0(3��0HWDEROLÿND�UHJXODFLMD�RYRJ�ELRVLQWHWVNRJ�SXWD�MH�SUHNR�GRVWXSQRVWL�
RUJDQVNL�YH]DQRJ�XJOMHQLND��SLUXYDW�L�*$3��NDR�L�1$'3+��$73�L�F$73���3LUXYDW�MH�X�SODVWLGLPD�

GRVWXSDQ� L� NUR]� %HQVRQ�.DOYLQRY� FLNOXV�� DOL� L� NDR� LQWHUPHGLMHU� UXELVNR� UHDNFLMH�� 3RVWRMH�

GRND]L�GD�VH�SLUXYDW�XQXWDU�SODVWLGD�PRæH�GRELWL�L�WUDQVSRUWRP�3(3��IRVIR�HQRO��SLUXYDWD��L]�

FLWRVROD�SRPRýX�337��3(3�IRVIDWQRJ�WUDQVORNDWRUD��L�QMHJRYRP�GDOMRP�REUDGRP�X�SLUXYDW�

X]�SRPRý�HQ]LPD�SLUXYDW�NLQD]H�NRML�VH�QDOD]L�X�SODVWLGLPD��'UXJL�HQ]LP�X�0(3�MH�';5�

NRML�MH�]DYLVWDQ�RG�1$'3+��1$'3+�VH�QDMYHURYDWQLMH�GRELMD�L]�IRWRVLQWHWLÿNRJ�HOHNWURQ�
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transportnog lanca, što bi objasnilo zašto je sinteza terpena gotovo potpuno zaustavljena 

QRýX��%DQHUMHH�	�6KDUNH\��������/HZLQVRKQ�HW�DO���������5RGULJXH]�&RQFHSFLRQ���������3RUHG�

';5��L�SRVOHGQMD�GYD�HQ]LPD�0(3�SXWD��+'6��+'5��LPDMX�>�)H²��6@�NODVWHUH�NRML�XNOMXÿXMX�

GXSOH� WUDQVIHUH� SR� MHGQRJ� HOHNWURQD�� NRML� VX� NRG�A. thaliana� SRUHNORP� L]� IRWRVLQWHWLÿNRJ�

HOHNWURQ�WUDQVSRUWQRJ�ODQFD�SUHNR�IHURGRNVLQD��%DQHUMHH�	�6KDUNH\���������=D�WUHýL�NRUDN�

0(3� SXWD� �NRQYHU]LMD�0(3� X�&'3�0(3�� MH� QHRSKRGDQ� SR� MHGDQ�PROHNXO�$73� L� &73��

(NVSHULPHQWDOQR�MH�XWYUĀHQR�GD�'0$33�IXQNFLRQLäH�SUHNR�QHJDWLYQH�feedback petlje i na taj 

QDÿLQ�XSRVWDYOMD�NRQWLQXLUDQX�SURL]YRGQMX�,33�L�'0$33�GHOXMXýL�QD�';6��

3URXÿDYDQMHP� FHORJ� JHQRPD�A. thaliana� MH� XWYUĀHQR� SRVWRMDQMH� ÿDN� WUL� JHQD� NRMD�

VLQWHWLäX�';6��GD�EL�NDVQLMH�L�NRG�Picea abies i Oriza sativa�ELOR�RWNULYHQR�SRVWRMDQMH�LVWR�WUL�

JHQD�� RGQRVQR� GYD� NRG�Ginkgo biloba, Medicago trunculata i Zea mays ÿLML� MH� SURL]YRG�';6�

�&RUGRED�HW�DO����������'HWDOMQLMH�SURXÿDYDQMHP�VH�GRäOR�GR�WRJD�GD�MH�MHGDQ�';6�HNVSULPLUDQ�

X�IRWRVLQWHWLÿNLP�WNLYLPD�NRG�VYLK�YUVWD��'UXJL�WLS�MH�ELR�HNVSULPLUDQ�NRG�SRMHGLQLK�YUVWD�L�WR�

X�NRUHQX�NDGD�MH�GROD]LOR�GR�XVSRVWDYOMDQMD�PLNRUL]H��7UHýL�WLS�';6�JHQD�MH�ELR�HNVSULPLUDQ�

X� VSHFLÀÿQLP� WNLYLPD�� DOL� MRä�XYHN�QLMH�RWUNLYHQD�XORJD�RYRJ� WUHýHJ�JHQD� �&RUGRED�HW� DO���

�������=DQLPOMLYR�MH�GD�ÀORJHQHWVNH�DQDOL]H�VHNYHQFH�RYLK�JHQD�SRND]XMX�GD�VH�RQL�JUXSLäX�X�

RGYRMHQLP�NODGDPD�NRMH�VX�VH�UD]YLOH�SUH�RGYDMDQMD�PRQRNRWLOD�L�GLNRWLOD��RVLP�NRG�ÿHWLQDUD�

i A. thaliana�JGH�VX�VH�GYD�JHQD�JUXSLVDOD�QD�LVWRM�NODGL��&RUGRED�HW�DO����������=D�UD]OLNX�RG�

';6�JHQD��JHQL�NRML�NRGLUDMX�]D�RVWDOH�SURWHLQH�0(3�ELRVLQWHWVNRJ�SXWD�VH�QDOD]H�X�MHGQRM�

NRSLML��RVLP�NRG�SRMHGLQLK�YUVWD�JGH�MH�GHWHNWRYDQR�SRVWRMDQMH�GYD�LOL�WUL�JHQD��QSU�';5�NRG�

Hevea brasiliensis� LOL�+'5�NRG�Pinus taeda �GYH�NRSLMH� i Ginkgo biloba �WUL�NRSLMH��� �&RUGRED�

HW�DO���������.LP�HW�DO����������6YL�RYL�UH]XOWDWL�JRYRUH�R�PRJXýRM�WNLYQR�]DYLVQRM�UHJXODFLML�

ELRVLQWH]H�,33�'0$33��

=DQLPOMLYD�RVRELQD�RYLK�JHQD�MH�GD�UHDJXMX�QD�XWLFDMH�L]�VSROMDäQMH�VUHGLQH��6YHWORVW�MH�

MHGDQ�RG�ELWQLK�IDNWRUD�NRML�XWLÿH�QD�SRYHýDQX�WUDQVNULSFLMX�RYLK�JHQD��äWR�EL�ELOR�RG�YHOLNRJ�

]QDÿDMD� NRG� NOLMDQDFD� SULOLNRP� UD]YRMD� SUYLK� IRWRVLQWHWLÿNLK� WNLYD� �&RUGRED� HW� DO��� �������

6�GUXJH� VWUDQH�� NRG�SRMHGLQLK� ÿHWLQDUD� �Abies grandis, Pinus taeda, Picea sitchensis�� UDQMDYDQMH�

WNLYD�LOL�SURGLUDQMH�JOMLYD�WDNRĀH�LPD�]D�HIHNDW�SRYHýDQX�WUDQVNULSFLMX�RYLK�JHQD��NDR�L�JHQD�

RGJRYRUQLK�]D�ELRVLQWH]X�RGEUDPEHQLK�PRQR���VHVNYL��L�GLWHUSHQD��%RKOPDQQ�HW�DO���������

+XGJLQV�HW�DO���������.HHOLQJ�	�%RKOPDQQ��������0F.D\��������3KLOOLSV�HW�DO���������6WHHOH�HW�

DO���������=XODN�	�%RKOPDQQ���������
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5HJXODFLMD�736��8�]DYLVQRVWL�RG�WDNVRQD��PRJX�VH�SURQDýL�MHGDQ�LOL�RED�WLSD�WHUSHQD�
²�NRQVWLWXWLYQL�L�LQGXNRYDQL��.RQVWLWXWLYQL�WHUSHQL�VH�VLQWHWLäX�WRNRP�FHORJ�LOL�RGUHĀHQRJ�GHOD�

RQWRJHQHWVNRJ�UD]YLýD��,QGXNRYDQL�WHUSHQL�VH�VLQWHWLäX�WHN�QDNRQ�PHKDQLÿNRJ�RäWHýHQMD�WNLYD�

RG�VWUDQH�KHUELYRUD�LOL�SURGLUDQMHP�SDWRJHQLK�RUJDQL]DPD��.RG�3KDVHROXV�OXQDWXV�ELRVLQWH]D�

WHUSHQD�VH�GHäDYD�LVNOMXÿLYR�NDGD�MH�ELOMND�L]ORæHQD�RGUHĀHQRP�VWUHVX��%DUWUDP�HW�DO����������

GRN�NRG�YUVWD�URGD�3LQXV�VH�NRQVWLWXWLYQR�QDOD]L�YHOLND�NROLÿLQD�WHUSHQD�X�YLGX�VPROH��PHäDYLQD�

PRQR���VHVNYL��L�GLWHUSHQD��NRMD�VH�ÿXYD�X�VPRQLP�NDQDOLPD��%RKOPDQQ�HW�DO�������E��*LM]HQ�

0DUN�HW�DO���������.HHOLQJ�	�%RKOPDQQ��������3KLOOLSV�	�&URWHDX��������3KLOOLSV�HW�DO����������

6YDNDNR�VH�YHýLQD�YUVWD�QDOD]L�QHJGH�QD�VNDOL�L]PHĀX�RYD�GYD�HNVWUHPD��JGH�SRVWRML�L]YHVQD�

NROLÿLQD�NRQVWLWXWLYQRJ�L�LQGXNRYDQRJ�HWDUVNRJ�XOMD�

.ROLÿLQD�PRQRWHUHSHQ�VLQWD]D�X�OLVWRYLPD�QHNROLNR�ÿHWLQDUVNLK�YUVWD��3LQXV�SRQGHURVD��

$ELHV�FRQRFRORU��QDJOR�UDVWH�NDGD�VX�SRG�QDSDGRP�ODUYH�+DOLVGRWD�LQJHQV��.HHOLQJ�	�%RKOPDQQ��

�������,VWL�HIHNDW�MH�]DEHOHæHQ�L�NRG�RäWHýHQMD�VWDEOD�3LFHD�VLWFKHQVLV�L�$ELHV�JUDQGLV�JGH�MH�]DEHOHæHQ�

SRUDVW� X� NROLÿLQL�736�� L� WR� WDÿQR�RGUHĀHQLP� UHGRVOHGRP�²�QDMSUH� MH� SRYHýDQD� ELRVLQWH]D�

OLPRQHQD��QHNROLNR�GDQD�NDVQLMH�SLQHQD��D�MRä�NDVQLMH�VHVNYLWHUSHQD�L�GLWHUSHQD��2YDNDY��QD�

SUYL�SRJOHG��QHDGHNYDWDQ�RGJRYRU�]DSUDYR�RGJRYDUD�FLNOXVX�SRWNRUQMDND�L�VLPELRQWVNH�JOMLYH�

NRMD�JD�SUDWL� �%RKOPDQQ�HW�DO�������E��/HZLQVRKQ�HW�DO���������0F.D\��������6WHHOH�HW�DO���

��������

.RG� UDQMDYDQMD� VWDEOD�� GROD]L� GR� MDNH� UHDNFLMH�� 3UYR� VH� VLQWHWLäX� YHOLNH� NROLÿLQH�

PRQRWHUHSHQD�NRMD�LPDMX�XORJX�GD�UDVWYRUH�GLWHUSHQH�L�SUHQHVX�LK�ODNäH�GR�PHVWD�QDSDGD��

,VSDUDYDQMHP�PRQRWHUHSHQD�RVWDMX�VDPR�GLWHUSHQL�NRML�SROLPHUL]XMX�L�IRUPLUDMX�JXVWX�VPROX�

NRMD�ýH�GD�]DUREL�LQVHNWD�L�]DWYRUL�UDQX�QD�VWDEOX��6HVNYLWHUSHQL�EL�PRJOL�GD�VOXæH�NDR�GUXJD�OLQLMD�

RGEUDQH��JGH�SRMHGLQL�LPLWLUDMX�MXYHQLOQH�KRUPRQH�LQVHNWD�L�QD�WDM�QDÿLQ�RPHWDMX�QRUPDODQ�

UD]YRM�ODUYH��0F.D\��������0LOOHU��������6WHHOH�HW�DO����������=DQLPOMLYR�MH�GD��EH]�RE]LUD�QD�

WR�GD�MH�UHDNFLMD�ELOMNH�MDND��RQD�MH�L]X]HWQR�ORNDOL]RYDQD��L�SURPHQH�X�NROLÿLQL�PRQRWHUHSHQ�

VLQWD]D�L�VDVWDYX�HWDUVNRJ�XOMD�QLVX�GHWHNWRYQH�YHý�QD�GDOMLQL�RG����DN�FHQWLPHWDUD�RG�PHVWD�

QDSDGD��6�GUXJH�VWUDQH��VLPXODFLMD�QDSDGD� LQVHNWD�QD� OLVWRYH� MH�GDOD�GDOHNR�VODELMX�UHDNFLMX�

QHJR�NRG�VWDEOD��'RäOR�MH�GR�VDPR�EODJH�SURPHQH�X�DNWLYQRVWL�736�HQ]LPD�NDR�L�DNXPXODFLMH�

WHUSHQD��0LOOHU���������D�VDVWDY�HWDUVNRJ�XOMD�VH�JRWRYR�QLMH�XRSäWH�SURPHQLR�

'RVDGDäQMD� LVWUDæLYDQMD� SRND]XMX� GD� VX� MDVPRQVND� NLVHOLQD� L� PHWLO� MDVPRQDW� JODYQL�

VLJQDOQL� PROHNXOL� X� RGJRYRUX� ELOMNH� QD� PHKDQLÿNR� UDQMDYDQMH�� KHUELYRULMX�� RYLSR]LFLMX� LOL�

SURGLUDQMH�SDWRJHQLK�JOMLYD��0LOOHU��������=XODN�	�%RKOPDQQ���������
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1.3.5. 'RVDGDäQMD�LVWUDæLYDQMD�WHUSHQD

3UYL�SLVDQL�WUDJRYL�R�XSRWUHEL�DURPDWLÿQLK�ELOMNH�L�QMLKRYLK�ªVPROD©�VH�MDYOMDMX�X�6WDURP�

(JLSWX�SUH�YLäH�RG�������JRGLQD��'XGDUHYD�HW�DO����������-Rä�RG�RYRJ�SHULRGD��OMXGL�SRND]XMX�

L]X]HWQR�LQWHUHVRYDQMH�]D�DURPDWLÿQH�ELOMNH�L�QMLKRYD�HWDUVND�XOMD��-HGQRVWDYQRP�SUHWUDJRP�

*RRJOH�6FKRODU�VD�NOMXÿQLP�UHÿLPD�µHVVHQWLDO�RLOµ�SRMDYOMXMH�VH�SUHNR���������UDGRYD�NRML�VX�

GR�VDGD�SXEOLNRYDQL�QD�WHPX�WHUSHQD��*RRJOH�VFKRODU��PDUW��������5D]ORJ�WRPH�OHæL�X�ÿLQMHQLFL�

GD� VX� HWDUVND� XOMD� L� QMLKRYL� JODYQL� VDVWRMFL� ²� WHUSHQL�� SRND]DOL� QL]� ELRORäNLK� DNWLYQRVWL�� RG�

DQWLRNVLGDWLYQH��$GRUMDQ�	�%XFKEDXHU��������$VJDU\�HW�DO���������$VLOL�HW�DO���������&DQWUHOO�HW�

DO���������(PDPL�HW�DO���������������������(QQDMDU�HW�DO���������������/HäMDN�HW�DO���������������

/RL]]R�HW�DO���������0LVKDULQD�HW�DO���������0RHLQ�HW�DO���������6DFFKHWWL�HW�DO���������6KDODE\�HW�

DO���������<YRQ�HW�DO���������=KHOMD]NRY�HW�DO����������SUHNR�DQWLPLNUREQH��$EGHO�.DGHU�HW�DO���

������%DKUL�HW�DO���������'HUZLFK�HW�DO���������(KVDQL�HW�DO���������)RXDG�HW�DO���������*OLVLý�HW�

DO���������.ORXFHN�HW�DO���������0DUW]�HW�DO���������0RHLQ�HW�DO���������3HSHOMQMDN�HW�DO����������

DQWLYLUDOQH��$GRUMDQ�	�%XFKEDXHU��������/RL]]R�HW�DO���������L�UHSHOHQWQH��*LDWURSRXORV�HW�DO���

������*LM]HQ�0DUN�HW�DO���������+ĈGĈUXJĈ�HW�DO����������GR�DQWLWXPRU��$GRUMDQ�	�%XFKEDXHU��

������6DDE�HW�DO���������L�DQWLLQÁDPDWRUQH��+ĈGĈUXJĈ�HW�DO���������/HäMDN�HW�DO���������������

/RL]]R�HW�DO���������6DOLGR�HW�DO���������7XPHQ�HW�DO����������������%D]D�]D�RYD�LVWUDæLYDQMD�OHæL�

XSUDYR�X�MDNRM�ELRORäNRM�RGQRVQR�HNRORäNRM�XOR]L�NRMX�RYH�NRPSRQHQWH�LPDMX�X�æLYRWX�VYDNH�

ELOMNH��R�ÿHPX�MH�YHý�ELOR�UHÿL�
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�������9DULMDELOQRVW�L�XSRWUHED�WHSHQD�X�WDNVRQRPVNLP�LVWUDæLYDQMLPD

(WDUVND�XOMD�VX�L]XÿDYDQD�L�VD�WDNVRQRPVNRJ�DVSHNWD��3UYD�LVWUDæLYDQMD�VX�HNVSHULPHQWDOQR�

SRND]DOD�GD�VH�HWDUVND�XOMD��]ERJ�SRMDYH�NRQYHUJHQFLMH��PRJX�NRULVWLWL�QD�QLæLP�WDNVRQRPVNLP�

QLYRLPD��7UHQXWQD�]QDQMD�R�ÀORJHQLML� WHUSHQ�VLQWD]D�� L�ELRVLQWH]L� WHUSHQD�NRG�YLäLK�ELOMDND��

VDPR�VX�SRWYUGLOD�RQR�äWR� MH�SUHWKRGQR� L�HNVSHULPHQWDOQR�XWYUĀHQR��1D�SULPHU�� OLPRQHQ�

VLQWD]D�VH�MDYLOD�YLäH�SXWD�QH]DYLVQR�NRG�VNULYHQRVHPHQLFD�L�JRORVHPHQLFD��%RKOPDQQ�HW�DO���

����D���RGQRVQR�YLäH�SXWD�QH]DYLVQR�L�XQXWDU�VDPLK�JRORVHPHQLFD��0DUWLQ��������

6D�SRÿHWNRP�UD]YRMD�ELRKHPLMVNH�VLVWHPDWLNH����LK�JRGLQD�SURäORJ�YHND��NUHýX�L�SUYD�

LVWUDæLYDQMD�HWDUVNLK�XOMD�NDR�WDNVRQRPVNLK�PDUNHUD��

Varijabilnost terpena

'D� EL� HWDUVND� XOMD� PRJOD� GD� VH� NRULVWH� NDR� KHPRWDNVRQRPVNL� PDUNHUL�� +DUERUQH�

�������MH�SUHGORæLR�ÿHWLUL�NULWHULMXPD������GD�MHGLQMHQMD�SRVHGXMX�GRYROMQR�YHOLNX�KHPLMVNX�L�

VWUXNWXUDOQX�NRPSOHNVQRVW������GD�VX�À]LRORäNL�VWDELOQD�MHGLQMHQMD������GD�VX�äLURNR�GLVWULEXLUDQL�

NRG�ELOMQLK�YUVWD�L�����GD�VH�VYDNR�MHGLQMHQMH�PRæH�EU]R�L�ODNR�LGHQWLÀNRYDWL�

7HUSHQL�� YHý�QD�SUYL� SRJOHG� ]DGRYROMDYDMX� WUL� NULWHULMXPD�� SRVHGXMX�GRYROMQR� YHOLNX�

KHPLMVNX�L�VWUXNWXUDOQX�NRPSOHNVQRVW��äLURNR�VX�GLVWULEXLUDQL�L�YHýLQD�DNR�QH�L�VYH�NRPSRQHQWH�

L]�RYLK�NRPSOHNVQLK�VPHäD�MH�MHGQRVWDYQR�L�EU]R�PRJXýH�LGHQWLÀNRYDWL��

2VWDMH� SLWDQMH� À]LRORäNH� VWDELOQRVWL�� $NR� VH� L]X]PX� LQKHUHQWQL� SUREOHPL� EDYOMHQMD�

RYRP�JUXSRP� MHGLQMHQMD� �QMLKRYD�YHOLND� LVSDUOMLYRVW� VWDYOMD�RGUHĀHQD�RJUDQLÿHQMD��� WHUSHQL�

VX�SRND]DOL�UD]OLÿLWL�VWHSHQ�VWDELOQRVWL�NRG�UD]OLÿLWLK�YUVWD�L�ÿDN�UD]OLÿLWLK�ELOMQLK�RUJDQD��9RQ�

5XGORII�� ������� 7HUSHQL� LPDMX� L]X]HWDQ� ELRORäNL� L� HNRORäNL� ]QDÿDM� ]D� VDPX�ELOMNX�� ãWDYLäH��

VLQWHWLäX� VH� X� VSHFLMDOL]RYDQLP� WNLYLPD� NRMD� VX� VWUDWHäNL� ORFLUDQD� QD� ELOMQLP� RUJDQLPD��

8� ]DYLVQRVWL� RG� ELOMQRJ� RUJDQD�� ]DYLVLýH� L� VDVWDY� HWDUVNRJ� XOMD� �&DYDOHLUR� HW� DO��� ������(O�

6DZL� HW� DO��� ������ 6DOHKL� 6KDQMDQL� HW� DO��� ������� (NVSHULPHQWDOQR� MH� XWYUĀHQR� GD� WHUSHQL�

SRND]XMX�UD]OLÿLWRVW�X�SURGXNFLML�L]PHĀX�EOLVNR�VURGQLK�YUVWD�L�L]PHĀX�SRSXODFLMD�MHGQH�YUVWH� 
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�%XFKDQDQ�HW�DO����������(PLVLMD�WHUSHQD�SUDWL�FLUNDGLMDOQL�ULWDP��JGH�VH�QDMYHýL�EURM�WHUHSHQD�

RVORERGL�WRNRP�GDQD�X�SRUHĀHQMX�VD�NROLÿLQRP�X�WRNX�QRýL��=XODN�	�%RKOPDQQ��������

7DNVRQRPVNL�]QDÿDM�WHUSHQD�NRG�JRORVHPHQLFD

3UYL�]QDÿDMQLML�UDG�NRML�VH�EDYLR�SURXÿDYDQMH�WHUSHQD�NDR�KHPRWDNVRQRPVNLK�PDUNHUD�

NRG�ÿHWLQDUD� MH�REMDYOMHQ�VUHGLQRP�VHGDPGHVHWLK�JRGLQD�SURäORJ�YHND��(UQVW�YRQ�5XGORII �

�������MH�QDNRQ�YLäH�JRGLQD�LQWHQ]LYQRJ�EDYOMHQMD�VDVWDYRP�HWDUVNRJ�XOMD�NRG�EURMQLK�ÿHWLQDUD�

�)ODNH�HW�DO���������5XGORII��������������5XGORII �	�&RXFKPDQ��������5XGORII �	�6RRG��������

9LQXWKD�	�5XGORII��������GDR�VYHREXKYDWQL�SUHJOHG�KHPRWDNVRQRPVNRJ�LVWUDæLYDQMD�WHUSHQD�

ÿHWLQDUD�VHYHUQRDPHULÿNRJ�NRQWLQHQWD��1MHJRYD�LVWUDæLYDQMD�VX�SRND]DOD�GD�SRVWRMH�WUL�JUXSH�

ÿHWLQDUD�� ����SUYD�NRG�NRMLK� MH�YDULMDELOQRVW�X� VDVWDYX� WROLNR�PDOD��GD�QLMH�PRJXýH�XWYUGLWL�

LQWUD�� L� LQWHUVSHFLMVNH�RGQRVH� WLK�YUVWD�� ����GUXJD�NRG�NRMLK� MH�YDULMDELOQRVW�GRYROMQD�GD� VH�

PRJX�XWYUĀLYDWL�LQWUD��L�LQWHUVSHFLMVNL�RGQRVL��L�����WUHýD�NRG�NRMLK�MH�WROLNR�YHOLND�YDULMDELOQRVW�

GD�]DKWHYDMX�YHOLNL�EURM�MHGLQNL�NDNR�EL�VH�XWYUGLOL�QMLKRYL�RGQRVL��

7HUSHQL�HWDUVNLK�XOMD�VX� L]X]HWQR�LVSDUOMLYD� MHGLQMHQMD�� WDNR�GD� MH�VDPR�X]RUNRYDQMH� L�

ÿXYDQMH�PDWHULMDOD�RG�SUHVXGQRJ�]QDÿDMD�]D�VYDNX�GDOMX�DQDOL]X��1HNH�YUVWH�ÿHWLQDUD��LPDMX�

L]X]HWQR�GHEHOL�HSLGHUPLV�]DäWLýHQ�GHEHORP�NXWLNXORP��D�HWDUVND�XOMD�VH�QDOD]H�´]DUREOMHQDµ�

X�VPRQLP�NDQDOLPD��.RG�RYLK�YUVWD��X]RUNRYDQMH�L�WUDQVSRUW�MH�L]X]HWQR�ODN��MHU�QH�SRVWRML�

PRJXýQRVW�JXELWND�HWDUVNRJ�XOMD�SURVWLP�LVSDUDYDQMHP��$GDPV��������9RQ�5XGORII���������

$GDPV�MH�ÿDN�SRND]DR�GR�VH�NRG�YHýLQD�YUVWD�URGD�-XQLSHUXV�ELOMQL�PDWHULMDO�PRæH�ÿXYDWL�NDR�

VXY� L�GR���PHVHFL�EH]� LNDNYH�SURPHQH�X�VDVWDYX� L�NROLÿLQL�HWDUVNRJ�XOMD� �$GDPV���������6�

GUXJH�VWUDQH��SRVWRMH�RQH�YUVWH�ÿHWLQDUD�NRG�NRMLK�VH�æOH]GH�]D�OXÿHQMH�HWDUVNRJ�XOMD�QDOD]H�QD�

SRYUäLQL�OLVWRYL��.RG�RYLK�YUVWD�GROD]L�GR�]QDÿDMQRJ�JXELWND�HWDUVNRJ�XOMD�SULOLNRP�WDUQVSRUWD�

L� ÿXYDQMD� XNROLNR� VH� QH� SRYHGH� UDÿXQD� SULOLNRP� WUDQVSRUWD� L� ÿXYDQMD� �$GDPV�� ������9RQ�

5XGORII���������

%URMQL� UDGRYL�QD� VDVWDYX�HWDUVNRJ�XOMD�NRG�ÿHWLQDUD� VX�SRND]DOL�GD�� ����SRVWRML� MDVQD�

JHRJUDIVNL�NRUHOLVDQD�YDULMDELOQRVW�X�VDVWDYX�HWDUVNRJ�XOMD��$GDPV������������D������E��������

����������������E������F������D������E������D��$GDPV�	�7DVKHY��������$GDPV�HW�DO�������E��

����D������D������D������������E��%HNKHFKL�HW�DO���������&DYDOHLUR�HW�DO���������������������

(PDPL�HW�DO���������)LOLSRZLF]�HW�DO���������-DPHV��������.DOOLR�	�-XQJHU�0DQQHUPDD��������
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.KDMMDN�HW�DO���������/RRPDQ�	�6YHQGVHQ��������0DR�HW�DO���������0DUW]�HW�DO���������0HGLQL�

HW�DO�������D��������1LNROLý�HW�DO���������2WWDYLROL�HW�DO���������5H]]L�HW�DO���������9RQ�5XGORII��

������6HOD�HW�DO���������7DWUR�HW�DO���������8QOX�HW�DO���������9HODVFR�1HJXHUXHOD�HW�DO����������

����SURXÿDYDMXýL�VH]RQVNX�YDULMDELOQRVW��HWDUVND�XOMD�VX�SRND]DOD��X�]DYLVQRVWL�RG�YUVWH�L�WNLYD�

L]�NRMHJ�MH�L]RORYDQR�XOMH�LVNOMXÿLYR�NYDQLWLWDYQX�YDULMDELOQRVW��X�VPLVOX�SULQRVD��GRN�MH�RGQRV�

NRPSRQHQWL�RVWDMDR�NRQVWDQWDQ��LOL�SDN�]QDÿDMQX�YDULMDELOQRVW�X�RGQRVX�NRPSRPHQWL�X�XOMX�

�$GDPV������������F��&DYDOHLUR�HW�DO���������0DUNy�HW�DO���������0HGLQL�HW�DO�������D��������

3RZHOO�	�$GDPV��������6DOHKL�6KDQMDQL�HW�DO���������6DOLGR�HW�DO���������7DWUR�HW�DO��������������

GD�SRVWRML�MDVQD�UD]OLND�X�VDVWDYX�HWDUVNRJ�XOMD�L]PHĀX�GUYHWD��LJOLFD��QH]UHOLK�L�]UHOLK�æHQVNLK�

äLäDULFD��$QJLRQL�HW�DO���������������&DYDOHLUR�HW�DO���������������������(O�6DZL�HW�DO���������

(PDPL� HW� DO��� ������*RQQ\� HW� DO��� ������ ������+ĈGĈUXJĈ� HW� DO��� ������/HäMDN� HW� DO��� ������

/RL]]R�HW�DO���������0DURQJLX�HW�DO���������0LORV�	�5DGRQLF��������6DOLGR�HW�DO���������6KDKPLU�

HW�DO����������WH�GD�VH�YUVWH�PRJX�UD]OLNRYDWL�QD�RVQRYX�VDVWDYD�HWDUVNRJ�XOMD��Adams, 2011a���

=ERJ�SRVWRMDQMD�UD]OLND�X�VDVWDYX�HWDUVNRJ�XOMD�RGUHĀHQLK�ELOMQLK�WNLYD�X�]DYLVQRVWL�RG�

RQWRJHQHWVNH�ID]H�UD]YLýD��X�KHPRWDNVRQRPLML�NRG�ÿHWLQDUD��D�SRJRWRYX�NRG�URGD�-XQLSHUXV se 

QDMYLäH�NRULVWH�LJOLFH��2GQRVL�NRPSRQHQWL�HWDUVNRJ�XOMD�X�VWDEOX�YDULUDMX�RG�VWDURVWL��%HUQDUG�

'DJDQ�������� L�X�]DYLVQRVWL�RG� WRJD�GD� OL� MH�PHVWR�VD�NRMHJ� MH�X]RUNRYDQR� WNLYR�ELOR�SRG�

QDSDGRP��0F.D\�������. .DNR�MH�MDNR�WHäNR�XWYUGLWL�SUHFL]QX�VWDURVW�X]RUND�GUYHWD��D�VDVWDY�

HWDUVNRJ�XOMD� äLäDULFD�YDULUD� WRNRP�SHULRGD�QMLKRYRJ�VD]UHYDQMD��GYRJRGLäQMH� LJOLFH�NRMH� VH�

QDNRQ�SUYH�JRGLQH�LQWHQ]LYQRJ�UD]YRMD��VYH�QDOD]H�X�PDQMH�YLäH�LVWRM�RQWRJHQHWVNRM�ID]L�VX�

VH� SRND]DOH� NDR� L]X]HWQR� GREDU� L]YRU� HWDUVNRJ� XOMD� NRML� RFUWDYD� JHQHWLÿNH� UD]OLNH� L]PHĀX�

LQGLYLGXD�LVWH�L�UD]OLÿLWLK�SRSXODFLMD��

%LRKHPLMVND� LVWUDæLYDQMD� ELRVLQWH]H� WHUSHQD� VX� SRND]DOD� GD� VDPR� 736� SULPDUQRJ�

PHWDEROL]PD�LPDMX�GUDVWLÿDQ�XWLFDM�QD�UDVW�L�UD]YRM�ELOMNH�L�ODNR�VH�XRÿDYDMX�NUR]�PRUIRORäNH�

SURPHQH�IHQRWLSD��GRN�PXWDFLMH�X�736�VHNXQGDUQRJ�PHWDEROL]PD�NDR�SURL]YRG�LPDMX�SRMDYX�

UD]OLÿLWLK�KHPRWLSRYD��NRMH�MH�PRJXýH�XRÿLWL�MHGLQR�DQDOL]RP�VDVWDYD�HWDUVNRJ�XOMD�L]RORYDQRJ�

L]�WDNYLK�MHGLQNL��%RKOPDQQ�HW�DO�������D���

3RVWRML�YHOLNL�EURM�WDNVRQRPVNLK�LVWUDæLYDQMD�HWDUVNLK�XOMD�NRG�JRORVHPHQLFD��6D�RYRJ�

DVSHNWD��$GDPV� �����D�� MH� GDR�QDMYHýL� SRMHGLQDÿQL� GRSULQRV�� SURXÿDYDMXýL� QDMYLäH� HWDUVND�

XOMD�LJOLFD�YUVWD�L]�SRURGLFH�&XSUHVVDFHDH��3RUHG�YUVWD�RYH�SRURGLFH��QDMYLäH�VX�SURXÿDYDQH�L�

NRPHUFLMDOQR�YDæQH�YUVWH�URGD�3LQXV, 3LFHD�L�$ELHV�(Adams et DO., 2011a��.HHOLQJ 	�%RKOPDQQ, 

������1LNROLF et DO���������������1LNROLý�et DO���������������������Von 5XGORII��������ãDUDF et 

DO��������
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�������3UHWKRGQD�LVWUDæLYDQMD�WHUSHQD�NRG�YUVWD�URGD�Juniperus L.

6YHJD� QHNROLNR� YUVWD� URGD� -XQLSHUXV� VX� RG� NRPHUFLMDOQRJ� ]QDÿDMD� �-XQLSHUXV� FRPPXQLV��

-�� YLUJLQLDQD�� -�� DVKHL�� -�� SURFHUD����� �$GDPV�� ����D��� 5REHUW� 3�� $GDPV� MH� XUDGLR� YHOLNL� SRVDR�

QD�NDUDNWHUL]DFLML�HWDUVNRJ�XOMD� L]RORYDQRJ� L]�YUVWD�RYRJ�URGD�� WDNR�GD� MH�QDMYHýL�EURM�RYLK�

UDGRYD�SRVYHýHQ�HWDUVNRP�XOMX�VD�WDNVRQRPVNRJ�DVSHNWD��PHĀXWLP�HWDUVND�XOMD�NRG�NOHNH�VX�

SURXÿDYDQD�L�VD�DVSHNWD�VH]RQVNH�L�JHRJUDIVNH�YDULMDELOQRVWL��XWLFDMD�HNRORäNLK�IDNWRUD��NDR�L�

VD�DSOLNDWLYQRJ�DVSHNWD��ELRORäND�DNWLYQRVW�L]RORYDQRJ�HWDUVNRJ�XOMD��

���� 6HNFLMD��&DU\RFHGUXV�(QGO��²�-��GUXSDFHD�/DELOO���$GDPV��������$GDPV�HW�DO�������F��

9RXUOLRWL�$UDSL�HW�DO�������

���� 6HNFLMD��-XQLSHUXV�/���6\Q��2[\FHGUXV�6SDFK���

-XQLSHUXV� FRPPXQLV� V�O���$EEDVV\�	�0DUHL��������$EGHO�0DNVRXGD�	�(O�$PLQE��������

$GDPV�� ������ ����D��$GDPV� HW� DO��� ����E�� ����D��$QJLRQL� HW� DO��� ������%XWNLHQė� HW�

DO��� ������ &DEUDO� HW� DO��� ������ &DUDPLHOOR� HW� DO��� ������ &KDW]RSRXORX� 	� .DWVLRWLV��

������'DPMDQRYLý�HW� DO���������)LOLSRZLF]�HW� DO���������*OLVLý�HW� DO���������*RQQ\�HW�

DO��� ������*RUGLHQ�HW� DO��� ������+ĈGĈUXJĈ�HW� DO��� ������.DOOLR�	� -XQJHU�0DQQHUPDD��

������.DUOVHQ�	�6YHQGVHQ��������.ORXFHN�HW�DO���������/RRPDQ�	�6YHQGVHQ��������

/RæLHQė��	�/DERNDV��������0DUMDQRYLý�%DODEDQ�	�0LOHWLý��������0DUNy�HW�DO���������

������0DURQJLX�HW�DO���������0DUW]�HW�DO���������0DVWHOLý�HW�DO���������0LORMHYLý�HW�DO���

������0LVKDULQD�HW�DO���������2WWDYLROL�HW�DO���������3HSHOMQMDN�HW�DO���������3RXUPRUWD]DYL�

HW�DO���������5XGORII �	�6RRG��������6HOD�HW�DO���������úHUED�HW�DO���������6KDKPLU�HW�DO���

������7XPHQ�HW�DO���������9RXUOLRWL�$UDSL�HW�DO���������=\DQL�HW�DO�������

-XQLSHUXV� R[\FHGUXV� V�O���$FKDN� HW� DO��� ������ $GDPV�� ������ $GDPV� 	� 0DWDUDFL�� ������

$GDPV�	�7DVKHY�� ������$GDPV�HW� DO��� ������ ����F�� ������ ����D��$PUL� HW� DO��� ������

$QJLRQL�HW�DO���������$WKDQDVVLRX�HW�DO���������%DUUHUR�HW�DO���������������&DYDOHLUR�HW�

DO���������������'MHEDLOL�HW�DO���������'RE�HW�DO���������*LDWURSRXORV�HW�DO���������.RXNRV�

HW�DO���������/HäMDN�HW�DO���������������/RL]]R�HW�DO���������������0DURQJLX�HW�DO���������

0HGLQL�HW�DO�������E��������������0LORV�	�5DGRQLF��������6DDE�HW�DO���������6DOLGR�HW�DO���
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������6H]LN�HW�DO���������6WDVVL�HW�DO���������������7XPHQ�HW�DO���������8FDU�	�%DODEDQ��

������9DOHQWLQL�HW�DO���������9HODVFR�1HJXHUXHOD�HW�DO���������9RXUOLRWL�$UDSL�HW�DO�������

���� 6HNFLMD��6DELQD�6SDFK����$EEDVLSRXU�HW�DO���������$GDPV������������������D������E��

����������E������F�� ����G������������D������E������������E������F�� ����D������E��

����D������E��$GDPV�	�%DNHU��������$GDPV�	�&KDXGKDU\��������$GDPV�	�1JX\HQ��

������$GDPV�	�7XUQHU��������$GDPV�HW�DO�������������������D������E������F��������

����D������E������E������D������E������D������E������F������G������E������������D��

����E������F��$OLHYD�HW�DO���������$OPDDUUL�HW�DO���������$OTDVRXPL�	�$EGHO�.DGHU��������

$VJDU\�HW�DO���������$VLOL�HW�DO���������%DKUL�HW�DO���������%HNKHFKL�HW�DO���������&DQWUHOO�HW�

DO���������&DYDOHLUR�HW�DO���������������&KDQGUD�HW�DO���������'HUZLFK�HW�DO���������������

(KVDQL�HW�DO���������(ODQJR�HW�DO���������(O�6DZL�HW�DO���������(PDPL�HW�DO���������������

(QQDMDU�HW�DO���������������)ODNH�HW�DO���������)RXDG�HW�DO���������*DZGH�HW�DO���������

*KD]YLQ��������*LDWURSRXORV�HW�DO���������-DPHV��������-R�	�.LP��������.KDMMDN�HW�DO���

������.RPHK�1NUXPDK�HW�DO���������0DKPRXGYDQG�HW�DO���������0DQVRXUL�HW�DO���������

0HGLQL�HW�DO�������D��0RHLQ�HW�DO���������1LVKLPXUD�	�+LURVH��������3RZHOO�	�$GDPV��
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�����+/2523/$671,�*(120��cp'1$�

%LOMQH� ýHOLMH� VDGUæH� WUL� JHQRPD�� QXNOHDUQL�� PLWRKRQGULMDOQL� L� KORURSODVWQL� �SODVWLGQL�

JHQRP�LOL�SODVWRP���

2SäWH�MH�SULKYDýHQR�GD�MH�KORURSODVWQL�JHQRP�FLUNXODUDQ��äWR�MH�L�GRNXPHQWRYDQR�SUYLP�

HOHNWURPLNURJUDÀMDPD�� 0HĀXWLP�� VNRULMD� LVWUDæLYDQMD� SRND]XMX� GD� VH� KORURSODVWQL� JHQRPL�

PRJX� QDýL� L� X� NRPSOHNVQLMHP� REOLNX�� VD� FLUNXODUQLP�� OLQHDUQLP�� JUDQDWLP� L�PXOWLPHUQLP�

NRQÀJXUDFLMDPD��-DQVHQ�	�5XKOPDQ���������

+ORURSODVWQL� JHQRP� MH�PDQMH�YLäH�NRQ]HUYDWLYQH�RUJDQL]DFLMH�NRG�NRSQHQLK�ELOMDND��

2ELÿQR�VH�VDVWRML�L]�ÿHWLUL�GHOD��GYD�LQYHUWRYDQD�VHJPHQWD��,5��YDULMDELOQH�GXæLQH�NRML�VDGUæH�

XJODYQRP�ULER]RPDOQH�51.�JHQH� L�NRML� UD]GYDMDMX�RVWDWDN�JHQRPD�QD�PDOL� �66&�� L�YHOLNL�

�/6&��XQLNDWQL��VLQJOH�FRS\��UHJLRQ��*XR�HW�DO���������-DQVHQ�	�5XKOPDQ��������6PDOO�HW�DO���

������:LFNH�HW�DO����������2GVWXSDQMD�RG�QDYHGHQH�RUJDQL]DFLMH�VX�GHWHNWRYDQD��L�SRVWRMH�QSU��

NRG�SROXSDUD]LWVNLK� L�SDUD]LWVNLK� WDNVRQD� �-DQVHQ�	�5XKOPDQ���������3LQDFHDH� �/LQ�HW� DO���

�����, kod 9LFLD�IDED�L�GUXJLK�SUHGVWDYQLND�)DEDFHDH��'XF�HW�DO����������LWG��

9HOLÿLQD�KORURSODVWQRJ�JHQRPD�VH�RELÿQR�NUHýH�L]PHĀX�����L�����NE��DOL�PRæH�YDULUDWL�

NRG�UD]OLÿLWLK�YUVWD��3RND]DQR�MH�GD�MH�QDMPDQML�KORURSODVWQL�JHQRP�SULVXWDQ�NRG�SDUD]LWVNLK�

YUVWD�����²����NE���GRN�NRG�GUXJLK�PRæH�SUHVWLýL�L�����NE��2YD�YDULMDELOQRVW�X�YHOLÿLQL�JHQRPD�

MH�QDMÿHäýH�SRVOHGLFD�YDULMDELOQH�GXæLQH�,5�UHJLRQD��NRML�NRG�SRMHGLQLK�YUVWD�PRJX�ELWL�VYHGHQL�

L�QD�WHN�QHNROLNR�VWRWLQD�ED]D���]DWLP�GXSOLNDFLMD�LOL�GHOHFLMD�JHQD�LOL�YHýLK�LOL�PDQMLK�VHJPHQDWD�

JHQRPD��NDR�L�LQVHUFLMD�LOL�GHOHFLMD�LQWURQD��-DQVHQ�	�5XKOPDQ��������

%URM� L� UDVSRUHG� JHQD� KORURSODVWRJ� JHQRPD� MH� PDQMH�YLäH� NRQ]HUYDWLYDQ�� LDNR� MH� X�

SRMHGLQLP�JUXSDPD�GRäOR�GR�]QDÿDMQLMLK�UHDUDQæPDQD��GHOHFLMD�L�LOL� LQVHFLMD�JHQD�L�YHýLK�LOL�

PDQMLK� VHJPHQDWD�JHQRPD��1D� VOLFL������� VH� MDVQR�YLGL�GD� MH� UHGRVOHG�JHQD�NRG�$PERUHOOD 

WULFKRSRGD� L�&\FDV WDLWXQJHQVLV� NROLQHDUDQ� �UHGRVOHG� JHQD� X� SODVWRPX� MH� LVWL��� 0HĀXWLP�� NRG�
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7ULIROLXP�VXEWHUUDQHXP�MH�GRäOR�GR�UHDUDQæPDQD�JHQD��%URM�JHQD�X�KORURSODVWQRP�JHQRPX�VH�

RELÿQR�NUHýH�L]PHĀX�����L������RG�NRMLK�MH�GDOHNR�QDMYHýL�EURM�RGJRYRUDQ�]D�VLQWH]X�SURWHLQD�

XNOMXÿHQLK�X�IRWRVLQWH]X����������D�PDQML�EURM���������NRGLUD�W51.�NDR�L�ULER]RPDOQH�JHQH�

�����3ULVXVWYR�LQWURQD�X�JHQLPD�X�KORURSODVWQRP�JHQRPX�MH�XJODYQRP�YLVRNR�NRQ]HUYLUDQR�

NRG�VHPHQLK�ELOMDND�� L�RELÿQR�VYHJD����JHQD�VDGUæL� LQWURQH�� ,VHFDQMH� LQWURQD� L]�SULPDUQLK�

WUDQVNULSDWD�MH�X�JRWRYR�X�VYLP�VOXÿDMHYLPD�FLV�LVHFDQMH��

6PDWUD�VH�GD�VH�KORURSODVWQL�JHQRP�NRG�VNULYHQRVHPHQLFD�QDVOHĀXMH�JRWRYR�LVNOMXÿLYR�

SUHNR� PDMÿLQVNH� OLQLMH� �WUHQXWQD� SURFHQD� NRG� ���� WDNVRQD��� GRN� VH� NRG� JRORVHPHQLFD�

QDVOHĀXMH� SUHNR� RÿLQVNH� OLQLMH� �0RJHQVHQ�� ������� 0HĀXWLP�� SRVWRML� UHODWLYQR� PDOL� EURM�

LVWUDæLYDQMD� NRMH� WR� QHGYRVPLVOHQR� SRWYUĀXMH�� ,� SRUHG� YLĀHQMD� GD� MH� ]D� VYH� JRORVHPHQLFH�

NDUDNWHULVWLÿQR�QDVOHĀLYDQMH�KORURSODVWQRJ�JHQRPD�SR�PXäNRM�OLQLML��SRVWRMH�GRNXPHQWRYDQL�

VOXÿDMHYL� PDWHULQVNRJ� QDVOHĀLYDQMD� �&\FDGRSK\WD�� *LQNJR�� *QHWRSK\WD�� LOL� ELSDUHQWDOQRJ�

QDVOHĀLYDQMD��&U\SWRPHULD��/DUL[���-DQVHQ�	�5XKOPDQ���������



Doktorska disertacija Uvod

��

introns
ribosomal RNAs
transfer RNAs
hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I

atpE

atpB

trnM-CAU
trnV-UAC

ndhCndhK
ndhJ

chlN

chlL

trnH-GUG

trnI-CAU

psbA

trnK-UUU

matK

chlBtrnQ-UUG

psbKpsbI

trnS-GCU

psaM

trnG
-UCC

trnR-UCU

atpAatpFatpHatpI

rps2rpoC
2

rpoC
1rp

oB

trn
C

-G
C

A

pe
tN

ps
bM

trn
D

-G
U

C

trn
Y

-G
U

A

trn
E

-U
U

C

trn
T-

G
G

U

ps
bDps

bC

trn
S-

U
G

A

ps
bZtrn

G
-G

C
C

trn
fM

-C
AUrp
s1

4
ps

aB

ps
aA

yc
f3

trn
S-G

GArps4trn
T-UGU

trn
Q-UUG

trnL-UAA
trnF-GAA

ndhD
psaC

ndhEndhG
ndhI

ndhA

ndhH
rps15
rpl32

ndhF

trnN-GUU
trnR-ACG

rrn5
rrn4.5

rrn23

trnA-UGC

trnI-GAU

rrn16

trnV-GAC
rps12

rps7

ndhB

trnI-CAU ycf2

trnL-C
A

A

ycf1

cc
sA

tr
nL

-U
A

G
trn

P
-G

G
G

cl
pP

rp
s1

2
rp

l2
0

rp
s1

8
rp

l3
3

ps
aJ

trn
P

-U
G

G
trn

W
-C

C
A

pe
tG

pe
tL

ps
bE

ps
bF

ps
bL

ps
bJ

pe
tA

ce
m

A
yc

f4
ps

aI

ps
bB

ps
bT

ps
bN

ps
bH

pe
tB

petD

rpoA rps11

rpl36

infA

rps8

rpl14

rpl16

rps3

rpl22

rps19

rpl2

rpl23

accD

rbcL

Juniperus virginiana

chloroplast genome

127,770 bp

atpE

atpB

trnM-CAU
trnV-UAC

ndhCndhK
ndhJ

chlN

chlL

trnH-GUG

trnI-CAU

psbA

trnK-UUU

matK

chlBtrnQ-UUG

trnT-UGUrps4

trnS-GGA

ycf3

psaApsaB

rps14

trnfM
-C

A
U

trnG
-G

C
C

psbZ

trnS
-U

G
A

psbC

psbD

trnT
-G

G
U

trnE
-U

U
C

trnY
-G

U
AC

U
G-

Dn
rt

Mbsp
pe

tN
tr

nC
-G

C
A

rp
oBrp

oC
1rp

oC
2rp

s2at
pIat

pHat
pF

atp
A

trn
R-U

CU
trn

G-U
CC

psa
Mtrn

S-G
CU

psbIpsbK

trn
Q-UUG

trnL-UAA
trnF-GAA

ndhD
psaC

ndhEndhG
ndhI

ndhA

ndhH
rps15
rpl32

ndhF

trnN-GUU
trnR-ACG

rrn5
rrn4.5

rrn23

trnA-UGC

trnI-GAU

rrn16

trnV-GAC
rps12

rps7

ndhB

trnI-CAU ycf2

trnL-C
A

A

ycf1

cc
sA

trn
L-

U
A

G
trn

P
-G

G
G

cl
pP

rp
s1

2
rp

l2
0

rp
s1

8
rp

l3
3

ps
aJ

trn
P

-U
G

G
trn

W
-C

C
A

pe
tG

pe
tL

ps
bE

ps
bF

ps
bL

ps
bJ

pe
tA

ce
m

A
yc

f4
ps

aI

ps
bB

ps
bT

ps
bN

ps
bH

pe
tB

petD

rpoA rps11

rpl36

infA

rps8

rpl14

rpl16

rps3

rpl22
rps19

rpl2

rpl23

accD

rbcL

Juniperus scopulorum

chloroplast genome

127,774 bp

“A”  Arrangement

“B”  Arrangement

FIG. 1.—Juniperus virginiana and J. scopulorum plastome maps. Genes transcribed clockwise are depicted on the inside of the circle, genes transcribed

anti-clockwise on the outside. The location of the IR-mediated inversion is highlighted on the outer circle by blue bars. GC content is represented on the inner

circle by dark gray bars.
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FIG. 1.—Juniperus virginiana and J. scopulorum plastome maps. Genes transcribed clockwise are depicted on the inside of the circle, genes transcribed

anti-clockwise on the outside. The location of the IR-mediated inversion is highlighted on the outer circle by blue bars. GC content is represented on the inner

circle by dark gray bars.
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Slika 1.4.2.�0DSD� KORURSODVWQRJ� JHQRPD� -�� YLUJLQLDQD�� �*HQL� NRML� VH� WUDQVNULEXMX� X� VPHUX�
ND]DOMNH�QD�VDWX�VH�QDOD]H�VD�XQXWUDäQMH�VWUDQH�NUXJD��3R]LFLMD� MHGLQRJ�LQYHU]LRQRJ�UHJLRQD�
SULVXWQRJ�NRG�-XQLSHUXV�MH�R]QDÿHQD�VYHWORSODYRP�SR]DGLQRP��*XR�HW�DO��������

Slika 1.4.1.�5HGRVOHG�JHQD�X�KORURSODVWQLP�JHQRPLPD�$PERUHOOD�WULFKRSRGD��1&B���������&\�
FDV�WDLWXQJHQVLV��1&B��������L�7ULIROLXP�VXEWHUUDQHXP��1&B���������-DQVHQ�	�5XKOPDQ��������
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������+ORURSODVWQL�JHQRP�JRORVHPHQLFD

+ORURSODVWQL� JHQRP�JRORVHPHQLFD� VH�RGOLNXMH�RGUHĀHQLP� VSHFLÀÿQRVWLPD��.RG�RYH�

JUXSH�VX�XRÿHQD�YHOLND�YDULUDQMD�X�SULVXVWYX�L�RUJDQL]DFLML��,5�UHJLRQD��NRML�PRJX�ELWL�L]X]HWQR�

YHOLNL�LOL�ÿDN�RGVXWQL��.RG�*QHWDOHV��&\FDGDOHV�L�*LQNJRDOHV�SRVWRMH�GYD�,5�UHJLRQD�GXæLQH�

L]PHĀX������L������NE��/LQ�HW�DO���������:X�HW�DO����������GRN�MH�NRG�3LQDFHDH�GRäOR�GR�JXELWND�

MHGQRJ�,5�L�]QDWQH�UHGXNFLMH�GUXJRJ�,5�UHJLRQD�QD�VYHJD�QHNROLNR�VWRWLQD�QXNOHRWLGD������

����ES��WUQI�&$8��JHQ�L�GHR�SVEA-WUQ+�JHQD���/LQ�HW�DO����������0HĀXWLP��NRG�3LQDFHDH�MH�GRäOR�

GR�REUD]RYDQMD�QHNROLNR�QRYLK��3LQDFHDH�VSHFLÀÿQLK�SRQRYDND�NRML�VX�SUHX]HOL�XORJX�,5�X�

KRPRORJQLP�UHNRPELQDFLMDPD��/LQ�HW�DO���������:X�HW�DO����������.RG�&XSUHVVDFHDH�MH�WDNRĀH�

GRäOR�GR�JXELWND�MHGQRJ�,5�UHJLRQD��D�XPHVWR�QMHJD�SRVWRML�SDU�NUDýLK�GXSOLFLUDQLK�UHJLRQD�

(&U\SWRPHULD�MDSRQLFD������ES��+LUDR�HW�DO�����������

.RG�SRMHGLQLK�JUXSD�JRORVHPHQLFD�GRäOR�MH�L�GR�UHGXNFLMH�EURMD�JHQD��1DMPDQML�EURM�

JHQD�MH�GHWHNWRYDQ�]D�VDG�NRG�SUHGVWDYQLND�UD]GHOD�*QHWRSK\WD�L�SRURGLFH�3LQDFHDH��.RG�

HIHGUH� MH� GRäOR� L� GR� QDMYHýH� UHGXNFLMH� YHOLÿLQH� KORURSODVWQRJ� JHQRPD� ����� JHQD�� ���� NE�

YHOLÿLQD�SODVWRPD��X�RGQRVX�QD�VYH�RVWDOH�JRORVHPHQLFH��-DQVHQ�	�5XKOPDQ��������:X�HW�DO���

�������

%ROML�XYLG�X�RUJDQL]DFLMX�L�VWUXNWXUX�KORURSODVWQRJ�JHQRPD�SUHGVWDYQLND�URGD�-XQLSHUXV 

MH� ELR� RPRJXýHQ� QHGDYQR�� NDGD� MH� SXEOLNRYDQ� SULPDUQL� UHGRVOHG� QXNOHRWLGD� NRPSOHWQLK�

KORURSODVWQLK� JHQRPD� ÿHWLUL� YUVWH� RYRJ� URGD�� -�� EHUPXGLDQD�� -�� PRQRVSHUPD�� -�� VFRSRORUXP� L  

-�� YLUJLQLDQD� �*XR� HW� DO��� ������� 3RND]DQR� MH� GD� MH� YHOLÿLQD� KORURSODVWQRJ� JHQRPD� NRG�

SUHGVWDYQLND� RYRJ� URGD� ���� NE�� äWR� RGJRYDUD� SURVHÿQRM� YHOLÿLQL� GR� VDGD� SXEOLNRYDQLK�

KORURSODVWQLK�JHQRPD�SUHGVWDYQLND�SRURGLFH�&XSUHVVDFHDH��*XR�HW�DO���������:X�	�&KDZ��

������� ,GHQWLÀNRYDQR� MH� ��� JHQD� NRML� NRGLUDMX� SURWHLQH�� �� ULER]RPDOQH� 51.�� ��� W51.��

D� GHWHNWRYDQR� MH� XNXSQR� ��� LQWURQD��8� RGQRVX� QD� RVWDOH� SUHGVWDYQLNH� &XSUHVVDFHDH� V�O�, 

kod roda -XQLSHUXV� MH�GHWHNWRYDQR�GD�USV���JHQ�VDGUæL�QHNROLNR� IUDPHVKLIW�PXWDFLMD��PXWDFLMH�

SRPHUDQMD�RNYLUD�ÿLWDQMD���2YDM�QHIXQNFLRQDOQL�JHQ�MH�R]QDÿHQ�NDR�ƸUSV����.DR�L�NRG�RVWDOLK�

JRORVHPHQLFD��\FI���JHQ�MH�RGVXWDQ��*XR�HW�DO����������3RUHG�RYRJD��XWYUĀHQL�VX�L�UHDUDQæPDQL�

JHQD��6OLND���������
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������+ORURSODVWQL�JHQRP�X�ÀORJHQHWVNLP�VWXGLMDPD

=ERJ�RGOLND�KORURSODVWQRJ�JHQRPD��NDR�äWR�VX�YHýL�EURM�NRSLMD�SR�KORURSODVWX�L�EURM�

KORURSODVWD� SR� ýHOLML�� KDSORLGQD� SULURGD�� VWUXNWXUDOQD� VWDELOQRVW�� RGVXVWYR� UHNRPELQDFLMD��

SUHWHæQR� XQLSDUHQWDOQR� QDVOHĀLYDQMH� L� RUJDQL]DFLMD� X� NRMRM� VH� VPHQMXMX� XJODYQRP� YLVRNR�

NRQY]HUYDWLYQL�NRGLUDMXýL� UHJLRQL� �JHQL�� VD�YDULMDELOQLP�QHNRGLUDMXýLP� UHJLRQLPD� �LQWURQL� L�

LQWHUJHQVNL�VSHMVHUL���VWRSH�PXWDFLMH�QHNROLNR�SXWD�YLäH�RG�VWRSH�PXWDFLMD�PLWRKRQGULMDQRJ�

L�GR����SXWD�QLæH�RG�VWRSH�PXWDFLMD�MHGDUQRJ�JHQRPD��VPDWUD�VH�GD�MH�KORURSODVWQL�JHQRP�

L]X]HWQR� SRJRGDQ� ]D� LVWUDæLYDQMD� X� PROHNXODUQRM� VLVWHPDWLFL� QD� UD]OLÿLWLP� WDNVRQRPVNLP�

QLYRLPD��6PDOO�HW�DO���������:ROIH�HW�DO����������2GVWXSDQMD�RG�QDYHGHQLK�RGOLND��QDUDYQR��

SRVWRMH�

6YDNL�KORURSODVW�X�ýHOLML�VDGUæL�YHOLNL�EURM�NRSLMD�KORURSODVWQRJ�JHQRPD��.RG�PODGLK�

OLVWRYD�EURM�JHQRPD�SR�KORURSODVWX�MH�RNR������D�EURM�KORURSODVWD�SR�ýHOLML�PH]RÀOD�MH����GR�

����+DQV�:DOWHU���������,PDMXýL�X�YLGX�YHOLNL�EURM��WHRULMVNL��LGHQWLÿQLK�KORURSODVWQLK�JHQRPD�

SR�ýHOLML��X�WNLYLPD�L�FHORP�RUJDQL]PX��VPDWUD�VH�GD�MH�UHODWLYQR�ODNR�GRýL�GR�YHýH�NROLÿLQH�

KORURSODVWQH�'1.�� L� GD� QH� EL� WUHEDOR� GD� SRVWRML� YHýL� EURM� DOHOD� QD� RGDEUDQLP� ORNXVLPD�

JHQRPD� XQXWDU� VYDNH� MHGLQNH�� ÿLPH� VX� ]QDWQR� RODNäDQH� DQDOL]H� QD�PROHNXODUQRP� QLYRX��

0HĀXWLP��XRÿHQR�MH�GD�NRG�QHNLK�LQGLYLGXD�PRJX�SRVWRMDWL�KORURSODVWL�NRML�VH�UD]OLNXMX�SR�

RUJDQL]DFLML�L�SULPDUQRP�UHGRVOHGX�QXNOHRWLGD�KORURSODVWQRJ�JHQRPD��'R�WRJD�PRæH�GRýL�L]�

YLäH�UD]ORJD��QSU��XVOHG�UHODWLYQR�ÿHVWLK�LQWHUVSHFLMVNLK�KLEULGL]DFLMD�SUDýHQLK�LQWURJUHVLMRP��

FXUHQMD�KORURSODVWQLK�JHQRPD�WRNRP�RSORĀHQMD�L�WG��SD�VH�PRæH�SURQDýL�GYD�LOL�YLäH�UD]OLÿLWLK�

KORURSODVWQLK�JHQRPD�X�MHGQRM�MHGLQLNL��6PDOO�HW�DO����������

5HGRVOHG�JHQD�X�SODVWRPX�VHPHQLK�ELOMDND�MH�YLVRNR�NRQ]HUYLUDQ��äWR�VH�PRæH�YLGHWL�

SRUHĀHQMHP�SODVWRPD�&\FDV�L�$PERUHOOD��6OLND���������0HĀXWLP��NRG�*QHWRSK\WD��3LQRSVLGD��L�

QHNROLNR�JUXSD�VNULYHQRVHPHQLFD�MH�GRäOR�GR�SURPHQD�X�UHGRVOHGX�JHQD��2YR�PRæH�QDVWDWL�

QD�UD]OLÿLWH�QDÿLQH��XVOHG�LQYHU]LMD�QDVWDOLK�UHNRPELQDFLMRP�L]PHĀX�RGUHĀHQLK�UHJLRQD��QSU��

VHJPHQDWD� NRML� VDGUæH�PLNURVDWHOLWH�� GXSOLUDQLK� UHJLRQD�� LWG���� LOL� NDR� SRVOHGLFD� SRYHýDQMD� 

L�LOL�VPDQMHQMD�GXæLQH�,5�UHJLRQD��NDR�äWR�MH�XWYUĀHQR�NRG�SUHGVWDYQLND�SRURGLFD�)DEDFHDH�L�

*HUDQLDFHDH��-DQVHQ�	�5XKOPDQ���������
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,DNR�VH�VPDWUD�GD�UHNRPELQDFLMH�QLVX�SULVXWQH�NRG�KORURSODVWQRJ�JHQRPD��LVWUDæLYDQMD�

SRND]XMX�GD�VH�RQH�LSDN�GHäDYDMX��1DLPH��NDGD�VX�SULVXWQL�,5��RQL�PRJX�GRYHVWL�GR�SRMDYH�

KRPRORJLK� UHNRPELQDFLMD� L� ÿHVWLK� ªÁLS�ÁRS©� LQYHU]LMD� XQLNDWQLK� UHJLRQD�� 3RVOHGLFD� RYRJD�

MH�GD�NRG�QHNLK�WDNVRQD�X�LVWRP�KORURSODVWX�SRVWRMH�GYH�UD]OLÿLWH�L]RIRUPH�SODVWRPD��*XR�

HW�DO���������-DQVHQ�	�5XKOPDQ���������0HĀXWLP��LDNR�VX�NRG�LVSLWLYDQLK�SODVWRPD�-XQLSHUXV 

GHWHNWRYDQH�GYH�L]RIRUPH��R]QDÿHQH�NDR�$�L�%���RQH�VH�MDYOMDMX�NRG�UD]OLÿLWLK�YUVWD��L�SDUDOHOQR�

SULVXVWYR� REH� L]RIRUPH� X� LVWRM� LQGLYLGXL� QLMH� SRWUYĀHQR� �*XR� HW� DO��� ������� 'R� SRMDYH�

UHNRPELQDFLMD�X�KORURSODVWQRP�JHQRPX�GROD]L�L�XVOHG�SULVXVWYD�GXæLK�LOL�NUDýLK�GXSOLUDQLK�

UHJLRQD��UHJLRQD�VD�PLNURVDWHOLWLPD�L�WG��

%H]�RE]LUD�QD�WR�GD�OL�MH�KORURSODVWQL�JHQRP�FLUNXODUDQ��OLQHDUDQ�LOL�VORæHQLMH�VWUXNWXUH��

RQ� MH�� ]D� UD]OLNX� RG�QXNOHDUQRJ�� KDSORLGQH� SULURGH��8VOHG� QLæLK� VWRSD�PXWDFLMD� X� RGQRVX�

QD�QXNOHDUQL� JHQRP��NDR� L�KDSORLGQH�SULURGH�KORURSODVWQRJ�JHQRPD��QLYR� LQWUDVSHFLMVNH� L�

LQWUDSRSXODFLMVNH� YDULMDELOQRVWL� MH� RELÿQR� PDQML� NRG� KORURSODVWQRJ� QHJR� NRG� QXNOHDUQRJ�

JHQRPD��7R�MH�]ERJ�WRJD�äWR�VH�KDSORLGQL�JHQRPL�RGOLNXMX�PDQMRP�HIHNWLYQRP�YHOLÿLQRP�

SRSXODFLMD�QHJR�QXNOHDUQL�JHQRPL�L�RVHWOMLYLML�VX�QD�HIHNWH�JHQHWLÿNRJ�GULIWD�L�GUXJLK�SURFHVD�

NRML�LPDMX�XWLFDM�QD�QLYR�JHQHWLÿNRJ�GLYHU]LWHWD�X�SRSXODFLMDPD�L�YUVWDPD��

5HODWLYQD� XÿHVWDORVW�PXWDFLMD� �WDÿNDVWLK�PXWDFLMD� L� LQVHUFLMD�GHOHFLMD� NRMH� VH� QD]LYDMX�

LQGHOL��X�KORURSODVWQLP�JHQRPLPD��NRMH�VH�NRULVWH�]D�ÀORJHQHWVNH�UHNRQVWUXNFLMH��MH�LVSLWLYDQD�

NRG� YUVWD� NRMH� VX� X� YHýHP� LOL� PDQMHP� VWHSHQX� VURGVWYD�� 3RND]DQR� MH� GD� VWRSD� WDÿNDVWLK�

PXWDFLMD�� NRMH� VH� QDMÿHäýH� NRULVWH� X�ÀORJHQHWVNLP� VWXGLMDPD�� ]QDWQR� YDULUD� RG� UHJLRQD� GR�

UHJLRQD��1D� SULPHU�� NRG�$VWHDUDFH�� SURVHÿQD� S�GLVWDQFD� �SURSRUFLMD�PXWDFLMD� L]PHĀX� GYH�

VHNYHQFH��X�51.�JHQLPD�MH��������X�JHQLPD�NRML�NRGLUDMX�SURWHLQH��������LQWURQLPD�������

GRN�MH�X�LQWHUJHQVNLP�VSHMVHULPD�RQD�ÿDN��7LPPH�HW�DO����������(PSLULMVNL�MH�SRND]DQR�GD�MH�

VWRSD�VLQRQLPQLK�VXSVWLWXFLMD�X�SODVWRPX�VHPHQLK�ELOMDND������[������PXWDFLMD�SR�PHVWX�SR�

JRGLQL��*UDXU�	�/L���������7D�YUHGQRVW�RGJRYDUD�EU]LQL�VXSVWLWXFLMD�LQWURQD�L�QHNRGLUDMXýLK�

LQWHUJHQVNLK�VSHMVHUD�JHQRPD�RUJDQHOD��&KLDQJ�HW�DO����������6D�GUXJH�VWUDQH��SRND]DQR�MH�GD�

VX�LQGHOL�SRGMHGQDNR�ÿHVWL�LOL�QHäWR�ÿHäýL�RG�WDÿNDVWLK�PXWDFLMD�SRJRWRYX�NRG�EOLVNR�VURGQLK�

YUVWD��1DMYHýL�EURM�LQGHOD�MH�GHWHNWRYDQ�X�/6&��������GRN�VH�PDQML�EURM�LQGHOD�QDOD]L�X�66&�

������L�,5�������-DQVHQ�	�5XKOPDQ���������3RUHG�WRJD��QSU��NRG�3RDFHDH��QDMYHýL�EURM�LQGHOD�

MH�SULVXWDQ�X�LQWHUJHQVNLP�VSHMVHULPD�������������]DWLP�X�LQWURQLPD�������������D�QDMPDQML�

EURM�LQGHOD�VH�QDOD]L�X�NRGLUDMXýLP�UHJLRQLPD�������������1DMYHýL�EURM�LQGHOD�MH�GXæLQH�RG�

MHGDQ�GR�QHNROLNR�ED]QLK�SDURYD��6PDWUD�VH�GD�LQGHOL�PRJX�QDVWDWL�´SURNOL]DYDQMHPµ�ODQFD�

WRNRP�UHSOLNDFLMH�DOL�L�GUXJLP�PHKDQL]PLPD��,DNR�VH�LQGHOL�UDQLMH�QLVX�NRULVWLOL�]D�ÀORJHQHWVNH�
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UHNRQVWUXNFLMH��QRYLMD�LVWUDæLYDQMD�SRND]XMX�GD�RQL�PRJX�QRVLWL�]QDÿDMDQ�ÀORJHQHWVNL�VLJQDO�

�/RFNZRRG�HW�DO��������

'DNOH��NRGLUDMXýL�UHJLRQL�VX�QDMNRQ]HUYDWLYQLML��SRWRP�LQWURQL�SD�LQWHUJHQVNL�VSHMVHUL��

8SUDYR� ]DKYDOMXMXýL� RYRM� NDUDNWHULVWLFL� MH� ELOR�PRJXýH� GL]DMQLUDWL� ´XQLYHU]DOQH� SUDMPHUHµ��

X�NRGLUDMXýLP�UHJLRQLPD��NRML�PRJX�DPSOLÀNRYDWL�RGJRYDUDMXýH�UHJLRQH�NRG�YHOLNRJ�EURMD�

WDNVRQD��7R�]QDWQR�SRMHIWLQMXMH�L�XEU]DYD�SURFHV�XWYUĀLYDQMD�SULPDUQRJ�UHGRVOHGD�QXNOHRWLGD�

RGUHĀHQLK�UHJLRQD�NDR�L�FHORJ�KORURSODVWQRJ�JHQRPD�NRG�UD]OLÿLWLK�YUVWD��'HPHVXUH�HW�DO���

������+DLGHU��������7DEHUOHW�HW�DO����������8�MDYQRM�ED]L�SRGDWDND��*HQ%DQN��GDQDV�MH�GRVWXSDQ�

YHOLNL� EURM� VHNYHQFL� JHQD�� LQWURQD� L� LQWHUJHQVNLK� VSHMVHUD� �SUHNR� ��������� KORURSODVWQRJ�

JHQRPD��9HOLND�YHýLQD�SULSDGD�VYDNDNR�FYHWQLFDPD��!��������VHNYHQFL�L]��������WDNVRQD��D�

]QDWQR�PDQML�EURM�JRORVHPHQLFDPD��a�������VHNYHQFL�L]������WDNVRQD���3RUHG�WRJD��GDQDV�

MH�MDYQR�GRVWXSDQ�L�YHOLNL�EURM�NRPSOHWQLK�KORURSODVWQLK�JHQRPD�UD]OLÿLWLK�YUVWD��VNRUR������

)LORJHQHWVND� VLVWHPDWLND� MH� QDXÿQD� GLVFLSOLQD� NRMD� VH� EDYL� XWYUĀLYDQMHP� HYROXWLYQLK�

RGQRVD�L]PHĀX�WDNVRQD�QD�RVQRYX�KRPRORJLMH�QXNOHRWLGD�RGDEUDQLK�UHJLRQD�'1.�NRML�VH�

RGOLNXMX�DGHNYDWQRP�VWRSRP�PXWDFLMD��2QD�NODVLÀNXMH�WDNVRQH�X�JUXSH�NRMH�LPDMX�]DMHGQLÿNR�

SRUHNOR��:LOH\�	�/LHEHUPDQ��������

0ROHNXODUQH� VLVWHPDWLNH� ]DVQRYDQH� QD� KORURSODVWQRP� JHQRPX� VX� QDMSUH� NRULVWLOH�

ÀORJHQHWVNH� LQIRUPDFLMH� VDGUæDQH�X� UD]OLNDPD�X�GXæLQL� UHVWULNFLRQLK�SURÀOD�RYRJ�JHQRPD�

GRELMHQLP�WUHWLUDQMHP�NRPSOHWQRJ�JHQRPD�UHVWULNFLRQLP�HQ]LPLPD��6D�UD]YRMHP�WHKQRORJLMD�

]D� XWYUĀLYDQMD� SULPDUQRJ� UHGRVOHGD� QXNOHRWLGD�� NRPSDUDWLYQH� VWXGLMH� SRMHGLQLK� UHJLRQD�

SODVWRPD�VX�SRVWDOH�VYH�EURMQLMH��-HGDQ�RG�QDÿHäýH�NRULäýHQLK�UHJLRQD�KORURSODVWQRJ�JHQRPD�

X�UDQLP�VWXGLMDPD�QD�YLäLP�WDNVRQRPVNLP�QLYRLPD�MH�VYDNDNR�UEF/�JHQ��&OHJJ�HW�DO����������,�

GRN�VH�MHGDQ�EURM�DXWRUD�IRNXVLUDR�QD�NRGLUDMXýH�UHJLRQH�L�UHäDYDQMH�SUREOHPD�ÀORJHQHWVNLK�

RGQRVD�YLäLK�WDNVRQRPVNLK�NDWHJRULMD��GUXJL�VX�VH�RNUHQXOL�LVSLWLYDQMLPD�QHNRGLUDMXýLK�UHJLRQD�

SODVWRPD�VD�FLOMHP�UD]UHäDYDQMD�HYROXWLYQLK�RGQRVD�QD�QLæLP�QLYRLPD��6KDZ�HW�DO����������

3ROMH�NRPSDUDWLYQH�SODVWLGQH�JHQRPLNH�MH�]DÿHWR�VUHGLQRP�
���LK�JRGLQD�;;�YHND��NDGD�

MH�XWYUĀHQ�SULPDUQL�UHGRVOHG�QXNOHRWLGD�NRPSOHWQRJ�JHQRPD�1LFRWLDQD�WDEDFXP�L�0DUFKDQWLD�

SRO\PRUSKD��2K\DPD�HW�DO���������6KLQR]DNL�HW�DO����������'DQDV�MH�EURM�NRPSOHWQLK�KORURSODVWQLK�

JHQRPD� GRVWXSQLK� X� MDYQLP� EDQNDPD� JHQD� ���� ]D� NRSQHQH� ELOMNH� �1&%,� *HQ%DQN�� 

���IHE��������2YDNYL�JHQRPVNL�UHVXUVL�GDQDV�RPRJXýDYDMX�EROMH�UD]XPHYDQMH�RUJDQL]DFLMH�

KORURSODVWQRJ�JHQRPD��EU]LQH�HYROXFLMH�QMHJRYLK�VHNYHQFL��PHKDQL]DPD�HYROXFLRQLK�SURPHQD�

NDR�L�ÀORJHQHWVNLK�RGQRVD�L]PHĀX�NRSQHQLK�ELOMDND��-DQVHQ�	�5XKOPDQ���������
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������0ROHNXODUQD�LVWUDæLYDQMD�URGD�Juniperus

6YDNDNR�QDMYHýL�GRSULQRV�LVWUDæLYDQMX�NOHNH��SUH�VYHJD�VD�PROHNXODUQRJ�L�ÀWRKHPLMVNRJ�

DVSHNWD� GDR� MH� 5�3�� $GDPV�� ,VWUDæLYDQMD� URGD� -XQLSHUXV�QD�PROHNXODUQRP� QLYRX� VX� VH� SUH�

VYHJD� RGQRVLOD� QD� ÀORJHRJUDIVNL� DVSHNW� L� ÀORJHQHWVNH� RGQRVH� XQXWDU� URGD�� D� SRJRWRYX�

L]PHĀX� YHRPD� EOLVNLK� WDNVRQD�� 1D� RVQRYX� DQDWRPVNR�PRUIRORäNLK�� ÀWRKHPLMVNLK� L�

PROHNXODUQLK�PDUNHUD��RGDEUDQL� LQWHUJHQVNL�VSHMVHUL�KORURSODVWQRJ�JHQRPD�L�,76�VHNYHQFL�

QXNOHDUQRJ�JHQRPD���QHNROLNR�QRYLK�YUVWD�URGD�-XQLSHUXV� MH�RSLVDQR��$GDPV������������D��

����E�� ����F�� ����G�� ������ ������ $GDPV� 	� 'HPHNH�� ������ $GDPV� 	� +RMMDWL�� ������

$GDPV�	�.DXIIPDQQ��$GDPV�	�0DWDUDFL��������$GDPV�	�1JX\HQ��������$GDPV�	�3DQGH\��

������$GDPV�	�6FKZDU]EDFK������D������E������D������E��$GDPV�HW�DO�������������D������E��

����������������D������E������F������D������E������D������E������������D������E������F��

����G��-DPHV��������0LFKDOF]\N��������6XOWDQJD]LHY�HW�DO���������7HUU\�HW�DO���������:XEHW�HW�

DO���������=KDQJ�HW�DO��������������. 

8�*HQN%DQN�ED]L�����IHE�������SRVWRML�SUHNR������GRVWXSQLK�VHNYHQFL�KORURSODVWQRJ�

�������� QXNOHDUQRJ� ������� L� PLWKRKRQGULMDOQRJ� ����� JHQRPD� ��� WDNVRQD� URGD� -XQLSHUXV��

3RMHGLQDÿQR��QDMYHýL�EURM� GRVWXSQLK� VHNYHQFL� ]D� VYD� WUL� JHQRPD�SULSDGDMX� -XQLSHUXV� EODQFRL�

������� -�� FRPPXQLV� ������� -�� YLUJLQLDQD� ������� -�� SU]HZDOVNLL� ������� -�� WLEHWLFD� ������ L� -�� R[\FHGUXV�

�������1HNL�RG�QDMÿHäýH�SURXÿDYDQLK�UHJLRQD�KORURSODVWQRJ�JHQRPD�VX�JHQL��UEF/��PDW.��WUQ9��

USR&���QGK)��SVE%�USO���SVE'��SVE&��DWS%��NDR�L�LQWHUJHQVNL�VSHMVHUL���WUQ/�WUQ)��WUQ6�WUQ*��WUQ'�

WUQ7��USV��WUQ6��SHW%�SHW'��SVE.�SVE,��SVE$�WUQ+��DWS)�DWS+��SHW*�WUQ3��

3RUHG� SULPDUQRJ� UHGRVOHGD� QXNOHRWLGD� QDYHGHQLK� UHJLRQD� KORURSODVWQRJ� JHQRPD��

GRVWXSQL�VX�L�NRPSOHWQL�SODVWRPL�]D�ÿHWLUL�YUVWH�RYRJ�URGD��*XR�HW�DO����������



2 Ciljevi '2.7256.(�',6(57$&,-(

,OXVWUDFLMD��-XQLSHUXV�VLELULFD�/RGG���-RYDQRYLý��%����������)ORUD�65�6UELMH�,��
0��-RVLIRYLý��HG���%HOJUDGH��6HUELD��6$18���SS������ 
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%DONDQVNR� SROXRVWUYR� SUHGVWDYOMD� ÁRULVWLÿNL� QDMUD]QRYUVQLMH� SRGUXÿMH� (YURSVNRJ�

NRQWLQHQWD�� 1D� RYRP� SRGUXÿMX�� WRNRP� YUHPHQD� ELOMQL� VYHW� MH� ELR� L]ORæHQ� QDMUD]OLÿLWLMLP�

XWLFDMLPD� ELRWLÿNLK� L� DELRWLÿNLK� IDNWRUD,� äWR� MH� GRYHOR� GR� WRJD� GD� VH� QD� UHODWLYQR�PDORP�

SURVWRUX�QDĀH�L]X]HWQR�YHOLNL�EURM�UD]OLÿLWLK�WDNVRQD��ÿLML�ÀORJHQHWVNL�L�WDNVRQRPVNL�RGQRVL�

MRä�XYHN�QLVX�X�SRWSXQRVWL�UDVYHWOMHQL��

1D�%DONDQVNRP�SROXRVWUYX��X�RNYLUX�URGD�-XQLSHUXV�/���&XSUHVVDFHDH��UDVWX�WUL�YUVWH�

VHNFLMH�-XQLSHUXV�VD�QHNROLNR�YDULMHWHWD��-��FRPPXQLV��-��GHOWRLGHV��-��PDFURFDUSD���,DNR�VYL�QDVHOMDYDMX�

VXäQD�VWDQLäWD��GLVWULEXFLMD�RYLK�WDNVRQD�MH�WDNYD�GD�VH�UHWNR�NDG�VYD�WUL�PRJX�QDýL�QD�LVWRP�

VWDQLäWX��-XQLSHUXV�PDFURFDUSD� L�-��GHOWRLGHV� VX�PHGLWHUDQVNH�YUVWH��GRN�VH�YDULMHWHWL�-�� FRPPXQLV 

QDOD]H�XYHN�GXERNR�X�NRSQX��-��FRPPXQLV�YDU��FRPPXQLV��LOL�SDN�QD�YHýLP�QDGPRUVNLP�YLVLQDPD�

QD�%DONDQX��-��FRPPXQLV�YDU��VD[DWLOLV���.RSDRQLN�MH�MHGLQL�ORNDOLWHW��JGH�QD�LVWRP�VWDQLäWX�PRJX�

GD�VH�QDĀX�GD�UDVWX�]DMHGQR�-��FRPPXQLV�YDU��FRPPXQLV��-��FRPPXQLV�YDU��VD[DWLOLV�L�-��GHOWRLGHV�

1DMYHýL�DUHDO�X�URGX�-XQLSHUXV�LPD�YUVWD�-��FRPPXQLV –�SURVWLUH�VH�RG�6HYHUQH�$PHULNH��

SUHNR�*UHQODQGD�L�,VODQGD��FHOH�(YURSH�VYH�GR�-DSDQD�QD�LVWRNX��7DNRĀH��RYDM�WDNVRQ�VH�X�

PRUIRORäNRP�SRJOHGX�RGOLNXMH�L]X]HWQRP�YDULMDELOQRäýX��1DMYHýL�GHR�WH�YDULMDELOQRVWL�PRJDR�

EL� VH� REMDVQLWL� L]X]HWQR� NRPSOLNRYDQRP� LVWRULMRP� RYRJ� WDNVRQD�� GRGDWQR� XVORæQMHQRP�

ÿLQMHQLFRP��GD�VH�SUH�VDPR��������JRGLQD��QDMYHýL�GHR�QMHJRYRJ�DUHDOD�QDOD]LR�SRG�JOHÿHULPD�� 

6�GUXJH�VWUDQH��%DONDQ�SUHGVWDYOMD�JRWRYR�QDMYHýL�L�JHRJUDIVNL�FHQWUDOQL�GHR�DUHDOD�-��GHOWRLGHV��

GRN�]D�-��PDFURFDUSD,�YUVWX�VD�L]X]HWQR�IUDJPHQWLVDQLP�DUHDORP��RQ�SUHGVWDYOMD�WHN�QMHQ�LVWRÿQL�

deo. 

2YL�WDNVRQL�VX�L]X]HWQR�VODER�LVWUDæHQL�VD�WDNVRQRPVNRJ�L�ÀORJHQHWVNRJ�DVSHNWD��D�PDOR�
VH�]QD�L�R�QMLKRYRM�JHRJUDIVNRM�L�ELRORäNRM�GLVWULEXFLML�L�GLIHUHQFLMDFLML�QD�SURVWRUX�%DONDQD��6YL�
GRVDGDäQML�GRVWXSQL�SRGDFL�R�RYLP�WDNVRQLPD�VX�RJUDQLÿHQL�QD�UHODWLYQR�PDOL�EURM�LVWUDæHQLK�
MHGLQNL�L�SRSXODFLMD��
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,PDMXýL�VYH�RYR�X�YLGX��FLOMHYL�RYH�GLVHUWDFLMH�VH�PRJX�VXPLUDWL�X�QHNROLNR�WH]D�

1. 8SR]QDYDQMH� VDVWDYD�� VDGUæDMD� L� YDULMDELOQRVWL� DONDQD� X� NXWLNXODUQLP� YRVNRYLPD�
ÿHWLQD�SULURGQLK�SRSXODFLMD�YUVWD�VHNFLMH�-XQLSHUXV  (-XQLSHUXV�/���&XSUHVVDFHDH��VD�
%DONDQVNRJ�SROXRVWUYD

2. 8SR]QDYDQMH� VDVWDYD�� VDGUæDMD� L� YDULMDELOQRVWL� WHUSHQD� X� ÿHWLQDPD� �OLVWRYLPD��
SULURGQLK�SRSXODFLMD�YUVWD�VHNFLMH�-XQLSHUXV

3. 8WYUĀLYDQMH�KHPRWDNVRQRPVNRJ�]QDÿDMD�DONDQD�L�WHUSHQD�NRG�SULURGQLK�SRSXODFLMD�
LVWUDæLYDQLK�YUVWD

4. 8WYUĀLYDQMH� GLIHUHQFLMDFLMH� L� RGQRVD� X� RNYLUX� VHNFLMH� -XQLSHUXV� VD� %DONDQVNRJ�
SROXRVWUDYD�NRULäýHQMHP�RGDEUDQLK�UHJLRQD�KORURSODVWQRJ�JHQRPD

5. 8WYUĀLYDQMH� VDJODVQRVWL� SRGDWDND� GRELMHQLK� ÀWRKHPLMVNLP� L� PROHNXODUQLP�
PDUNHULPD�SULURGQLK�SRSXODFLMD�DQDOL]DUQLK�WDNVRQD



3 Materijal i Metode

,OXVWUDFLMD��-XQLSHUXV�FRPPXQLV�/���-RYDQRYLý��%����������)ORUD�65�6UELMH�,��
0��-RVLIRYLý��HG���%HOJUDGH��6HUELD��6$18���SS������ 
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����8]RUNRYDQMH�ELOMQRJ�PDWHULMDOD

%LOMQL�PDWHULMDO��SR����JUDQD�VD�PXäNLP�RGQRVQR�æHQVNLP�VWURELOXVLPD��MH�VDNXSOMDQ�

WRNRP� OHWQMLK�PHVHFL� X� SHULRGX� RG� ������ GR� ������ JRGLQH� VD� äLUHJ� SRGUXÿMD�%DONDQVNRJ�

SROXRVWUYD�� YRGHýL� UDÿXQD� R� äWR� YHýHP� GLYHU]LWHWX� VWDQLäWD�� 3UHJOHG� ORNDOLWHWD� L� QMLKRYLK�

NDUDNWHULVWLND�MH�GDW�X�7DEHOL������3URVWRUQH�GLVWULEXFLMH�X]RUNRYDQLK�SRSXODFLMD�-��FRPPXQLV��

odnosno�-��GHOWRLGHV�L�-��PDFURFDUSD�GDWH�VX�QD�6OLNDPD�����L������

%LOMQL�PDWHULMDO�]D�ÀWRKHPLMVND� LVWUDæLYDQMD� �������J�� MH�QD� WHUHQX�RGPDK�SDNRYDQ�X�

33�]LS�NHVLFH��L�ÿXYDQ�X�WHUHQVNRP�IULæLGHUX�GR�GRODVND�X�ODERUDWRULMX��8�ODERUDWRULML�MH�GHR�

PDWHULMDOD�]D�L]RODFLMX�Q�DONDQD�RGYRMHQ�L�RVXäHQ��GRN�MH�]D�L]RODFLMX�HWDUVNRJ�XOMD�ÿXYDQ�QD�

�����&�GR�GHVWLODFLMH��

=D�PROHNXODUQH�DQDOL]H� MH�X]RUNRYDQR�XNXSQR����SRSXODFLMD�� L]�NRMLK� MH�VDNXSOMHQR�

SR�SHW� MHGLQNL�SR�SRSXODFLML� VD� L]X]HWNRP�SRSXODFLMD� -��PDFURFDUSD� VD�.ULWD� ���� MHGLQNL�SR�

SRSXODFLML���L�-��GHOWRLGHV�L]�5DHÿNH�NOLVXUH��ÿHWLUL�MHGLQNH�SR�SRSXODFLML���WDNR�GD�MH�X]RUNRYDQR�

XNXSQR� ���� LQGLYLGXD� �7DEHOD� ������� 8]RUNRYDQH� DGXOWQH� LQGLYLGXH� VX� ELOH� PHĀXVREQR�

XGDOMHQH�QDMPDQMH����P�� L�UDYQRPHUQR�UDVSRUHĀHQH�SR�SRSXODFLML��=DEHOHæHQ�MH�SRO�VYDNH�

LQGLYLGXH��1D�ORNDOLWHWX�5HVDYVND�NOLVXUD��6UELMD��MH�VDNXSOMHQ�L�PDWHULMDO��SHW�MHGLQNL��-��VDELQD�

NRMH�VX�NRULäýHQH�NDR�DXWJUXSD�]D�PROHNXODUQH�DQDOL]H��0DWHULMDO�]D�'1.�DQDOL]H��JUDQÿLFH�

VD�ÿHWLQDPD��MH�QD�WHUHQX�SDNRYDQ�X�ÀOWHU�NHVLFH�VD�VLOLND�JHORP��L�ÿXYDQ�X�PUDNX�QD�VREQRM�

WHPSHUDWXUL�GR�L]RODFLMH�'1.��'HWDOMQLMH�R�MHGLQNDPD�L�SRSXODFLMDPD�MH�GDWR�QD�6OLNDPD�����

L������NDR�L�X�7DEHOL�����

(NVLNDWL�]D�VYDNL�ORNDOLWHW�VD�NRMHJ�MH�VDNXSOMHQ�PDWHULMDO�]D�ÀWRKHPLMVNH�L�PROHNXODUQH�

DQDOL]H�VX�GHSRQRYDQL�X�+HUEDULMXPX�,QVWLWXWD�]D�ERWDQLNX�L�%RWDQLÿNH�EDäWH�´-HYUHPRYDFµ�

�%(28���
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7DEHOD�����/RNDOLWHWL�L�NDUDNWHULVWLNH�ORNDOLWHWD�X]RUNRYDQLK�SRSXODFLMD�-��FRPPXQLV��-��GHOWRLGHV��
-��PDFURFDUSD

Takson /RNDOLWHW *36�NRRUGLQDWH $OW 1DJLE 3RGORJD $QDOL]D
N (o� E (o� �P� (o�

-��FRPPXQLV�YDU��
FRPPXQLV

1HUHWYD ������ ������ ��� ����� NUHÿQMDN F
6OXQM ������ 15.562 ��� < 10 NUHÿQMDN F
*DOLÿQLN��0DYURYR� ������ ������ 1600 10-20 NUHÿQMDN D�E�F
'HOLEODWVND�SHäÿDUD ������ ������ ��� < 10 NUHÿQMDN D�E�F
'LYÿLEDUH ������ ������ ��� ����� NUHÿQMDN a

.RSDRQLN ������ ������ ��� ����� VLOLNDW D�E�F
6WDUD�SODQLQD ������ ������ 1600 < 10 NUHÿQMDN D�E
6XYD�SODQLQD ������ ������ ���� 5-20 NUHÿQMDN D�E�F
=ODWLERU ������ ������ ��� < 10 NUHÿQMDN a

-��FRPPXQLV�YDU��
VD[DWLOLV

þYUVQLFD ������ ������ ���� 10-20 NUHÿQMDN a

Prenj ������ ������ 1550 10-20 NUHÿQMDN D�E�F
'XUPLWRU ������ ������ ���� ����� NUHÿQMDN D�E
%LRNRYR ������ ������ ���� < 10 NUHÿQMDN D�E�F
9HOHELW ������ ������ 1500 ����� NUHÿQMDN D�E�F
0DYURYR ������ ������ ���� < 10 NUHÿQMDN D�E�F
Orjen ������ ������ 1550 ����� NUHÿQMDN D�F
.RSDRQLN ������ ������ 1650 < 10 VLOLNDW D�E�F
6WDUD�SODQLQD ������ ������ 1600 5-20 NUHÿQMDN D�E
6XYD�SODQLQD ������ ������ ���� ����� NUHÿQMDN D�E�F

-��FRPPXQLV�YDU� 
LQWHUPHGLD

.RUDE� ������ 20.612 1520 < 10 NUHÿQMDN F

-��PDFURFDUSD 7URJLU ������ 16.251 ��� ����� NUHÿQMDN D�E�F
.ULW ������ ������ �� < 10 NUHÿQMDN F

-��GHOWRLGHV %HQNRYDF ������ 15.611 250 < 10 NUHÿQMDN E�F
đHYUVNH ������ ������ ��� ����� NUHÿQMDN D�E
.RQMHYUDWH ������ ������ ��� < 10 NUHÿQMDN E
.UXäHYR ������ ������ 200 < 10 NUHÿQMDN D�E�F
Makarska ������ ������ ��� 10-20 NUHÿQMDN D�E
5RYLQM ������ ������ 100 < 10 NUHÿQMDN D�E�F
Senj ������ ������ 20 10-20 NUHÿQMDN E
7URJLU ������ ������ ��� ����� NUHÿQMDN D�E�F
.ULW ������ ������ ��� ����� NUHÿQMDN F
5DHÿND�NOLVXUD ������ ������ 250 !�� NUHÿQMDN F
9DOGDQRV ������ ������ 20 ����� NUHÿQMDN E�F
åDQMLFH ������ ������ 10 10-20 NUHÿQMDN E
.RSDRQLN ������ ������ ��� ����� VLOLNDW D�E�F
0DJOLÿ ������ ������ ��� ����� VLOLNDW D�E
3ÿLQMD ������ ������ ��� ����� NUHÿQMDN D�E�F

      a���DONDQL��b���HWDUVND�XOMD��c���FS'1$�UHJLRQL
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Slika 3.1.�3URVWRUQD�GLVWULEXFLMD�RGDEUDQLK�SRSXODFLMD�  -��FRPPXQLV�YDU��FRPPXQLV, �-��FRPPXQLV 
YDU��VD[DWLOLV,  -��FRPPXQLV�YDU��LQWHUPHGLD��.DUNWHULVWLNH�ORNDOLWHWD�GDWH�X 7DEHOL�����$QDOL]LUDQL��
a���DONDQL��b���HWDUVND�XOMD��c���FS'1$��

1 Velebit (a,b,c) 9 Zlatibor (a)
2 Slunj (c) 10 Divčibare (a)
3 Biokovo (a,b,c) 11 Kopaonik (a,b,c)
4 Čvrsnica (a) 12 Korab (c)
5 Prenj (a,b,c) 13 Mavrovo (a,b,c)
6 Neretva (c) 14 Deliblatska peščara (a,b,c)
7 Orjen (a,c) 15 Suva planina (a,b,c)
8 Durmitor (a,b) 16 Stara planina (a,b)

2
1

3
4 5 6

7
8

9
10

11

12
13

14

15 16
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����)LWRKHPLMVNL�PDUNHUL

������,]RORYDQMH�n-alkana

=D� GRELMDQMH� SRYUäLQVNLK� DONDQD�� FHOL� OLVWRYL� ��� J�� VX� SRWDSDQL� X� ��� PO�

Q�KHNVDQD� �+3/&� JUDGH�� 3URPRFKHP�� QD� ��� VHNXQGL�� 1DNRQ� ÀOWUDFLMH� QD�

NYDOLWLWDWLYQRP� ÀOWHU� SDSLUX� ���� J�P2��� HNVWUDNW� MH� NRQFHQWULVDQ� QD� VREQRM�

WHPSHUDWXUL� L� SRWRP� HOXLUDQ� VD� �� PO� Q�KHNVDQD� NUR]� PLQL�NRORQX� �SLSHWD� SR�

3DVWHUX�QDSXQMHQD�VLOLNRP�DNWLYLUDQRP�SUHWKRGQR�QD������&��)ORULVLO���������

PHVK��3URPRFKHP�� L� DQKLGURYDQLP�QDWULMXP�VXOIDWRP� �$ONDORLG��6NRSMH�� �6OLND�

������'RELMHQL�SUHÿLäýHQL�HNVWUDNW�MH�NRQFHQWURYDQ�QD�]DSUHPLQX�RG�����PO�L�ÿXYDQ�

X�WDPQLP�YLMDODPD�X�IULæLGHUX�QD�����&�GR�GDOMH�DQDOL]H�

������,]RORYDQMH�HWDUVNRJ�XOMD

3URXÿDYDQH�YUVWH�URGD�-XQLSHUXV�ÿXYDMX�HWDUVND�XOMD�X�æOH]GDQLP�

NDQDOLPD�X� OLVWRYLPD�� ,]� WRJD� UD]ORJD��ELOMQL�PDWHULMDO� ]D� HNVWUDNFLMX�

HWDUVNRJ�XOMD�������J��MH�XVLWQMHQ�X�ODERUDWRULMVNRP�EOHQGHUX��:DULQJ�

����%8�� 86$�� NDNR� EL� VH� GRELR� QDMYHýL� PRJXýL� SULQRV�� 8VLWQMHQ�

ELOMQL� PDWHULMDO� MH� SRWRSOMHQ� X� ����PO� GHVWLORYDQH� YRGH�� D� L]RODFLMD�

HWDUVNRJ�XOMD�MH�YUäHQD�VLPXOWDQRP�KLGUR�GHVWLODFLMRP�L�HNVWUDNFLMRP�

NRULVWHýL� DSDUDWXUX� SR� /LNHQV�1LNHUVRQX� �&KDLQWUHDX�� ������ �6OLND�

������ (NVWUDNFLMD� MH� YUäHQD� GLKORU�PHWDQRP� �S�D��� $ONDORLG�� 6NRSMH���

'RELMHQR�MH�HWDUVNR�XOMH�RäWURJ�PLULVD�UDVWYRUHQR�X���������PO�GLKORU�

PHWDQD��NRMH�MH�ÿXYDQR�X�WDPQLP�YLMDODPD�QD�����&�

GR�*&�),'�L�*&�06�DQDOL]H

Slika 3.3.�0LQL�NRORQD�X�SLSHWL�SR�3DVWH-
UX��V���YDWD��S���)ORULVLO����N���DQKLGUR-
YDQL�QDWULMXP�VXOIDW

V

S

N

Slika 3.4.�$SDUDWXUD�]D�VLPXOWDQX�GHVWL-
ODFLMX�L�HNVWUDNFLMX�SR�/LNHQV�1LNHUVRQX
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������*&�),'�L�*&�06�DQDOL]D�HWDUVNRJ�XOMD�L�DONDQD

Za�*&�),'�L�GC-MS DQDOL]X NRULäýen je GC VLVWHP $JLOHQW�����A L MSD $JLOHQW 

����C, FID detektorom L WHPSHUDWXURP od 250° C. 5D]GYDMDQMH je YUäeno na NRORQL DB-5 

$JLOHQW� �����S� �� ����� GXæLQH� ���m, XQXWUDänjeg SUHÿQLND 0,25 mm L GHEOMLQH ÀOPD 0,25 

ƬP. 7HPSHUDWXUD�NRORQH� MH� OLQHDUQR�SURJUDPLUDQD�RG�����&�GR������&�VD�SURPHQRP�RG�

���&�PLQ��7HPSHUDWXUD�GHWHNWRUD�ELOD� MH������&��.DR�QRVHýL�JDV�NRULäýHQ� MH�KHOLMXP�SRG�

NRQVWDQWQLP�SULWLVNRP� �����PO�PLQ�� ���� �&��� ,QMHNWRYDQR� MH� ��ƬO� X]RUND� X�RGQRVX� ������

0HUHQMH�PDVD��(,�06�����H9��YUäHQR�MH�X�RSVHJX��������P�]��=D�LQMHNWRYDQMH�MH�NRULäýHQ�

LQMHNWRU�$JLOHQW�����%��LQMHNWRYDQR�MH���ƬO��VSLOW�RGQRV�������

� 3UHWUDJD� ELEOLRWHNH� L� � PDVHQD� VSHNWUDOQD� GHNRQYROXFLMD� L� HNVWUDNFLMD� YUäHQD� MH�

XSRUHĀLYDQMHP�UHWHQFLRQLK�YUHPHQD� L�PDVHQLK� VSHNWDUD�SRPRýX�$'$06� L�1,67���ED]D�

NRULäýHQMHP� VRIWYHUD� 06'� &KHP� 6WDWLRQ� (����������P� VD� UHWHQFLRQLP� LQGHNVRP� �5,��

NDOLEUDFLRQH�GDWD�DQDOL]H�SRGHäHQLP�QD�YLVRN�QLYR�L�VD�����JUHäNH�]D�MHGQMLQMD�EH]�5,��5,�

VX�HNVSHULPHQWDOQR�XWYUĀHQH�NRULäýHQMHP�VWDQGDUGQLK�PHWRGD�XNOMXÿXMXýL�UHWHQFLRQR�YUHPH�

(t
R
�� Q�DONDQD�� NRMH� VX� LQMHNWRYDQMH� QDNRQ� X]RUDND� SRG� LVWLP� KURPDWRJUDIVNLP� XVORYLPD��

3UHWUDJD� MHGLQMHQMD� MH�YUäHQD�X�VRSVWYHQRM�ED]L�VDÿLQMHQRM� L]������VHSNWUD��$SVROXWQL�XGHR�

LGHQWLÀNRYDQLK�MHGLQMHQMD�MH�L]UDÿXQDW�L]�SRYUäLQH�*&�SLND�QD�*&�),'�VSHNWUX��
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������6WDWLVWLÿND�REUDGD

n-$ONDQL

3UH� VWDWLVWLÿNH� REUDGH�� UHODWLYQL� RGQRV� NUDWNR�� �&��²&20
��� VUHGQMH�� �&

21
-C���� L� GXJR�

ODQÿDQLK�DONDQD��&
25

-C���� MH� L]UDÿXQDW� �1LNROLF�HW�DO���������� � ,]UDÿXQDWD� MH� WDNRĀH� L�VUHGQMD�

GXæLQD�ODQFD��N��NDR�L�GLVSHU]LMD�RNR�QMH��G���SUHPD�IRUPXODPD�NRMH�VX�SUHGORæLOL�'RGG�HW�

$I]DO�5DÀL���������

����N=nLSL

����G SL(nL�1�
2

Gde je nL�EURM�XJOMHQLND�L�WRJ�DONDQD��D�SL�QMHJRY�SURFHQWXDOQL�XGHR�X�HSLNXWLNXODUQLP�

YRVNRYLPD��=D�L]UDÿXQDYDQMH�N�L�G�NRULäýHQL�VX�VDPR�DONDQL�VD�UHODWLYQLP�XGHORP�YHýLP�RG�

����

Etarska ulja

6LURYL� SRGDFL� ]D� HWDUVND� XOMD� QLVX� GRGDWQR� REUDĀLYDQL�� 2GUHĀHQ� MH� XGHR� SRMHGLQLK�

JUXSD� WHUSHQD� �PRQRWHUSHQD�� RNVLJHQLVDQLK� PRQRWHUHSQD�� VHVNYLWHUSHQD�� RNVLJHQLVDQLK�

VHVNYLWHUSHQD�� GLWHUSHQD��� NDR� L� GUXJLK� DOLIDWLÿQLK� L� DURPDWLÿQLK� XJOMRYRGRQLND� SULVXWQLK�

X� HWDUVNRP�XOMX��=D� XQLYDULMDQWQH� L�PXOWLYDULMDQWQH� WHVWRYH� NRULäýHQL� VX� VDPR�SRGDFL� NRML�

VX�SRND]DOL�QRUPDOQX�GLVWULEXFLMX�QD�FHORP�VHWX�SRGDWDND��NRML�QLVX�ELOL� YLVRNR�NRUHOLVDQL�

(r2������L�NRML�VX�LPDOL�XGHR�YHýL�RG�������
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%LRNOLPDWVNL�L�RURJHRJUDIVNL�SRGDFL

.OLPDWVNH�NDUDNWHULVWLNH�ORNDOLWHWD�X]RUNRYDQLK�SRSXODFLMD�VX�SUHX]HWL�L]�:RUOG&OLP�VHWD�

JOREDOQLK�NOLPDWVNLK�OHMHUD��+LMPDQV�HW�DO����������(NVWUDNFLMD�ELRNOLPDWVNLK�L�RURJHRJUDIVNLK�

SDUDPHWDUD�MH�L]YUäHQD�X�SURJUDPX�',9$�*,6������+LMPDQV�HW�DO����������

%LRNOLPDWVNL� SDUDPHWUL� VX� UDÿXQDWL� QD� RVQRYX� YUHGQRVWL� PHVHÿQLK� WHPSHUDWXUD� L�

SDGDYLQD�GD�EL�VH�GRELOH�YDULMDEOH�VD�ELRORäNLP�]QDÿDMHP��2QL�SUHGVWDYOMDMX�JRGLäQMH�WUHQGRYH�

�QSU��VUHGQMD�JRGLäQMD�WHPSHUDWXUD�LOL�JRGLäQMD�SDGDYLQH���VH]RQDOQRVW��QSU��JRGLäQML�UDVSRQ�

WHPSHUDWXUH�L�SDGDYLQD���NDR�L�HNVWUHPQH�LOL�RJUDQLÿDYDMXýH�IDNWRUH��QSU��QDMPDQMH�L�QDMYLäH�

WHPSHUDWXUH��QDMVXYOML�L�QDMYODæQLML�PHVHFL�LWG���3RG�SRMPRP�NYDUWDO�LOL�SHULRGD�VH�R]QDÿDYD�

SHULRG�RG���PHVHFD��

6SLVDN�ELRNOLPDWVNLK�SDUDPHWDUD�

%,2��²�VUHGQMD�JRGLäQMD�WHPSHUDWXUD
%,2�� ²� VUHGQML� GQHYQL� RSVHJ� �VUHGQMD� YUHGQRVW� UD]OLNH� WHPSHUDWXUQLK� PLQLPXPD� L�

PDNVLPXPD�X�WRNX�PHVHFD�
%,2��²�L]RWHUPDOQRVW��%,2��%,2�����
%,2��²�WHPSHUDWXUQD�VH]RQDOQRVW��VWDQGDUGQD�GHYLMDFLMD������
%,2��²�QDMYLäD�WHPSHUDWXUD�QDMWRSOLMHJ�PHVHFD
%,2��²�QDMPDQMD�WHPSHUDWXUD�QDMKODGQLMHJ�PHVHFD
%,2��²�WHPSHUDWXUQL�RSVHJ��%,2��%,2��
%,2��²�VUHGQMD�WHPSHUDWXUD�QDMYODæQLMHJ�NYDUWDOD
%,2��²�VUHGDQM�WHPSHUDWXUD�QDMVXYOMHJ�NYDUWDOD
%,2���²�VUHGQMD�WHPSHUDWXUD�QDMWRSOLMHJ�NYDUWDOD
%,2���²�VUHGQMD�WHPSHUDWXUD�QDMKODGQLMHJ�NYDUWDOD
%,2���²�XNXSQH�JRGLäQMH�SDGDYLQH
%,2���²�XNXSQH�SDGDYLQH�X�QDMYODæQLMHP�PHVHFX
%,2���²�XNXSQH�SDGDYLQH�X�QDMVXäQLMHP�PHVHFX
%,2���²�VH]RQDOQRVW�SDGDYLQD��NRHÀFLMHQW�YDULMDFLMH�
%,2���²�XNXSQH�SDGDYLQH�X�QDMYODæQLMHP�NYDUWDOX
%,2���²�XNXSQH�SDGDYLQH�X�QDMVXäQLMHP�NYDUWDOX
%,2���²�XNXSQH�SDGDYLQH�X�QDMWRSOLMHP�NYDUWDOX
%,2���²�XNXSQH�SDGDYLQH�X�QDMKODGQLMHP�NYDUWDOX
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6WDWLVWLÿND�REUDGD�ÀWRKHPLMVNLK�PDUNHUD

8UDĀHQD� MH�RVQRYQD�VWDWLVWLND�]D�VYDNL�VHW�SRGDWDND�²�VUHGQMD�YUHGQRVW� L�VWDQGDUGQH�

GHYLMDFLMH� L� KLVWRJUDPL�� WH� SURYHUHQR� GD� OL� SRGDFL� LPDMX� QRUPDOQX� GLVWULEXFLMX� �6KDSLUR�

:LONLQVRQ�RY� NRHÀFLMHQW��� $129$� ²� XQLYDULMDQWQD� DQDOL]D� YDULMDQVH� NDR� L� QHSDUDPHWDUVNL�

WHVWRYL� �0DQQ�:KLWQH\�� .UXVNDO�:DOOLV�� VX� NRULäýHQL� ]D� XWYUĀLYDQMH� SDUDPHWDUD� NRML� 

JUXSLäX�UD]OLNXMX� SRSXODFLMH�� *GH� MH� ELOR� QHRSKRGQR�� YDULMDEOH� VX� ORJ�WUDQVIRUPLVDQH�

�ORJ
10
�;�����NDNR�EL�VH�GRELOD�QRUPDOQD�GLVWULEXFLMD��/LQHDUQD�NRUHODFLMD�L]PHĀX�SDUDPHWDUD�

MH�WDNRĀH�NRULäýHQD�GD�EL�VH�XWYUGLOD�SRWHQFLMDOQD�YH]D�L]PHĀX�UD]OLÿLWLK�NRPSRQHQWL�DONDQD�

RGQRVQR�HWDUVNRJ�XOMD��NDR�L�YH]D�VD�ELRNOLPDWVNLP�L�RURJHRJUDIVNLP�SDUDPHWULPD��

.RULäýHQH� VX� PXOWLYDULDFLRQH� PHWRGH�� DQDOL]D� JODYQLK� NRPSRQHQWL� �3&$���

GLVNULPLQDQWQD�DQDOL]D��'$���KLMHUDUKLMVND�NODVWHU�DQDOL]D��+&$���NDR�WHVWRYL�NRML�VX�X�VWDQMX�

GD�XNDæX�QD� WHQGHQFLMX� L� VWUXNWXLUDQMH� VNXSD��NDR� L�RGQRV� LQGLYLGXD� L�NDUDNWHUD��7HVWLUDQR�

MH� YLäH� NODVWHU� PHWRGD� �83*0$�� QHDUHVW�QHLJKERXU, :DUG�RYD�metoda�� L� UDÿXQDQMD� GLVWDQFL�

((XFOLGHDQ��6T��(FXOLGHDQ��0DKDODQRELV��6T��0DKDODQRELV������NDNR�EL� VH� L]DEUDOH�QDMDGHNYDWQLMH��

0DQWHORY� L�3DUFLMDOQL�PDQWHORY� WHVW�VX�NRULäýHQL�]D�XWYUĀLYDQMH�NRUHODFLMH� L]PHĀX�YDULUDQMD�

NDUDNWHUD�L�ELRNOLPDWVNLK�L�RURJHRJUDIVNLK�NDUDNWHULVWLND��

=D�VWDWLVWLÿNX�REUDGX�ÀWRKHPLMVNLK�PDUNHUD�NRULäýHQL�VX�3DVW�Y������E�L�������+DPPHU�

HW�DO���������L�6366�6WDWLVWLFV�����,%0���
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�����0ROHNXODUQL�PDUNHUL

������,]RORYDQMH�'1.

,]RODFLMD� '1.� MH� UDĀHQD� SUHPD� SURWRNROX� $OHNVLý� HW� DO�� ������� NRML� SUHGVWDYOMD�

PRGLÀNDFLMX�VWDQGDUGQRJ�&7$%�SURWRNROD��'R\OH�	�'R\OH���������0ODGH�VXYH�LJOLFH�VYDNH�

LQGLYLGXH� �������PJ�� VX� VWDYOMHQH� X� VWHULOQH� WXELFH� RG� ����PO� L� RVWDYOMHQH� SUHNR� QRýL�na 

�����C��D�SRWRP�KRPRJHQL]LYDQH�NRULäýHQMHP�7LVVXHO\]HU�,,��4XLDJHQ��GR�ÀQRJ�SUDKD��8�

VYDNL� DOLNYRW� MH�SUH� HNVWUDNFLMH�GRGDWR�SR���PJ�393��� L� DNWLYQRJ�XJOMD� NRML� SUHGVWDYOMDMX�

DGVRUEHQWH� SROLIHQROD�� (NVWUDNFLRQL� SXIHU�� ]DJUHMDQ� QD� ��� �&�� VH� VDVWRMDR� RG� ��� &7$%�

UDVWYRUD� ����0� 1D&O�� ��P0� ('7$� S+ ��� ���P0� 7ULV� S+ ��� ��� &7$%�� VD� �����

Ƣ�PHUNDSWRHWDQRORP�GRGDWLP�QHSRVUHGQR�SUH�HNVWUDNFLMH��,]RODWL�VX�SUHÿLäýDYDQL�6(9$*�

RP��X�FLOMX�XNODQMDQMD�SURWHLQD��L�GRGDWQR�WUHWLUDQL�YLVRNLP�NRQFHQWUDFLMDPD�1D&O���0��UDGL�

XNODQMDQMD�SROLVDKDULGD���3UHFLSLWDFLMD�MH�L]YUäHQD�L]RSURSDQRORP�D�LVSLUDQMH�����HWDQRORP��

'RELMHQL� SHODWL�'1.� VX� RVXäHQL� L� ]DWLP� UDVWYRUHQL� X� ���� �O� GHMRQL]RYDQH� VWHULOQH� YRGH��

1DUHGQRJ�GDQD�VX�L]RODWL�WUHWLUDQL�51D]RP�$�UDGL�XNODQMDQMD�51.������ƬO�SR�X]RUNX�����PLQ�

QD�����&���8WYUĀHQH�VX�NRQFHQWUDFLMH�L�ÿLVWRýH�'1.�L]RODWD�SXWHP�PHUHQMD�DEVRUEDQFL�QD������

����L�����QP��'1.�LPD�PDNVLPXP�DSVRUEFLMH�QD�����QP��D�YUHGQRVWL�RGQRVD�DSVRUEDQFL� 

A
260
�$���� LVSRG� ���� L� L]QDG� ���� XND]XMX� QD� ]DJDĀHQMH� SURWHLQLPD� LOL� 51.�� UHVSHNWLYQR�� D�

YUHGQRVWL�RGQRVD�DEVRUEDQFL�$
260
�$����LVSRG�����QD�]DJDĀHQMH�SROLVDKDULGLPD��1DSUDYOMHQL�VX�

UDGQL�UDVWYRUL�'1.�NRQFHQWUDFLMD�����QJ��O��

+HPLNDOLMH� NRULäýHQH� ]D� HNVWUDNFLMX� XNXSQH� '1.�� &7$%� �6HUYD�� +HLGHOEHUJ��

*HUPDQ\���('7$� �9:5�%'+�3URODER��/HLFHVWHUVKLUH��(QJODQG���7ULV�+&O� �9:5�%'+�

3URODER�� /HLFHVWHUVKLUH�� (QJODQG��� 1D&O� �$ONDORLG�� 6NRSMH��� Ƣ�PHUNDSWRHWDQRO� �6HUYD��

+HLGHOEHUJ�� 1HPDÿND��� DNWLYQL� XJDOM� �&HQWURKHP�� 6WDUD� 3D]RYD��� SRO\YLQ\OS\UUROLGRQH� ���

�393������6LJPD�$OGULFK���6(9$*�>������Y�Y��KORURIRUP��&HQWURKHP��6WDUD�3D]RYD���L]RDPLO�

DONRKRO��&HQWURKHP��6WDUD�3D]RYD��6HUELD�@��L]RSURSDQRO��9:5�%'+�3URODER��/HLFHVWHUVKLUH��

(QJOHVND��������HWDQRO��6XSHUODE��%HRJUDG���51DVH�$��)HUPHQWDV�8$%��9LOQLXV��/LWYDQLMD��L�

VWHULOQD�GHMRQL]RYDQD�YRGD��
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������3&5�DPSOLÀNDFLMD�KORURSODVWQLK�VHNYHQFL

=D� LQLFLMDOQR� WHVWLUDQMH� VX� L]DEUDQL� UHJLRQL� NRML� VX� GR� GDQDV� QDMÿHäýH� NRULäýHQL� NRG�

UD]OLÿLWLK�SUHGVWDYQLND�URGD�-XQLSHUXV (WUQC�*&$�-WUQD�*8&�,�WUQL�8$$�-WUQF�*$$�,�WUQG�88&�-WUQS�*&8� 

L� SVEA-WUQ+�*8*��� L� ]D� NRMH� MH� LQLFLMDOQD� SUHWUDJD� VHNYHQFL� GRVWXSQLK� X� MDYQRM� EDQFL� JHQD�

*HQ%DQN�����IHE�������SRND]DOD�GD�VX�YDULMDELOQL��WUQC�*&$�-WUQD�*8&���XNXSQR����GRVWXSQLK�

VHNYHQFL�JHQHULVDQLK�L]���YUVWH�L���IRUPH��WUQL�8$$�-WUQF�*$$��
 
���VHNYHQFL�L]���YUVWH�L���YDULMHWHWD��

WUQG�88&�-WUQS�*&8��
 
����VHNYHQFL� L]����YUVWD� L���YDULMHWHWD��SVEA-WUQ+�*8*������VHNYHQFL� L]����

YUVWD���.RULäýHQD�VX�L�GYD�UHJLRQD�NRMD�GR�VDGD�QLVX�SURXÿDYDQD�NRG�YUVWD�URGD�-XQLSHUXV, a 

SRND]DOL�VX�VH�NDR�L]X]HWQR�LQIRUPDWLYQL�QD�LQIUDVSHFLMVNRP�QLYRX�NRG�GUXJLK�YUVWD��USO���

WUQL�8$*� L �·USV����·WUQ.�� LQIRUPDWLYQL� NRG� YHOLNRJ� EURMD� IDPLOLMD� FYHWQLFD� L� JRORVHPHQLFD�

(6KDZ et DO����������.RULäýHQL�UHJLRQL��VHNYHQFH�SUDMPHUD�]D�QMLKRYX�DPSOLÀNDFLMX��QMLKRYL�

DXWRUL�L�GXæLQH�UHJLRQD�QDYHGHQH�X�RULJLQDOQLP�UHIHUHQFDPD�VX�GDWH�X�7DEHOL�����

=D�3&5�DPSOLÀNDFLMX�MH�NDR�PDWULFD�NRULäýHQD�XNXSQD�JHQRPVND�'1.�X�NRQFHQWUDFLML�

RG�����QJ�SR�UHDNFLML��5HDNFLMH�VX�L]YRĀHQH�X�XNXSQRM�]DSUHPLQL�RG�����O�SR�UHDNFLML��=D�

PDVWHU�PLNV�NRULäýHQH�VX�VOHGHýH�KHPLNDOLMH���[7DT�'1.�SXIHU��)HUPHQWDV�8$%��9LOQLXV��

/LWXDQLD��� ����P0� G173�� ���� �0� )� L� 5� SUDMPHUL�� ������%6$� �%RYLQH� 6HUXP�$OEXPLQ��

*HUPHQWDV� 8$%�� /LWXDQLD�� L� ������ 8� 7DT� '1.� SROLPHUD]H� �)HUPHQWDV� 8$%�� 9LOQLXV��

/LWYDQLMD���=D�3&5�DPSOLÀNDFLMX�MH�NRULäýHQ�SHT6WDU����8QLYHUVDO�*UDGLHQW�7KHUPDO�&\FOHU�

�SHT/DE�ELRWHFKQRORJLH�*P%+��(UODQJHQ��*HUPDQ\��SUHPD�SURWRNROX�GDWRP�X�7DEHOL�����

USO���WUQ/��
USV���WUQ. WUQ*�WUQ6 SVE$�WUQ+ WUQ/�WUQ) WUQ&�WUQ'

���,QLFLMDOQD�GHQDWXUDFLMD ���o&�����PLQ
���'HQDWXUDFLMD ��o&����V ��oC, 60s

���$QQHDOLQJ ���oC, 60s 60 oC, 60s 61 oC, 60s �����oC, 
60s

50 oC, 60s

���(NVWHQ]LMD ���oC, 60s ���oC, 120s ���oC, 120s

.RUDFL�����VX�SRQRYOMHQL����SXWD
���)LQDOQD�HNVWHQ]LMD ���o&�����PLQ

7DEHOD�����3URJUDP�3&5�DPSOLÀNDFLMH�WHVWLUDQLK�FS'1$�UHJLRQD
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8VSHäQRVW�3&5�UHDNFLMD�NRG�VYLK�WHVWLUDQLK�UHJLRQD�MH�SURYHUHQD�HOHNWURIRUH]RP�QD������
DJDUR]QRP�JHOX��3R������O�3&5�SURGXNWD�L�0LGRUL�*UHHQ�'LUHFW�6WDLQ��1,3321�*HQHWLFV�
(XURSH�*P%+��'XHUHQ��1HPDÿND��MH�QDQRäHQR�QD�JHO��0LGRUL�*UHHQ�'LUHFW�6WDLQ�LQWHUNDOLUD�
VD� PROHNXORP� '1.� L� RPRJXýDYD� YL]XHOL]DFLMX� 3&5� SURGXNWD� QD� 89� WUDQVLOXPLQDWRUX�
�9LOEHU��/RXUPDW�(&;�)���0� WUDQVLOOXPLQDWRU��&HGH[��)UDQFXVND���=D� GDOMX� DPSOLÀNDFLMX�
NRG�SUHRVWDOLK�LQGLYLGXD�VX�NRULäýHQL�UHJLRQL�NRG�NRMLK�VX�XRÿHQL�MDVQL�EHQGRYL�QD�DJDUR]QRP�
JHOX�
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������8WYUĀLYDQMH�SULPDUQRJ�UHGRVOHGD�QXNOHRWLGD�3&5�SURL]YRGD

8WYUĀLYDQMH� SULPDUQRJ� UHGRVOHGD� QXNOHRWLGD� GRELMHQLK� 3&5� SURGXNDWD� SR� 6DQJHU�
PHWRGL� XUDĀHQR� MH� NRPHUFLMODQR� RG� VWUDQH� 0DFURJHQ� (XURSH� �$PVWHUGDP�� +RODQGLMD�� 
KWSS���GQD�PDFURJHQ�FRP��� .DSLODUQD� HOHNWURIRUH]D� MH� REDYOMHQD� QD� ���NDSLODUQRP�
����[O�'1.�DXWRPDWVNRP�NDSLODUQRP�VHNYHQFLRQHUX��$SSOLHG�%LRV\VWHPV�,QF���6$'���8�
]DYLVQRVWL�RG�GXæLQH�VHNYHQFH��VHNYHQFLUDQMH�MH�UDĀHQR�VDPR�X�MHGQRP�VPHUX�WM��NRULäýHQMHP�
)� SUDMPHUD� �GXæLQD� 3&5� SURGXNDWD� RNR� �������� ES�� WUQL�WUQF�� WUQG�WUQ6��� X� RED� VPHUD�
RGQRVQR�NRULäýHQMHP�)�L�5�SUDMPHUD��GXæLQD�SURGXNDWD�RNR�����ES��SVEA�WUQ+��L�X�RED�VPHUD�
X]�NRULäýHQMH�)��5�L�LQWHUQR�GL]DMQLUDQLK�SUDMPHUD��GXæLQD�SURGXNDWD�RNR������ES��WUQC�WUQ'���
.DUDNWHULVWLNH�LQWHUQR�GL]DMQLUDQLK�SUDMPHUD�VX�GDWH�X�7DEHOL������

'RELMHQH�VHNYHQFH�VX�QDMSUH�HGLWRYDQH�NRULäýHQMHP�&KURPDV�/LWH��������7HFKQHO\VLXP��

$XVWUDOLD���=D�UHJLRQH�NRG�NRMLK�MH�SULPDUQL�UHGRVOHG�QXNOHRWLGD�XWYUĀHQ�VHNYHQFLRQLUDQMHP�VD�

YLäH�SUDMPHUD��QSU��SVEA�WUQ+��WUQC�WUQ'���QDMSUH�VX�VNORSOMHQH�NRQFHQ]XV�VHNYHQFH�]D�VYDNX�

LQGLYLGXX��6HNYHQFH�VYDNRJ�SRMHGLQDÿQRJ�UHJLRQD�VX�]DWLP�SRUDYQDWH�SULPHQRP�SURJUDPD�

086&/(��(GJDU��������LPSOHPHQWLUDQRJ�X�SURJUDP�0(*$�������7DPXUD�HW�DO���������UDGL�

XWYUĀLYDQMD�KRPRORJLMH�QXNOHRWLGD��$XWRPDWVND�SRUDYQDQMD�VX�SRWRP�SURYHUHQD�L�PDQXHOQR�

NRULJRYDQD��1D�NUDMX�MH�NRQVWUXLVDQ�PDWULNV�VD�VYLP�XVSHäQR�DPSOLÀNRYDQLP�L�VHNYHQFLUDQLP�

UHJLRQLPD�NRG�VYLK�LQGLYLGXD�

3UDMPHU� SHW1L� SVE0L� WUQ'L5�
'XæLQD��ES� �� �� 20

Tm (o&� ���� ���� 56,1

&*� ���� 52,6 55,0

0:D� ���� ���� ����
.YDOLWHW�SUDMPHUD ���� ���� ����
2SWLPDOQD�WHPSHUDWXUD�
DQQHDOLQJ�D

��������� 60,1-65,1 ���������

D��0:���PROHNXOVND�PDVD��SRGDFL�GRELMHQL�NRULäýHQMH�SURJUDPD�)DVW�3&5��.DOHQGDU�HW�DO���
�����

7DEHOD�����.DUDNWHULVWLNH�LQWHUQR�GL]DMQLUDQLK�SUDMPHUD
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������6WDWLVWLÿND�REUDGD

=D� VYDNL� SRMHGLQDÿQL� UHJLRQ� NRML� MH� XVSHäQR� DPSOLÀNRYDQ� L� VHNYHQFLRQLUDQ� NRG�

LVSLWLYDQLK� SUHGVWDYQLND� URGD� -XQLSHUXV� MH� XWYUĀHQ� RSWLPDOQL� PRGHO� HYROXFLMH� VHNYHQFL� QD�

RVQRYX�RULJLQDOQLK�SRGDWDND�NRULäýHQMHP�SURJUDPD�0(*$����7DPXUD�HW�DO����������

2SWLPDOQL�PRGHO�HYROXFLMH�]D�GDWL�VHW�SRGDWDND�VH�XWYUĀXMH�QD�RVQRYX�YUHGQRVWL��%,&�

(BD\HVLDQ� IQIRUPDWLRQ�CULWHULRQ�� NULWHULMXPD�� 3ROD]HýL� RG� SUHWSRVWDYNH� GD� VX� VYL� PRGHOL�

SRGMHGQDNR�YHURYDWQL��XWYUĀXMH�VH�PRGHO�NRML�LPD�QDMYHýX�SRVWHULRUQX�YHURYDWQRýX��'UXJLP�

UHÿLPD��PRGHO�NRML�ýH�LPDWL�QDMPDQMX�%,&�YUHGQRVW�ýH�ELWL�L�QDMRSWLPDOQLML�]D�REMDäQMDYDQMH�

UHDOQRJ�SURFHVD�PROHNXODUQH�HYROXFLMH�LVSLWLYDQRJ�UHJLRQD��

5D]OLÿLWL� PRGHOL� HYROXFLMH� VHNYHQFL� X]LPDMX� X� RE]LU� UD]OLÿLWH� PRGHOH� VXSVWLWXFLMD�

QXNOHRWLGD�X�'1.�PROHNXOX�NRML�VH�UD]OLNXMX�SR�WRPH�GD�OL�VX�SRGMHGQDNH�LOL�QH�IUHNYHQFLMH�

ÿHWLUL�ED]H�X� LVSLWLYDQRP�GHOX�JHQRPD��]DWLP��GD� OL� VX�EU]LQH�]DPHQH� MHGQH�ED]H�GUXJRP�

MHGQDNH��$& $* $7 &* &7 *7��LOL�VH�UD]OLNXMX�SR�SDURYLPD�LOL�X�SRWSXQRVWL��3RUHG�

WRJD�� ]D� VYDNL�PRGHO�� SURJUDP� L]UDÿXQDYD� %,&� YUHGQRVWL� X� VOXÿDMHYLPD� NDGD� VH� X]LPD� X�

RE]LU�L�XGHR�LQYDULMDELOQLK�PHVWD��PRGHO��,���UD]OLÿLWH�EU]LQH�VXSVWLWXFLMD�ED]D�X�]DYLVQRVWL�RG�

ORNDFLMH��PRGHO��*���LOL�RED��PRGHO��,��*���

1DMMHGQRVWDYQLML�RG�VYLK�PRGHOD�MH�-&�LOL�-XNHV�&DQWRU�PRGHO�NRML�SUHWSRVWDYOMD�GD�VH�

VYH�ED]H�QDOD]H�VD�SRGMHGQDNRP�XÿHVWDORäýX�L�PXWLUDMX�LVWRP�EU]LQRP��-XNHV�	�&DQWRU���������

2VWDOL�PRGHOL�SROD]H�RG�SUHWSRVWDYNH�GD�SRVWRMH�UD]OLNH�X�XÿHVWDORVWL�VYD�ÿHWLUL�QXNOHRWLGD��

+.<� �+DVHJDZD�.LVKLQR�<DQR�� PRGHO� SUHWSRVWDYOMD� GD� SRVWRML� QHMHGQDND� XÿHVWDORVW�

L]PHĀX�WUDQVYHU]LMD�L�WUDQ]LFLMD��+DVHJDZD�HW�DO����������7����7DPXUD�WURSDUDPHWDUVNL��PRGHO�

MH� SULPHQOMLY� X� VOXÿDMHYLPD� NDGD� SRVWRML� YHýL� XGHR�*�&� QXNOHRWLGD� L� YHýL� EURM� WUDQ]LFLMD�

RG� WUDQVYHU]LMD� �7DPXUD�� ������� 71��� �7LPXUD�1HL�� PRGHO� GRGDWQR� UD]OLNXMH� GYD� WLSD�

WUDQ]LFLMD��GRN�VH�SUHWSRVWDYOMD�GD�VH�VYH� WUDQVYHU]LMH�GHäDYDMX�VD�SRGMHGQDNRP�XÿHVWDORVWL�

�7DPXUD�	�1HL���������1DMÿHäýH�NRULäýHQL�PRGHO�HYROXFLMH�VHNYHQFL�MH�*75��*HQHUDO�7LPH�

5HYHUVLEOH�PRGHO��MHU�SUHWSRVWDYOMD�UD]OLÿLWH�YHURYDWQRýH�]DPHQD�MHGQRJ�QXNOHRWLGD�GUXJLP�

�$&�$*�$7�&*�&7�*7���7DYDUp��������
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2SWLPDOQL�PRGHOL�HYROXFLMH��SURFHQMHQL�QD�RVQRYX�QDMQLæLK�%,&�YUHGQRVWL��VX�XWYUĀHQL�

QDMSUH� ]D� VYDNL� LVSLWLYDQL� UHJLRQ� D� ]DWLP� L� ]D�PDWULFX� VDVWDYOMHQX� RG� VYLK� UHJLRQD� NRML� VX�

XVSHäQR�DPSOLÀNRYDQL�L�VHNYHQFLUDQL��3RUHG�WRJD��WHVWLUDQL�VX�PRGHOL�HYROXFLMH�L�]D�PDWULFH�

VDVWDYOMHQH�RG�NRGLUDMXýLK�RGQRVQR�QHNRGLUDMXýLK�GHORYD�LVSLWLYDQLK�UHJLRQD�

=D�SURFHQX�KHWHURJHQRVWL�VWRSD�PXWDFLMD�NRULäýHQ�MH�7DMLPD·V�UHODWLYH�UDWH�WHVW�X�RNYLUX�

SURJUDPD�0(*$�������7DPXUD�HW�DO���������NRML�SURFHQMXMH�GD�OL�SRVWRML�UD]OLND�X�VWRSDPD�

PXWDFLMD� L]PHĀX� LVSLWLYDQLK�VHNYHQFL��8NROLNR� MH�S������RGEDFXMH�VH�QXOWD�KLSRWH]D�GD�QH�

SRVWRML�UD]OLND�X�EU]LQL�PXWDFLMH�L]PHĀX�WUL�VHNYHQFH�RGDEUDQH�RG�VWUDQH�NRULVQLND��7DMLPD��

�������

=D� UHNRQVWUXNFLMX� ÀORJHQHWVNLK� VWDEDOD� VYDNRJ� RG� SRMHGLQDÿQLK� UHJLRQD�� NDR� L�

]D�PDWULFX� VDVWDYOMHQX� RG� VYLK� UHJLRQD�� NRULäýHQ� MH� 5$[0/� �6LOYHVWUR�	�0LFKDODN�� ������

6WDPDWDNLV���������5$[0/��5DQGRPL]HG�$[HOHUDWHG�0D[LPXP�/LNHOLKRRG�� MH�SURJUDP�]D�

UHNRQVWUXNFLMX�ÀORJHQHWVNLK�VWDEDOD�ED]LUDQ�QD�X]DVWRSQLP�L�SDUDOHQLP�0D[LPXP�/LNHOLKRRG�

GLVWDQFDPD��.RULäýHQD�MH�RVQRYQD�SRVWDYND�SDUDPHWDUD���I �IXQNFLMD���6WDWLVWLÿND�SRGUäND�]D�

QRGXVH�MH�ED]LUDQD�QD�����QHSDUDPHWDUVNLK�ERRWVWUDS�UHSOLNDFLMD��%6���%6�YUHGQRVWL�YHýH�LOL�

MHGQDNH�����VX�X]HWH�NDR�GREUD�SRGUäND��GRN�VX�YUHGQRVWL����GR�����VPDWUDQH�XPHUHQRP�

SRGUäNRP��.DNR�5$[0/�SURJUDP�UHNRQVWUXLäH�ÀORJHQHWVND�VWDEOD�NRULVWHýL�*75�PRGHOH�

HYROXFLMH��]D�RQH�UHJLRQH�JGH� MH�GUXJL�PRGHO�HYROXFLMH�SRND]DQ�NDR�RSWLPDODQ�NRULäýHQ� MH�

SURJUDP��0(*$�������7DPXUD�HW�DO����������6WDEOD�VX�YL]XDOL]RYDQD��RæLOMHQD�L�HGLWRYDQD�X�

SURJUDPX�)LJWUHH��������5DPEDXW���������



4 Rezultati

,OXVWUDFLMD��-XQLSHUXV�PDFURFDUSD�6LELWK��HW�6P���9LGDNRYLý��0���������
þHWLQMDÿH��0��0LULý��	�3��9UDQLFNL��HGV���=DJUHE��%LEOLRWHND�=QDQVWYHQLK�
5DGRYD���SS������ 
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4.1 n-$ONDQL

������+HPLMVNL�VDVWDY�L�YDULMDELOQRVW�n�DONDQD�LVSLWLYDQLK�WDNVRQD

2GUHĀHQ�MH�UHODWLYQL�XGHR�SRMHGLQDÿQLK�Q�DONDQD�X�NXWLNXODUQLP�YRVNRYLPD�-��FRPPXQLV�

YDU��FRPPXQLV��-��FRPPXQLV�YDU��VD[DWLOLV,�-��GHOWRLGHV�L�-��PDFURFDUSD��,]�GRELMHQLK�SRGDWDND�L]UDÿXQDWH�

VX�SURVHÿQH�GXæLQH�XJOMRYRGRQLÿQLK�ODQDFD��N��NDR�L�GLVWULEXFLMD�RNR�QMLK��G���UHODWLYQL�XGHR�

DONDQD�NUDWNRJ��&
16

-C
20
���VUHGQMHJ��&

21
-C����L�GXJRJ��&25

-C����QL]D�

8�NXWLNXODUQLP�YRVNRYLPD�-��FRPPXQLV�YDU��FRPPXQLV VX�GHWHNWRYDQL�Q�DONDQL�GXJL�RG����

GR�����GRN�VX�NRG�SUHRVWDOD�WUL�WDNVRQD�GHWHNWRYDQL�Q�DONDQL�GXJL�RG����GR����&�DWRPD��8�

VYLP�X]RUFLPD�GRPLQDQWDQ�DONDQ�MH�WULWULDNRQWDQ��&�����äWR�EL�PRJOD�ELWL�NDUDNWHULVWLND�FHORJ�

URGD��'RGG�	�3RYHGD��������3RYHGD�HW�DO���������7DUDVRY�HW�DO���������7XOORFK�	�%HUJWHU��

�������8�YHýLP�NROLÿLQDPD�VX�VH�QDOD]LOL� L�&��, C��, C��� �6OLND���������5HODWLYQL�XGHR�DONDQD�

Slika 4.1.1.�3URVHÿQD�UHODWLYQD�NROLÿLQD�DONDQD��N�L�G�YUHGQRVW�GRELMHQH�]D�%DONDQVNH�SRSX-
ODFLMH�RGDEUDQLK�YUVWD�VHNFLMH�-XQLSHUXV��VUHGQMD�YUHGQRVW���6'�
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NUDWNRJ�L�VUHGQMHJ�QL]D�MH�ELR�MDNR�QL]DN��L�NUHWDR�VH�RG�����GR�������RGQRVQR�������������

�7DEHOD�������GRN�VX�VYLP�X]RUFLPD�GRPLQLUDOL�DONDQL�GXJRJ�QL]D�

,DNR�MH�WULWULDNRQWDQ�GRPLQDQWDQ�X�VYLP�X]RUFLPD��X�]DYLVQRVWL�RG�GUXJD�GYD�GRPLQDQWQD�
DONDQD��VUHGQMD�GXæLQD�XJOMRYRGRQLÿQLK�ODQDFD��N��MH�YDULUD�RG������GR�������3R�WDNVRQLPD��
VUHGQMD�GXæLQD�XJOMRYRGRQLÿQLK� ODQDFD��N�� � MH�QDMPDQMD�]D�-��GHOWRLGHV� �������D�QDMYHýD�]D�-��
FRPPXQLV���������GRN�MH�GLVSHU]LMD�RNR�N (G��YDULUDOD�RG�����GR�ÿDN������

p -��FRPPXQLV�YDU� 
FRPPXQLV
Q ���

-��FRPPXQLV�YDU��
VD[DWLOLV
n=210

-��GHOWRLGHV
Q ���

-��PDFURFDUSD
n=20

&�� *** ��������� -a -a -a

C20 *** ��������� -a -a -a

C21 *** ��������� -a -a -a

C22 *** ��������� ���������a ���������a ���������
&�� *** ���������a ��������� ���������a ���������a

&�� *** ���������a ���������a ���������a ���������
C25 *** ��������� ��������� ��������� ���������
C26 *** ��������� ��������� ��������� ���������
&�� *** ��������� ��������� ��������� ���������
&�� *** ��������� ��������� ��������� ���������
&�� *** ��������� ��������� ����������a ����������a

&�� *** ��������� ��������� ��������� ���������
&�� *** ��������� ���������� ����������a ����������a

&�� *** ���������a ���������E ���������a ���������E

&�� *** ���������� ����������� ����������� �����������
&�� *** ��������� ���������a ���������a ���������
&�� *** ���������� ���������a ���������a ���������
N *** ���������� ���������� ����������a ����������a

G *** ���������a ��������� ���������a ���������a

7DEHOD�����.ROLÿLQH�DONDQD��N�L�G�YUHGQRVWL�X]RUNRYDQLK�%DONDQVNLK�SRSXODFLMD�YUVWD�VHNFLMH�
-XQLSHUXV��VUHGQMD�YUHGQRVW���6'�

S���QLYR�]QDÿDMQRVL�ANOVA (***, p��������a,b� �JUXSH�SUHPD�/6'�WHVWX��p��������.ROLÿLQH� 
DONDQD�VX�GDWH�NDR�VUHGQMD�YUHGQRVW���6'
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��������+HPLMVNL� VDVWDY� L� YDULMDELOQRVW�n-alkana kod -XQLSHUXV� FRPPXQLV var. 

FRPPXQLV� �

8�NXWLNXODUQLP�YRVNRYLPD�L]RORYDQLP�L]�]UHOLK�LJOLFD�-��FRPPXQLV�YDU��FRPPXQLV�VX�ELOL�

]DVWXSOMHQL�Q�DONDQL�GXJL�RG����GR����XJOMHQLNRYLK�DWRPD��$ONDQL�NUDWNRJ�QL]D�VX�GHWHNWRYDQL�

VDPR�X�GYH�SRSXODFLMH��JGH�VX�ELOL�]DVWXSOMHQL�VD�����RGQRVQR��������GRN�VX�DONDQL�VUHGQMHJ�

QL]D�GHWHNWRYDQL�X�QHäWR�YHýLP�NROLÿLQDPD����������������8]RUFLPD�VX�GRPLQLUDOL�GXæL�DONDQL��

äWDYLäH��JRWRYR�VYL�DONDQL�NUDýL�RG����XJOMHQLNRYLK�DWRPD�VX�ELOL�]DVWXSOMHQL�SRMHGLQDÿQR�VD�

PDQMH�RG��������7DEHOD������6OLND���������8�VYLP�X]RUFLPD�MH�GRPLQDQWDQ�DONDQ�WULWULDNRQWDQ��

3RUHG�QMHJD�VH�X�VYLP�X]RUFLPD�VUHýX�L�XYHN�LVWD�GUXJD�GYD�GRPLQDQWQD�DONDQD���KHQWULDNRQWDQ�

(C����L�SHQWDWULDNRQWDQ��&�����

3URVHÿQD�GXæLQD�ODQFD��N��MH�WDNRĀH�YDULUDOD��.RG�WUL�SRSXODFLMH��'HOLEODWVND�SHäÿDUD��

.RSDRQLN��6XYD�SODQLQD��NUHWDOD�VH� L]PHĀX������ L�������GRN� MH�X�NRG�RVWDOLK�SRSXODFLMDPD�

XYHN� L]QRVLOD� LVSRG� ������9LVRND� GLVSHU]LMD� RNR�N (G�� MH� NRG� VYLK�SRSXODFLMD� YHOLND�� ]ERJ�

ÿHVWR�YHRPD�YLVRNRJ�XGHOD�&
22 
�!��������1DMPDQMD�MH�ELOD�X�SRSXODFLMDPD�VD�6XYH�SODQLQH�L�

L]�'HOLEODWVNH�SHäÿDUH������L�������GRN�MH�X�RVWDOLP�SRSXODFLMDPD�YDULUDODOD�RG������.RSDRQLN��

GR�ÿDN������1HUHWYD���

Slika 4.1.2.�3URVHÿQD�UHODWLYQD�NROLÿLQD�DONDQD��N�L�G�YUHGQRVW�GRELMHQH�L]�VHGDP�SRSXODFLMD� 
-��FRPPXQLV�YDU��FRPPXQLV��VUHGQMD�YUHGQRVW���6'�
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��������+HPLMVNL� VDVWDY� L� YDULMDELOQRVW�n-alkana kod� -XQLSHUXV�FRPPXQLV var. 

VD[DWLOLV

8� NXWLNXODUQLP� YRVNRYLPD� L]RORYDQLP� L]� ]UHOLK� LJOLFD� -�� FRPPXQLV� YDU�� VD[DWLOLV� VX�

ELOL� ]DVWXSOMHQL� Q�DONDQL� GXJL� RG� ��� GR� ��� XJOMHQLNRYLK� DWRPD�� $ONDQL� NUDWNRJ� QL]D� QLVX�

GHWHNWRYDQL�X�RYLP�X]RUFLPD��GRN�VX�DONDQL�VUHGQMHJ�QL]D�GHWHNWRYDQL�X�PDQMLP�NROLÿLQDPD�

����� ����������ãWDYLäH��JRWRYR�VYL�DONDQL�NUDýL�RG����XJOMHQLNRYLK�DWRPD�VX�ELOL�]DVWXSOMHQL�

SRMHGLQDÿQR�VD�PDQMH�RG��������7DEHOD������6OLND���������8�VYLP�X]RUFLPD� MH�GRPLQDQWDQ�

DONDQ� ELR� WULWULDNRQWDQ�� GRN� VX�� X� ]DYLVQRVWL� RG� ORNDOLWHWD� GUXJD� GYD� GRPLQDQWQD� DONDQD�

ELOD� KHQWULDNRQWDQ� �&���� L� SHQWDWULDNRQWDQ� �&���� X� NRQWLQHQWDOQLP� SRSXODFLMDPD�� RGQRVQR�

QRQDNR]DQ��&����L�KHQWULDNRQWDQ��&�����X�PHGLWHUDQVNLP�L�VXEPHGLWHUDQVNLP�SRSXODFLMDPD��

,]RORYDQL�Q�DONDQL�SRND]DOL�VX�MDVQH�NYDQWLWDWLYQH�UD]OLNH�L]PHĀX�LVWUDæLYDQLK�SRSXODFLMD�

-�� FRPPXQLV� YDU�� VD[DWLOLV�� ,DNR� MH� WULWULDNRQWDQ� ELR� GRPLQDQWDQ� X� VYLP� SRSXODFLMDPD�� X�

NRQWLQHQWDOQLP� SRSXODFLMDPD� �.RSDRQLN�� 6XYD� SODQLQD�� 6WDUD� SODQLQD�� VX� SRUHG� QMHJD�

GRPLQLUDOL�&�����������������L�&�������������������GRN�VX�X�PHGLWHUDQVNLP�L�VXEPHGLWHUDQVNLP�

SRSXODFLMDPD�GRPLQLUDOL�&��� ����� �� �������� L�&��� ������ �� ��������� ,DNR�&��� QLMH� ELR�PHĀX�

Slika 4.1.3.�3URVHÿQD�UHODWLYQD�NROLÿLQD�DONDQD��N�L�G�YUHGQRVW�GRELMHQH�L]�GHVHW�SRSXODFLMD  
-��FRPPXQLV�YDU��VD[DWLOLV��VUHGQMD�YUHGQRVW���6'�
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WUL� GRPLQDQWQH� NRPSRQHQWH� �VXE�PHGLWHUDQVNLK� SRSXODFLMD�� NRG� QHNROLNR� SRSXODFLMD�

�2UMHQ��'XUPLWRU� L�þYUVQLFD��ELR�MH�SURFHQWXDOQR�]DVWXSOMHQ�LVWR�NDR�L�NRG�NRQWLQHQWDOQLK�

���������������GRN�MH�X�SUHRVWDOLP�ELR�XYHN�QLæL�RG��������

3URVHÿQD� GXæLQD� ODQFD� �N�� MH� PDOR� YDULUDOD� ²� RG� VXEPHGLWHUDQVNLK� SRSXODFLMD� JGH�

MH�GHWHNWRYDQD�QDMQLæD�YUHGQRVW� �������GR�NRQWLQHQWDOQLK�NRG�NRMLK� MH�GHWHNWRYDQD�QDMYLäD�

��������.RQWLQHQWDOQH�SRSXODFLMH�LPDMX�QHäWR�YHýX�N�YUHGQRVW�X�RGQRVX�QD�VXEPHGLWHUDQVNH��

äWR�MH�SRVOHGLFD�SULVXVWYD�YHýH�UHODWLYQH�NROLÿLQH�SHQWDWULDNRQWDQD�X�WLP�SRSXODFLMDPD��,DNR�

MH�NRG�LVSLWLYDQLK�SRSXODFLMD�N�PDOR�YDULUDOD��SRSXODFLMH�VH�LSDN�PRJX�SRGHOLWL�QD�WUL�JUXSH� 

����*UXSD�,�NRMD�REXKYDWD�VYH�NRQWLQHQWDOQH�SRSXODFLMH��.RSDRQLN��6XYD�SODQLQD��6WDUD�

SODQLQD��VD�N�YUHGRäýX�L]PHĀX������L������

����*UXSD�,,�NRMD�REXKYDWD�SRSXODFLMH�9HOHELW��2UMHQ�L�'XUPLWRU�NRMH�VX�VYH�SULREDOQH�

LOL�XGDOMHQH�QH�YLäH�RG����NP�RG�REDOH��DOL�UDVWX�QD�WHUHQX�VD�YHOLNLP�QDJLERP��N�MH�NRG�RYLK�

SRSXODFLMD�L]PHĀX������L������

����*UXSD�,,,�NRMD�REXKYDWD�SUHRVWDOH�SRSXODFLMH��%LRNRYR��þYUVQLFD��3UHQM��0DYURYR��

NRMH�VX�VYH�PHGLWHUDQVNH�L�UDVWX�QD�JRWRYR�UDYQLP�WHUHQLPD��NRG�NRMLK�MH�N�YUHGQRVW�L�QDMQLæD�

��������������

'LVSHU]LMD�RNR�N (G��MH�ELOD�QDMPDQMD�NRG�NRQWLQHQWDOQLK�SRSXODFLMD��������������D�]QDWQR�

YHýD�NRG��VXE�PHGLWHUDQVNLK��������������
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��������+HPLMVNL�VDVWDY�L�YDULMDELOQRVW�n-alkana kod Juniperus deltoides

8�NXWLNXODUQLP�YRVNRYLPD�L]RORYDQLP�L]�]UHOLK�LJOLFD�-��GHOWRLGHV�VX�ELOL�]DVWXSOMHQL�Q�DONDQL�

GXJL�RG����GR����XJOMHQLNRYLK�DWRPD��$ONDQL�NUDWNRJ�QL]D�QLVX�GHWHNWRYDQL�X�RYLP�X]RUFLPD��

GRN�VX�DONDQL�VUHGQMHJ�QL]D�GHWHNWRYDQL�X�PDQMLP�NROLÿLQDPD����������������ãWDYLäH��DONDQL�

NUDýL�RG����XJOMHQLNRYLK�DWRPD�VX�ELOL�]DVWXSOMHQL�SRMHGLQDÿQR�VD�PDQMH�RG��������D�YHRPD�

ÿHVWR�QLVX�ELOL�ÿDN�QL�GHWHNWRYDQL��7DEHOD������6OLND���������8�VYLP�X]RUFLPD�MH�GRPLQDQWDQ�

DONDQ�ELR�WULWULDNRQWDQ��GRN�VX��X�]DYLVQRVWL�RG�ORNDOLWHWD�GUXJD�GYD�GRPLQDQWQD�DONDQD�ELOL�

KHQWULDNRQWDQ��&����L�SHQWDWULDNRQWDQ��&����]D�NRQWLQHQWDOQH�SRSXODFLMH��RGQRVQR�QRQDNR]DQ�

(C����L�KHQWULDNRQWDQ��&����]D�SULPRUVNH��

,]RORYDQL�Q�DONDQL�SRND]DOL�VX�MDVQH�NYDQWLWDWLYQH�UD]OLNH�L]PHĀX�LVWUDæLYDQLK�SRSXODFLMD�

-�� GHOWRLGHV�� ,DNR� MH� WULWULDNRQWDQ� ELR� GRPLQDQWDQ� X� VYLP� SRSXODFLMDPD� ������ �� ��������� X�

NRQWLQHQWDOQLP� SRSXODFLMDPD� �.RSDRQLN�� 0DJOLÿ�� 3ÿLQMD�� VX� SRUHG� QMHJD� GRPLQLUDOL� &�� 

������ �� �������� L� &��� ����� �� �������� GRN� VX� X� SULPRUVNLP� SRSXODFLMDPD� GRPLQDQWQL� ELOL�

C��� ����� �� �������� L� &��� ������ �� ��������� ãWDYLäH�� X� SULPRUVNLP� SRSXODFLMDPD� GRPLQDFLMD�

WULWULDNRQWDQD�MH�ELOD�PDQMH�RÿLJOHGQD��SRJRWRYX�X�SRSXODFLMDPD�6HQM�L�đHYUVNH��JGH�VX�&��, 

C���L�&���ELOL�]DVWXSOMHQL�VD������������L��������RGQRVQR������������L��������

Slika 4.1.4.�3URVHÿQD�UHODWLYQD�NROLÿLQD�DONDQD��N�L�G�YUHGQRVW�GRELMHQH�L]�GHYHW�SRSXODFLMD  
-��GHOWRLGHV��VUHGQMD�YUHGQRVW���6'�
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3URVHÿQD� GXæLQD� ODQFD� �N�� MH� ]QDWQR� YDULUDOD�� 8� SULREDOQLP� SRSXODFLMDPD�� JGH� VX�

GRPLQDQWQL�DONDQL�ELOL�&��, C���L�&����SURVHÿQD�GXæLQD�ODQFD�MH�YDULUDOD�L]PHĀX������L�������GRN�

MH�X�NRQWLQHQWDOQLP�SRSXODFLMDPD�ELOD�L]PHĀX������L�������

'LVSHU]LMD�RNR�N (G��MH�ELOD�QDMPDQMD�NRG�NRQWLQHQWDOQLK�SRSXODFLMD��������������D�]QDWQR�

YHýD� NRG� SULPRUVNLK� ����� �� �������1DMYLäX� YUHGQRVW� MH� G� LPDOD� ]D� SRSXODFLMH� 6HQM� ������� L�

đHYUVNH��������äWR�MH�WUL�GR�ÿHWLUL�SXWD�YLäD�YUHGQRVW�X�RGQRVX�QD�NRQWLQHQWDOQH�SRSXODFLMH��D�

GR�GYD�SXWD�YLäD�X�RGQRVX�QD�RVWDOH�SULPRUVNH��8]URN�RYDNR�YLVRNRM�GLVSHU]LML�RNR�VUHGQMH�

YUHGQRVWL�OHæL�X�ÿLQMHQLFL�GD�NRG�RYLK�SRSXODFLMD�SRVWRML�QH�MHGDQ��YHý�WUL�GRPLQDQWQD�DONDQD��

äWR�QLMH�VOXÿDM�NRG�GUXJLK�SRSXODFLMD�
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��������+HPLMVNL�VDVWDY�L�YDULMDELOQRVW�n-alkana kod -XQLSHUXV�PDFURFDUSD

8�NXWLNXODUQLP�YRVNRYLPD� L]RORYDQLP�L]�]UHOLK� LJOLFD�-��PDFURFDUSD�VX�ELOL�]DVWXSOMHQL�

Q�DONDQL�GXJL�RG����GR����XJOMHQLNRYLK�DWRPD��$ONDQL�NUDWNRJ�QL]D�QLVX�GHWHNWRYDQL�X�X]RUFLPD�

L]� LVSLWLYDQH� SRSXODFLMH�� GRN� VX� DONDQL� VUHGQMHJ� QL]D� GHWHNWRYDQL� X� PDQMLP� SURFHQWLPD�

���������7DEHOD�������=D�UD]OLNX�RG�RVWDOLK�YUVWD��DONDQL�&
25

-C���VX�ELOL�]DVWXSOMHQL�X�UHODWLYQLP�

NROLÿLQDPD�YHýLP�RG��������8�VYLP�X]RUFLPD�MH�GRPLQDQWDQ�DONDQ�ELR�WULWULDNRQWDQ�����������

GRN�VX�SUDWHýD�GUXJD�GYD�GRPLQDQWQD�DONDQD�ELOL�QRQDNR]DQ��&���� L�KHQWULDNRQWDQ��&����VD�

������RGQRVQR��������

3URVHÿQD�GXæLQD�ODQFD��N��MH�������������GRN�MH�GLVSHU]LMD�RNR�QMH��G��ELOD�����������

Slika 4.1.5.� 3URVHÿQD� UHODWLYQD� NROLÿLQD� DONDQD�� N� L� G� YUHGQRVW� GRELMHQH� L]� SRSXODFLMH�  
-��PDFURFDUSD�L]�7URJLUD��VUHGQMD�YUHGQRVW���6'�

C22 &�� &�� C25 C26 &�� &�� N
��������� ��������� ��������� ��������� ��������� ��������� ��������� ��������
&�� &�� &�� &�� &�� &�� &�� G

���������� ��������� ���������� ��������� ����������� ��������� ��������� �������

7DEHOD�����.ROLÿLQH�DONDQD��N�L�G�YUHGQRVWL�SRSXODFLMH�-��PDFURFDUSD�L]�7URJLUD
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������5H]XOWDWL�VWDWLVWLÿNH�REUDGD�LVSLWLYDQMD�n-alkana

8QLYDULMDQWQH�DQDOL]H

$QDOL]D�YDULMDQVH��$129$��MH�XUDĀHQD�VD�VYLK����SRSXODFLMD�YUVWD�VHNFLMH�-XQLSHUXV sa 

%DONDQVNRJ�SROXRVWYD��X]LPDMXýL� UHODWLYQH�NROLÿLQH�VYLK����Q�DONDQD�NDR� L�N L�G�YUHGQRVWL��

1DĀHQH� VX� VWDWLVWLÿNL� ]QDÿDMQH� UD]OLNH� ]D� VYH� LVSLWDQH�Q�DONDQH��N� L�G� YUHGQRVWL� �p���������

8UDĀHQD�MH�L�SRVW�KRF�DQDOL]D��/6'�WHVW��S��������9HýLQD�LVSLWDQLK�DONDQD��&
25

, C
26

, C��, C��, C��, 

C���L�&����MDVQR�RGYDMD�VYD�ÿHWLUL�WDNVRQD��7DEHOD�������-��FRPPXQLV�YDU��FRPPXQLV��L�-��FRPPXQLV�YDU��

VD[DWLOLV�VH�QH�UD]OLNXMX�PHĀXVREQR�VDPR�QD�RVQRYX�XGHOD�&��, dok se�-��PDFURFDUSD�QH�UD]OLNXMH�

od -��GHOWRLGHV�QD�RVQRYX�XGHOD�&��, C���L�&��.  

$QDOL]D�JODYQLK�NRPSRQHQWQL��3&$�

9DULMDELOQRVW�X�VDVWDYX�GHWHNWRYDQLK����Q�DONDQD�NRG�VYLK�����LQGLYLGXD�MH�DQDOL]LUDQD�

NRULäýHQMHP�DQDOL]H�JODYQLK�NRPSRQHQWL��3&$���3UYH�GYH�RVH�RYH�DQDOL]H�REMDäQMDYDMX��������

XNXSQH�YDULMDELOQRVWL� �6OLND���������3&$�SRND]XMH� MDVQR�RGYDMDQMH� L]PHĀX�NRQWLQHQWDOQLK� L�

SULPRUVNLK�SRSXODFLMD�VYLK�WDNVRQD��VD�SULOLÿQR�MDNLP�SUHNODSDQMHP�NRQWLQHQWDOQLK�SRSXODFLMD�

Slika 4.1.6.�3&$�VFDWWHU�SORW�GRELMHQ�DQDOL]RP�UHODWLYQLK�NROLÿLQD����DONDQD�L]�HSLNXWLNXODUQLK�
LJOLFD�RGDEUDQLK�YUVWD�VHNFLMH�-XQLSHUXV�VD�%DONDQVNRJ�SROXRVWUYD��  - -��FRPPXQLV�YDU��FRPPXQLV, 
 - -��FRPPXQLV�YDU��VD[DWLOLV,   - -��GHOWRLGHV,  - -��PDFURFDUSD� 
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VYD�ÿHWLUL�WDNVRQD��=QDWQR�YHýX�YDULMDELOQRVW�X�SURÀOX�DONDQD�SRND]XMX�SULPRUVNH�X�RGQRVX�QD�

NRQWLQHQWDOQH�SRSXODFLMH��.RQWLQHQWDOQH�SRSXODFLMH�VH�NDUDNWHULäX�]QDWQR�YHýRP�NROLÿLQRP�

QDMGXæLK� GHWHNWRYDQLK� DONDQD� �&��-C���� X� RGQRVX� QD� SULPRUVNH� NRMH� VX� ERJDWLMH� NUDýLP�

DONDQLPD��&
25

-C���� 

+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

'HQGRJUDP� GRELMHQ� +&$� �(XNOLGLDQRYH� GLVWDQFH��:DUG�RY� PHWRG��� ED]LUDQRP� QD�

SURVHÿQRP�XGHOX�VYLK����Q�DONDQD��6OLND������D��SRND]XMH�IRUPLUDQMH�GYH�JUXSH�QD�RWSULOLNH 

ÿHWUGHWHVWSHWRP�QLYRX��MHGQD�NRMX�ÿLQH�NRQWLQHQWDOQH�SRSXODFLMH�-��FRPPXQLV�L�-��GHOWRLGHV�(Klada 

$���L�GUXJX�NRMX�ÿLQH�SULPRUVNH�SRSXODFLMH�VYD�ÿHWLUL�WDNVRQD��Klada B���,DNR�MH�NODVWHU�DQDOL]D�

SRND]DOD�EOLVNR�JUXSLVDQMH� VURGQLK� WDNVRQD��QHNROLNR�SRSXODFLMD� -�� GHOWRLGHV� VH�JUXSLVDOR� VD�

GUXJLP�WDNVRQLPD��SUH�VYHJD�VD�-��FRPPXQLV�YDU��VD[DWLOLV. 

'LVNULPLQDQWQD�DQDOL]D��'$�

8UDĀHQD� MH� GLVNULPLQDQWQD� DQDOL]D� VD� ÿHWLUL� JUXSH� �6OLND� �����E�� F�� G��� 6YDND� JUXSD�

MH� SUHGVWDYOMDOD� MHGDQ� WDNVRQ�� 3UYH� GYH� GLVNULPLQDQWQH� RVH� REMDäQMDYDMX� ����� �� XNXSQH�

YDULMDELOQRVWL��1D�MHGQRM�VWUDQL��]DVWXSOMHQD�VD�VDPR�MHGQRP�SRSXODFLMRP�X�RYRM�DQDOL]L��VH�

QDOD]L�-��PDFURFDUSD��MDVQR�RGYRMHQD�RG�VYLK�RVWDOLK�WDNVRQD��6�GUXJH�VWUDQH��EOLVNR�JUXSLVDQH��

DOL�L�GDOMH�MDVQR�RGYRMHQH�VH�QDOD]H�-��FRPPXQLV�L�-��GHOWRLGHV��,DNR�QD�SUYH�GYH�RVH�GLVNULPLQDQWQH�

DQDOL]H�QLMH�ELOR�PRJXýH�MDVQR�RGYRMLWL�-��FRPPXQLV�YDU��FRPPXQLV od -��FRPPXQLV�YDU��VD[DWLOLV, na 

WUHýRM�RVL�'$�VH�RYD�GYD�WDNVRQD�PRJX�MDVQR�UD]OLNRYDWL�X�RGQRVX�QD�NROLÿLQH�&���L�&����äWR�

VH�MDVQR�YLGL�QD�VFDWWHU�SORW�X�VD�GUXJRP�L�WUHýRP��RGQRVQR�SUYRP�L�WUHýRP�GLVNULPLQDQWQRP�

osom. 
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(a)

Slika  4.1.7. a)� 'HQGURJUDP� GRELMHQ� NODVWHU�
DQDOL]RP� �(XNOLGLDQRYH� GLVWDQFH�� :DUG�RYD�
PHWRGD��VUHGQMLK�UHODWLYQLK�NROLÿLQD����DONDQD�
L]�HSLNXWLNXODUQLK�LJOLFD�RGDEUDQLK�YUVWD�VHNFLMH�
-XQLSHUXV� VD� %DONDQVNRJ� SROXRVWUYD� b)� SUYD�
L� GUXJD� '$�� c)� GUXJD� L� WUHýD� '$�� d)� SUYD� L�
WUHýD� '$�� JCC -� -�� FRPPXQLV� YDU�� FRPPXQLV, 
JCS - -�� FRPPXQLV�YDU� VD[DWLOLV, JD - -�� GHOWRLGHV, 
-0 - -�� PDFURFDUSD� �]D� GHWDOMQLMH� LQIRUPDFLMH�
R� ORNDOLWHWLPD� FI�� 7DEHOD� ������ b) HLJHQYHNWRUL 
GLVNULPLQDQWQH�DQDOL]H�� �c)  - -��FRPPXQLV�YDU��
FRPPXQLV,  - -�� FRPPXQLV� YDU�� VD[DWLOLV,   - -��
GHOWRLGHV,  - -��PDFURFDUSD�

(b)

(d)

(c)
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4.1.2.1  -XQLSHUXV�FRPPXQLV�var. FRPPXQLV

8QLYDULMDQWQH�DQDOL]H

.UXVNDO�:DOOLV�RYD�XQLYDULMDQWQD�DQDOL]D�MH�XUDĀHQD�VD�VYLK�VHGDP�SRSXODFLMD�-��FRPPXQLV 

YDU��FRPPXQLV��X]LPDMXýL�UHODWLYQH�XGHOH�VYLK�DONDQD��NDR�L�N L�G�YUHGQRVWL��$QDOL]D�MH�SRND]DOD�GD�

SRVWRMH�]QDÿDMQH�UD]OLNH�L]PHĀX�SRSXODFLMD�X�NROLÿLQDPD�VYLK�DONDQD��VHP�KHQWULDNRQWDQD���N 

L�G�YUHGQRVWL��.�: S���������0DQQ�:KLWQH\�HY�WHVW�MH�WDNRĀH�XUDĀHQ��NDNR�EL�VH�LGHQWLÀNRYDOH�

NRPSRQHQWH�NRMH�VH�UD]OLNXMX�L]PHĀX�VYDNRJ�SDUD�SRSXODFLMD��6DPR�WULWULDNRQWDQ�VH�UD]OLNRYDR�

SR� XGHOX� L]PHĀX� VYLK� SRSXODFLMD�� 3RSXODFLMH� L]�'HOLEODWVNH� SHäÿDUH� L� VD�.RSDRQLND� VX� VH�

JRWRYR�QD�VYLP�NRPSRQHQWDPD�JUXSLVDOH�X� MHGQX�JUXSX��GRN�VX�SRSXODFLMH�VD�=ODWLERUD� L�

'LYÿLEDUD�IRUPLUDOH�GUXJX�JUXSX��2VWDOH�SRSXODFLMH�QLVX�SRND]DOH� MDVQR�JUXSLVDQMH�XQXWDU�

VHEH�LOL�VD�ELOR�NRMRP�GUXJRP�SRSXODFLMRP��7DEHOD������

$QDOL]D�JODYQLK�NRPSRQHQWQL��3&$�

9DULMDELOQRVW�X�VDVWDYX�GHWHNWRYDQLK����Q�DONDQD�NRG�VYLK�����LQGLYLGXD�MH�DQDOL]LUDQD�

NRULäýHQMHP�DQDOL]H�JODYQLK�NRPSRQHQWL��3&$���3UYH�GYH�RVH�RYH�DQDOL]H�REMDäQMDYDMX�������

XNXSQH�YDULMDELOQRVWL��6OLND������D���3&$�SRND]XMH�EODJR�RGYDMDQMH�SRSXODFLMD�VD�.RSDRQLND��

6XYH�SODQLQH�L�L]�'HOLEODWVNH�SHäÿDUH�RG�RVWDOLK�SRSXODFLMD��2GYDMDQMH�SR�SUYRM�RVL�MH�QD�RVQRYX�

UHODWLYQLK�NROLÿLQD�WULWULDNRQWDQD��KHQWULDNRQWDQD�L�QRQDNR]DQD��GRN�L]GYDMDQMX�SR�GUXJRM�RVL�

QDMYLäH�GRSULQRVH�NROLÿLQH�SHQWDWULDNRQWDQD��D�X�PDQMRM�PHUL�L�KHQWULDNRQWDQD�L�QRQDNR]DQD��

8]URN�RGYDMDQMD�WUL�SRSXODFLMH�RG�RVWDOLK�VX�YHýH�NROLÿLQH�&����D�PDQMH�NROLÿLQH�&���L�&��. S 

GUXJH�VWUDQH��GROD]L�GR�EODJRJ�RGYDMDQMD�MHGLQNL�L]�'HOLEODWVNH�SHäÿDUH�L�VD�.RSDRQLND��NDR�L�

SRMHGLQLK�MHGLQNL�L]�VYLK�RVWDOLK�SRSXODFLMD��VHP�VD�'LYÿLEDUD�L�6XYH�SODQLQH��X�WUHýX�JUXSX�²�

MHGLQNH�NRMH�LPDMX�XPHUHQH�NROLÿLQH�&��, C���L�&����DOL�YHýH�NROLÿLQH�&��.
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+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

'HQGRJUDP� GRELMHQ�+&$�� ED]LUDQRP� QD� SURVHÿQRP� XGHOX� VYLK� ��� Q�DONDQD� �6OLND�

�����E���(XNOLGLDQRYH�GLVWDQFH��:DUG�RYD�PHWRGD��SRND]XMH�IRUPLUDQMH�GYH�JUXSH�QD�RWSULOLNH 

VHGPRP�QLYRX��ERRWVWUDS�SRGUäND�������MHGQD�NRMX�ÿLQH�WUL�SRSXODFLMH��'HOLEODWR��.RSDRQLN��

6XYD�SODQLQD��.ODGD�$��L�MHGQD�NRMX�ÿLQH�SUHRVWDOH�SRSXODFLMH��Klada B���1D�RWSULOLNH�SHWRP�

QLYRX�ÿHWLUL�XPHUHQR�SRGUæDQH�NODGH�VH�PRJX�UD]OLNRYDWL��.ODGD�$��6XENODGD�D�NRMD�REXKYDWD�
VDPR�SRSXODFLMX�VD�6XYH�SODQLQH��L�VXENODGD�E�NRMD�REXKYDWD�SRSXODFLMH�L]�'HOLEODWVNH�SHäÿDUH�

L�VD�.RSDRQLND��Klada B��6XENODGD�F�SRSXODFLMH�'LYÿLEDUH�L�=ODWLERU��6XENODGD�G�SRSXODFLMH�

0DYURYR�L�1HUHWYD��2YH�ÿHWLUL�VXENODGH�MDVQR�RFUWDYDMX�PDWULFX�VOLÿQRVWL�GRELMHQX�QD�RVQRYX�

0DQQ�:KLWQH\�HYRJ�8�WHVWD�

'LVNULPLQDQWQD�DQDOL]D��'$�

8UDĀHQR� MH� QHNROLNR� GLVNULPLQDWQLK� DQDOL]D�� *UXSH� VX� ELOH� ED]LUDQH� QD� RVQRYX�

SRSXODFLMD�� LOL�VX�SRSXODFLMH�ELOH�JUXSLVDQH�QD�RVQRYX�UH]XOWDWD�GRELMHQLK�+&$��6FDWWHU�SORW�

�6OLND� �����F�� GRELMHQ� GLVNULPLQDQWQRP� DQDOL]RP� �'$�� VD� ÿHWLUL� JUXSH� MH� ELR� QDMYLäH�

SRGUæDQ��3UYD�GLVNULPLQDQWD�IXQNFLMD�REMDäQMDYD���������GRN�GUXJD�REMDäQMD��������XNXSQH�

YDULMDELOQRVWL��1DMMDÿH�VH�RGYDMDMX�SRSXODFLMH�VD�1HUHWYH�L� L]�0DYURYD��GRN�VH�SRSXODFLMH�L]�

6UELMH�QHäWR�PDQMH�RGYDMDMX��3RSXODFLMH�VD�1HUHWYH�L�L]�0DYURYD�VH�RGYDMDMX�QD�RVQRYX�YHýLK�

NROLÿLQD�QRQDNR]DQD�L�KHQWULDNRQWDQD�D�PDQMLK�WULWULDNRQWDQD��6�GUXJH�VWUDQH��SRSXODFLMH�L]�

6UELMH�VH�RGYDMDMX�X�WUL�JUXSH�QD�RVQRYX�NROLÿLQD�&��-C��. 6XENODGD�E��'HOLEODWVND�SHäÿDUD�L�

.RSDRQLN�� VH�NDUDNWHULäH�YHýLP�NROLÿLQDPD�&��-C��, VXENODGD� F� �'LYÿLEDUH��=ODWLERU��PDOLP�

NROLÿLQDPD�&���L�&����L�PDQMLP�&��, dok VXENODGD�D��6XYD�SODQLQD��LPD�LQWHUPHGLMDUQL�NDUDNWHU�

L]PHĀX�RYH�GYH�JUXSH�²�XPHUHQH�NROLÿLQH�&���L�&����NDR�L�YHýH�NROLÿLQH�&��.
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Slika 4.1.8. a)� 3&$� VFDWWHU� SORW��b)�'HQGRJUDP� GRELMHQ� NODVWHU� DQDOL]RP� �(XNOLGLDQRYH�
GLVWDQFH�� :DUG�RY� PHWRG�� UHODWLYQLK� NROLÿLQD� ��� DONDQD� L]RORYDQLK� L]� HSLNXWLNXODUQLK�
YRVNRYD� VHGDP� SRSXODFLMD� -�� FRPPXQLV� YDU�� FRPPXQLV�� � �� 6XYD� SODQLQD�� � � �� .RSDRQLN��
� �� 'HOLEODWVND� SHäÿDUD�� � � �� 'LYÿLEDUH�� � � �� =ODWLERU�� � �� 1HUHWYD�� � �� 0DYURYR��

c) 6FDWWHU� SORW� GRELMHQ� GLVNULPLQDQWQRP� DQDOL]RP� ��� DONDQD� L]RORYDQLK� L]� LJOLFD� 
-��FRPPXQLV�YDU��FRPPXQLV��*UXSH�ED]LUDQH�QD�JUXSDPD�GRELMHQLP�L]�+&$�� ���6XYD�SODQLQD��� 
���.RSDRQLN�L�'HOLEODWVND�SHäÿDUD�� ���'LYÿLEDUH�L�=ODWLERU��� ���1HUHWYD�L�0DYURYR

A

a E F d

B

(a)

(c)

(b)
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4.1.2.2 �-XQLSHUXV�FRPPXQLV var. VD[DWLOLV

8QLYDULMDQWQH�DQDOL]H

.UXVNDO�:DOOLV�RYD�XQLYDULMDQWQD�DQDOL]D�MH�XUDĀHQD�VD�VYLK�GHVHW�SRSXODFLMD�-��FRPPXQLV 

YDU��VD[DWLOLV��X]LPDMXýL�UHODWLYQH�XGHOH�VYLK�DONDQD��NDR�L�N L�G�YUHGQRVWL��$QDOL]D�MH�SRND]DOD�

GD�SRVWRMH�]QDÿDMQH�UD]OLNH�L]PHĀX�SRSXODFLMD�X�NROLÿLQDPD�VYLK�DONDQD��N L�G�YUHGQRVWL��.�

:��S���������0DQQ�:KLWQH\�HY�WHVW�MH�WDNRĀH�XUDĀHQ��NDNR�EL�VH�LGHQWLÀNRYDOH�NRPSRQHQWH�

NRMH�VH�UD]OLNXMX�L]PHĀX�VYDNRJ�SDUD�SRSXODFLMD��1DMYHýL�EURM�DONDQD��&��-C��, C��-C����MDVQR�

RGYDMD�NRQWLQHQWDOQH�RG��VXE�PHGLWHUDQVNLK�SRSXODFLMD��7DEHOD������

$QDOL]D�JODYQLK�NRPSRQHQWQL��3&$�

9DULMDELOQRVW�X�VDVWDYX�GHWHNWRYDQLK����DONDQD�NRG�VYLK����� LQGLYLGXD� MH�DQDOL]LUDQD�

NRULäýHQMHP�DQDOL]H�JODYQLK�NRPSRQHQWL��3&$���3UYH�GYH�RVH�RYH�DQDOL]H�REMDäQMDYDMX��������

XNXSQH� YDULMDELOQRVWL� �6OLND� �������� 3&$� SRND]XMH� MDVQR� RGYDMDQMH� L]PHĀX� NRQWLQHQWDOQLK�

L� �VXE�PHGLWHUDQVNLK� SRSXODFLMD�� .RQWLQHQWDOQH� SRSXODFLMH� VH� NDUDNWHULäX� ]QDWQR� YHýRP�

NROLÿLQRP�QDMGXæLK�GHWHNWRYDQLK�DONDQD� �&��, C����X�RGQRVX�QD� �VXE�PHGLWHUDQVNH�NRMH� VX�

ERJDWLMH�QHäWR�NUDýLP�DONDQLPD��&��, C�����

6OLND��������6FDWWHU�SORW�GRELMHQ�DQDOL]RP�JODYQLK�NRPSRQHQWL�UHODWLYQLK�NROLÿLQD����DONDQD�
NXWLNXODUQLK�YRVNRYD�-��FRPPXQLV�YDU��VD[DWLOLV�� ���PHGLWHUDQVNH�SRSXODFLMH��� ���NRQWLQHQWDOQH�
SRSXODFLMH��5DMÿHYLý�HW�DO��������
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+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

'HQGRJUDP�GRELMHQ�+&$��(XNOLGLDQRYH�GLVWDQFH��83*0$���ED]LUDQRP�QD�SURVHÿQRP�

XGHOX�VYLK����DONDQD��6OLND�������D��SRND]XMH�IRUPLUDQMH�GYH�JUXSH�QD�RWSULOLNH�SHWQDHVWRP�

QLYRX��%6�������� MHGQD�NRMX�ÿLQH�VYH�NRQWLQHQWDOQH�SRSXODFLMH� �.ODGD�$�� L�RQD�NRMH�ÿLQH�
�VXE�PHGLWHUDQVNH�SRSXODFLMH��Klada B���1D�RWSULOLNH�GHYHWRP�QLYRX�ÿHWLUL�YLVRNRSRGUæDQH�

NODGH�VH�PRJX�UD]OLNRYDWL��.ODGD�$��NRQWLQHWDOQH�SRSXODFLMH���6XENODGD�D�NRMD�VH�QD�äHVWRP�
QLYRX�GHOL�QD�GYH�YLVRNRSRGUæDQH�NODGH���6XYD�SODQLQD��L��.RSDRQLN�6WDUD�SODQLQD���Klada B 

��VXE�PHGLWHUDQVNH�SRSXODFLMH���6XENODGD�E�SRSXODFLMH�9HOHELW��2UMHQ��'XUPLWRU��6XENODGD�F�

SRSXODFLMH�þYUVQLFD��3UHQM��L�6XENODGD�G�%LRNRYR��0DYURYR�

2YH� ÿHWLUL� VXENODGH� SRND]XMX� SUHOD]� L]� SUDYLK� NRQWLQHQWDOQLK� X� SUDYH� SULPRUVNH�

SRSXODFLMH��RG�RQLK�VD�GXæRP�SURVHÿQRP�GXæLQRP�ODQFD��N��GR�RQLK�VD�NUDýRP��(SLNXWLNODUQL�

YRVNRYL�SRSXODFLMD�L]�VXENODGH�D�VH�NDUDNWHULäX�YLVRNLP�NROLÿLQDPD�&���L�&����D�QLVNRP�&���L�

C���DONDQD��3RSXODFLMH�VXENODGH�E�VH�NDUDNWHULäX�UHODWLYQR�QLVNLP�NROLÿLQDPD�&����D�XPHUHQLP�

C��, C���L�&����(SLNXWLNXODUQL�YRVNRYL�NRG�SRSXODFLMD�VXENODGH�F�VX�SRND]DOL�YHOLNH�NROLÿLQH�&���L�

C���DOL�L�XPHUHQH�&���L�&����.RQDÿQR��VXENODGX�G�ÿLQH�SRSXODFLMH�VD�QDMPDQMLP�NROLÿLQDPD�&���L�

YHRPD�PDOLP�NROLÿLQDPD�&����DOL�YHOLNLP�&���L�&����X�SRUHĀHQMX�VD�GUXJLP�SRSXODFLMDPD��6OLND�

��������

'LVNULPLQDQWQD�DQDOL]D��'$�

6FDWWHU�SORW��6OLND�������E��GRELMHQ�GLVNULPLQDQWQRP�DQDOL]RP��'$��MH�ELR�X�VDJODVQRVWL�

VD�+&$�� 3UYD� GLVNULPLQDQWQD� IXQNFLMD� REMDäQMDYD� ÿDN� ������� XNXSQH� YDULMDELOQRVWL�� GRN�

GUXJD� REMDäQMD� ����� XNXSQH� YDULMDELOQRVWL�� 1RQDNR]DQ� L� WULWULDNRQWDQ� VX� RGJRYRUQL� ]D�

QDMYHýL�GHR�YDULMDELOQRVWL�SR�SUYRM�RVL��GRN�VX�KHQWULDNRQWDQ� L�SHQWDWULDNRQWDQ�SR�GUXJRM��

'LVNULPLQDFLMD� VYH� ÿHWLUL� JUXSH� MH� VWDWLVWLÿND� ]QDÿDMQD�� '$� MH� SRND]DOD� MDVQR� RGYDMDQMH�

NRQWLQHQWDOQLK�SRSXODFLMD�RG��VXE�PHGLWHUDQVNLK��6YH�NRQWLQHWDOQH�SRSXODFLMH�VH�JUXSLäX�QD�

RVQRYX�UHODWLYQLK�NROLÿLQD�&��, C��, C���L�&���GRN�VH��VXE�PHGLWHUDQVNH�JUXSLäX�QD�RVQRYX�&��, 

C���L�&����,DNR�VX�VYH��VXE�PHGLWHUDQVNH�SRSXODFLMH�LPDOH�UHODWLYQR�YHOLNX�NROLÿLQX�&����PRJX�VH�

UD]OLNRYDWL�WUL�JUXSH��VXENODGD�E�SRND]XMH�LQWHUPHGLMHUQL�NDUDNWHU�L]PHĀX��VXE�PHGLWHUDQVNLK�

L�NRQWLQHQWDOQLK�SRSXODFLMD��ãWD�YLäH��SRND]XMH�L�LQHWHUPHGLMDUQL�NDUDNWHU�L]PHĀX�VXENODGD�F�L�

G��3RSXODFLMH�L]�VXENODGH�F�VX�VH�WHVQR�JUXSLVDOH�QD�VFDWWHU�SORW�X�GRN�VX�SRSXODFLMH�VXENODGH�G�

SRND]DOH�QDMYHýX�YDULMDELOQRVW��RGQRVQR�GLVSHU]LMX��
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Slika 4.1.10. a)�'HQGURJUDP� GRELMHQ� NODVWHU� DQDOL]RP� �(XNOLGLDQRYH� GLVWDQFH��83*0$��
UHODWLYQLK� NROLÿLQD� ��� DONDQD� L]RORYDQLK� L]� NXWLNXODUQLK� YRVNRYD� LJOLFD� -�� FRPPXQLV� YDU��
VD[DWLOLV�� ,� ��.RSDRQLN�� ,,� ��6XYD�SODQLQD�� ,,,� ��6WDUD� SODQLQD�� ,9� ��9HOHELW��V - %LRNRYR��
9,� � Orjen, 9,,� ��'XUPLWRU��9,,,� ��þYUVQLFD�� ,;� ��Prenj, ;� ��0DYURYR� �5DMÿHYLý� HW� DO���
������ b) 3ORW� GRELMHQ� GLVNULPLQDQWQRP� DQDOL]RP� ��� DONDQD� L]RORYDQLK� L]� NXWLNXODUQLK�
YRVNRYD� LJOLFD� -�� FRPPXQLV� YDU�� VD[DWLOLV�� � � 6XENODGD� D�� � 6XENODGD� E�� � 6XENODGD� F�� 
�6XENODGD�G��5DMÿHYLý�HW�DO��������

(a)

(b)
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5HJUHVLRQD�DQDOL]D�

5H]XOWDWL� MHGQRVWDYQH� OLQHDUQH� UHJUHVLRQH� DQDOL]H� �7DEHOD� �����SRND]XMX�GD�GYDQDHVW�

RG� GHYHWQDHVW� ELRNOLPDWVNLK� SDUDPHWDUD� LPDMX� VWDWLVWLÿNL� ]QDÿDMQX� NRUHODFLMX� VD� UHODWLYQLP�

NROLÿLQDPD�Q�DONDQD�NDR�L�N�L�G�YUHGQRVWLPD��6�GUXJH�VWUDQH��QDJLE�WHUHQD�L�QDGPRUVND�YLVLQD�

QLVX�SRND]DOH�VWDWLVWLÿNX�]QDÿDMQX�NRUHODFLMX�QL�VD�MHGQLP�RG�SRMHGLQDÿQLK�Q�DONDQD��

9HýLQD�ELRNOLPDWVNLK�NDUDNWHULVWLND�MH�SRND]DOD�VWDWLVWLÿNL�]QDÿDMQX�NRUHODFLMX�VD�VYLP�

Q�DONDQLPD��N� L� G� YUHGQRVWLPD�� DOL� VDPR� QHNROLNR� NRPSRQHQWL� MH� ELOR� YLVRNR� NRUHOLVDQR�

VD� SRMHGLQLP� ELRNOLPDWVNLP� SDUDPHWULPD�� 9HýLQD� ELRNOLPDWVNLK� SDUDPHWDUD� YH]DQLK�

]D� WHPSHUDWXUX� �VUHGQMD� JRGLäQMD� WHPSHUDWXUD�� VUHGQML� GQHYQL� RSVHJ�� L]RWHUPDOQRVW� L�

QDMPDQMH� L�QDMYHýH� WHPSHUDWXUH��QLVX�SRND]DOH�YLVRNX�NRUHODFLMX� VD�GLVWULEXFLMRP�Q�DONDQD�

X�HSLNXWLNODUQLP�YRVNRYLPD��0HĀXWLP��VH]RQDOQRVW�WHPSHUDWXUH��%,2���MH�SRND]DOD�YLVRNX�

SR]LWLYQX�NRUHODFLMX�VD�UHODWLYQLP�NROLÿQLPD�&���L�&����RGQRVQR�YLVRNX�QHJDWLYQX�NRUHODFLMX�

VD� VYLP� NUDýLP� DONDQLPD�� 'UXJDÿLMH� UHÿHQR�� äWR� MH� YHýD� UD]OLND� L]PHĀX� OHWQMLK� L� ]LPVNLK�

WHPSHUWXUD�� WR�VX�GRPLQDQWQLML�GXæL�DONDQL��'DOMH�� VUHGQMD� WHPSHUDWXUD�QDMWRSOLMHJ�NYDUWDOD�

�%,2���LPD�YLVRNX�SR]LWLYQX�NRUHODFLMX�VD�QDMGXæLP�DONDQLPD��&��, C�����L�YLVRNX�QHJDWLYQX�

NRUHODFLMX�VD�QHäWR�NUDýLP�DONDQLPD��&��, C���L�NUDýLP���'DNOH��äWR�MH�YLäD�VUHGQMD�WHPSHUDWXUD�

X� QDMYODæQLMHP� NYDUWDOX�� WR� MH� YHýD� NROLÿLQD� QDMGXæLK� DONDQD� X� HSLNXWLNODUQLP� YRVNRYLPD��

6UHGQMD� WHPSHUDWXUD� QDMVXäQLMHJ� SHULRGD� �%,2��� L� QDMWRSOLMHJ� SHULRGD� �%,2���� SRND]XMX�

VXSURWDQ�WUHQG��

6� GUXJH� VWUDQH�� VDVWDY� Q�DONDQD� MH� X� YLVRNRM� NRUHODFLML� VD� YHýLQRP� ELRNOLPDWVNLK�

SDUDPHWDUD� YH]DQLK� ]D� SUHFLSLWDFLMX�� 6UHGQMD� JRGLäQMD� NROLÿLQD� SDGDYLQD� �%,2���� MH� LPDOD�

YLVRNX� SR]LWLYQX� NRUHODFLMX� VD� NUDýLP� DONDQLPD� �&��, C���� L� QHJDWLYQX� NRUHODFLMX� VD� GXæLP�

DONDQLPD��QSU��&�����6OLÿDQ�WUHQG�MH�HYLGHQWDQ�L�]D�NROLÿLQX�SDGDYLQD�X�QDMWRSOLMHP�PHVHFX�L�

SHULRGX��NDR�L�NROLÿLQX�SDGDYLQD�X�QDMKODGQLMHP�SHULRGX��%,2����%,2����%,2�����

Za N L� G� YUHGQRVWL� VOLÿDQ� WUHQG�PRæH� GD� VH� XRÿL��N� YUHGQRVWL� VX� SRND]DOH� YLVRNX�

SR]LWLYQX�NRUHODFLMX� VD� UDVSRQRP�JRGLäQMH� WHPSHUDWXUH� �%,2��� L� VUHGQMRP� WHPSHUDWXURP�

QDMVXäQLMHJ�SHULRGD��%,2���L�YLVRNX�QHJDWLYQX�NRUHODFLMX�VD�WHPSHUDWXURP�QDMYODæQLMHJ�SHULRGD�

�%,2����ãWD�YLäH��NRUHODFLMD� L]PHĀX�SUHFLSLWDFLMH� �%,2����%,2����%,2���� L�N�YUHGQRVWL� MH�

QHJDWLYQD��2YH� NRUHODFLMH� XND]XMX� GD� DULGQRVW� LJUD� YDæQX� XORJX� X� SURVHÿQRM� GXæLQL� ODQFD�

DONDQD� HSLNXWLNXODUQLK� YRVNRYD��.DNR� MH� NRUHODFLMD�N� L� G� ELOD� L]X]HWQR� YLVRND� L� QHJDWLYQD� 

�5 �������p���������VXSURWQL�WUHQG�MH�XRÿHQ�]D�G�YUHGQRVW��
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6WDWLVWLÿNL�]QDÿDMQD�DOL�YHRPD�PDOD�QHJDWLYQD�NRUHODFLMD�MH�SURQDĀHQD�L]PHĀX�VUHGQMH�

GXæLQH�ODQFD�L�QDGPRUVNH�YLVLQH��äWR�QLMH�QHRÿHNLYDQR�V�RE]LURP�QD�WR�GD�SRSXODFLMH�UDVWX�QD�

SULEOLæQR�VOLÿQLP�QDGPRUVNLP�YLVLQDPD�

3RUHG�SRMHGLQDÿQLK�DONDQD��NDR�L�N�L�G�YUHGQRVWL��WHVWLUDQD�MH�OLQHDUQD�]DYLVQRVW�SUYH�

RVH� DQDOL]H� JODYQLK� NRPSRQHQWL� �3&���� V� RE]LURP�QD� WR�GD�RQD�REMDäQMDYD�GLIHUHQFLMDFLMX�

NRQWLQHQWDOQLK�L��VXE�PHGLWHUDQVNLK�SRSXODFLMD��5H]XOWDWL�RYH�DQDOL]H�VX�GDWL�X�7DEHOL�����NDR�

L�QD�6OLFL���������

'D� EL� VH� VD� YHýRP� VLJXUQRäýX� SRWYUGLOH� GRELMHQH� NRUHODFLMH� XUDĀHQL� VX�0DQWHORY� L�

SDUFLMDOQL�0DQWHORY�test. 0DQWHORY�WHVW�VD�VYLP�Q�DONDQLPD�L�VYLP�ELRNOLPDWVNLP�SDUDPHWULPD�

MH� SRND]DR� VWDWLVWLÿNL� ]QDÿDMQX� DOL� XPHUHQX� NRUHODFLMX� �5 ������ p ��������� .DNR� EL� VH�

LVNOMXÿLR�XWLFDM�JHRJUDIVNRJ�UHJLRQD�L�QDGPRUVNH�YLVLQH��XUDĀHQ�MH� L�SDUFLMDOQL�0DQWHORY test. 

.RUHODFLMD� YDULMDELOQRVWL� VDGUæDMD� Q�DONDQD� L� ELRNOLPDWVNLK� SDUDPHWDUD� MH� WHVWLUDQD� QDNRQ�

XNODQMDQMD�JHRJUDIVNRJ�UHJLRQD��5 ������p ���������QDGPRUVNH�YLVLQH��5 ������p ��������L�

NRPELQDFLMRP�REH��5 ������p ���������7HVWLUDQD�MH�L�NRUHODFLMD�YDULMDELOQRVWL�N�L�G�SDUDPHWDUD�

VD�ELRNOLPDWVNLP�SDUDPHWULPD��5 ������p ���������1DNRQ�XNODQMDQMD�JHRJUDIVNRJ�UHJLRQD�

RYD�YUHGQRVW�MH�VDPR�QH]QDWQR�RSDOD��5 ������p ��������

Slika 4.1.11.� 3URVHÿQD� NROLÿLQD� ÿHWLUL�
GRPLQDQWQD� DONDQD� HSLNXWLNXODUQLK�
YRVNRYD� LJOLFD� -�� FRPPXQLV� YDU�� VD[DWLOLV 
D��VXENODGD�D��E��VXENODGD�E��F��VXENODGD�F, 
G��VXENODGD�G. 
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4.1.2.3  Juniperus deltoides

8QLYDULMDQWQH�DQDOL]H

$QDOL]D�YDULMDQVH� �$129$�� MH�XUDĀHQD�VD�VYLK�GHYHW�SRSXODFLMD� -��GHOWRLGHV�X]LPDMXýL�

UHODWLYQH�NROLÿLQH�VYLK����Q�DONDQD�NDR�L�N L�G�YUHGQRVWL��=D�RQH�DONDQH�NRG�NRMLK�QLMH�ELOD�

QRUPDOQD� GLVWULEXFLMD�� NRULäýHQH� VX� ORJ�WUDQVIRUPLVDQH� YUHGQRVWL�� 1DĀHQH� VX� VWDWLVWLÿNL�

]QDÿDMQH�UD]OLNH�]D�VYH�LVSLWDQH�Q�DONDQH��p���������9HýLQD�LVSLWDQLK�DONDQD��&��, C25
, C��, C��, 

C���L�&����MDVQR�RGYDMD�NRQWLQHQWDOQH�RG�SULPRUVNLK�SRSXODFLMD��7DEHOD������

$QDOL]D�JODYQLK�NRPSRQHQWQL��3&$�

9DULMDELOQRVW�X�VDVWDYX�GHWHNWRYDQLK����Q�DONDQD�NRG�VYLK�����LQGLYLGXD�MH�DQDOL]LUDQD�

NRULäýHQMHP�DQDOL]H�JODYQLK�NRPSRQHQWL��3&$���3UYH�GYH�RVH�RYH�DQDOL]H�REMDäQMDYDMX��������

XNXSQH� YDULMDELOQRVWL� �6OLND� ������� 3&$� SRND]XMH� MDVQR� RGYDMDQMH� L]PHĀX� NRQWLQHQWDOQLK�

L� SULPRUVNLK� SRSXODFLMD� -�� GHOWRLGHV��.RQWLQHQWDOQH� SRSXODFLMH� VH� NDUDNWHULäX� ]QDWQR� YHýRP�

NROLÿLQRP�QDMGXæLK�GHWHNWRYDQLK�DONDQD� �&��-C����X�RGQRVX�QD�SULPRUVNH�NRMH�VX�ERJDWLMH�

NUDýLP�DONDQLPD��&
25

-C�����

P
C

2 
(9

.3
%

)

PC1 (66.3%)

Slika 4.1.13.� 6FDWWHU� SORW� GRELMHQ� DQDOL]RP�JODYQLK� NRPSRQHQWL� �3&$�� UHODWLYQLK� NROLÿLQD�
���DONDQD�L]RORYDQLK�L]�HSLNXWLNXODUQLK�YRVNRYD�-��GHOWRLGHV�� �.RSDRQLN�� �0DJOLÿ�� �3ÿLQMD� 
 �5RYLQM��  Senj, �.UXäHYR�� �đHYUVNH�� �7URJLU��  Makarska. 

.RQWLQHQWDOQH�SRSXODFLMH 3ULPRUVNH�SRSXODFLMH
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+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

'HQGRJUDP�GRELMHQ�+&$��NYDGULUDQH�(XNOLGLDQRYH�GLVWDQFH��83*0$���ED]LUDQRP�

QD�SURVHÿQRP�XGHOX�VYLK����Q�DONDQD��6OLND�������SRND]XMH�IRUPLUDQMH�GYH�JUXSH�QD�RWSULOLNH�

SHWRP� QLYRX�� MHGQD� NRMX� ÿLQH� VYH� NRQWLQHQWDOQH� SRSXODFLMH� �.ODGD� $�� L� MHGQD� NRMH� ÿLQH�
SULPRUVNH�SRSXODFLMH� �Klada B���1D�RWSULOLNH� WUHýHP�QLYRX�SHW�YLVRNRSRGUæDQLK�NODGD� VH�

PRJX� UD]OLNRYDWL��.ODGD�$� �NRQWLQHQWDOQH� SRSXODFLMH��� 6XENODGD� D� NRMX� ÿLQL� SRSXODFLMD� VD�
.RSDRQLND� L�6XENODGD� E� NRMX� ÿLQH� SRSXODFLMD� VD�0DJOLÿD� L� L]� 3ÿLQMH��Klada B �SULPRUVNH�

SRSXODFLMH���6XENODGD�F�SRSXODFLMD�5RYLQM��6XENODGD�G�SRSXODFLMH�6HQM�L�đHYUVNH��L�6XENODGD�H 

SRSXODFLMH�.UXäHYR��7URJLU��0DNDUVND�

'LVNULPLQDQWQD�DQDOL]D��'$�

6FDWWHU� SORW� �6OLND� ������ GRELMHQ� GLVNULPLQDQWQRP� DQDOL]RP� �'$�� MH� X� VDJODVQRVWL� VD�

+&$�� 3UYD� GLVNULPLQDQWD� IXQNFLMD� REMDäQMDYD� ÿDN� ����� �� XNXSQH� YDULMDELOQRVWL� L� RGYDMD�

VYH� LQGLYLGXH� X� GYH� YHOLNH� JUXSH�� NRQWLQHQWDOQH� L� SULPRUVNH�� 3UYD� GLVNULPLQDWQD� RVD� MH�

SRG�QDMYHýLP�XWLFDMHP�KHSWDNR]DQD� L� WULWULDNRQWDQD�� GRN� MH� GUXJD� SRG�QDMYHýLP�XWLFDMHP�

SHQWDWULDNRQWDQD�� 6YLK�SHW� JUXSD�X�'$�VX� VWDWLVWLÿNL� YLVRNR�SRGUæDQH� �p��������5HODWLYQH�

NROLÿLQH�&��-C���VX�RGJRYRUQH�]D�JUXSLVDQMH�NRQWLQHQWDOQLK�SRSXODFLMD�QD�MHGQX�VWUDQX��D�&�� 

L�&���]D�JUXSLVDQMH�SULPRUVNLK�QD�GUXJX��1D�VFDWWHU�SORW�X�VH�SRSXODFLMD�VD�.RSDRQLND�RGYDMD�

RG�SRSXODFLMD�VD�0DJOLÿD�L�L]�3ÿLQMH��6�GUXJH�VWUDQH��SULPRUVNH�SRSXODFLMH�VX�VH�JUXSLVDOH�X�WUL�

NODVWHUD��SRSXODFLMH�6HQM�L�đHYUVNH�V�MHGQH�VWUDQH��L�SRSXODFLMD�L]�5RYLQMD�VD�GUXJH��3RSXODFLMH�

.UXäHYR��7URJLU�L�0DNDUVND�VH�QDOD]H�JUXSLVDQH�L]PHĀX�RYD�GYD�NODVWHUD��3RSXODFLMD�L]�5RYLQMD�

SRND]XMH�QDMYHýX�YDULMDELOQRVW�RGQRVQR�LPD�QDMYHýX�GLVWULEXFLMX�QD�VFDWWHU�SORW�X���
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Slika 4.1.14.� 'HQGURJUDP� GRELMHQ� NODVWHU� DQDOL]RP� �NYDGULUDQH� (XNOLGLDQRYH� GLVWDQFH��
83*0$��UHODWLYQLK�NROLÿLQD����DONDQD� L]RORYDQLK� L]�NXWLNXODUQLK�YRVNRYD� LJOLFD�-��GHOWRLGHV��
.ODGD�$��NRQWLQHQWDOQH���,���.RSDRQLN��,,���0DJOLÿ��,,,���3ÿLQMD��Klada B��SULPRUVNH���,9���
5RYLQM��V - Senj, 9,���.UXäHYR��9,,���đHYUVNH��9,,,���7URJLU��,;���0DNDUVND��5DMÿHYLý�HW�DO���
������

3ULPRUVNH�SRSXODFLMH .RQWLQHQWDOQH�SRSXODFLMH

Slika 4.1.15.� 6FDWWHU� SORG� GRELMHQ� GLVNULPLQDQWQRP� DQDOL]RP� ��� DONDQD� L]RORYDQLK� L]�
LJOLFD�-��GHOWRGLHV��*UXSH�ED]LUDQH�QD�JUXSDPD�GRELMHQLP�L]�+&$��.ODGD�$��NRQWLQHQWDOQH��� 
,���.RSDRQLN��,,���0DJOLÿ��,,,���3ÿLQMD��Klada B� �SULPRUVNH���,9���5RYLQM��V - Senj, 9,�� 
.UXäHYR��9,,���đHYUVNH��9,,,���7URJLU��,;���0DNDUVND��5DMÿHYLý�HW�DO��������
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����7HUSHQL

������+HPLMVNL�VDVWDY�L�YDULMDELOQRVW�WHUSHQD�LVSLWLYDQLK�WDNVRQD

8�HWDUVNRP�XOMX�L]DEUDQLK�YUVWD�VHNFLMH�-XQLSHUXV�VD�%DONDQVNRJ�SROXRVWUYD�LGHQWLÀNRYDQR�

MH�SUHNR�����MHGLQMHQMD��1DMYLäH�MHGLQMHQMD�MH�LGHQWLÀNRYDQR�X�HWDUVNRP�XOMX�LJOLFD�-��GHOWRLGHV�

�������D�QDMPDQMH�NRG�-��PDFURFDUSD��������

0RQRWHUSHQL� VX� GRPLQDQWQD� JUXSD� X� VDVWDYX� HWDUVNRJ� XOMD� ������ ²� ��������� äWR� MH�

NDUDNWHULVWLND�YUVWD�VHNFLMH�-XQLSHUXV��2WWR�	�:LOGH���������2G�PRQRWHUSHQD�QDM]DVWXSOMHQLML�VX�

PRQRWHUSHQVNL�XJOMRYRGRQLFL�������²����������GRN�VX�RNVLJHQLVDQL�PRQRWHUHSHQL�SURQDĀHQL�

VDPR�X�PDORP�XNXSQRP�SURFHQWX��6HVNYLWHUSHQL�������²����������VX�WDNRĀH�GRPLQDQWQR�

SUHGVWDYOMHQL� VHVNYLWHUSHQVNLP� XJOMRYRGRQLFLPD� ������ ²� �������� �7DEHOD� ����� 6OLND� ��������

(WDUVNR�XOMH�-��FRPPXQLV�YDU��FRPPXQLV�VH�NDUDNWHULäH�QDMYHýLP�XGHORP�PRQRWHUSHQD��L�WR�SUH�

VYHJD�PRQRWHUSHQVNLK�XJOMRYRGRQLND��GRN�VH�HWDUVNR�XOMH�-��FRPPXQLV�YDU��VD[DWLOLV�NDUDNWHULäH�

L]X]HWQR�YLVRNLP�XGHORP�VHVNYLWHUSHQD�X�RGQRVX�QD�VYD�RVWD�XOMD��6�GUXJH�VWUDQH��HWDUVND�XOMD�

-��GHOWRLGHV�VX�SRND]DOD�QDMYHýL�XGHR�GLWHUSHQD�RG�VYLK�LVSLWLYDQLK�JUXSD�

Slika 4.2.1�� 3URFHQWXDOQD� ]DVWXSOMHQRVW� JUXSD� MHGLQMHQMD� X� HWDUVNRP�XOMX� LJOLFD� RGDEUDQLK�
YUVWD� VHNFLMH� -XQLSHUXV� VD�%DONDQVNRJ�SROXRVWUYD�� JCC - -�� FRPPXQLV�YDU�� FRPPXQLV� JCS - -��
FRPPXQLV�YDU��VD[DWLOLV, JD - -��GHOWRLGHV, -0���-��PDFURFDUSD��0+���0RQRWHUSHQVNL�XJOMRYRGRQLFL��
20���2NVLJHQLVDQL�PRQRWHUSHQL�� SH - 6HVNYLWHUSHQVNL�XJOMRYRGRQLFL��OS - 2NVLJHQLVDQL�
VHVNYLWHUSHQL� D - 'LWHUSHQL� O - 2VWDOD�MHGLQMHQMD��FI��7DEHOD�����
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7UL�PRQRWHUHSHQD�� ơ�SLQHQ�� OLPRQHQ� L� VDELQHQ�� VX� GRPLQDQWQD� MHGLQMHQMD� X� VDVWDYX�

HWDUVNRJ�XOMD��=DMHGQR��RYD�WUL�MHGLQMHQMD�X�SURVHNX�ÿLQH�RNR��������XNXSQRJ�VDVWDYD�HWDUVNRJ�

XOMD��8�]DYLVQRVWL�RG�YUVWH�L�ORNDOLWHWD��GRPLQDQWH�NRPSRQHQWH�VX�VH�VPHQMLYDOH��3D�WDNR��NRG�

HWDUVNRJ�XOMD� LJOLFD�-�� FRPPXQLV�YDU�� FRPPXQLV�GRPLQDQWQD�NRPSRQHQWD� MH�ELOD� LOL�ơ�SLQHQ�� LOL�

VDELQHQ��LOL�VX�SDN�REH�NRPSRQHQWH�ELOH�SRGMHGQDNR�]DVWXSOMHQH��.RG�-��FRPPXQLV�YDU��VD[DWLOLV�

MH� WR�XYHN�ELR�ơ�SLQHQ��GRN�VX�VH�QD�GUXJRP�PHVWX�VPHQMLYDOL�JHUPDNUHQ�'� L� VDELQHQ��X�

]DYLVQRVWL�RG� ORNDOLWHWD��.RG� -�� GHOWRLGHV� VX� WR�ELOL� ơ�SLQHQ� LOL� OLPRQHQ��GRN� MH�X� LVSLWLYDQRM�

SRSXODFLML�-��PDFURFDUSD�GRPLQLUDR�ơ�SLQHQ��

3RUHG�RYLK�MHGLQMHQMD��MRä����MHGLQMHQMD�LPD�VUHGQMH�YLVRN�XGHR������²��������VHQVX�Von 

5XGORII����������2E��KHNVHQDO��ơ�WXMHQ��NDPIHQ����SLQHQ��PLUFHQ��Ƥ�NDU���HQ��p�FLPHQ��Ƥ�NDU�

��HQ��WHUSLQROHQ��ơ�NRSDHQ���E��NDULRÀOHQ��ƣ�PXUROHQ��JHUPDNUHQ�'��ơ�PXUROHQ��ƣ�NDGLQHQ���

JHUPDNUHQ� %�� NDULRÀOHQ� RNVLG�� ơ�NDGLQRO�� PDQRLO� RNVLG�� DELHWDGLHQ�� ��HSL�DELWHDO� L� DELHWDO��

=QDÿDMDQ� EURM� NRPSRQHQWL� ���� �� ���� MH� SURQDĀHQ� X� WUDJRYLPD� �[�������� L� SUHGVWDYOMD� X�

SURVHNX�RNR�������VDVWDYD�HWDUVNRJ�XOMD�

JCC
Q ��

-&6
Q ���

-'
Q ���

-0
Q ��

%URM�GHWHNWRYDQLK�WHUSHQD ��� ��� ��� ���
=DVWXSOMHQRVWD�

8NXSQR�PRQRWHUSHQD 75.24 67.28 61.62 68.82
PRQRWHUSHQVNL�XJOMRYRGRQLFL ����� ����� ����� �����
RNVLJHQLVDQL�PRQRWHUSHQL ���� ���� ���� ����
Ukupno seskviterpena 20.76 31.88 27.16 �����
VHVNYLWHUSHQVNL�XJOMRYRGRQLFL ����� ����� ����� �����
RNVLJHQLVDQL�VHVNYLWHUSHQL ���� ���� ���� ����
Ukupno diterpena 1.37 1.01 6.37 6.32
GLWHUSHQVNL�XJOMRYRGRQLFL ���� ���� ���� ����
RNVLJHQLVDQL�GLWHUSHQL ���� ���� ���� ����
Druga jedinjenjab) 1.02 1.04 1.67 2.21
1HLGHQWLÀNRYDQR 0.00 0.04 0.14 1.08
8.8312 ����� ����� ����� �����

7DEHOD�����3URFHQWXDOQD�]DVWXSOMHQRVW�JUXSD�MHGLQMHQMD�X�VDVWDYX�HWDUVNRJ�XOMD�LJOLFD�RGDE-
UDQLK�YUVWD�VHNFLMH�-XQLSHUXV�VD�%DONDQVNRJ�SROXRVWUYD

JCC - -��FRPPXQLV�YDU��FRPPXQLV� JCS - -��FRPPXQLV�YDU��VD[DWLOLV, JD - -��GHOWRLGHV, -0���-��PDFURFDUSD�
D��6DGUæDM�VYDNH�JUXSH�MHGLQMHQMD�NRPSRQHQWH�MH�GDW�NDR�SURFHQDW��VUHGQMD�YUHGQRVW��XNXSQRJ�
VDVWDYD�HWDUVNRJ�XOMD
E��DOLIDWLÿQL�XJOMRYRGRQLFL��DOLIDWLÿQL�DOGHKLGL�L�DONRKROL��DOLIDWLÿQH�NLVHOLQH�L�QMLKRYL�HVWUL�L�DOGH-
KLGL��DURPDWLÿQL�HVWUL��DOLO�DURPDWLÿQL�DONRKROL��DULO�HVWUL�L�DURPDWLÿQH�NLVHOLQH



Doktorska disertacija Rezultati

���

�������� +HPLMVNL� VDVWDY� L� YDULMDELOQRVW� WHUSHQD� HWDUVNRJ� XOMD� LJOLFD� Juniperus 
FRPPXQLV�var. FRPPXQLV

8�HWDUVNRP�XOMX�-��FRPPXQLV�YDU��FRPPXQLV�MH�GHWHNWRYDQR�����MHGLQMHQMD��RG�NRMLK�MH�����

LGHQWLÀNRYDQR��8�WDEHOL�����MH�SULND]DQR����MHGLQMHQMD��äWR�SUHGVWDYOMD������²��������XNXSQRJ�

VDVWDYD�HWDUVNRJ�XOMD��.RPSRQHQWH�NRMH�VX�ELOH�SULVXWQH�VD�PDQMH�RG�������QLVX�SULND]DQH�

X�WDEHOL��

0RQRWHUSHQL� VX� GRPLQDQWQD� JUXSD� X� VDVWDYX� HWDUVNRJ� XOMD� ������ ���� äWR� MH�

NDUDNWHULVWLND�YUVWD�VHNFLMH�-XQLSHUXV��2WWR�	�:LOGH���������2G�PRQRWHUSHQD�QDM]DVWXSOMHQLML�VX�

PRQRWHUSHQVNL�XJOMRYRGRQLFL�����������GRN�VX�RNVLJHQLVDQL�PRQRWHUHSHQL�SURQDĀHQL�VDPR�

X�PDORP�XNXSQRP�SURFHQWX��6HVNYLWHUSHQL� ���������VX� WDNRĀH�GRPLQDQWQR�SUHGVWDYOMHQL�

VHVNYLWHUSHQVNLP�XJOMRYRGRQLFLPD�����������6OLND���������

Slika 4.2.2��3URFHQWXDOQD�]DVWXSOMHQRVW�JUXSD�MHGLQMHQMD�X�HWDUVNRP�XOMX�LJOLFD�-��FRPPXQLV�YDU��
FRPPXQLV��,���'HOLEODWVND�SHäÿDUD��,,���.RSDRQLN��,,,���6XYD�SODQLQD��,9���6WDUD�SODQLQD��0+�
-�0RQRWHUSHQVNL� XJOMRYRGRQLFL��20���2NVLJHQLVDQL�PRQRWHUSHQL��  SH - 6HVNYLWHUSHQVNL�
XJOMRYRGRQLFL��OS - 2NVLJHQLVDQL� VHVNYLWHUSHQL� D - 'LWHUSHQL� O - 2VWDOD� MHGLQMHQMD� �FI. 
7DEHOD������ �
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���

'YD�PRQRWHUHSHQD��ơ�SLQHQ�L�VDELQHQ��VX�GRPLQDQWQD�MHGLQMHQMD�X�VDVWDYX�HWDUVNRJ�XOMD�

-��FRPPXQLV�YDU��FRPPXQLV��=DMHGQR��RYD�GYD�MHGLQMHQMD�VX�X�SURVHNX�ÿLQLOD�RNR��������XNXSQRJ�

VDVWDYD�HWDUVNRJ�XOMD��2YH�GYH�NRPSRQHQWH�VX�VH�VPHQMLYDOH�X�]DYLVQRVWL�RG�MHGLQNH�L�SRSXODFLMH��

(52 ������� ,DNR� MH�RGQRV�ơ�SLQHQD� L� VDELQHQD�YDULUDR�RG� MHGLQNH�GR� MHGLQNH��SRSXODFLMH� VX�

SRND]DOH�WUHQG�ND�GRPLQDFLML�MHGQRJ�RG�RYD�GYD�MHGLQMHQMD��3RUHG�RYLK�MHGLQMHQMD��MRä����LPD�

VUHGQMH�YLVRN�VDGUæDM������²�������VHQVX�9RQ�5XGORII ����������2E��KHNVHQDO��ơ�WXMHQ����SLQHQ��

PLUFHQ��Ƥ�NDU���HQ��ơ�WHUSLQHQ��OLPRQHQ��ƣ�WHUSLQHQ��WHUSLQROHQ��WHUSLQHQ���RO����HOHPHQ���E��

NDULRÀOHQ����NRSDHQ��ơ�KXPXOHQ��JHUPDNUHQ�'����VHOLQHQ��ELFLNORJHUPDNUHQ��JHUPDNUHQ�$��

ƣ�NDGLQHQ�� Ƥ�NDGLQHQ�� JHUPDNUHQ� %�� JHUPDNUHQ�'���RO�� ƴ� NDGLQRO�� ơ�NDGLQRO� L� DELHWDGLHQ��

=QDÿDMDQ�EURM�NRPSRQHQWL������MH�SURQDĀHQ�X�WUDJRYLPD��[��������L�SUHGVWDYOMD�X�SURVHNX�

RNR������VDVWDYD�HWDUVNRJ�XOMD�

3URÀO�JODYQLK�NRPSRQHQWL�X�HWDUVNRP�XOMX�RVDP�SRSXODFLMD�-��FRPPXQLV�YDU��FRPPXQLV je 

ELR�VOHGHýL�

'HOLEODWVND�SHäÿDUD��ơ�SLQHQ� �VDELQHQ�!!�OLPRQHQ� �PLUFHQ� �JHUPDNUHQ�'�!�
JHUPDNUHQ�%� �WHUSLQHQ���RO�!�Ƥ�NDGLQHQ�

Kopaonik��VDELQHQ�!!�ơ�SLQHQ�!!�OLPRQHQ� �PLUFHQ�!�JHUPDNUHQ�'� �WHUSLQHQ���

RO��!�ơ�WXMHQ��!�JHUPDNUHQ�%� �WHUSLQROHQ�

Suva planina�� ơ�SLQHQ�!� VDELQHQ�!!� OLPRQHQ� � JHUPDNUHQ�'�!� JHUPDNUHQ�%� �

Ƥ�NDGLQHQ� �WHUSLQHQ���RO� ���SLQHQ�

Stara planina�� ơ�SLQHQ�!!�VDELQHQ�!� OLPRQHQ�!�JHUPDNUHQ�'�!�JHUPDNUHQ�%� �

PLUFHQ�!���SLQHQ� �ơ�WXMHQ��
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���

No -HGLQMHQMH ID�

Q ��
II

n=20
III

n=22
IV
Q �

1 +H[DQDO 0.4 ± 0.3 0.2 ± 0.1 0.1 ± 0.1 tr
2 (2E��+H[HQDO ��������� ��������� ��������� ���������
� 7ULF\FOHQH tr - tr -

� ơ�7KXMHQH ��������� ��������� ��������� ���������
5 ơ�3LQHQH 27.6 ± 15 17.4 ± 8.1 31.0 ± 17.3 38.8 ± 8.7
6 &DPSKHQH 0.2 ± 0.1 0.2 ± 0.3 0.2 ± 0.1 0.2 ± 0
� 9HUEHQHQH tr tr ��������� -

� 6DELQHQH ����������� ���������� ����������� ����������
� Ƣ�3LQHQH 1.4 ± 0.3 1.2 ± 0.3 1.7 ± 0.3 1.7 ± 0.3
10 0\UFHQH ��������� ��������� ��������� ���������
11 Ƥ�&DU���HQH 0.1 ± 0.1 0.1 ± 0.1 0.2 ± 0.2 0.1 ± 0.1
12 ơ�3KHODQGUHQH 0.4 ± 0.3 0.5 ± 0.5 0.5 ± 0.4 0.2 ± 0.2
13 Ƥ�&DU���HQH 0.3 ± 0.6 0.1 ± 0.1 0.7 ± 1.2 0.4 ± 0.5
�� ơ�7HUSLQHQH ��������� ��������� ��������� ���������
15 p�&\PHQH 0.4 ± 0.2 0.3 ± 0.1 0.2 ± 0.2 tr
16 /LPRQHQH 4.0 ± 2.0 4.3 ± 1.8 5.3 ± 4.1 5.4 ± 6.3
17 (E����2FLPHQH 0.2 ± 0.2 tr 0.1 ± 0.1 -
�� ƣ�7HUSLQHQH ��������� ��������� ��������� ���������
�� FLV�6DELQHQH�K\GUDWH ��������� ��������� ��������� ���������
20 7HUSLQROHQH ��������� ��������� ��������� ���������
21 Linalool 0.3 ± 0.1 0.4 ± 0.2 0.3 ± 0.2 0.2 ± 0.1
22 FLV�7KXMRQH - tr - -

�� FLV�S�0HQWK���HQ���RO ��������� ��������� tr -

�� WUDQV�3LQRFDUYHRO ������� ��������� - -

25 WUDQV�9HUEHQRO tr tr tr -

26 7HUSLQHQ���RO ��������� ��������� ��������� ���������
27 ơ�7HUSLQHRO 0.2 ± 0.1 0.3 ± 0.1 0.2 ± 0.2 tr
�� 0\UWHQRO tr tr tr -

�� 7K\PRO��PHWK\O�HWKHU - tr tr -

�� %RUQ\O�DFHWDWH ��������� ��������� ��������� ���������
31 0\UWHQ\O�DFHWDWH - tr 0.2 ± 0.2 0.4 ± 0.4
32 ơ�&XEHEHQH 0.2 ± 0.4 0.3 ± 0.4 0.3 ± 0.7 0.2 ± 0.2
33 ơ�&RSDHQH 0.2 ± 0.3 0.2 ± 0.2 0.5 ± 0.5 0.1 ± 0.1
�� ��%RXUERQHQH tr tr ��������� tr

35 ��(OHPHQH 0.5 ± 0.2 0.3 ± 0.2 0.7 ± 0.6 0.7 ± 0.1
�� (E��&DU\RSK\OOHQH ��������� ��������� ��������� ���������

7DEHOD�����6DVWDY�HWDUVNRJ�XOMD�L]RORYDQRJ�L]�LJOLFD�-��FRPPXQLV�YDU��FRPPXQLV
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���

No -HGLQMHQMH ID�

Q ��
II

n=20
III

n=22
IV
Q �

�� ��&RSDHQH ��������� - - tr

�� ƣ�(OHPHQH - - ��������� ���������
�� ơ�+XPXOHQH ��������� 0.8 ± 0.7 1.0 ± 0.6 0.6 ± 0.3
�� FLV�&DGLQD��������GLHQH ��������� tr tr -

�� WUDQV�&DGLQD��������GLHQH tr tr ��������� -

42 ƣ�0XXUROHQH 0.3 ± 0.3 0.1 ± 0.1 0.2 ± 0.1 tr
43 *HUPDFUHQH�' 3.6 ± 2.5 3.3 ± 2.0 5.2 ± 2.4 4.1 ± 4.2
44 ß-Selinene 0.4 ± 0.6 0.2 ± 0.1 0.2 ± 0.2 0.5 ± 0.6
45 trans�0XXUROD���������

diene
0.1 ± 0.1 0.2 ± 0.2 0.1 ± 0.1 0.2 ± 0.1

�� %LF\FORJHUPDFUHQH ��������� ��������� ��������� ���������
47 ơ�0XXUROHQH 0.5 ± 0.3 0.4 ± 0.2 0.5 ± 0.7 0.3 ± 0.1
48 *HUPDFUHQH�$ 1.2 ± 0.7 ��������� 1.1 ± 0.7 0.8 ± 0.6
�� ��&XUFXPHQH - ��������� - -

50 ƣ�&DGLQHQH 0.8 ± 0.7 ��������� 0.7 ± 0.7 0.3 ± 0.1
51 Ƥ�&DGLQHQH 2.1 ± 1.2 1.6 ± 1.1 2.1 ± 1.2 1.5 ± 0.4
52 WUDQV�&DGLQD�����GLHQH ��������� - - -

�� ơ�&DGLQHQH ��������� - - -

�� (OHPRO tr - tr tr

55 *HUPDFUHQH�% 2.8 ± 2.6 2.0 ± 1.5 2.3 ± 2.8 3.6 ± 5.0
56 E-Nerolidol tr 0.1 ± 0.3 0.2 ± 0.3 tr
57 *HUPDFUHQH�'���RO 1.4 ± 1.0 1.0 ± 0.6 1.7 ± 2.2 1.1 ± 1.0
58 6SDWKXOHQRO 0.2 ± 0.2 0.3 ± 0.3 0.1 ± 0.1 0.2 ± 0.1
�� &DU\RSK\OOHQH�R[LGH 0.2 ± 0.3 0.2 ± 0.4 tr tr
60 ��2SORSHQRQH tr tr tr tr

61 1-HSL�&XEHQRO tr tr ��������� tr

62 ƴ�&DGLQRO ��������� ��������� ��������� ���������
63 ơ�0XXURORO�� 7RUUH\RO� 0.2 ± 0.1 0.1 ± 0.1 0.2 ± 0.2 0.1 ± 0.0
�� ơ�&DGLQRO ��������� ��������� ��������� ���������
65 ơ�%LVDERORO tr tr - -

66 6K\REXQRO 0.3 ± 0.2 0.2 ± 0.2 0.2 ± 0.1 0.3 ± 0.2
�� (�=��(��)DUQHVRO tr tr ��������� -

�� 0DQR\O�R[LGH ��������� ��������� ��������� tr

�� $ELHWD������GLHQH tr tr tr ���������
70 $ELHWDWULHQH 0.2 ± 0.2 0.1 ± 0.2 tr 0.4 ± 0.1
71 $ELHWDGLHQH 0.2 ± 0.3 0.3 ± 0.5 0.3 ± 0.4 ���������
�� 6DQGUDFRSLPDULQDO tr tr tr -

QDVWDYDN�WDEHOH����
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���

No -HGLQMHQMH ID�

Q ��
II

n=20
III

n=22
IV
Q �

73 4-epi�$ELHWDO 0.2 ± 0.1 0.1 ± 0.1 tr tr
�� GHK\GUR�$ELHWDO tr - - tr

75 $ELHWDO 0.1 ± 0.1 0.2 ± 0.3 tr 0.2 ± 0.2
0RQRWHUSHQHV 72.4 78.5 ���� 76.1
PRQRWHUSHQH�K\GURFDUERQV ���� ���� ���� ����
PRQRWHUSHQHV�R[\JHQDWHG ��� ��� ��� ���
6HVTXLWHUSHQHV 23.1 17.7 22.7 ����
VHVTXLWHUSHQH�K\GURFDUERQV ���� ���� ���� ����
VHVTXLWHUSHQH�R[\JHQDWHG ��� ��� ��� ���
Diterpenes 1.0 1.1 0.8 2.5
GLWHUSHQH�K\GURFDUERQV ��� ��� ��� ���
GLWHUSHQH�R[\JHQDWHG ��� ��� ��� ���
RWKHUb) 1.8 1.0 0.6 0.7
727$/ ���� ���� ���� ����

QDVWDYDN�WDEHOH����

,���'HOLEODWVND�SHäÿDUD��,,���.RSDRQLN��,,,����6XYD�SODQLQD��,9���6WDUD�SODQLQD�
D��6DGUæDM�VYDNH�NRPSRQHQWH�MH�GDW�NDR�SURFHQDW��VUHGQMD�YUHGQRVW��6'��XNXSQRJ�VDVWDYD�
HWDUVNRJ�XOMD��tr���WUDJRYL���������WU�����������–�QLMH�GHWHNWRYDQR�MHGLQMHQMH��MHGLQMHQMD�NRMD�VX�
ELOD�]DVWXSOMHQD�VD�PDQMH�RG�������QLVX�SUHGVWDYOMHQD�X�WDEHOL��MHGLQMHQMD�NRULäýHQD�]D�VWDWLV-
WLÿNX�REUDGX�VX�GDWD�PDVQLP�VORYLPD�
E��DOLIDWLÿQL�XJOMRYRGRQLFL��DOLIDWLÿQL�DOGHKLGL�L�DONRKROL��DOLIDWLÿQH�NLVHOLQH�L�QMLKRYL�HVWUL�L�DOGH-
KLGL��DURPDWLÿQL�HVWUL��DOLO�DURPDWLÿQL�DONRKROL��DULO�HVWUL�L�DURPDWLÿQH�NLVHOLQH
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Slika 4.2.3��3URFHQWXDOQD�]DVWXSOMHQRVW�JUXSD� MHGLQMHQMD�X� HWDUVNRP�XOMX� LJOLFD� -�� FRPPXQLV 
YDU�� VD[DWLOLV�� ,� ��9HOHELW�� ,,� �� %LRNRYR�� ,,,� ��Prenj, ,9� ��'XUPLWRU��V - .RSDRQLN��9,� ��
6XYD�SODQLQD��9,,� ��6WDUD�SODQLQD��9,,,� ��0DYURYR��0+���0RQRWHUSHQVNL� XJOMRYRGRQLFL��
20���2NVLJHQLVDQL�PRQRWHUSHQL�� SH - 6HVNYLWHUSHQVNL�XJOMRYRGRQLFL��OS - 2NVLJHQLVDQL�
VHVNYLWHUSHQL� D - 'LWHUSHQL� O - 2VWDOD�MHGLQMHQMD��FI��7DEHOD������ �

��������+HPLMVNL� VDVWDY� L� YDULMDELOQRVW� WHUSHQD� HWDUVNRJ� XOMD� LJOLFD Juniperus 
FRPPXQLV�YDU��VD[DWLOLV

8�HWDUVNRP�XOMX�-��FRPPXQLV�YDU��VD[DWLOLV�MH�GHWHNWRYDQR�����MHGLQMHQMD��RG�NRMLK�MH�����

LGHQWLÀNRYDQR��8�WDEHOL�����MH�SULND]DQR�����MHGLQMHQMH��äWR�SUHGVWDYOMD������²�������XNXSQRJ�

VDVWDYD�HWDUVNRJ�XOMD��.RPSRQHQWH�NRMH�VX�ELOH�SULVXWQH�VD�PDQMH�RG�������QLVX�SULND]DQH�

X�WDEHOL��

0RQRWHUSHQL� VX�GRPLQDQWQD� JUXSD�X� VDVWDYX� HWDUVNRJ�XOMD� � -�� FRPPXQLV�YDU�� VD[DWLOLV�

����������äWR�MH�NDUDNWHULVWLND�YUVWD�VHNFLMH�-XQLSHUXV��2WWR�	�:LOGH���������2G�PRQRWHUSHQD�

QDM]DVWXSOMHQLML�VX�PRQRWHUSHQVNL�XJOMRYRGRQLFL�����������GRN�VX�RNVLJHQLVDQL�PRQRWHUHSHQL�

SURQDĀHQL�VDPR�X�PDORP�XNXSQRP�SURFHQWX��6HVNYLWHUSHQL����������VX�WDNRĀH�GRPLQDQWQR�

SUHGVWDYOMHQL�VHVNYLWHUSHQVNLP�XJOMRYRGRQLFLPD�����������6OLND��������
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���

'RPLQDQWQR� MHGLQMHQMH� X� VDVWDYX� HWDUVNRJ� XOMD� MH� ơ�SLQHQ�� NRML� X� SURVHNX� ÿLQL� RNR�

����� �� HWDUVNRJ� XOMD�� 'UXJD� GRPLQDQWQD� NRPSRQHQWD� MH� YDULUDOD� L]PHĀX� SRSXODFLMD�� 8�

VXEPHGLWHUDQVNLP� SRSXODFLMDPD� JHUPDNUHQ� '� �VHVNYLWHUSHQ�� MH� GUXJR� QDM]DVWXSOMHQLMH�

MHGLQMHQMH����������GRN�MH�X�NRQWLQHQWDOQLP�SRSXODFLMDPD�WR�VDELQHQ�����������3RUHG�RYLK�

MHGLQMHQMD�� MRä���� LPD�VUHGQMH�YLVRN�XGHR� �����²������� VHQVX�9RQ�5XGORII � ��������ơ�WXMHQ��

PLUFHQ�� ơ�IHODQGUHQ�� Ƥ�NDU���HQ�� OLPRQHQ�� WHUSLQROHQ�� WHUSLQHQ���RO�� ��HOHPHQ�� VLELUHQ��

(E��NDULRÀOHQ��ơ�KXPXOHQ����VHOLQHQ��ơ�VHOLQHQ��ELFLNORJHUPDNUHQ��ơ�PXUROHQ��JHUPDNUHQ�$��

ƣ�NDGLQHQ��Ƥ�NDGLQHQ��JHUPDNUHQ�%��JHUPDNUHQ�'���RO��ƴ�NDGLQRO�L�ơ�NDGLQRO��=QDÿDMDQ�EURM�

NRPSRQHQWL������MH�SURQDĀHQ�X�WUDJRYLPD��[��������L�SUHGVWDYOMD�X�SURVHNX�RNR������VDVWDYD�

HWDUVNRJ�XOMD��

3URÀO�JODYQLK�NRPSRQHQWL�X�HWDUVNRP�XOMX�RVDP�SRSXODFLMD�-��FRPPXQLV�YDU��VD[DWLOLV je 

ELR�VOHGHýL�

Velebit��ơ�SLQHQ�!!�JHUPDNUHQ�'� �JHUPDNUHQ�$�!���HOHPHQ�!�OLPRQHQ�!���VHOLQHQ�

Biokovo��ơ�SLQHQ�!!�JHUPDNUHQ�'�!�Ƥ�NDU���HQ�� �OLPRQHQ�!Ƥ�NDGLQHQ�!���SLQHQ�

3UHQM��ơ�SLQHQ�!!�JHUPDNUHQ�'�!�Ƥ�NDU���HQ�!�Ƥ�NDGLQHQH�!�OLPRQHQ�!���SLQHQ�

'XUPLWRU��ơ�SLQHQ�!!�Ƥ�NDU���HQ�!�JHUPDNUHQ�'�!�Ƥ�NDGLQHQ� �OLPRQHQ� ���SLQHQ��

Kopanik��ơ�SLQHQ�!�VDELQHQ�!!�JHUPDNUHQ�'!�PLUFHQH�!�OLPRQHQ�!�JHUPDNUHQ�%�

Suva planina�� ơ�SLQHQ� !� VDELQHQ� !!� JHUPDNUHQ� '!� JHUPDNUHQ� %�  � PLUFHQ� !�

OLPRQHQ�

Stara planina��ơ�SLQHQ�!�VDELQHQ�!!�JHUPDNUHQ�'!�JHUPDNUHQ�'���RO� �PLUFHQ�!�

Ƥ�NDGLQHQH� �OLPRQHQ�

0DYURYR��ơ�SLQHQ�!�VDELQHQ�!!�JHUPDNUHQ�'!�OLPRQHQ�!�JHUPDNUHQ�%�!�Ƥ�NDGLQHQH��
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Slika 4.2.4��3URFHQWXDOQD�]DVWXSOMHQRVW�JUXSD�MHGLQMHQMD�X�HWDUVNRP�XOMX�LJOLFD�-��GHOWRLGHV��,���
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7URJLU����ơ�SLQHQ� �OLPRQHQ�!!�Ƥ�NDGLQHQ�!�JHUPDNUHQ�'�!��E��NDULRÀOHQ�� �ƣ�²
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�� FLV�9HUEHQRO� ������� �� 8QNQRZQ�� �������
�� WUDQV�9HUEHQRO ������� �� 0XXUROD����������GLHQ���RO �������
�� &DPSKRU ������� �� ƴ�&DGLQRO �������
�� WUDQV�3LQRFDPSKRQH tr �� ơ�0XXURORO�� 7RUUH\RO� �������
�� 3LQRFDUYRQH tr �� ơ�&DGLQRO �������
�� %RUQHRO tr �� FLV�&DODPHQHQ����RO tr

�� S�0HQWKD�����GLHQ���RO ������� �� WUDQV�&DODPHQHQ����RO �������
�� 7HUSLQHQ���RO ������� �� (6=��3HQWDGHFHQ���RQH �������
�� &\PHQ���RO tr �� *HUPDFUD����������������

WULHQ���ơ�RO
�������

7DEHOD������6DVWDY�HWDUVNRJ�XOMD�L]RORYDQRJ�L]�LJOLFD�-��PDFURFDUSD
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-HGLQMHQMH 7URJLUD�

�� ����GLKLGUR�)DUQHVRO �������
�� (�(��=��)DUQHVRO �������
�� 8QNQRZQ�� �������
�� (�=��(��)DUQHVRO �������
�� 6DQGUDFRSLPDUD����������

GLHQH
tr

�� 0DQR\O�R[LGH �������
�� HQW�5RVD�����GLHQH �������
�� $ELHWD������GLHQH tr

�� $ELHWDWULHQH �������
�� $ELHWDGLHQH �������
�� $ELHWD��������������GLHQH �������
�� $ELHQRO �������
�� 6DQDGUDFRSLPDULQDO �������
�� ��HSL�$ELHWDO tr

�� 0HWK\O�VDQDGUDFRSLPDUDWH tr

�� GHK\GUR�$ELHWDO tr

�� WUDQV�7RWDURO tr

0RQRWHUSHQHV 66.0
PRQRWHUSHQH�K\GURFDUERQV ����
PRQRWHUSHQHV�R[\JHQDWHG ���
6HVTXLWHUSHQHV 18.2
VHVTXLWHUSHQH�K\GURFDUERQV ����
VHVTXLWHUSHQH�R[\JHQDWHG ���
Diterpenes 6.3
GLWHUSHQH�K\GURFDUERQV ���
GLWHUSHQH�R[\JHQDWHG ���
RWKHUb) 2.2
XQNQRZQ 1.1
727$/ ����

D��6DGUæDM�VYDNH�NRPSRQHQWH�MH�GDW�NDR�SURFHQDW��VUHGQMD�YUHGQRVW���6'��XNXSQRJ�VDVWDYD�
HWDUVNRJ�XOMD��tr���WUDJRYL���������WU�����������–�QLMH�GHWHNWRYDQR�MHGLQMHQMH��MHGLQMHQMD�NRMD�
VX�ELOD�]DVWXSOMHQD�VD�PDQMH�RG�������QLVX�SUHGVWDYOMHQD�X�WDEHOL�
E��DOLIDWLÿQL�XJOMRYRGRQLFL��DOLIDWLÿQL�DOGHKLGL�L�DONRKROL��DOLIDWLÿQH�NLVHOLQH�L�QMLKRYL�HVWUL�L�DOGH-
KLGL��DURPDWLÿQL�HVWUL��DURPDWLÿQL�DONRKROL��DULO�HVWUL�L�DURPDWLÿQH�NLVHOLQH

QDVWDYDN�WDEHOH�����
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Slika 4.2.6.�6FDWWHU�SORW�GR-

ELMHQ�DQDOL]RP�JODYQLK�NRP-

SRQHQWL� �3&$�� UHODWLYQLK�
NROLÿLQD� ��� WHUSHQD� L]RORYD-
QDLK� L]� HWDUVNRJ� XOMD� LJOLFD��� 
 - -�� FRPPXQLV�YDU�� FRPPXQLV, 
 - -�� FRPPXQLV� YDU�� VD[DWLOLV,  
 - -��GHOWRLGHV,
 - -��PDFURFDUSD

������5H]XOWDWL�VWDWLVWLÿNH�REUDGH�LVSLWLYDQMD�WHUSHQD

7RNRP� VWDWLÿNH� REUDGH�� YHýLQD� NRPSRQHQWL� MH� SRND]DOD� RGVWXSDQMH� RG� QRUPDOQH�

GLVWULEXFLMH��.RPSRQHQWH� NRMH� VX� ELOH� ]DVWXSOMHQH� X� WUDJRYLPD� �[�������� NRML� QLVX� LPDOH�

QRUPDOQX�GLVWULEXFLMX�L�NRMH�VX�ELOH�PHĀXVREQR�YLVRNR�NRUHOLVDQH��U2������QLVX�NRULäýHQH�X�

GDOMRM�VWDWLVWLÿNRM�DQDOL]L��

=D� VWDWLVWLÿNX� DQDOL]X� SRUHĀHQMD� VDVWDYD� HWDUVNRJ� XOMD� L]PHĀX� VYD� ÿHWLUL� WDNVRQD�

NRULäýHQR�MH����MHGLQMHQMD���2E��KHNVHQDO��ơ�WXMHQ��ơ�SLQHQ��NDPIHQ��VDELQHQ����SLQHQ��PLUFHQ��

Ƥ�NDU���HQ��ơ�IHODQGUHQ��Ƥ�NDU���HQ��p�FLPHQ��OLPRQHQ���WHUSLQROHQ��ơ�NRSDHQ���E��NDULRÀOHQ��

ƣ�PXUROHQ��JHUPDNUHQ�'��ơ�PXUROHQ��ƣ�NDGLQHQ��Ƥ�NDGLQHQ��JHUPDNUHQ�%��NDULRÀOHQ�RNVLG��

ơ�NDGLQRO��PDQRLO�RNVLG��DELHWDGLHQ����HSL�DELHWDO�L�DELHWDO�

$QDOL]D�JODYQLK�NRPSRQHQWL��3&$�

$QDOL]D�JODYQLK�NRPSRQHQWL�MH�SRND]DOD�MDVQR�RGYDMDQMH�-��FRPPXQLV�V�O��od -��R[\FHGUXV V�O��

ãWDYLäH��3&$�DQDOL]D� MH�SRND]DOD� L�EODJR�RGYDMDQMH� -�� FRPPXQLV�YDU�� FRPPXQLV od -�� FRPPXQLV�

YDU��VD[DWLOLV��ãLUH�X]RUNRYDQMH�QD�%DONDQVNRP�SROXVWUYX�-��FRPPXQLV�YDU��FRPPXQLV�EL�VYDNDNR�

GRSULQHOR� EROMRM� UH]ROXFLML�� 6� GUXJH� VWUDQH�� -�� GHOWRLGHV� VH� WDNRĀH� QHäWR� VODELMH� RGYDMD� RG�
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-��PDFURFDUSD��LDNR�MH�SR�VDVWDYX�HWDUVNRJ�XOMD�-��PDFURFDUSD�EOLæD�-��FRPPXQLV�YDU��VD[DWLOLV nego 

-��GHOWRLGHV��6YDNDNR�WUHED�YRGLWL�UDÿXQD�GD�VX�]D�DQDOL]X�JODYQLK�NRPSRQHQWL�NRULäýHQH�VDPR�

RQH�NRPSRQHQWH�NRMH�VX�ELOH�]DVWXSOMHQH�VD�SURVHÿQR�QDMPDQMH������X�VYDNRM�RG�LVSLWLYDQLK�

JUXSD�� WDNR�GD�YHOLNL�EURM� MHGLQMHQMD�NRML� VH�QDOD]L�HNVNOX]LYQR�VDPR�NRG� MHGQH�JUXSH�QLMH�

X]LPDQ�X�RE]LU�X�RYRM�DQDOL]L��

+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

.ODVWHU� DQDOL]D� �6OLND� �����D�� MH� SRND]DOD� SULOLÿQR� NRQ]LVWHQWQR� JUXSLVDQMH�� JGH� VX�

JRWRYR�VYH�SRSXODFLMH�-��GHOWRLGHV��L]X]HY�SRSXODFLMH�åDQMLFH��JUXSLVDQH�X�MHGQX�NODGX��.ODGX�$. 

7DNRĀH��GRäOR�MH�GR�JUXSLVDQMD�VYLK�SRSXODFLMD�-��FRPPXQLV�X�MHGQX�NODGX��Kladu B��=DQLPOMLYR�

je da se -��PDFURFDUSD� L� X�RYRM� DQDOL]L� JUXSLäH� VD�SULPRUVNLP�SRSXODFLMDPD� -�� FRPPXQLV�YDU��

VD[DWLOLV��5D]GYDMDQMH�QD�RYH�GYH�NODGH�MH�X�VNODGX�VD�UHDOWLYQLP�NROLÿLQDPD�ơ�SLQHQD��VDELQHQD�

L�OLPRQHQD��.ODGD�$�MH�ERJDWD�OLPRQHQRP�L�LPD�XPHUHQH�NROLÿLQH�ơ�SLQHQD��Klada B��VH�X�

RGQRVX�QD�UHODWLYQH�NROLÿLQH�VDELQHQD�GHOL�QD�GYH�VXENODGH��VXENODGX�D��!�����L�VXENODGX�E 

������

'LVNULPLQDQWQD�DQDOL]D��'$�

'LVNULPLQDQWQD� DQDOL]D� MH� SRND]DOD� RGYDMDQMD� VYLK� WDNVRQD� X� ÿHWLUL� GLVNUHWQH� JUXSH�

�6OLND������E��F���1D�MHGQRM�VWUDQL�VH�RGYDMD�-��GHOWRLGHV��ÿLMH�VH�HWDUVNR�XOMH�NDUDNWHULäH�YLVRNLP�

XGHORP�OLPRQHQD��GRN�VH�QD�GUXJRM�PRJX�UD]OLNRYDWL�-��PDFURFDUSD��ơ�SLQHQ���NDR�L�NODVWHU�NRMX�

ÿLQX�-��FRPPXQLV V�O���VDELQHQ���,DNR�VH�-��FRPPXQLV�YDU��FRPPXQLV�L�-��FRPPXQLV�YDU��VD[DWLOLV�QDOD]H�

EOLVNR�MHGQD�X�RGQRVX�QD�GUXJX��LSDN�SRVWRML�MDVQR�JUXSLVDQMH�MHGQRJ�L�GUXJRJ�WDNVRQD��SUH�

VYHJD�QD�RVQRYX�NROLÿLQD�VDELQHQD��NRMHJ�X�SURVHNX�LPD�]QDWQR�PDQMH�NRG�-��FRPPXQLV�YDU��

VD[DWLOLV. 
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ơ�SLQHQ

OLPRQHQ

VDELQHQ

(a)

(b)

(c)

Slika 4.2.7. a)� 'HQGURJUDP� GRELMHQ� NODVWHU� DQDOL]RP� �(XNOLGLDQRYH� GLVWDQFH��:DUG�RYD�
PHWRGD��VUHGQMLK� UHODWLYQLK�NROLÿLQD���� WHUSHQD�HWDUVNRJ�XOMD� LJOLFD�RGDEUDQLK�YUVWD�VHNFLMH�
-XQLSHUXV� VD�%DONDQVNRJ�SROXRVWUYD�� JCC -� -�� FRPPXQLV� YDU�� FRPPXQLV, JCS - -�� FRPPXQLV� YDU��
VD[DWLOLV, JD - -��GHOWRLGHV, -0 - -��PDFURFDUSD��]D�GHWDOMQLMH�LQIRUPDFLMH�R�ORNDOLWHWLPD��FI��7DEHOD�
������b) HLJHQYHNWRUL�GLVNULPLQDQWQH�DQDOL]H���c)  - -��FRPPXQLV�YDU��FRPPXQLV,  - -��FRPPXQLV�YDU��
VD[DWLOLV,   - -��GHOWRLGHV,  - -��PDFURFDUSD�
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4.2.2.1.�-XQLSHUXV�FRPPXQLV var. FRPPXQLV

9HýLQD�NRPSRQHQWL� L]� HWDUVNRJ�XOMD� -�� FRPPXQLV�YDU�� FRPPXQLV� MH�SRND]DOD�RGVWXSDQMH�

RG�QRUPDOQH�GLVWULEXFLMH��.RPSRQHQWH�NRMH�VX�ELOH�]DVWXSOMHQH�X�WUDJRYLPD��[��������NRML�

QLVX� LPDOH�QRUPDOQX�GLVWULEXFLMX� L�NRMH�VX�ELOH�PHĀXVREQR�YLVRNR�NRUHOLVDQH��U2������QLVX�

NRULäýHQH� X� GDOMRM� VWDWLVWLÿNRM� DQDOL]L�� -HGLQMHQMD� NRMD� VX� NRULäýHQD� X� VWDWLVWLÿNRM� DQDOL]L� VX�

R]QDÿHQD�PDVQLP�VORYLPD�X�7DEHOL������

$QDOL]D�JODYQLK�NRPSRQHQWL��3&$�

$QDOL]D� JODYQLK� NRPSRQHQWL� MH� SRND]DOD� SUHNODSDQMH� VYLK� SRSXODFLMD� �6OLND� �����D���

6DPR�GYH� NRPSRQHQWH�RSLVXMX� JRWRYR� VYHXNXSQX�YDULMDELOQRVW� X]RUND�� ơ�SLQHQ�QD�SUYRM�

RVL� ������ ��� L� OLPRQHQ� ������ ��� QD� GUXJRM�� 1HNROLNR� GUXJLK� NRPSRQHQWL� MH� SRND]DOR�

L]X]HWQR�VODE�XWLFDM�QD�SUYX�L�GUXJX�RVX�JODYQLK�NRPSRQHQWL��JHUPDNUHQ�'��JHUPDNUHQ�%�� 

JHUPDNUHQ�'���RO��Ƥ�NDGLQHQ���3UYH�GYH�RVH�REMDäQMDYDMX��������XNXSQH�YDULMDELOQRVWL�

+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

.ODVWHU� DQDOL]D� �6OLND� �����E�� MH� SRND]DOD� JUXSLVDQMH� X� RGQRVX� QD� GRPLQDQWX�

NRPSRQHQWX� �%6� ������� L� UHODWLYQX� JHRJUDIVNX� NRUHODFLMX�� RGYDMDMXýL�PH]LMVNH� SRSXODFLMH�

RG�.RSDRQLND��,DNR�3&�DQDOL]D�QLMH�XND]DOD�QD�RGYDMDQMH�GLVNUHWQLK�JUXSD��NODVWHU�DQDOL]D��]D�

NRMX�VX�NRULäýHQH�VUHGQMH�YUHGQRVWL�UHODWLYQH�]DVWXSOMHQRVWL�VYDNH�NRPSRQHQWH��MH�SRND]DOD�

EOLæH� JUXSLVDQMH�SRSXODFLMD� VD�SURVHÿQR�YHýLP�XGHORP�ơ�SLQHQD�X�RGQRVX�QD� VDELQHQ��SD�

VDPLP�WLP�L�MDNR�RGYDMDQMH�SRSXODFLMH�VD�.RSDRQLND�RG�RVWDOLK�SRSXODFLMD��

'LVNULPLQDQWQD�DQDOL]D��'$�

'LVNULPLQDQWQD� DQDOL]D� MH� SRND]DOD� RGYDMDQMD� VYLK� MHGLQNL� X� WUL� GLVNUHWQH� JUXSH�

�6OLND������F���1D�MHGQRM�VWUDQL�QDOD]L�VH�SRSXODFLMD�VD�.RSDRQLND�NRMD�VH�NDUDNHULäH�YLVRNLP�

XGHORP� VDELQHQD� X� HWDUVNRP� XOMX� L� QLVNLP� XGHORP� ơ�SLQHQD�� QD� GUXJRM� SRSXODFLMD� VD�

'HOLEODWVNH�SHäÿDUH�NRMD�LPDMX�JRWRYR�SRGMHGQDNH�NROLÿLQH�ơ�SLQHQD�L�VDELQHQD��L�QD�WUHýRM�

VWUDQL� SRSXODFLMH� VD� 6XYH� L� 6WDUH� SODQLQH�� VD� MHGLQNDPD� ÿLMH� MH� XOMH� ERJDWR� ơ�SLQHQRP� D�

VLURPDäQR�VDELQHQRP�
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I            III           IV           II

ơ�
SL
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VD
EL
QH
Q

Slika 4.2.8. a) 6FDWWHU� SORW�GRELMHQ�DQDOL]RP�JODYQLK�NRPSRQHQWL� �3&$�� UHODWLYQLK�NROLÿLQD�
���WHUSHQD�L]RORYDQD�L]�HWDUVNRJ�XOMD�LJOLFD�-��FRPPXQLV�YDU��FRPPXQLV.  ���'HOLEODWVND�SHäÿDUD��
���.RSDRQLN�� ��6XYD�SODQLQD�� ���6WDUD�SODQLQD���FI��7DEHOD�������b)�'HQGURJUDP�GRELMHQ�
NODVWHU�DQDOL]RP��(XNOLGLDQRYH�GLVWDQFH��83*0$��NROLÿLQD���� WHUSHQD�HWDUVNRJ�XOMD� LJOLFD�
-��FRPPXQLV�YDU��FRPPXQLV��,���'HOLEODWVND�SHäÿDUD��,,���.RSDRQLN��,,,���6XYD�SODQLQD��,9���Stara 
SODQLQD��c) 3ORW� GRELMHQ� GLVNULPLQDQWQRP� DQDOL]RP� ��� WHUSHQD� L]RORYDQD� L]� HWDUVNRJ� XOMD�
LJOLFD�-��FRPPXQLV�YDU��FRPPXQLV��� ���'HOLEODWVND�SHäÿDUD�� ���.RSDRQLN�� ��6XYD�L�6WDUD�SODQLQD�

ơ�SLQHQ�!�VDELQHQ
ơ�SLQHQ� �VDELQHQ

ơ�SLQHQ���VDELQHQ

(a) (b)

(c)
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4.2.2.2. -XQLSHUXV�FRPPXQLV var. VD[DWLOLV

9HýLQD� NRPSRQHQWL� L]� HWDUVNRJ� XOMD� -�� FRPPXQLV� YDU�� VD[DWLOLV� MH� SRND]DOD� RGVWXSDQMH�

RG�QRUPDOQH�GLVWULEXFLMH��.RPSRQHQWH�NRMH�VX�ELOH�]DVWXSOMHQH�X�WUDJRYLPD��[��������NRML�

QLVX� LPDOH�QRUPDOQX�GLVWULEXFLMX� L�NRMH�VX�ELOH�PHĀXVREQR�YLVRNR�NRUHOLVDQH��U2������QLVX�

NRULäýHQH� X� GDOMRM� VWDWLVWLÿNRM� DQDOL]L�� -HGLQMHQMD� NRMD� VX� NRULäýHQD� X� VWDWLVWLÿNRM� DQDOL]L� VX�

R]QDÿHQD�PDVQLP�VORYLPD�X�7DEHOL������

$QDOL]D�JODYQLK�NRPSRQHQWL��3&$�

$QDOL]D� JODYQLK� NRPSRQHQWL� MH� SRND]DOD� RGYDMDQMH� GYH� JUXSH�� VXEPHGLWHUDQVNH�

�9HOHELW��%LRNRYR��3UHQM��'XUPLWRU��L�NRQWLQHQWDOQH��.RSDRQLN��6XYD�SODQLQD��6WDUD�SODQLQD��

0DYURYR���6OLND���������6XEPHGLWHUDQVNH�SRSXODFLMH�VX�LPDOH�HWDUVND�XOMD�NRMLPD�GRPLQLUDMX�

6OLND������� 6FDWWHU�SORW�GRELMHQ�
DQDOL]RP�JODYQLK�NRPSRQHQWL��3&$��
UHODWLYQLK�NROLÿLQD����WHUSHQD�L]RORYDQD�
L]�HWDUVNRJ�XOMD�LJOLFD�-��FRPPXQLV�YDU� 
VD[DWLOLV��� ���9HOHELW�� ���%LRNRYR���  - Prenj, ���'XUPLWRU�� ���.RSDRQLN�� ���6WDUD�SODQLQD��  
�6XYD�SODQLQD�� ���0DYURYR��FI��7DEHOD�����
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ơ�SLQHQ�L�Ƥ�NDU���HQ��GRN�MH�VDELQHQ�NRG�VYLK�NRQWLQHQWDOQLK�SRSXODFLMD�ELR�YLVRN��3UYH�GYH�

RVH�REMDäQMDYDMX��������XNXSQH�YDULMDELOQRVWL��1DMYHýL�XWLFDM�QD�SUYH�GYH�RVH�DQDOL]H�JODYQLK�

NRPSRQHQWL�LPDMX�WUL�GRPLQDQWQH�NRPSRQHQWH��VDELQHQ��ơ�SLQHQ�L�Ƥ�NDU���HQ��

+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

.ODVWHU� DQDOL]D� �6OLND� �������� MH� SRND]DOD� YLVRNX� JHRJUDIVNX� NRUHODFLMX�� RGYDMDMXýL�

VXEPHGLWHUDQVNH� �]DSDGQH�� L� NRQWLQHQWDOQH� �FHQWUDOQH�� SRSXODFLMH� QD� %DONDQX�� ãWD� YLäH��

SRSXODFLMH� NRMH� VX� JHRJUDIVNL� ELæH� SRND]XMX� VOLÿQLML� SURÀO� WHUSHQD�� SD� VH� L� JUXSLäX� X� LVWH�

VXENODGH��

'LVNULPLQDQWQD�DQDOL]D��'$�

'LVNULPLQDQWQD�DQDOL]D�MH�SRND]DOD�RGYDMDQMH�VYLK�MHGLQNL�X�WUL�JUXSH��6OLN����������1D�

MHGQRM� VWUDQL� QDOD]H� VH�SRSXODFLMH� VD� MHGLQNDPD� ÿLMH� MH� XOMH� ERJDWR� VDELQHQRP� �.RSDRQLN��

6XYD�SODQLQD�� 6WDUD�SODQLQD��0DYURYR��� D�QD�GUXJRM�GYH�JUXSH�NRMLPD� MH� ]DMHGQLÿNR�QL]DN�

UHODWLYQL�XGHR�VDELQHQD� L�YLVRN�XGHR�ơ�SLQHQD�������²����������3RVOHGQMH�GYH�JUXSH�VX�VH�

RGYRMLOH�QD�SRSXODFLMH�ERJDWH�Ƥ�NDU���HQRP��%LRNRYR��3UHQM��2UMHQ��L�SRSXODFLMX�VD�9HOHELWD�

ÿLMH� MH� XOMH� ERJDWRP�JHUPDNUHQRP�$��3RSXODFLMD� VD�'XUPLWRUD� MH� LPDOD� QDMYHýX� UHODWLYQX�

NROLÿLQX�Ƥ�NDU���HQD����������L�QD�RVQRYX�RYH�NRPSRQHQWH�PRJXýH�MH�RGYRMLWL�MH�QD�WUHýRM�

GLVNULPLQDQWQRM� RVL�� 6� GUXJH� VWUDQH�� HWDUVND� XOMD� SRSXODFLMD� FHQWUDOQRJ� GHOD� %DONDQVNRJ�

SROXRVWUYD�VH�NDUDNWHULäX�QHäWR�QLæLP�XGHORP�ơ�SLQHQD� ������²���������DOL�YHýLP�XGHORP�

VDELQHQD� ������ ²� ����� ���� ,DNR� DQDOL]D� JODYQLK� NRPSRQHQWL� QLMH� XVSHOD� GD� GLIHUHQFLUD�

LQGLYLGXH�L]�RYH�ÿHWLUL�SRSXODFLMH��'$�MH�SRND]DOD�RGYDMDQMH�SRSXODFLMD�L]�0DYURYD�QD�WUHýRM�

GLVNULPLQDQWQRM�RVL��,]GYDMDQMH�SR�WUHýRM�RVL�RYH�SRSXODFLMH�MH�QDMYHýLP�GHORP�ED]LUDQR�QD�

NROLÿLQDPD�WHUSLQHQ���ROD��
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Slika 4.2.10�� 'HQGURJUDP� GRELMHQ� NODVWHU�
DQDOL]RP� �NYDGULUDQH� 0DKDODQRELMHYH�
GLVWDQFH�� 83*0$�� NROLÿLQD� ��� WHUSHQD�
HWDUVNRJ�XOMD� LJOLFD� -�� FRPPXQLV� YDU�� VD[DWLOLV� ��
.ODGD�$��VXEPHGLWHUDQVNH���,���9HOHELW��,,���
%LRNRYR��,,,���'XUPLWRU��,9���3UHQM��Klada 
B��NRQWLQHQWDOQH���V - .RSDRQLN��9,���6XYD�
SODQLQD��9,,���6WDUD�SODQLQD��9,,,���0DYURYR

(a) (b)

(c)Slika 4.2.11.� 3ORW� GRELMHQ�
GLVNULPLQDQWQRP� DQDOL]RP� ��� WHUSHQD�
L]RORYDQD� L]� HWDUVNRJ� XOMD� LJOLFD�
-�� FRPPXQLV� YDU�� VD[DWLOLV� �  - 9HOHELW�  
 - %LRNRYR�  - 'XUPLWRU��  - 3UHQM��  

- .RSDRQLN��  -� 6XYD�SODQLQD��  - Stara 

SODQLQD��  - 0DYURYR�� a)� SUYD� L� GUXJD�
GLVNULPLQDQWQD� RVD� ��������� b)� SUYD� L�
WUHýD� GLVNULPLQDQWQD� RVD� ��������� c)  
SUYD�� GUXJD� L� WUHýD� GLVNULPLQDQWQD� RVD�
�������
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A
B
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V-VII
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I
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4.2.2.3. Juniperus deltoides

9HýLQD� NRPSRQHQWL� HWDUVNRJ� XOMD� -�� GHOWRLGHV� MH� SRND]DOD� RGVWXSDQMH� RG� QRUPDOQH�

GLVWULEXFLMH��.RPSRQHQWH� NRMH� VX� ELOH� ]DVWXSOMHQH� X� WUDJRYLPD� �[�������� NRML� QLVX� LPDOH�

QRUPDOQX�GLVWULEXFLMX� L� NRMH� VX�ELOH�PHĀXVREQR�YLVRNR�NRUHOLVDQH� �U2������QLVX�NRULäýHQH�

X� GDOMRM� VWDWLVWLÿNRM� DQDOL]L�� -HGLQMHQMD� NRMD� VX� NRULäýHQD� X� VWDWLVWLÿNRM� DQDOL]L� VX� R]QDÿHQD�

PDVQLP�VORYLPD�X�7DEHOL�������

,QLFLMDOQD� 3&$� DQDOL]D� VD� ��� WHUSHQRP� L� ÿHWLUL� SRSXODFLMH� �.RSDQLN��0DJOLÿ�� 3ÿLQMD��

%HQNRYDF�� MH� SRND]DOD� SUHNODSDQMH� L]PHĀX� VYLK� ORNDOLWHWD�� SD� VX� XUDĀHQH� NODVWHU� DQDOL]D�

�NYDGUDWQH�(XNOLGLDQRYH�GLVWDQFH��QHDUHVW�QHLJKERXU�PHWRG��L�GLVNULPLQDQWQD�DQDOL]D��5DMÿHYLý�

HW�DO����������5H]XOWDWL�VX�SRND]DOL�RGYDMDQMH�SRSXODFLMH�L]�%HQNRYFD�RG�SRSXODFLMD�L]�6UELMH��

L� YLVRNX� JHRJUDIVNX� NRUHODFLMX� �6OLND� ��������� 5H]XOWDWL� LQLFLMDOQLK� WHVWRYD� VX� SRVOXæLOL� NDR�

RVQRYD�]D�GDOMH�LVWUDæLYDQMH��NRMH�MH�REXKYDWLOR�GRGDWQLK���SRSXODFLMD�QD�-DGUDQX��RG�5RYLQMD�

GR�9DOGDQRVD��5DMÿHYLý�HW�DO����������

$QDOL]D�JODYQLK�NRPSRQHQWL

$QDOL]D� JODYQLK� NRPSRQHQWL� MH� SRND]DOD� SUHNODSDQMH� VYLK� ORNDOLWHWD�� 3UYH� GYH� RVH�

REMDäQMDYDMX� �������XNXSQH� YDULMDELOQRVWL�� ,DNR�QLMH� SRND]DOD� RGYDMDQMH� ORNDOLWHWD�� DQDOL]D�

Slika 4.2.12. a)�'HQGURJUDP�GRELMHQ�NODVWHU�DQDOL]RP��QHDUHVW�QHLJKERU�PHWRG��NYDGULUDQH�(X-
NOLGLDQRYH� GLVWDQFH�� VDGUæDMD� ��� WHUSHQD� L]� ÿHWLUL� SRSXODFLMH� -�� GHOWRLGHV��b) 'LVNULPLQDQWQD�
DQDOL]D�VDVWDYD�HWDUVNRJ�XOMD�ÿHWLUL�SRSXODFLMH�-��GHOWRLGHV�� ���.RSDRQLN��  - 0DJOLÿ�  - 3ÿLQMD� 
 - %HQNRYDF��5DMÿHYLý�HW�DO��������

(a) (b)



Doktorska disertacija Rezultati

���

JODYQLK�NRPSRQHQWL�MH�SRND]DOD�RGYDMDQMH�VYLK�MHGLQNL�X�GYH�JUXSH�QD�ED]L�NROLÿLQD�ơ�SLQHQD�

L�OLPRQHQD��6OLND����������3RUHG�RYH�GYH�NRPSRQHQWH��MRä�QHNROLNR�MH�SRND]DOR�XPHUHQL�XWLFDM�

QD�RGYDMDQMH�X]RUDND�QD�SUYH�GYH�RVH�� ��(��NDULRÀOHQ��JHUPDNUHQ�'��Ƥ�NDGLQHQ��NDULRÀOHQ�

RNVLG��

+LMHUDUKLMVND�NODVWHU�DQDOL]D��+&$�

+LMHUDUKLMVND�NODVWHU�DQDOL]D�VD�VYLP�MHGLQNDPD��QLMH�SULND]DQD��MH�SRND]DOD�IRUPLUDQMH�

GYH� NODGH� X� ]DYLVQRVWL� RG� NROLÿLQH� ơ�SLQHQD��.ODGD� $� VD� YHýLP� NROLÿLQDPD� ơ�SLQHQD� MH�
REXKYDWLOD�YHýLQX�MHGLQNL�VD�FHQWUDOQRJ�GHOD�%DONDQVNRJ�SROXRVWUYD�L�GR�ô�LVWRÿQR�MDGUDQVNLK�

SRSXODFLMD��Klada B���VD�MHGLQNDPD�NRG�NRMLK�MH�NROLÿLQD�ơ�SLQHQD�ELOD�PDQMD�RG���������VH�

GDOMH�GHOL�QD�GYH�VXENODGH��X�]DYLVQRVWL�RG�NROLÿLQH�OLPRQHQD��VXENODGD�D��OLPRQHQ�����������L�

VXENODGD E��OLPRQHQ�!����������1D�RVQRYX�NODVWHU�DQDOL]H��VYH�MHGLQNH�VX�SRGHOMHQH�X�WUL�JUXSH�

�SRWHQFLMDOQD�KHPRWLSD��

Slika 4.2.13.�6FDWWHU�SORG�DQDOL]H�JODYQLK�NRPSRQHQWL��3&$��L]DEUDQLK�WHUSHQD�HWDUVNRJ�XOMD�
LJOLFD�-��GHOWRLGHV��  - ERJDWH�OLPRQHQRP�� ���ERJDWH�ơ�SLQHQRP��
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�=D�UD]OLNX�RG�LQLFLMDOQH�NODVWHU�DQDOL]H��6OLND�������D��NRMD�MH�SRND]DOD�YLVRNX�JHRJUDIVNX�

NRUHODFLMX��RGYDMDMXýL� MHGQX�SULPRUVNX�SRSXODFLMX�RG� WUL�SRSXODFLMH� VD�NRQWLQHQWDOQRJ�GHOD�

%DONDQVNRJ�SROXRVWUYD��NODVWHU�DQDOL]D�NRMD�MH�REXKYDWLOD�VYLK�WULQDHVW�ORNDOLWHWD�MH�SRND]DOD�

QHäWR�PDQMX�JHRJUDIVNX�NRUHODFLMX��L�IRUPLUDQMH�ÿHWLUL�NODVWHUD��3RSXODFLMH�VD�VOLÿQLP�SURÀORP�

�NRMH�VX�LPDOH�VOLÿDQ�XGHR�MHGLQNL�VYD�WUL�SUHGORæHQD�KHPRWLSD��VX�VH�JUXSLVDOH�X�LVWH�NODGH��

'HWDOMQLML�SULND]�UH]XOWDWD�NODVWHU�DQDOL]H�ELýH�GDW�NDVQLMH��6OLND����������

  $QDOL]D�YDULMDQVH��$129$�

%D]LUDMXýL� VH�QD� UH]XOWDWLPD�3&$� L�+&$��XUDĀHQD� MH� DQDOL]D� YDULMDQVH� �$129$�� VD�

SRVW�KRF testom (LSD, p�������NDNR�EL�VH�XWYUGLOR�SRVWRMDQMH�UD]OLND�L]PHĀX�RYLK�JUXSD��*UXSH�

VX�GHÀQLVDQH�X�RGQRVX�QD�NROLÿLQX�ơ�SLQHQD�L�OLPRQHQD��)RUPLUDQH�VX�WUL�JUXSH��KHPRWLSD���

ơ�SLQHQVNL��ơ�SLQHQ�OLPRQHQVNL�L�OLPRQHQVNL��7DEHOD��������

=D�RYX�DQDOL]X�NRULäýHQH�VX�VDPR�NRPSRQHQWH�VUHGQMH�L�YLVRNH�]DVWXSOMHQRVWL��[!�������

$129$�MH�SRND]DOD�VWDWLVWLÿNL�]QDÿDMQR�RGYDMDQMH�L]PHĀX�VYH�WUL�JUXSH�X�RGQRVX�QD�YHýLQX�

NRPSRQHQWL�����RG������8UDĀHQ�MH�L�/6'�WHVW�GD�EL�VH�WHVWLUDOD�UD]LOLND�L]PHĀX�VYDNRJ�SDUD�

JUXSD��2QD�MH�SRND]DOD�VWDWLVWLÿNL�]QDÿDMQR�RGYDMDQMH�VYD�WUL�KHPRWLSD��ơ�SLQHQVNL�L�ơ�SLQHQ�

OLPRQHQVNL� WLS� VH� UD]OLNXMX� X� RGQRVX� QD� XGHR� YHýL� GHR� MHGLQMHQMD�� RG� NRMLK� VX� ơ�SLQHQ��

OLPRQHQ�� �E��NDULRÀOHQ�� Ƥ�NDGLQHQ�� NDULRÀOHQ� RNVLG�� PRQLO� RNVLG� L� DELHWDO� QDM]QDÿDMQLML��

ơ�SLQHQ�OLPRQHQVNL� WLS� VH� RG� OLPRQHQVNRJ� UD]OLNXMH� WDNRĀH� X� YHýHP�EURMX� MHGLQMHQMD�� RG�

NRMLK�VX�QDM]QDÿDMQLML�OLPRQHQ���E��NDULRÀOHQ��JHUPDNUHQ�'��NDULRÀOHQ�RNVLG�L�PRQLO�RNVLG��

'RN�VH�ơ�SLQHQVNL�L�OLPRQHQVNL�WLS�UD]OLNXMX��L]PHĀX�RVWDOLK��L�QD�RVQRYX�ơ�SLQHQD��OLPRQHQD��

(E��NDULRÀOHQD��JHUPDNUHQD�'��Ƥ�NDGLQHQD�L�DELHWDOD��

'LVNULPLQDQWQD�DQDOL]D��'$�

'LVNULPLQDQWQD�DQDOL]D�ED]LUDQD�QD�WUL�SUHGORæHQD�KHPRWLSD�MH�WDNRĀH�XUDĀHQD��5H]XOWDWL�

'$�VX�SRWYUGLOL�MDVQR�RGYDMDQMH�WUL�SUHGORæHQD�KHPRWLSD��6OLND����������3UYD�RVD�REMDäQMDYD�

�������XNXSQH�YDULMDELOQRVWL��3RUHG�GYH�NRPSRQHQWH�NRMH�QDMYLäH�XWLÿX�QD�RGYDMDQMH�RYH�WUL�

JUXSH��L]GYDMD�VH�MRä�äHVW�NRPSRQHQWQL�NRML�GRSULQRVH�QMLKRYRP�RGYDMDQMX��NDULRÀOHQ�RNVLG��

Ƥ�NDU���HQ��Ƥ�NDGLQHQ��PDQRLO�RNVLG��JHUPDNUHQ�'��



Doktorska disertacija Rezultati

���

IX   III VIII  IV VII V I  II X XI VI XIII XII

Slika 4.2.15.� 6FDWWHU� SORG� GLVNULPLQDQWQH� DQDOL]H� VDVWDYD� HWDUVNRJ� XOMD� LJOLFD� -�� GHOWRLGHV�� 
 - OLPRQHQVNL�WLS�� ���ơ�SLQHQVNL�WLS�� ���ơ�SLQHQ�OLPRQHQVNL�WLS��

Slika 4.2.14.� 'HQGURJUDP� GRELMHQ�
NODVWHU� DQDOL]RP� �(XNOLGLDQRYH�
GLVWDQFH��83*0$��VDGUæDMD�WHUSHQD�
WULQDHVW�SRSXODFLMD�-��GHOWRLGHV�� 
 - OLPRQHQVNL�WLS��
���ơ�SLQHQVNL�WLS��
���ơ�SLQHQ�OLPRQHQVNL�WLS��

,���5RYLQM��,,���Senj,�,,,���.UXäHYR� 
,9� �� %HQNRYDF� V - đHYUVNH�� 9,�
- .RQMHYUDWH�� 9,,� �� 7URJLU�� 9,,,� ��
Makarska,�,;���åDQMLFH��;���9DOGDQRV� 
;,���3ÿLQMD��;,,���.RSDRQLN��;,,,���
0DJOLÿ��

3LH� FKDUW�XÿHVWDORVWL� WUL� KHPRWLSD�SR�
SRSXODFLML�MH�GDW�L]QDG�GHQGURJUDPD
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7DEHOD������3RUHĀHQMH����L]DEUDQLK�MHGLQMHQMD�L]PHĀX�WUL�KHPRWLSD�HWDUVNRJ�XOMD�-��GHOWRLGHV

No. -HGLQMHQMH p ơ�SLQHQVNL�WLS ơ�SLQHQVNL�
OLPRQHQVNL�WLS

OLPRQHQVNL�WLS

1 +H[DQDO * ������� �������a �������a

2 ơ�3LQHQH *** 41.3±7.5 17.3±8.0a 18.7±7.1a

� &DPSKHQH *** ������� �������a �������a

� Ƣ�3LQHQH *** ������� �������a �������a

5 0\UFHQH ** �������D�E �������E �������a

6 ơ�3KHODQGUHQH ** �������E �������D�E �������a

� Ƥ�&DU���HQH * �������E �������a �������D�E

� S�&\PHQH *** ������� �������a �������a

� /LPRQHQH *** 13.2±6.3 16.4±5.5 31.6±6.0
10 WUDQV�3LQRFDUYHRO - �������a �������a �������a

11 WUDQV�9HUEHQRO *** ������� �������a �������a

12 3LQRFDUYRQH ** �������E �������D�E �������a

�� 7HUSLQHQ���RO *** ������� �������a �������a

�� &\PHQ���RO *** ������� �������a �������a

15 (E��&DU\RSK\OOHQH *** ������� ������� �������
16 *HUPDFUHQH�' *** �������a �������a �������
�� DU�&XUFXPHQH - �������a �������a �������a

�� ��$ODVNHQH *** �������a ������� �������a

�� ơ�0XXUROHQH *** �������a ������� �������a

20 ��&XUFXPHQH - �������a �������a �������a

21 ƣ�&DGLQHQH *** �������a ������� �������a

22 Ƥ�&DGLQHQH *** 2.6±1.8 4.4±3.8a 4.2±2.2a

�� ơ�&RSDHQ����RO *** ������� �������a �������a

�� ơ�&DODFRUHQH *** ������� �������a �������a

25 ��&DODFRUHQH *** ������� �������a �������a

26 &DU\RSK\OOHQH�R[LGH *** 1.2±1.6a 4.2±4.7 1.6±2.4a

�� &HGURO *** �������a ������� �������a

�� ƴ�&DGLQRO *** �������a ������� �������a

�� ơ�&DGLQRO *** �������a ������� �������a

�� &DGDOHQH *** �������a ������� �������a

31 0DQR\O�R[LGH *** 2.1±1.7a 3.7±3.4 2.5±2.6a

�� $ELHWDWULHQH *** ������� ������� �������
�� $ELHWDGLHQH - �������E �������a �������D�E

�� ��HSL�$ELHWDO *** �������a �������a �������
�� $ELHWDO *** ������� �������a �������a

p��QLYR�]QDÿDMQRVWL�$129$���*** p<0.01, ** p<0.02, * p��������a,b���JUXSH�SUHPD�/6'�WHVWX�
NRMH�VH�VWDWLVWLÿNL�QH�UD]OLNXMX��NROLÿLQH�MHGLQMHQMD�VX�GDWH�NDR�VUHGQMH�YUHGQRVWL���6'��MHGLQMHQMD�
NRMD�VX�XYHN�ELOD�LVSRG������L�QLVX�SRND]DOD�VWDWLVWLÿNL�]QDÿDMQX�UD]OLNX�QLVX�SULND]DQD�X�WDEHOL
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4.3 Hloroplastne sekvence

������3&5�DPSOLÀNDFLMD�L�VHNYHQFLUDQMH�WDUJHW�UHJLRQD

þHWLUL� RG� äHVW� WHVWLUDQLK� KORURSODVWQLK� UHJLRQD� MH� XVSHäQR� 3&5� DPSOLÀNRYDQR� NRG�

LVSLWLYDQLK� SUHGVWDYQLND� URGD� -XQLSHUXV�� 5HJLRQL� WUQC�*&$��WUQD�*8&��� WUQL�8$$��WUQF�*$$���

WUQG�88&��WUQS�*&8��L�SVEA�WUQ+�*8*���NRML�VX�L�UDQLMH�LVSLWLYDQL�NRG�RYRJ�URGD��VX�XVSHäQR�3&5�

DPSOLÀNRYDQL��GRN�MH�DPSOLÀNDFLMD�UHJLRQD�USO���WUQL�8$*��L �·USV16��·WUQ.�ELOD�QHXVSHäQD� 

.RPSOHWQH�VHNYHQFH�UHJLRQD�WUQL�8$$�-WUQF�*$$��VX�JHQHULVDQH�NRG����RG����LQGLYLGXD�

������� UHJLRQD� SVEA�WUQ+�*8*� NRG����� LQGLYLGXH�RG����� ������� UHJLRQD� WUQG�88&�-WUQS�*&8� 

NRG�����LQGLYLGXD�RG������������GRN�VX�NRPSOHWQH������LOL�SDUFLMDOQH�����VHNYHQFH�UHJLRQD 

WUQC�*&$�-WUQD�*8&� JHQHULVDQH�NRG����RG���� LQGLYLGXD� �������äWR� MH�SUHGVWDYOMHQR�X�7DEHOL�

�����

7DEHOD������6SLVDN�LQGLYLGXD�L�WDNVRQD��VD�UH]XOWDWLPD�XWYUĀLYDQMD�SULPDUQRJ�UHGRVOHGD�QX-
NOHRWLGD�]D�����LQGLYLGXD�VHNFLMH�-XQLSHUXV�L���LQGLYLGXD�-��VDELQD�VD�%DONDQVNRJ�SROXRVWUYD�

Takson /RNDOLWHW D�� E� WUQC-WUQD SVEA-WUQ+ WUQG-WUQS WUQL-WUQF
F )L� )L� R F RF�

-��FRPPXQLV��YDU��FRPPXQLV 'HOLEODWR 2 f � � � � � � � �
-��FRPPXQLV��YDU��FRPPXQLV 'HOLEODWR � m � � � � � � � �
-��FRPPXQLV��YDU��FRPPXQLV 'HOLEODWR � f � � � � � � � �
-��FRPPXQLV��YDU��FRPPXQLV 'HOLEODWR 5 m � � - � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 'HOLEODWR 6 m - - - - � � - -

-��FRPPXQLV��YDU��FRPPXQLV .RSDRQLN 1 f � � � � � � � �
-��FRPPXQLV��YDU��FRPPXQLV .RSDRQLN 2 f - - - - - - � -

-��FRPPXQLV��YDU��FRPPXQLV .RSDRQLN � m - - - - - - � -

-��FRPPXQLV��YDU��FRPPXQLV .RSDRQLN � m � � � � � � � �
-��FRPPXQLV��YDU��FRPPXQLV .RSDRQLN 5 m � � � - � � � �
-��FRPPXQLV��YDU��FRPPXQLV .RSDRQLN 6 m - - - - � � � -

-��FRPPXQLV��YDU��FRPPXQLV 0DYURYR 1 m � � � - � � � �
-��FRPPXQLV��YDU��FRPPXQLV 0DYURYR 2 m - - - - � � - -

-��FRPPXQLV��YDU��FRPPXQLV 0DYURYR � m � � - � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 0DYURYR 5 m � � � � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 0DYURYR 6 m - - - - - - � -
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Takson /RNDOLWHW D�� E� WUQC-WUQD SVEA-WUQ+ WUQG-WUQS WUQL-WUQF
F )L� )L� R F RF�

-��FRPPXQLV��YDU��FRPPXQLV 1HUHWYD 1 m � � � � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 1HUHWYD 2 m � � � - � � � -

-��FRPPXQLV��YDU��FRPPXQLV 1HUHWYD � m � � � � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 1HUHWYD � m � � - - � - � -

-��FRPPXQLV��YDU��FRPPXQLV 1HUHWYD 5 f - - - - � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6OXQM 1 � � � � � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6OXQM 2 � - - - - � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6OXQM � � - - - - � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6OXQM 5 � - - - - � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6OXQM 6 � � � � � � � � �
-��FRPPXQLV��YDU��FRPPXQLV 6XYD�SODQLQD 1 f � � � � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6XYD�SODQLQD 2 f � � � � � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6XYD�SODQLQD � f - - - - � � � -

-��FRPPXQLV��YDU��FRPPXQLV 6XYD�SODQLQD � f - - - - � � - -

-��FRPPXQLV��YDU��FRPPXQLV 6XYD�SODQLQD 5 f � � � � - - � -

-��FRPPXQLV��YDU��LQWHUPHGLD 0DYURYR 1 m � � � � � � � �
-��FRPPXQLV��YDU��LQWHUPHGLD 0DYURYR 2 m � � � � � � � �
-��FRPPXQLV��YDU��LQWHUPHGLD 0DYURYR � m � � � � � � � �
-��FRPPXQLV��YDU��LQWHUPHGLD 0DYURYR � m � � � � � � � -

-��FRPPXQLV��YDU��LQWHUPHGLD 0DYURYR 5 m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV %LRNRYR 1 f - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV %LRNRYR 2 f � � � � � � � �
-��FRPPXQLV��YDU��VD[DWLOLV %LRNRYR � f - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV %LRNRYR � m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV %LRNRYR 5 m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV .RSDRQLN 1 m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV .RSDRQLN 2 f � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV .RSDRQLN � m - - - - - - � -

-��FRPPXQLV��YDU��VD[DWLOLV .RSDRQLN 5 m - - - - - - � -

-��FRPPXQLV��YDU��VD[DWLOLV .RSDRQLN 6 m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 0DYURYR 1 m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 0DYURYR 2 m - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 0DYURYR � m - - - - � - � -

-��FRPPXQLV��YDU��VD[DWLOLV 0DYURYR 5 m - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 0DYURYR 6 m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Prenj 1 m - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Prenj 2 f - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Prenj � m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Prenj � f � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Prenj 5 f � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Orjen 1 � � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Orjen 2 � - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Orjen � � - - - - � � � -

QDVWDYDN�WDEHOH�����
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���

Takson /RNDOLWHW D�� E� WUQC-WUQD SVEA-WUQ+ WUQG-WUQS WUQL-WUQF
F )L� )L� R F RF�

-��FRPPXQLV��YDU��VD[DWLOLV Orjen � � � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV Orjen 5 � - - - - - - � -

-��FRPPXQLV��YDU��VD[DWLOLV 6XYD�SODQLQD 1 m - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 6XYD�SODQLQD 2 m � � - � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 6XYD�SODQLQD � m - - - - � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 6XYD�SODQLQD � m � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 6XYD�SODQLQD 5 m - - - - - - � -

-��FRPPXQLV��YDU��VD[DWLOLV 6XYD�SODQLQD 6 f - - - - � � � �
-��FRPPXQLV��YDU��VD[DWLOLV 9HOHELW 2 m - - - - � � � �
-��FRPPXQLV��YDU��VD[DWLOLV 9HOHELW � f � � � � � � � �
-��FRPPXQLV��YDU��VD[DWLOLV 9HOHELW � f � � � � � � � -

-��FRPPXQLV��YDU��VD[DWLOLV 9HOHELW 5 f � � � � � � � �
-��FRPPXQLV��YDU��VD[DWLOLV 9HOHELW 6 f - - - - � � � -

-��PDFURFDUSD .ULW 10 m - - - - � - - -

-��PDFURFDUSD .ULW 2 m - - - - � - - -

-��PDFURFDUSD .ULW � f - - - - � - � �
-��PDFURFDUSD .ULW � m - - - - � - - -

-��PDFURFDUSD .ULW 5 m � - - � � - � �
-��PDFURFDUSD .ULW � m � - - � � - - �
-��PDFURFDUSD .ULW � m � - - � � - � �
-��PDFURFDUSD .ULW � f - - - - � - - -

-��PDFURFDUSD 7URJLU 1 f - - - - � - � �
-��PDFURFDUSD 7URJLU 2 f � � � � � - - �
-��PDFURFDUSD 7URJLU � f � � � � � - � �
-��PDFURFDUSD 7URJLU � f � � � � � - - �
-��PDFURFDUSD 7URJLU 5 f - - - - � - � -

-��GHOWRLGHV %HQNRYDF 1 � � � � � � � � �
-��GHOWRLGHV %HQNRYDF 2 � � � � � � � � �
-��GHOWRLGHV %HQNRYDF � � - - - - � � � �
-��GHOWRLGHV %HQNRYDF � � � � � � � � � �
-��GHOWRLGHV %HQNRYDF 5 � - - - - - - � -

-��GHOWRLGHV .ULW 1 m � � � � � � � �
-��GHOWRLGHV .ULW 2 m � � � � � � � -

-��GHOWRLGHV .ULW � m � � � � � � � -

-��GHOWRLGHV .ULW � m - - - - � � � �
-��GHOWRLGHV .ULW 5 m - - - - � � � �
-��GHOWRLGHV .RSDRQLN 1 m - - - - � � - -

-��GHOWRLGHV .RSDRQLN 2 m - - - - � � - -

-��GHOWRLGHV .RSDRQLN � f - - - - � � - -

-��GHOWRLGHV .RSDRQLN � f - - - - � � - -

-��GHOWRLGHV .RSDRQLN 5 m - - - - � � - -

QDVWDYDN�WDEHOH�����



Doktorska disertacija Rezultati

���

Takson /RNDOLWHW D�� E� WUQC-WUQD SVEA-WUQ+ WUQG-WUQS WUQL-WUQF
F )L� )L� R F RF�

-��GHOWRLGHV 0DJOLF 1 m � � � � � � � �
-��GHOWRLGHV 0DJOLF 2 f � � � � � � � �
-��GHOWRLGHV 0DJOLF 5 m � � � � � � � �
-��GHOWRLGHV 0DJOLF � m - - - - � - � -

-��GHOWRLGHV 3FLQMD 1 m - - - - � - � �
-��GHOWRLGHV 3FLQMD 2 m � � � � � - � �
-��GHOWRLGHV 3FLQMD � f - - - - � - � �
-��GHOWRLGHV 3FLQMD � f - - - - � - � -

-��GHOWRLGHV 3FLQMD 5 f - � � � � - � -

-��GHOWRLGHV 5DHF 1 m � � � - � - � �
-��GHOWRLGHV 5DHF � m - - - - � � � �
-��GHOWRLGHV 5DHF � f � � � � � � � �
-��GHOWRLGHV 5DHF � m - - - - � � - -

-��GHOWRLGHV 5DHF � f - - - - � � - -

-��GHOWRLGHV 5RYLQM 1 m � � � � � - � -

-��GHOWRLGHV 5RYLQM 2 m � � � � � - � �
-��GHOWRLGHV 5RYLQM � m � � � � � - � -

-��GHOWRLGHV 5RYLQM � m � � � � � - � �
-��GHOWRLGHV 5RYLQM 5 m - - - - � - � -

-��GHOWRLGHV 7URJLU 1 � � � � � � - - �
-��GHOWRLGHV 7URJLU 2 � � � � � � - - �
-��GHOWRLGHV 7URJLU � � � � � � � - - �
-��GHOWRLGHV 7URJLU � � - - - - � - - -

-��GHOWRLGHV 9ODGDQRV 1 f - - - - � - � -

-��GHOWRLGHV 9DOGDQRV 2 f - - - - � - � -

-��GHOWRLGHV 9DOGDQRV � f - - - - � - � �
-��GHOWRLGHV 9DOGDQRV 5 f - - - - - - � -

-��GHOWRLGHV 9DOGDQRV 6 f - � � � � - � -

-��GHOWRLGHV 9DOGDQRV � f - - - - - - � -

-��VDELQD 5HVDYD 1 m - - - - � - � -

-��VDELQD 5HVDYD 2 � � � - � � - � -

-��VDELQD 5HVDYD � m � � - � � - � -

-��VDELQD 5HVDYD � � - - - - � - � -

-��VDELQD 5HVDYD 5 m � � - � � - � -

Ukupno �� �� 62 68 123 97 113 46

D��EURM� LQGLYLGXH�� E��SRO� LQGLYLGXH��P���PXäNL�� f  ��æHQVNL��Fi1, Fi2� �� LQWHUQL�SUDMPHUL�� F� kod 
LGLYLGXD�-��GHOWRLGHV�L]�5RYLQMD��7URJLUD��9DOGDQRVD��NDR�L�NRG�-��PDFURFDUSD�L�-��VDELQD�XWYUĀHQ�MH�
SULPDUQL�UHGRVOHG�QXNOHRWLGD�VD�)�SUDMPHURP

QDVWDYDN�WDEHOH�����



Doktorska disertacija Rezultati

���

1DMGXæL�LVSLWLYDQL�UHJLRQ�MH�WUQC(GCA��WUQD�*8&���NRG�NRMHJ�MH�SULPDUQD�VHNYHQFD�QXNOHRWLGD�

NRG�SUHGVWDYQLND�URGD�-XQLSHUXV�XWYUĀHQD�VHNYHQFLUDQMHP�VD���SUDMPHUD�]ERJ�L]X]HWQH�GXæLQH�

UHJLRQD��MHGDQ�)��MHGDQ�5�L�GYD�LQWHUQD�SUDMPHUD���.RG�LQGLYLXGD�NRG�NRMLK�MH�VHNYHQFLUDQMH�

XVSHOR� VD� VYLP�SUDMPHULPD� ����� GXæLQD� VHNYHQFH� MH� YDULUDOD� RG� �����GR� �����ES�� GRN� VX�

NRG���LQGLYLGXD�GRELMHQH�SDUFLMDOQH�VHNYHQFH�GXJH�RG������GR������ES��VHNYHQFLUDQMH�VD���

SUDMPHUD���.RG�-��FRPPXQLV�����LQGLYLGXD��GXæLQD�GRELMHQLK�VHNYHQFL�MH�YDULUDOD�RG������GR�

�����ES��RVLP�]D�GYH�LQGLYLGXH�NRG�NRMLK�VX�GRELMHQH�NUDýH�SDUFLMDOQH�VHNYHQFH��-��FRPPXQLV�

YDU��FRPPXLQLV��0DYURYR��L�1HUHWYD����.RG�-��GHOWRLGHV�����LQGLYLGXD��GXæLQD�GRELMHQLK�VHNYHQFL�

MH�YDULUDOD�RG������GR������ES��RVLP�NRG� LQGLYLGXD�3ÿLQMD���5DHF�� L�9DOGDQRV��NRG�NRMLK�

VX�GRELMHQH�NUDýH�SDUFLMDOQH�VHNYHQFH��.RG�-��PDFURFDUSD����LQGLYLGXD��GRELMHQH�VX�VHNYHQFH�

GXæLQH�����������ES��GRN�VX�NRG�DXWJUXSH�-�� VDELQD� ��� LQGLYLGXH��GRELMHQH�VHNYHQFH�GXJH�

����������ES��

'XæLQD� SRUDYQDWRJ� WUQC(GCA��WUQD�*8&�� UHJLRQD� NRG� ��� LQGLYLGXD� SUHGVWDYQLND� URGD�

-XQLSHUXV�MH������ES��8�UHJLRQX�SRVWRML����SR]LFLMH�VD�VXSVWLWXFLMDPD�ED]D�����X�QHNRGLUDMXýLP�

UHJLRQLPD����X�NRGLUDMXýLP�UHJLRQLPD��NDR�L����GXæLQVNH�PXWDFLMH�����LQGHOD�L���PLNURVDWHOLWD�

VD� PRQRQXNOHRWLGQLP� PRWLYLPD�� NDR� L� MHGDQ� VORæHQL� KLSHUYDULMDELOQL� UHJLRQ� VD� SROL�7�

UHJLRQLPD�QD�SRÿHWNX�L�NUDMX�UHJLRQD��NRML�VX�LPDOL�YDULMDELOQL�EURM�7�QXNOHRWLGD�� L� LQVHUFLMH�

YDULMDELOQH�GXæLQH�NRG�UD]OLÿLWLK�WDNVRQD���'HWHNWRYDQR�MH����SDUVLPRQ\�LQIRUPDWLYH�VLWH�PXWDFLMD�

���� WUDQ]LFLMD� L� ��� WUDQVYHU]LMD��� NDR� L� ��� VLQJOHWRQ�PXWDFLMD� ��� WUDQ]LFLMH� L� �� WUDQVYHU]LMD���8�

UHJLRQX�SRVWRML����MHGQRVWDYQLK�LQGHOD�GXæLQH���GR���ES��NDR�L���VORæHQLK�LQGHOD�ÿLMD�GXæLQD�VH�

NUHWDOD�RG���GR�����ES�D�NRML�REXKYDWDMX�L�QDYHGHQL�KLSHUYDULMDELOQL�UHJLRQ��X�RNYLUX�VORæHQLK�

LQGHOD�L�KLSHUYDULMDELOQRJ�UHJLRQD�SRVWRMH�GRGDWQL�LQGHOL��NDR�L�GRGDWQL�PLNURVDWHOLWL�L�WDÿNDVWH�

PXWDFLMH�X�GHORYLPD�VD�LQVHUFLMDPD��WDNR�GD�MH�EURM�PXWDFLMD�X�RYRP�UHJLRQX�]DSUDYR�YHýL�RG�

QDYHGHQRJ�NRG�SRMHGLQLK�WDNVRQD���3RUHG�WRJD��X�UHJLRQX�MH�GHWHNWRYDQR�L���PLNURVDWHOLWD�

PRQXNOHRWLGQLK�PRWLYD��$�
n
�L��7�

n
��NRG�NRMLK�VH�EURM�SRQRYDND�PRWLYD�NUHWDR�RG���GR�����

'XæLQD�SVEA�WUQ+�*8*��UHJLRQD��VHNYHQFLUDQRJ�VD�GYD�SUDMPHUD��)�L�5���MH�YDULUDOD�RG�����

GR�����ES�NRG�����LQGLYLGXH�SUHGVWDYQLND�URGD�-XQLSHUXV. Kod -��FRPPXQLV��GXæLQD�JHQHULVDQLK�

VHNYHQFL�VH�NUHWDOD�RG�����GR�����ES�NRG�����LQGLYLGXD��.RG�MHGQH�LQGLYLGXH�MH�]ERJ�QHäWR�

ORäLMHJ�NYDOLWHWD�VHNYHQFH��-��FRPPXQLV�YDU��VD[DWLOLV��0DYURYR���GRELMHQD�QHäWR�NUDýD�VHNYHQFD�

�����ES���.RG���� LQGLYLGXD� -�� GHOWRLGHV�GXæLQD�SVEA�WUQ+�*8*�� UHJLRQD� VH�NUHWDOD�RG�����GR�

����ES��NRG����LQGLYLGXD�-��PDFURFDUSD�RG�����GR�����ES��GRN�MH�GXæLQD�QDYHGHQRJ�UHJLRQD�

NRG���LQGLYLGXD�-��VDELQD�ELOD�QDMYHýD�L�L]QRVLOD�MH�����ES��
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���

'XæLQD� SRUDYQDWRJ� SVEA�WUQ+�*8*�� UHJLRQD� NRG� ���� LQGLYLGXH� SUHGVWDYQLND� URGD�

-XQLSHUXV� MH� ���� ES�� 8� UHJLRQX� SRVWRML� ��� SR]LFLMD� VD� VXSVWLWXFLMDPD� ED]D� L� �� GXæLQVNLK�

PXWDFLMD� ��� LQGHOD� L� �� PLNURVDWHOLWD� VD� PRQRQXNOHRWLGQLP� PRWLYRP��� 'HWHNWRYDQD� MH�

jedna VLQJOHWRQ� WDÿNDVWD� PXWDFLMD� �WUDQ]LFLMD�� NDR� L� GHYHW� SDUVLPRQ\� LQIRUPDWLYH� VLWH� PXWDFLMD� 

���WUDQ]LFLMD��L���WUDQVYHU]LMH���7DNRĀH��GHWHNWRYDQD�VX���LQGHOD�������ES��NDR�L���PLNURVDWHOLWD�

VD�PRQRQXNOHRWLGQLP�PRWLYRP��$�
n
��NRG�NRMLK�VH�EURM�SRQRYDND�PRWLYD�NUHWDR���GR�����

'XæLQD� GRELMHQLK� VHNYHQFL� ]D� UHJLRQ� WUQG�88&��WUQS�*&8��� VHNYHQFLUDQ� NRULäýHQMHP� )�

SUDMPHUD��MH�YDULUDOD�RG�����GR�����ES�NRG�����LVSLWLYDQLK�LQGLYLGXD��1DMNUDýH�VHNYHQFH�VX�

GRELMHQH�NRG����LQGLYLGXD�-��FRPPXQLV����������ES���D�QHäWR�GXæH�NRG���LQGLYLGXD�-��PDFURFDUSD 

���������ES������LQGLYLGXH�-��GHOWRLGHV����������ES��L���LQGLYLGXD�-��VDELQD����������ES��NRMD�MH�

NRULäýHQD�NDR�DXWJUXSD��

'XæLQD� SRUDYQDWRJ� UHJLRQD� WUQG�88&��WUQS�*&8�� NRG� ���� LQGLYLGXD� SUHGVWDYQLND� URGD�

-XQLSHUXV�MH�����ES��8�UHJLRQX�SRVWRML�VHGDP�SR]LFLMD�VD�VXSVWLWXFLMDPD�ED]D�L�VHGDP�GXæLQVNLK�

PXWDFLMD� ��� LQGHOD� L� �� PLNURVDWHOLWD� VD� PRQRQXNOHRWLGQLP�PRWLYRP��� 'HWHNWRYDQH� VX� WUL�

VLQJOHWRQ� WDÿNDVWH�PXWDFLMH� �VYH�WUL� WUDQVYHU]LMH��NDR� L�ÿHWLUL�SDUVLPRQ\� LQIRUPDWLYH� VLWH� WDÿDNDVWH�

PXWDFLMH��SR�GYH�WUDQ]LFLMH�L�WUDQVYHU]LMH���'HWHNWRYDQR�MH�SHW�LQGHOD�GXæLQH���GR����ES��L�GYD�

VODER�YDULMDELOQD�PLNURVDWHOLWD�PRWLYD��7�
n
�L��$�

n
�NRG�NRMLK�VH�EURM�SRQRYDND�PRWLYD�NUHWDR�

RG���GR����

1DMNUDýL�LVSLWLYDQL�UHJLRQ�MH�WUQL(UAA��WUQF�*$$���ÿLMD�MH�GXæLQD�YDULUDOD�RG�����GR�����ES�

NRG����LQGLYLGXD��1DMNUDýH�VHNYHQFH�VX�GRELMHQH�NRG���MHGLQNH�-��FRPPXQLV�YDU��LQWHUPHGLD sa 

.RUDED��0DYURYR�������ES���GRN�VX�NRG���MHGLQNL�-��FRPPXQLV�YDU��FRPPXQLV�L���MHGLQNL�YDU��VD[DWLOLV 

VHNYHQFH�ELOH�����ES�GXJH��.RG����LQGLYLGXH�-��GHOWRLGHV�MH�GXæLQD�LVSLWLYDQRJ�UHJLRQD�YDULUDOD�

RG�����GR�����ES��GRN�VX�QDMGXæH�VHNYHQFH�GRELMHQH�NRG���LQGLYLGXD�-��PDFURFDUSD��7URJLU��

����ES��.ULW������ES���.RG�MHGLQNH�-��PDFURFDUSD�.ULW��VHNYHQFD�MH�ELOD�GXJD�����ES�

'XæLQD� SRUDYQDWRJ� UHJLRQD� WUQL(UAA��WUQF�*$$�� NRG� ��� LQGLYLGXD� SUHGVWDYQLND� VHNFLMH�

-XQLSHUXV�MH�����ES��8�FHORP�UHJLRQX�SRVWRMH�VDPR���SR]LFLMH�VD�VXSVWLWXFLMDPD�ED]D����WUDQ]LFLMH�

L���WUDVYHU]LMD��NDR�L���GXæLQVNLK�PXWDFLMD�NRMH�REXKYDWDMX���LQVHUFLMH����GR����ES���SR]LFLMX�

VD� LQVHUFLMDPD� UD]OLÿLWLK� PRWLYD�� L� SR]LFLMX� VD� PXOWLSOLNDFLMDPD� PRWLYD� RG� ��� QXNOHRWLGD�

�SRQRYROMHQ���GR���SXWD���

=D�GDOML�UDG�VX�NRULäýHQH�VHNYHQFH�VYD���LVSLWLYDQD�UHJLRQD�NRG����MHGLQNL�VHNFLMH�-XQLSHUXV 

NDR�L���MHGLQNH�-��VDELQD��DXWJUXSD���NRMH�VX�VSRMHQH�X�MHGQX�]DMHGQLÿNX�PDWULFX�L�SRUDYQDWH��

'XæLQD�SRUDYQDWH�PDWULFH�MH������ES��VD����SR]LFLMD�VD�VXSVWLWXFLMDPD�ED]D��NDGD�VH�X]LPDMX�
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���

X�RE]LU�L�VXSVWLWXFLMH�X�LQVHUFLMDPD�NRMH�SRVWRMH�VDPR�NRG�QHNLK�DOL�QH�VYLK�LQGLYLGXD��EURM�

SR]LFLMD� VD� VXSVWLWXFLMDPD�ED]H� MH� ]QDWQR�YHýL��� ���SURVWD� L� VORæHQD� LQGHOD� �������ES�� NDR�

L����PLNURVDWHOLWD�PRWLYD� �$�
n
� LOL� �7�

n
��.DUDNWHULVWLNH� VHNYHQFLUDQLK� UHJLRQD�VD�YDULMDELOQLP�

PHVWLPD�VX�GDWH�X�7DEHOL�������

,QWUDSRSXODFLRQD�YDULMDELOQRVW�QD�QLYRX�KDSORWLSRYD��KORURSODVWQLK�VHNYHQFL�VDVWDYOMHQLK�

RG�VHNYHQFL�VYD���LVSLWLYDQD�UHJLRQD�NRG�LVSLWLYDQLK�LQGLYLGXD���LDNR�PDOD��XRÿHQD�MH�X�VYLP�
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3R]LFLMD 2]QDND 6HNYHQFD
������ * AACTT

�������� * TATCTCTAGTAATTA

506..520 * ATTCATTAATTATTT

�������� * ATTTT

�������� D GCCTTTACAATTGACAATTTTGTATATTACTATGGAATAGTAAA-

CAATGCGTATTCGTATTATCAATATTTTTTGAGATATTAAAAAAA-
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���������� * AATGCTGTCTTTTACCCTTTTT

7DEHOD�����D�3UHJOHG�LQVHUFLMD�GHOHFLMD�SULVXWQLK�X PDWULFL���KORURSODVWQRJ�UHJLRQD�VHNYHFLUD-
QLK�NRG�LQGLYLGXD�VHNFLMH�-XQLSHUXV�VD�%DONDQVNRJ�SROXRVWUYD�L�DXWJUXSH�-��VDELQD�
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�������.DUDNWHULVWLNH�VHNYHQFLUDQLK�UHJLRQD

$QRWDFLMD�PDWULFH� QDVWDOH� NRPELQRYDQMHP� VYD� ÿHWLUL� VHNYHQFLUDQD� KORURSODVWQD� UHJLRQD�
LVSLWLYDQLK�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV�NDR�L�-��VDELQD��DXWJUXSD��MH�GDWD�X�7DEHOL�������DQRWDFLMD�
UHJLRQD� L� QMLKRYLK� NRGLUDMXýLK� L� QHNRGLUDMXýLK� UHJLRQD�� L� 7DEHOL� ����� �DQRWDFLMD� UHJLRQD� VD�
SR]LFLMDPD�PXWDFLMD���D�X�7DEHOL������VX�VXPLUDQH�PXWDFLMH�X�UHJLRQLPD��VXEVWLWXFLMH�ED]D��
GXæLQVNH�PXWDFLMH�L�PLNURVDWHOLWL��VD�QDYRĀHQMHP�PXWDFLMD�NRMH�VX�VLQDSRPRUIQH�]D�RGUHĀHQH�
taksone. 

5HJLRQ /RNDFLMD 2SLV 3URGXNW
WUQC�*&$��WUQD�*8&� ������ LQWHUJHQVNL�VSHMVHU�WUQC�SHWN

�������� gen petN VXEMHGLQLFD�9,,,�FLWRKURP�
%��)�NRPSOHNVD

��������� LQWHUJHQVNL�VSHMVHU�petN�SVEM
���������� gen SVEM SURWHLQ�0�IRWRVLVWHPD�,,
���������� LQWHUJHQVNL�VSHMVHU�SVEM�WUQD
���������� �·�deo gena WUQD�*8&� W51$���DVSDUDJLQVND�NLV�

SVEA�WUQ+�*8*� ���������� �·�GHR�JHna SVEA SURWHLQ�'���IRWRVLVWHP�,,
���������� LQWHUJHQVNL�VSHMVHU�SVEA�WUQI�&$8�

���������� QHIXQNFLRQDOQL gen WUQI�&$8� W51$���L]ROHXFLQ
���������� LQWHUJHQVNL�VSHMVHU�WUQI�&$8�-WUQ+
���������� �·�deo gena WUQ+�*8*� W51$���KLVWLGLQ

WUQG�88&��WUQS�*&8� ���������� LQWHUJHQVNL�VSHMVHU�WUQG�SVDM
���������� gen SVDM SURWHLQ�0��IRWRVLVWHP�,
���������� LQWHUJHQVNL�VSHMVHU�SVDM�WUQS
���������� deo gena WUQS�*&8� W51$���VHULQ

WUQL�8$$��WUQF�*$$� ���������� LQWHUJHQVNL�VSHMVHU�WUQL�WUQF
���������� �·�GHR�JHQD�WUQF�*$$� W51$���IHQLODODQLQ

7DEHOD� ����� ²� $QRWDFLMD� PDWULFH� VDVWDYOMHQH� NRPELQRYDQMHP� VHNYHQFL� VYD� �� JHQHULVDQD�
KORURSODVWQD�UHJLRQD�RGDEUDQLK�SRSXODFLMD�YUVWD�VHNFLMH�-XQLSHUXV�VD�%DONDQVNRJ�SROXRVWUYD
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*HQHULVDQH� KORURSODVWQH� VHNYHQFH� VYD� �� UHJLRQD� VX� XSRUHĀHQH� VD� RGJRYDUDMXýLP�

UHIHUHQWQLP� VHNYHQFDPD�� .DR� UHIHUHQWQH� VHNYHQFH� NRULäýHQH� VX� RGJRYDUDMXýH� VHNYHQFH�

KORURSODVWQRJ�JHQRPD�-��YLUJLQLDQD�ÿLML�NRPSOHWDQ�KORURSODVWQL�JHQRP�MH�GRVWXSDQ�X�MDYQRM�

EDQFL�JHQD�*HQ%DQN��DFFHVVLRQ�.)�����������*XR�HW�DO�����������-��YLUJLQLDQD�MH�RGDEUDQD�NDR�

UHIHUHQWQL�WDNVRQ�]ERJ�WRJD�äWR�VH�UDGL�R�YUVWL�äLURNR�UDVSURVWUDQMHQRM�X�6HYHUQRM�$PHULFL�GRN�

VX�SUHRVWDOH�WUL�YUVWH��]D�NRMH�VX�WDNRĀH�GRVWXSQL�NRPSOHWQL�SODVWRPL��HQGHPLWL��3RUHG�WRJD��

SURYHUHQD�MH�NRPSOHPHQWDUQRVW�QXNOHRWLGD�PDWULFH��UHIHUHQWQL�WDNVRQ��QD�PHVWLPD�YH]LYDQMD�

SUDMPHUD�NRULäýHQLK�]D�DPSOLÀNDFLMX� VYLK� UHJLRQD� �USO���WUQL�8$*����·USV����·WUQK�� WUQC�*&$�-

WUQD�*8&�,�WUQL�8$$�-WUQF�*$$�,�WUQG�88&�-WUQS�*&8� L�SVEA-WUQ+�*8*����3RWUHEQR�MH�QDSRPHQXWL�GD�

MH�RULMHQWDFLMD�JHQHULVDQLK�VHNYHQFL���UHJLRQD��WUQG�88&�-WUQS�*&8� L�SVEA-WUQ+�*8*���X�RGQRVX�

QD� UHIHUHQWQX� VHNYHQFX� ELOD� LGHQWLÿQD�� GRN� VX� VHNYHQFH� �� UHJLRQD� �WUQC�*&$�-WUQD�*8&�� L� 

WUQL�8$$�-WUQF�*$$���ELOH�X�DQWLVHQVH�UHYHUVH�RULMHQWDFLML�X�RGQRVX�QD�UHIHUHQWQX�VHNYHQFX�

trnC�*&$�-trnD(GUC) 

3UDMPHUL� NRULäýHQL� ]D� DPSOLÀNDFLMX� RYRJ� UHJLRQD� VH� YH]XMX� X� �·� NUDMX� WUQC�*&$�� �)��

odnosno WUQD�*8&���5��JHQD�UHIHUHQWQRJ�WDNVRQD��1LVX�XRÿHQH�PXWDFLMH�X�PHVWLPD�YH]LYDQMD�

RYLK� SUDMPHUD�� *HQHULVDQL� WUQC(GCA��WUQD�*8&�� UHJLRQ� REXKYDWD� WUL� LQWHUJHQVND� VSHMVHUD� 

(WUQC�SHWN��SHWN�SVEM��SVEM�WUQ'���GYD�NRPSOHWQD�JHQD��petN��SVE0��NDR�L��·�NUDM�WUQD gena. 

.RG�UHIHUHQWQH�VHNYHQFH��GXæLQH�LQWHUJHQVNLK�VSHMVHUD�VX�ELOH��UHGRP�����������L�����ES��GRN�

VX�JHQL�GXJL���������RGQRVQR����ES��

3ULPDUQL� UHGRVOHG� QXNOHRWLGD� pet1� JHQD�� ÿLMD� GXæLQD� NRG� UHIHUHQWQRJ� WDNVRQD�

L]QRVL� ��� ES�� MH� ELR� LGHQWLÿDQ� NRG� JRWRYR� VYLK� LVSLWLYDQLK� WDNVRQD� NDR� L� NRG� UHIHUHQWQRJ�

WDNVRQD��0HĀXWLP�� NRG� GYH� LQGLYLGXH� �-�� FRPPXQLV� YDU�� VD[DWLOLV��.RSDRQLN�� L� -�� PDFURFDUSD�

.ULW���VX�GHWHNWRYDQH�ÿHWLUL�PXWDFLMH��.RG�VSRPHQXWH� LQGLYLGXH�-�� FRPPXQLV�YDU�� VD[DWLOLV� je 

GHWHNWRYDQD�MHGQD�WDÿNDVWD�PXWDFLMD��$�Ⱥ�*��QD�SR]LFLML����X�JHQX��V�RE]LURP�GD�MH�QDYHGHQL�

UHJLRQ�X� DQWLVHQVH�UHYHUVH�RULMHQWDFLML� X�RGQRVX�QD� UHIHUHQWQX� VHNYHQFX��X�PDWULFL�SRVWRML�

PXWDFLMD�7�Ⱥ�&�QD�SR]LFLML�������äWR�]D�SRVOHGLFX�LPD�]DPHQX�MHGQH�DPLQRNLVHOLQH�GUXJRP�

�WUHRQLQ�Ⱥ�DODQLQ���.RG�LQGLYLGXH���-��PDFURFDUSD�VD�.ULWD�VX�GHWHNRYDQH�WUL�PXWDFLMH��$�Ⱥ�7��

QD�SR]LFLML����X�JHQX��SR]LFLMD�����X�PDWULFL��PXWDFLMD�7�Ⱥ�$���NRMD�]D�SRVOHGLFX�LPD�]DPHQX�

MHGQH�DPLQRNLVHOLQH��WUHRQLQ�Ⱥ�VHULQ���$�Ⱥ�7�QD�SR]LFLML����X�JHQX��SR]LFLMD�����X�PDWULFL��

PXWDFLMD�7�Ⱥ�$���NRMD�]D�SRVOHGLFX�LPD�]DPHQX�WDNRĀH�]DPHQX�WUHRQLQ�Ⱥ�VHULQ��7�Ⱥ�*�QD�

SR]LFLML����X�JHQX��SR]LFLMD�����X�PDWULFL��PXWDFLMD�$�Ⱥ�&���NRMD�]D�SRVOHGLFX�LPD�]DPHQX�
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DPLQRNLVHOLQH�WLUR]LQ�Ⱥ�DVSDUWDW��3URL]YRG�RYRJ�JHQD� MH�VXEMHGLQLFD�9,,,�FLWRKURP�%��)�

NRPSOHNVD��

Kod SVE0�JHQD��NRML�NRGLUD�SURWHLQ�0�IRWRVLVWHPD�,,� L� ÿLMD�GXæLQD�NRG� UHIHUHQWQRJ�

WDNVRQD�L]QRVL�����ES��VX�GHWHNWRYDQH�ÿHWLUL�WDÿNDVWH�PXWDFLMH��.RG�MHGLQNH�-��PDFURFDUSD�.ULW��

SRVWRML� MHGQD� VLOHQW�PXWDFLMD� QD� SR]LFLML� ��� X� JHQX� �QH� GROD]L� GR� ]DPHQH� DPLQRNLVHOLQH� X�

SURWHLQX��7�Ⱥ�&���D�X�PDWULFL� VH�RYD�PXWDFLMD�QDOD]L�QD�SR]LFLML������ �PXWDFLMD�$�Ⱥ�*���

.RG�VYLK�LVSLWLYDQLK�MHGLQNL�SRVWRML�PXWDFLMD�QD�SR]LFLML����X�JHQX��7�Ⱥ�*���SR]LFLMD������X�

PDWULFL��PXWDFLMD�$�Ⱥ�&��NRMD�]D�SRVOHGLFX�LPD�]DPHQX�MHGQH�DPLQRNLVHOLQH�X�SURWHLQX�NRML�

MH�NRGLUDQ�RYLP�JHQRP��YDOLQ�Ⱥ�DODQLQ���,�NRQDÿQR��NRG�VYLK� LVSLWLYDQLK� LQGLYLGXD�VHNFLMH�

-XQLSHUXV�SRVWRML�PXWDFLMD�QD�SR]LFLML�����X�JHQX��&�Ⱥ�7��RGQRVQR������X�PDWULFL��*�Ⱥ�$��

NRMD�]D�SRVOHGLFX�LPD�]DPHQX�WUHRQLQD�L]ROHXFLQRP��.RG�LQGLYLGXH�-��FRPPXQLV�YDU��FRPPXQLV 

'HOLEODWR��VX�GHWHNWRYDQH�GYH�PXWDFLMH� �$�Ⱥ�7��QD�SR]LFLMDPD���� L����X�JHQX��RGQRVQR�

PXWDFLMH� 7�Ⱥ�$� QD� SR]LFLMDPD� ����� L� ����� X�PDWULFL�� UHVSHNWLYQR��PHĀXWLP� ]ERJ� ORäHJ�

NYDOLWHWD�VHNYHQFH�QLMH�PRJXýH�XWYUGLWL�GD�OL�MH�GRäOR�GR�]DPHQH�DPLQRNLVHOLQD��

,QWHUJHQVNL�VSHMVHU�WUQC�*&$�-pet1��ÿLMD�GXæLQD�NRG�UHIHUHQWQRJ�WDVNRQD�L]QRVL�����ES��

MH�VDPR�GHOLPLÿQR�DPSOLÀNRYDQ���·�NUDM�GXæLQH�����ES���8�JHQHULVDQLP�VHNYHQFDPD�RYRJ�

VSHMVHUD� MH� GHWHNWRYDQR� �� SR]LFLMD� VD� VXSVWLWXFLMDPD� ED]D�� �� LQGHOD� ��� GR� ��� ES�� L� MHGDQ�

PLNURVDWHOLW� VD�PRQRQXNOHRWLGQLP�PRWLYRP�7� ���� GR� ��� SRQRYDND�� �����������0HĀXWLP��

QDYHGHQL�PLNURVDWHOLW�VDGUæL�GRGDWQH�PXWDFLMH�WLPLQD�X�FLWR]LQ�QD�GYH�SR]LFLMH�NRG�LQJUXSH��

L� QD� MHGQRM� SR]LFLML� �7�Ⱥ�$�� NRG� DXWJUXSH�� äWR� ÿLQL� �� SR]LFLMD� VXSVWLWXFLMD� ED]D� X� RYRP�

UHJLRQX��2G�WRJD����PXWDFLMH�RGYDMDMX�DXWJUXSX�RG�LQJUXSH�L�PRJX�VPDWUDWL�VLQDSRPRUIQH�]D�

SUHGVWDYQLNH�VHNFLMH�-XQLSHUXV��QXNOHRWLGQL�NDUDNWHU�*�QD�SR]LFLML�����GHOHFLMD�MHGQRJ�QXNOHRWLGD�

�$��QD�SR]LFLML�����L�7�QD�SR]LFLML������X�RNYLUX�PLNURVDWHOLWD�VD�PRWLYRP�7��NRML�VH�SURWHæH�

RG�SR]LFLMH�����GR�����L�X�RNYLUX�NRMHJ�QD�QDYHGHQRM�SR]LFLML�-��VDELQD�VDGUæL�&���.RG�LQJUXSH�

MH�X�RNYLUX�RYRJ� VSHMVHUD�GHWHNWRYDQR���SR]LFLMD� VD� VXSVWLWXFLMDPD�ED]D�� �� LQGHOD� �GXæLQH�

��GR����ES��NDR�L�QDYHGHQL�PLNURVDWHOLW�NRML�VDGUæL�GRGDWQH�PXWDFLMH�7�Ⱥ�&�QD���SR]LFLMH�

NRG� SRMHGLQLK� WDNVRQD�� äWR� XNXSQR� ÿLQL� �� SR]LFLMD� VD� VXSVWLWXFLMDPD� ED]D��2G� QDYHGHQLK�

PXWDFLMD�� QHNH� VX� VLQDSRPRUIQH� ]D� SRMHGLQH� WDNVRQH��'YD� NDUDNWHUD� VX� VLQDSRPRUIQD� ]D�

-��FRPPXQLV��QXNOHRWLGQL�NDUDNWHU�$�QD�SR]LFLML����L�MHGQD�LQVHUFLMD�RG���ES�����������3RUHG�WRJD��

PLNURVDWHOLW������������VD�PRWLYRP�7�NRG�-��FRPPXQLV�VDGUæL����GR����SRQRYDND��GRN�MH�EURM�

SRQRYDND�NRG�-��GHOWRLGHV�L�-��VDELQD�NRQVWDQWDQ�����L�����UHVSHNWLYQR��D�NRG�-��PDFURFDUSD�EURM�

SRQRYDND�VH�NUHýH�RG����GR�����'YD�QXNOHRWLGQD�NDUDNWHUD�VX�VLQDSRPRUIQD�]D�-��GHOWRLGHV��&�
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QD�SR]LFLML������NDR�L�&�QD�SR]LFLML�����X�RNYLUX�PLNURVDWHOLWD�������������8�RNYLUX�QDYHGHQRJ�

PLNURVDWHOLWD�������������&�QD�SR]LFLML�����MH�VLQDSRPRUIDQ�]D�-��GHOWRLGHV�L�-��PDFURFDUSD��D�]D�RYD�

��WDNVRQD��VLQDSRPRUIDQ�MH�L�QXNOHRWLGQL�NDUDNWHU�7�QD�SR]LFLML�����-HGDQ�QXNOHRWLGQL�NDUDNWHU��

7�QD�SR]LFLML����MH�VLQDSRPRUIDQ�]D�LQGLYLGXH�-��PDFURFDUSD�L]�SRSXODFLMH�VD�.ULWD��GRN�MH�]D�

LQGLYLGXH�LVWH�YUVWH�L]�SRSXODFLMH�L]�RNROLQH�7URJLUD�VLQDSRPRUIQD�LQVHUFLMD�MHGQRJ�QXNOHRWLGD�

�$��QD�SR]LFLML�����

,QWHUJHQVNL� VSHMVHU�petN-SVE0��ÿLMD�GXæLQD�NRG� UHIHUHQWQRJ� WDVNRQD� L]QRVL� ����ES� D�

SRUDYQDWD� GXæLQD� NRG� LVSLWLYDQLK� LQGLYLGXD� ���� ES�� MH� ELR� QDMYDULMDELOQLML� GHR� JHQHULVDQRJ�

WUQC(GCA��WUQD�*8&�
 
UHJLRQD�� NRML� VDGUæL� ��� SR]LFLMH� VD� VXSVWLWXFLMDPD� ED]D�� ��� SR]LFLMD� VD�

LQGHOLPD�L���PLNURVDWHOLWD�VD�PRQRQXNOHRWLGQLP�PRWLYLPD���$�
n
�L��7�

n
. Od toga, 12 karaktera 

RGYDMD�DXWJUXSX�RG� LQJUXSH� L�PRæH�VH� VPDWUDWL� VLQDSRPRUIQLP�]D� LQJUXSX��2YL�NDUDNWHUL�

REXKYDWDMX����QXNOHRWLGQLK�NDUDNWHUD��*�QD�SR]LFLMDPD����������L������$�QD�SR]LFLMDPD������

����L�������L�7�QD�SR]LFLMDPD���������������L�������NDR�L���LQVHUFLMX����ES�������������3RUHG�WRJD��

QD�SR]LFLML����������VX�XRÿHQH�LQVHUFLMH�PRWLYD�G kod -��VDELQD, dok kod -��PDFURFDUSD�SRVWRMH�

PRWLYL�D�L�E, kod -��GHOWRLGHV�PRWLY�F, a kod -��FRPPXQLV�QD�RYRM�SR]LFLML�QHPD�QLNDNYLK�LQVHUFLMD��

-HGDQ�QXNOHRWLGQL�NDUDNWHU��$�QD�SR]LFLML������MH�VLQDSRPRUIDQ�]D�-��VDELQD�L�-��PDFURFDUSD. U 

RNYLUX�RYRJ�LQWHUJHQVNRJ�VSHMVHUD�NRG�LQJUXSH�MH�GHWHNWRYDQR����SR]LFLMD�VD�VXSVWLWXFLMDPD�

ED]D����SR]LFLMD�VD�LQGHOLPD��GXæLQH���GR����ES��LOL�GXSOLNDFLMDPD�RGUHĀHQLK�PRWLYD��NDR�L���

PLNURVDWHOLWD�PRWLYD��$�
n
�L��7�

n
��9HýLQD�RYLK�NDUDNWHUD�MH�VLQDSRPRUIQD�]D�RGUHĀHQH�WDNVRQH��

þHWLUL�NDUDNWHUD�VX�VLQDSRPRUIQD�]D� -�� FRPPXQLV��QXNOHRWLGQL�NDUDNWHU�7�QD�SR]LFLMDPD�����

L� �����&�QD� SR]LFLML� ����� NDR� L� LQVHUFLMD� RG� �� ES� ������������3HW� QXNOHRWLGQLK� NDUDNWHUD� MH�

VLQDSRPRUIQR�]D�-��GHOWRLGHV� 7�QD�SR]LFLMDPD�����L������$�QD�SR]LFLMDPD�����L������ L�&�QD�

SR]LFLML������'YD�QXNOHRWLGQD�NDUDNWHUD�VX�VLQDSRPRUIQD�]D�-��PDFURFDUSD��&�QD�SR]LFLML�����

L�$�QD�SR]LFLML������GRN�VX�NRG�RYRJ�WDNVRQD�QD�SR]LFLML����������SULVXWQH�LQVHUFLMH�PRWLYD�D 

L�E��QD�RYRM�SR]LFLML�NRG�-��GHOWRLGHV�SRVWRML�PRWLY�F��D�NRG�DXWJUXSH�PRWLY�G���=D�LQGLYLGXH�-��

PDFURFDUSD�VD�.ULWD�VX�VLQDSRPRUIQD���NDUDNWHUD����QXNOHRWLGQD�NDUDNWHUD��$�QD�SR]LFLML�����

L�7�QD�SR]LFLML������L���ES�GHOHFLMD�QD�SR]LFLML�����������NDR�L�PRWLYL�K�L�L�QD�SR]LFLML�����������

QD�NRMRM�LQGLYLGXH�L]�7URJLUD�VDGUæH�PRWLY�J��1D�QDYHGHQRM�SR]LFLML��-��FRPPXQLV, -��GHOWRLGHV�L���

LQGLYLGXH�-��VDELQD�VDGUæH�PRWLY�I��1D�SR]LFLML�����������MH�XRÿHQR�SULVXVWYR�PRWLYD�M�NRML�MH�

SULVXWDQ�X�GYH�NRSLMH�VDPR�NRG�-��FRPPXQLV�YDU��LQWHUPHGLD�L���LQGLYLGXH�-��FRPPXQLV�YDU��FRPPXQLV��

,QWHUJHQVNL�VSHMVHU�SVEM�WUQD�*8&���ÿLMD�GXæLQD�NRG�UHIHUHQWQRJ�WDNVRQD�L]QRVL�����ES�D�

SRUDYQDWD�GXæLQD�NRG�LVSLWLYDQLK�LQGLYLGXD�����ES��VDGUæL���SR]LFLMD�VD�VXSVWLWXFLMDPD�ED]D����

SR]LFLMH�VD�LQGHOLPD����GR���ES�����PLNURVDWOLW�VD�PRWLYRP��7�
n
��L�MHGDQ�KLSHUYDULMDELOQL�UHJLRQ�
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��������������2G�WRJD��VYHJD���NDUDNWHU��LQVHUFLMD�RG���ES���������������RGYDMD�DXWJUXSX�RG�

LQJUXSH�L�PRæH�VH�VPDWUDWL�VLQDSRPRUIQLP�]D�LQJUXSX��6WRJD�NRG�LQJUXSH�SRVWRML���SR]LFLMD�

VD�VXSVWLWXFLMDPD�ED]D����SR]LFLMD�VD�LQGHORP�RG���ES����PLNURVDWOLW�VD�PRWLYRP��7�
n
��L�MHGDQ�

KLSHUYDULMDELOQL� UHJLRQ� �������������NRML� ]DSRÿLQMH� L� ]DYUäDYD� VH�SROL�7� UHJLRQRP�NRG�VYLK�

LVSLWLYDQLK� LQGLYLGXD�� D� NRG� -��PDFURFDUSD,� -�� GHOWRLGHV� L� -�� VDELQD� VDGUæL� LQVHUFLMH�GXæLQH����� L�

����ES��NRG�-��PDFURFDUSD�� ����ES��NRG�-��GHOWRLGHV��L�����ES��NRG�-��VDELQD���.RG�-��VDELQD��RYD�

LQVHUFLMD�MH�ELOD�LGHQWLÿQD�NRG�VYLK�LQGLYLGXD��GRN�MH�NRG��-��GHOWRLGHV�X�RNYLUX�QDYHGHQH�LQVHUFLMH�

XRÿHQR�L�QHNROLNR�VLQJOHWRQ�PXWDFLMD��2G�QDYHGHQLK�PXWDFLMD�NRMH�VH�MDYOMDMX�NRG�LQJUXSH����

NDUDNWHUD�VX�VLQDSRPRUIQL�]D�-��FRPPXQLV����QXNOHRWLGQD�NDUDNWHUD��7�QD�SR]LFLML������L�&�QD�

SR]LFLML�������L�LQVHUFLMD�RG���ES���������������D���QXNOHRWLGQL�NDUDNWHU��7�QD�SR]LFLML�������MH�

VLQDSRPRUIDQ�]D�-��GHOWRLGHV��

psb$�trnH(GUG)

7RNRP� SURYHUH� NRPSOHPHQWDUQRVWL� QXNOHRWLGD� UHIHUHQWQH� VHNYHQFH� X� PHVWLPD�

YH]LYDQMD� SUDMPHUD� L� SUDMPHUD� NRULäýHQLK� ]D� DPSOLÀNDFLMX� QDYHGHQRJ� UHJLRQD�� XRÿHQH� VX�

GYH�PXWDFLMH�X�PHVWX�YH]LYDQMD�SUDMPHUD�SVE$��I � �7DWH�	�6LPSVRQ���������NRML�VH�YH]XMH�

SUL� �·� NUDMX� SVE$� JHQD��0XWDFLMH� 7�Ⱥ�&� L� $�Ⱥ�*� VX� XRÿHQH� QD� SR]LFLMDPD� SUDMPHUD� ��

L� ���� UHVSHNWLYQR� �VHNYHQFD�PDWULFH� QD�PHVWX� YH]LYDQMD� SVE$��I � SUDMPHUD� VD� R]QDÿHQLP�

PXWDFLMDPD�MH�*77$7*&$CGAG&*7$$7*&7&���0HĀXWLP��X�SLWDQMX�VX�VLOHQW�PXWDFLMH��

NRMH�QH�GRYRGH�GR�SURPHQH�UHGRVOHGD�DPLQRNLVHOLQD�X�SURWHLQX�NRML�QDVWDMH�NDR�SURL]YRG�

RYRJ�JHQD��SURGXNW�SVE$�JHQD�MH�SURWHLQ�'�IRWRVLVWHPD�,,���

3UDMPHU� WUQ+IB��� � �7DWH� 	� 6LPSVRQ�� ������ VH� YH]XMH� SUL� VUHGLQL� WUQ+�*8*� gena, 

NRML� MH� NRG� UHIHUHQWQH� VHNYHQFH�GXJ����ES�� L� NRGLUD� W51$�]D�KLVWLGLQ� �DQWLNRGRQ�*8*���

'HWHNWRYDQD� MH� MHGQD� PXWDFLMD� X� PHVWX� YH]LYDQMX� RYRJ� SUDMPHUD� QD� SR]LFLML� �� SUDMPHUD�

�$�Ⱥ�*��VHNYHQFD�PDWULFH�QD�PHVWX�YH]LYDQMD�WUQ+IB���SUDMPHUD�VD�R]QDÿHQRP�PXWDFLMRP�

je CGCGCG7**7**$77&$&$$7&&��� 6� RE]LURP� GD� WRNRP� VHNYHQFLUDQMD� NRG�

LVSLWLYDQLK� LQGLYLGXD� SUHGVWDYQLND� URGD� -XQLSHUXV� QLMH� JHQHULVDQ� GHR� WUQ+�*8*�� JHQD� ]D� NRML�

VH� YH]XMH� SUDMPHU� WUQ+IB���� RVWDMH� QHSR]QDWR� GD� OL� LVSLWLYDQH� LQGLYLGXH� VDGUæH� QDYHGHQX�

PXWDFLMX�X�PHVWX�YH]LYDQMD�RYRJ�SUDMPHUD��,�SRUHG�SULVXVWYD�PXWDFLMD�X�PHVWLPD�YH]LYDQMD�

RED�SUDMPHUD�NRULäýHQD�]D�DPSOLÀNDFLMX� UHJLRQD�SVEA�WUQ+�*8*��� VHNYHQFH�RYRJ� UHJLRQD� VX�

XVSHäQR�JHQHULVDQH�NRG�����LQGLYLGXH�SUHGVWDYQLND�URGD�-XQLSHUXV.
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*HQHULVDQL� SVEA�WUQ+�*8*� UHJLRQ� REXKYDWD� GYD� LQWHUJHQVND� VSHMVHUD� �SVEA�WUQI�� WUQI�

WUQ+���WUQ,�JHQ�NDR�L��·�SRÿHWDN�WUQ+�JHQD��7UQI�&$8��JHQ��ÿLMD�GXæLQD�NRG�UHIHUHQWQRJ�WDNVRQD�

L]QRVL����ES��NRGLUD�W51$�]D�L]ROHXFLQ��DQWLNRGRQ�&$8���0HĀXWLP��SRUHĀHQMHP�VHNYHQFH�

RYRJ� JHQD� NRG� LVSLWLYDQLK� SUHGVWDYQLND� URGD� -XQLSHUXV� VD� VHNYHQFRP� UHIHUHQWQRJ� WDNVRQD��

XRÿHQR� MH� GD� MH� NRG� DXWJUXSH� �-�� VDELQD�� GRäOR� GR�PXWDFLMH� SRVOHGQMHJ� QXNOHRWLGD� X� JHQX�

�&�Ⱥ�$��QD�SR]LFLML����X�JHQX��SR]LFLMD������X�PDWULFL���GRN�MH�NRG�VYLK�RVWDOLK�LQGLYLGXD�

GRäOR�GR�GHOHFLMH����QXOHRWLGD�VD��·�NUDMD�JHQD��

8� LQWHUJQHVNRP� VSHMVHUX� SVEA-WUQI�&$8��� ÿLMD� GXæLQD� NRG� UHIHUHQWQRJ� WDNVRQD� L]QRVL��

����ES�D�SRUDYQDWD�GXæLQD�NRG� LVSLWLYDQLK� LQGLYLGXD�����ES��GHWHNRYDQH�VX� WUL�SR]LFLMH�VD�

VXSVWLWXFLMDPD�ED]D�L�MHGDQ�PLNURVDWHOLW��$�
n
��2G�WRJD����QXNOHRWLGQD�NDUDNWHUD��*�QD�SR]LFLML�

�����L�7�QD�SR]LFLML�������VX�VLQDSRPRUIQL�]D�LQJUXSX��GRN�PLNURVDWHOLW�VD�PRWLYRP�$�NRG�

DXWJUXSH� VDGUæL� �� SRQRYDND� D� NRG� LQJUXSH� �� SRQRYDND� QDYHGHQRJ�PRWLYD��.RG� LQJUXSH�

SRVWRML�MHGQD�SR]LFLMD�VD�VXSVWLWXFLMRP�ED]H��7DM�QXNOHRWLGQL�NDUDNWHU��*�QD�SR]LFLML�������MH�

VLQDSRPRUIDQ�]D�-��GHOWRLGHV.

8�LQWHUJHQVNRP�VSHMVHUX�WUQI�&$8�-WUQ+�*8*���ÿLMD�GXæLQD�NRG�UHIHUHQWQRJ�WDVNRQD�L]QRVL�

����ES��D�SRUDYQDWD�GXæLQD�NRG�LVSLWLYDQLK�LQGLYLGXD�����ES��GHWHNWRYDQR�MH�VHGDP�SR]LFLMD�

VD�VXSVWLWXFLMDPD�ED]D����LQGHOD����GR����ES��L���PLNURVDWHOLW�PRWLYD��$�
n
. Od toga, 6 karaktera 

MH�VLQDSRPRUIQR�]D�LQJUXSX��L�WR���QXNOHRWLGQD�NDUDNWHUD��$�QD�SR]LFLML�������&�QD�SR]LFLML�

������*�QD�SR]LFLML������L�7�QD�SR]LFLML�������NDR�GYH�GHOHFLMH��MHGQD�QD�SR]LFLML������������

����ES��L�GUXJD�QD�SR]LFLML��������������ES���8�RNYLUX�LQJUXSH��XRÿHQR�MH���YDULMDELOQD�PHVWD�

VD�VXSVWLWXFLMDPD�ED]D���� LQGHOD� ���GR����ES�� L� MHGDQ�PLNURVDWHOLW�PRWLYD� �$�
n
��RG�NRMLK� MH�

��NDUDNWHUD� VLQDSRPRUIQR�]D�RGUHĀHQH� WDNVRQH��'YD�NDUDNWHUD��QXNOHRWLGQL�NDUDNWHU�$�QD�

SR]LFLML�������L���ES�LQVHUFLMD���������������VX�VLQDSRPRUIQL�]D�-��FRPPXQLV��-HGDQ�QXNOHRWLGQL�

NDUDNWHU��$�QD�SR]LFLML�������MH�VLQDSRPRUIDQ�]D�LQGLYLGXH�-��PDFURFDUSD�VD�.ULWD�L�]D�-��GHOWRLGHV��

GRN�MH����ES�LQVHUFLMD��������������VLQDSRPRUIQD�]D�LQGLYLGXH�-��PDFURFDUSD�L]�7URJLUD�



Doktorska disertacija Rezultati

���

trnG(UUC)-trnS(GCU)

Kod -��YLUJLQLDQD�X�PHVWX�YH]LYDQMD�WUQS�*&8��SUDMPHUD��+DPLOWRQ���������NRML�VH�YH]XMH�

]D��·�NUDM�JHQD��SRVWRMH�GYH�PXWDFLMH��*�Ⱥ�$��$�Ⱥ�*��QD�SR]LFLMDPD���L�����UHVSHNWLYQR�

�VHNYHQFD� PDWULFH� QD� PHVWX� YH]LYDQMD� WUQ6�*&8�� SUDMPHUD� VD� R]QDÿHQLP� PXWDFLMDPD� MH��

$CCGCTTTAGTCCG&7&$*&���.RG�LVSLWLYDQLK�WDNVRQD��XRÿHQD�MH�VDPR�MHGQD�PXWDFLMD�

�QD�SR]LFLML�����SRäWR�GRELMHQH�VHNYHQFH�REXKYDWDMX�VDPR�SRVOHGQMLK����QXNOHRWLGD�WUQS�*&8�  

JHQD�� 0HĀXWLP�� L� SRUHG� SULVXVWYD� SRWHQFLMDOQR� GYH� PXWDFLMH� X� PHVWX� YH]LYDQMD� SUDMPHUD�

trnS�*&8���UHJLRQ�WUQG(UUC��WUQS�*&8��MH�XVSHäQR�DPSOLÀNRYDQ�NRG�����LQGLYLGXD� 

*HQHULVDQL� WUQG(UUC��WUQS�*&8�� UHJLRQ� REXKYDWD� GYD� LQWHUJHQVND� VSHMVHUD� �WUQG�SVDM��

SVDM�WUQ6���JHQ�SVD0��L��·�NUDM�WUQ6�JHQD��.RG�LVSLWLYDQLK�WDNVRQD�X�RNYLUX�SVD0�JHQD��ÿLMD�GXæLQD�

NRG�UHIHUHQWQRJ�WDNVRQD�L]QRVL����ES��SRVWRML�LQVHUFLMD�RG�äHVW�QXNOHRWLGD��äWR�XND]XMH�QD�WR�GD�MH�

QDMYHURYDWQLMH�GRäOR�GR�LQVHUFLMH�GYH�DPLQRNLVHOLQH��L]ROHXFLQ�L�DODQLQ��X�SURWHLQ�NRML�MH�NRGLUDQ�

RYLP�JHQRP��SURWHLQ�0�IRWRVLVWHPD�,��UHGRVOHG�DPLQRNLVHOLQD�NRG�LVSLWLYDQLK�SUHGVWDYQLND�URGD�

-XQLSHUXV�VD�R]QDÿHQLP�PXWDFLMDPD�MH�0,64*4,/,$/),$97)/,0,/$)5/*5$/<66���

8� LQWHUJHQVNRP�VSHMVHUX� WUQG(UUC��SVD0��ÿLMD�GXæLQD�NRG�UHIHUHQWQRJ� WDNVRQD� L]QRVL�

����ES�D�SRUDYQDWD�GXæLQD�NRG� LVSLWLYDQLK� LQGLYLGXD�����ES��GHWHNWRYDQR� MH���SR]LFLMD� VD�

VXSVWLWXFLMDPD�ED]D����LQVHUFLMH����GR����ES��NDR�L�GYD�VODER�YDULMDELOQD�PLNURVDWHOLWD�PRWLYD�

�$�
n
�L��7�

n
��RED�VD���GR���SRQRYDND��2G�WRJD��VDPR���QXNOHRWLGQL�NDUDNWHU��$�QD�SR]LFLML�������

MH� VLQDSRPRUIDQ�]D� LQJUXSX��X�RNYLUX�NRMH� MH�GHWHNWRYDQR��� WDÿNDVWH�PXWDFLMH���� LQVHUFLMH�

���GR����ES��NDR�L�GYD�PLNURVDWHOLWD�PRWLYD��$�
n
�L��7�

n
��RG�NRMLK�VX���NDUDNWHUD�VLQDSRPRUIQD�

]D� RGUHĀHQH� WDNVRQH��'YD� NDUDNWHUD�� QXNOHRWLGQL� NDUDNWHU�*� QD� SR]LFLML� ����� NDR� L� �� ES�

LQVHUFLMD��*��QD�SR]LFLML�������VX�VLQDSRPRUIQL�]D�-��FRPPXQLV��6ODER�SROLPRUIDQ�PLNURVDWHOLW�

VD�PRWLYRP�$� ������������� VDGUæL� �� SRQRYDND�PRWLYD� NRG� -�� PDFURFDUSD� VD�.ULWD� L� NRG� -��

GHOWRLGHV�GRN�NRG�RVWDOLK�LQGLYLGXD�VDGUæL���SRQRYDND��D�]D�QDYHGHQH�WDNVRQH�MH�VLQDSRPRUIQD�

L���ES�GHOHFLMD� ��������������NDR� L� LQVHUFLMD�PRWLYD�k�QD�SR]LFLML�������������1D�QDYHGHQRM�

SR]LFLML�NRG�-��PDFURFDUSD�L]�7URJLUD�L�NRG�-��VDELQD�SRVWRML�PRWLY�O dok kod -��FRPPXQLV�QD�RYRM�

SR]LFLML�SRVWRML�GHOHFLMD�

8� LQWHUJQHVNRP� VSHMVHUX� SVDM-WUQS�*&8��� ÿLMD� GXæLQD� NRG� UHIHUHQWQRJ� WDNVRQD� L]QRVL�

����ES�D�SRUDYQDWD�GXæLQD�NRG� LVSLWLYDQLK� LQGLYLGXD�����ES��GHWHNWRYDQH� VX�GYH� WDÿNDVWH�
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PXWDFLMH�L� MHGDQ�LQGHO�RG���ES��RG�NRMLK�QL�MHGDQ�NDUDNWHU�QLMH�VLQDSRPRUIDQ�]D�LQJUXSX��D�

��NDUDNWHUD�VX�VLQDSRPRUIQD�]D�RGUHĀHQH�WDNVRQH��1XNOHRWLGQL�NDUDNWHU�&�QD�SR]LFLML������

MH�VLQDSRPRUIDQ�]D�-��PDFURFDUSD�VD�.ULWD�L�-��GHOWRLGHV�GRN��GRN�MH�QXNOHWRGLQL�NDUDNWHU�7�QD�

SR]LFLML������VLQDSRPRUIDQ�]D�-��FRPPXQLV.  

trnL�8$$�-trnF�*$$� 

=D�DPSOLÀNDFLMX�UHJLRQD�WUQL�8$$��WUQF�*$$� VX�NRULäýHQL�SUDMPHUL�e��PHVWR�YH]LYDQMD�X�

SUYRP�HJR]RQX�WUQL(UAA��JHQD��L�f��PHVWR�YH]LYDQMD�X�EOL]LQL��·�NUDMD�WUQF�*$$��JHQD��SUHX]HWL�L]�

7DEHUOHW�HW�DO����������.RG�-��YLUJLQLDQD��RXÿHQD�MH�MHGQD�PXWDFLMD�X�PHVWX�YH]LYDQMD�e�SUDMPHUD��

*�Ⱥ�$��QD�SR]LFLML�SUDMPHUD����VHNYHQFD�PDWULFH�QD�PHVWX�YH]LYDQMD�SUDMPHUD�e�VD�R]QDÿHQRP�

PXWDFLMRP� MH� � **77&$$*7&&&7&7$7&&&��� 3URGXNW� RYRJ� JHQD�� ÿLMD� GXæLQD� NRG�
UHIHUHQWQRJ�WDNVRQD�L]QRVL�����ES��MH�W51$�]D�OHXFLQ��DQWLNRGRQ�8$$���6�RE]LURP�GD�WRNRP�

VHNYHQFLUDQMD�NRG�LVSLWLYDQLK�LQGLYLGXD�SUHGVWDYQLND�URGD�-XQLSHUXV�QLMH�JHQHULVDQ�GHR�WUQL(UAA� 

JHQD�]D�NRML�VH�YH]XMH�SUDMPHU�e��RVWDMH�QHSR]QDWR�GD�OL�LVSLWLYDQH�LQGLYLGXH�VDGUæH�QDYHGHQX�

PXWDFLMX�X�PHVWX�YH]LYDQMD�RYRJ�SUDMPHUD��-HGQD�PXWDFLMD��*�Ⱥ�$��SR]LFLMD�SUDMPHUD�����MH�

XRÿHQD�L�X�PHVWX�YH]LYDQMD�SUDMPHUD�f NRG�UHIHUHQWQRJ�WDNVRQD��VHNYHQFD�PDWULFH�QD�PHVWX�

YH]LYDQMD�SUDMPHUD�f�VD�R]QDÿHQRP�PXWDFLMRP�MH��·�$777*$$&7**7*$&$&$$*��·���
3URL]YRG�WUQF�*$$��JHQD�MH�W51$�]D�IHQLODODQLQ��DQWLNRGRQ�*$$���3UHPD�GRVWXSQLP�SRGDFLPD�

�.RFK��������PXWDFLMD�VH�GHVLOD�X�UHJLRQX�JHQD�RGJRYRUQLP�]D�IRUPLUDQMH�DQWLNRGRQ�SHWOMH��

0HĀXWLP��RYD�PXWDFLMD�QLMH�XRÿHQD�NRG�LVSLWLYDQLK�LQGLYLGXD�SUHGVWDYQLND�URGD�-XQLSHUXV.

*HQHULVDQL� WUQL�8$$��WUQF�*$$� UHJLRQ� REXKYDWD� GHR� LQWHUJHQVNRJ� VSHMVHUD� WUQL�8$$�-

WUQF�*$$���ÿLMD�GXæLQD�NRG�UHIHUHQWQRJ�WDNVRQD�L]QRVL�����ES��NDR�L�QDMYHýL�GHR�WUQ)�JHQD��ÿLMD�

GXæLQD�NRG�UHIHUHQWQRJ�WDNVRQD�L]QRVL����ES��

8�LQWHUJHQVNRP�VSHMVHUX�WUQL�8$$��WUQF�*$$���ÿLMD�GXæLQD�NRG�UHIHUHQWQRJ�WDNVRQD�L]QRVL�

����ES�D�SRUDYQDWD�GXæLQD�NRG� LVSLWLYDQLK� LQGLYLGXD�����ES�� VX�GHWHNWRYDQH���SR]LFLMH� VD�

VXSVWLWXFLMDPD�ED]D� L� �� SR]LFLMD� VD� GXæLQVNLP�PXWDFLMDPD� ��� LQVHUFLMH� GXæLQH� �� GR� ���ES��

MHGDQ�UHJLRQ�VD�UD]OLÿLWLP�EURMHP�SRQRYDND�PRWLYD�RG����ES����GR���SRQRYND���NDR�L���UHJLRQ�

VD� LQVHUFLMDPD� UD]OLÿLWLK�PRWLYD�� 6� RE]LURP�GD� QLVX� JHQHULVDQH� VHNYHQFH� RYRJ� VSHMVHUD� ]D�

DXWJUXSX��RVWDMH�QHSR]QDWR�GD�OL�X�RYRP�VSHMVHUX�SRVWRMH�PXWDFLMH�VLQDSRPRUIQH�]D�LQJUXSX��

3RUHG�WRJD��QLMH�ELOR�PRJXýH�SRX]GDQR�XWYUGLWL�NRML�NDUDNWHUL�VX�VLQDSRPRUIQL�]D�NRMH�WDNVRQH��
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ãWR�VH�WLÿH�QXNOHRWLGQLK�NDUDNWHUD��QD�SR]LFLML������NRG�-��PDFURFDUSD�L�-��GHOWRLGHV�SRVWRML�$��&�

kod -��FRPPXQLV���D�QD�SR]LFLML�������NRG�-��FRPPXQLV�YDU��LQWHUPHGLD�SRVWRML�*��NRG�-��PDFURFDUSD�

L]�7URJLUD�$��D�NRG�RVWDOLK�LQGLYLGXD�&��1D�SR]LFLML������������MH�XRÿHQR�SRQDYOMDQMH�PRWLYD�

P��NRML� MH�SRQRYOMHQ���SXWD�NRG�-�� FRPPXQLV� L��� LQGLYLGXH�-��PDFURFDUSD�VD�.ULWD����SXWD�NRG�

MHGQH�LQGLYLGXH�-��PDFURFDUSD�VD�.ULWD��L�VDPR�MHGQRP�NRG�-��PDFURFDUSD�L]�7URJLUD�L�-��GHOWRLGHV. 

-HGLQR�NRG�-��PDFURFDUSD�L]�7URJLUD�MH�XRÿHQD�LQVHUFLMD�RG����ES�QD�SR]LFLML������������NDR�L�

GHOHFLMD�RG����ES�QD�SR]LFLML�������������1D�SR]LFLML������MH�XRÿHQD���ES�LQVHUFLMD��7��NRG�

VYLK�LQGLYLGXD�RVLP�NRG�-��PDFURFDUSD�VD�.ULWD�L�-��GHOWRLGHV��1D�SR]LFLML������������VX�XRÿHQH�

LQVHUFLMH�PRWLYD�Q kod -��PDFURFDUSD�VD�.ULWD��PRWLYD�o kod -��PDFURFDUSD�L]�7URJLUD��L�PRWLYD�p 

kod -��GHOWRLGHV��1D�SR]LFLML������XRÿHQD�MH�LQVHUFLMD�MHGQH�ED]H��*��NRG�-��FRPPXQLV odnosno A 

kod -��PDFURFDUSD�VD�.ULWD�

'YD� LVSLWLYDQD� UHJLRQD� �USV16�WUQK�888�� L� USO���WUQL�8$*��� QLVX� XVSHäQR� DPSOLÀNRYDQL�

NRG� LVSLWLYDQLK� SUHGVWDYQLND� -XQLSHUXV�� 1D� RVQRYX� SUHWUDJH� PHVWD� YH]LYDQMD� SUDMPHUD� ]D�

DPSOLÀNDFLMX�RYLK�UHJLRQD�X�RNYLUX�UHIHUHQWQRJ�JHQRPD�XWYUĀHQ�MH�L�UD]ORJ�]ERJ�NRMHJ�QLMH�

GRäOR�GR�DPSOLÀNDFLMH��1DLPH��X�VOXÿDMX�UHJLRQD�USV16�WUQK�888���SURQDĀHQR�MH�PHVWR�YH]LYDQMD�

SUDMPHUD� trnKUUU[�� X� RNYLUX� WUQK�888�� JHQD�� L� QLVX� XRÿHQH� PXWDFLMH� X� PHVWX� YH]LYDQMD�

RYRJ�SUDMPHUD��0HĀXWLP��QLMH�SURQDĀHQR�PHVWR�YH]LYDQMD�US6��[�)��SUDMPHUD�X�SODVWRPX�

-��YLUJLQLDQD��3UHPD�QDYRGLPD��*XR�HW�DO����������NRG�URGRYD�-XQLSHUXV��7D[XV�L�3RGRFDUSXV USV16 

JHQ�SRVWRML�NDR�SVHXGRJHQ�XVOHG�SULVXVWYD�IUDPHVKLIW�PXWDFLMD��WH�MH�X�QDYHGHQRP�SVHXGRJHQX�

QDMYHURYDWQLMH� GRäOR� L� GR� JXELWND�PHVWD� YH]LYDQMD� QDYHGHQRJ�SUDMPHUD��8� VOXÿDMX� UHJLRQD�

USO���WUQL�8$*���SURQDĀHQD�VX�PHVWD�YH]LYDQMD�L�WUQ/�8$*��L�USO���)�SUDMPHUD�]D�DPSOLÀNDFLMX�

RYRJ�UHJLRQD��8�PHVWX�YH]LYDQMD�SUDMPHUD�WUQ/�8$*��VX�XRÿHQH���PXWDFLMH��&�Ⱥ�*�L�*�Ⱥ�$�

�QD�SR]LFLMDPD�SUDMPHUD���L������D�X�PHVWX�YH]LYDQMD�SUDMPHUD�USO���)�WUL�PXWDFLMH�$�Ⱥ�7��

7�Ⱥ�$�L�7�Ⱥ�&��QD�SR]LFLMDPD������L����SUDMPHUD���0HĀXWLP��XVOHG�UH�DUDQæPDQD�JHQD�X�

KORURSODVWQRP�JHQRPX�-XQLSHUXV��RYL�JHQL�VX�XGDOMHQL�YLäH�RG����NE�ED]D��SRäWR�MH�SR]LFLMD�

WUQL�8$*��JHQD�X�JHQRPX�-��YLUJLQLDQD���������������D�JHQD�USO�����������������
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7DEHOD� ����� ²� 3UHJOHG� VLQDSRPRUIQLK� PROHNXODUQLK� NDUDNWHUD� X� PDWULFL� VDVWDYOMHQH�
NRPELQRYDQMHP�VHNYHQFL�VYD���JHQHULVDQD�KORURSODVWQD�UHJLRQD�RGDEUDQLK�SRSXODFLMD�YUVWD�
roda -XQLSHUXV�VD�%DONDQVNRJ�SROXRVWUYD

287 ,1 JC JCC -&, JCS -2; JD -0 -0B. -0B7 -6�-0 -0B.�-' �

WUQ
C

-WU
QD

WUQC-petN SB 2 � 1 - - - 1 2 - 1 - - - 5

,QGHO 1 � 1 - - - - - - - 1 - - 2

SSR - 1D� - - - - - - - - - - - 0

petN SB - � - - - - - - - - - - - 0

,QGHO - - - - - - - - - - - - - 0

SSR - - - - - - - - - - - - - 0

petN-SVEM SB 10 11 � - - - - 5 2 2 - 1 - ��
,QGHO 2 � 1 - - - - 1 2 � 1 - - �
SSR - 2 - - - - - - - - - - - 0

SVEM SB 1 � - - - - - - - - - - - 0

,QGHO - - - - - - - - - - - - - 0

SSR - - - - - - - - - - - - - 0

SVEM-WUQD SB - � 2 - - - - 1 - - - - - �
,QGHO 1 1 1 - - - - - - - - - - 1

SSR - 1 - - - - - - - - - - - 0

SV
EA

-WU
Q+

SVEA-WUQI SB 2 1 - - - - - 1 - - - - - 1

,QGHO 1 - - - - - - - - - - - - 0

SSR - 1E� - - - - - - - - - - - 0

WUQI SB - - - - - - - - - - - - - 0

,QGHO 1 - - - - - - - - - - - - 0

SSR - - - - - - - - - - - - - 0

WUQI-WUQ+ SB � � 1 - - - - - - - - - 1 2

,QGHO 2 2 1 - - - - - - - 1 - 1 �
SSR - 1F� - - - - - - - - - - - 0

WUQ
G

-WU
Q6

WUQG-SVDM SB 1 � 1 - - - - - - - - - - 1

,QGHO - � 1 - - - - - - - - - 2 �
SSR - 2G� - - - - - - - - - - 1 1

SVDM SB - - - - - - - - - - - - - 0

,QGHO - - - - - - - - - - - - - 0

SSR - - - - - - - - - - - - - 0

SVDM-WUQS SB - 2 2 - - - - - - - - - 1 �
,QGHO - - - - - - - � � � - - - 0

SSR - - - - - - - - - - - - - 0

SB - EURM� VXSVWLWXFLMD� ED]D�� ,QGHO� �� EURM� LQGHOD, SSR - EURM� PLNURVDWHOLWD�� 287� �� EURM�
VLQDSRPRUIQLK� NDUDNWHUD� NRML� RGYDMD� LQJUXSX�RG� DXWJUXSH�� ,1� ��XNXSDQ�EURM� YDULMDELOQLK�
SR]LFLMD� X� LQJUXSL, JC -� -�� FRPPXQLV� V�O�, JCC - -�� FRPPXQLV�YDU�� FRPPXQLV�� -&,� �� -�� FRPPXQLV�
YDU�� LQWHUPHGLD� JCS - -�� FRPPXQLV�YDU�� VD[DWLOLV�� -2;� �� -�� R[\FHGUXV� V�O�, JD -� -�� GHOWRLGHV�� -0� � 
-��PDFURFDUSD, -0B.��� -��PDFURFDUSD�.ULW�� -0B7��� -��PDFURFDUSD�7URJLU; a,b,c - EURM�SRQRYDND�
PLNURVDWHOLWD� MH� NDUDNWHULVWLÿDQ� ]D�RGUHĀHQH� WDNVRQH�SRSXODFLMH� d - EURM� SRQRYDND� MHGQRJ�
PLNURVDWHOLWD�MH�NDUDNWHULVWLÿDQ�]D�-��GHOWRLGHV������XNXSDQ�EURM�VLQDSRPRUIQLK�NDUDNWHUD�XQXWDU�
LQJUXSH��]ERJ�SRVWRMDQMD�GYH�UD]OLÿLWH�PXWDFLMH�QD�LVWRM�SR]LFLML��XNXSDQ�EURM�VLQDSRPRUIQLK�
NDUDNWHUD�MH�X�SRMHGLQLP�VOXÿDMHYLPD�YHýL�RG�XNXSQRJ�EURMD�GHWHNWRYDQLK�YDULMDELOQLK�PHVWD�
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4.3.3. Filogenetska analiza

0RGHOL�HYROXFLMH�VHNYHQFLUDQLK�UHJLRQD

2SWLPDOQL�PRGHOL�HYROXFLMH��SURFHQMHQL�QD�RVQRYX�QDMQLæLK�%,&�YUHGQRVWL�JHQHULVDQLK�

NRULäýHQMHP�SURJUDPD�0(*$����7DPXUD�HW�DO����������VX�XWYUĀHQL�]D�VYDNL�UHJLRQ�SRQDRVRE��

]DWLP�]D�PDWULFX�VDVWDYOMHQX�RG�VYD�ÿHWLUL�UHJLRQD��UHGRVOHGRP�WUQC�WUQD��SVEA�WUQ+� WUQG�

WUQS��WUQL�WUQ)���NDR�L�]D�PDWULFH�VDVWDYOMHQH�RG�NRGLUDMXýLK�RGQRVQR�QHNRGLUDMXýLK�VHNYHQFL�

VYLK�LVSLWLYDQLK�UHJLRQD�

=D�SRMHGLQDÿQH�UHJLRQH��RSWLPDOQL�PRGHOL�HYROXFLMH�VX�ELOL�UD]OLÿLWL� �7DEHOD��������=D�

UHJLRQ� WUQC�WUQ'��QDMQLæD�%,&�YUHGQRVW� MH�GRELMHQD�]D�PRGHO�7���*�����������DOL� VX�%,&�

YUHGQRVWL�ELOH�QLVNH�L�]D�PRGHOH�7���*�,��7����7���,�L�*75�*�����������=D�SVEA�WUQ+��

QDMQLæD�%,&�YUHGQRVW�MH�GRELMHQD�]D�PRGHO�71�������������DOL�VX�%,&�YUHGQRVWL�ELOH�QLVNH�

L�]D�PRGHOH�71���*��+.<�*�,��71���,�L�71���*�,��GRN�MH�%,&�YUHGQRVW�]D�PRGHO�

*75�*�ELOD���������=D�WUQG�WUQ6��QDMQLæD�%,&�YUHGQRVW�MH�GRELMHQD�]D�PRGHO�7�������������

DOL�VX�%,&�YUHGQRVWL�ELOH�QLVNH�L�]D�PRGHOH�7���*��7���,��+.<�L�7���*�,��GRN�MH�%,&�

YUHGQRVW�]D�PRGHO�*75�*�ELOD���������=D�WUQL�WUQ)��QDMQLæD�%,&�YUHGQRVW�MH�GRELMHQD�]D�

PRGHO�+.<�����������DOL�VX�%,&�YUHGQRVWL�ELOH�QLVNH�L�]D�PRGHOH�71����+.<�*�L�+.<�,��

GRN�MH�%,&�YUHGQRVW�]D�PRGHO�*75�*�ELOD���������2SWLPDOQL�PRGHOL�HYROXFLMH�]D�PDWULFX�

VDVWDYOMHQX�RG�VYD�ÿHWLUL�UHJLRQD�NDR�L�]D�PDWULFX�QHNRGLUDMXýLK�UHJLRQD�VX�ELOL�LVWL��1DMQLæH�

%,&� YUHGQRVWL� VX� GRELMHQH� ]D� PRGHO� 7���*�,� �������� ������ UHVSHNWLYQR��� DOL� VX� %,&�

YUHGQRVWL�ELOH�QLVNH�L�]D�PRGHOH�7���*��7����7���,��*75�*�,��*75�*��*75�L�*75�,�

]D�REH�PDWULFH��%,&�YUHGQRVWL�]D�PRGHO�*75�*�VX�ELOH��������L��������]D�QDYHGHQH�PDWULFH��

=D�PDWULFX�VDVWDYOMHQX�RG�NRGLUDMXýLK�UHJLRQD��QDMQLæD�%,&�YUHGQRVW�MH�GRELMHQD�]D�PRGHO�

+.<�,�����������DOL�VX�%,&�YUHGQRVWL�ELOH�QLVNH�L�]D�GUXJH�PRGHOH�NDR�äWR�VX�-&��7����-&�*��

.��L�WG��GRN�MH�%,&�YUHGQRVW�]D�PRGHO�*75�*�ELOD���������

=D�WHVWLUDQMH�KHWHURJHQRVWL�VWRSD�PXWDFLMD�NRULäýHQH�VX�WUL�DUELWUDUQR�RGDEUDQH�VHNYHQFH�

PDWULNVD�VDVWDYOMHQRJ�RG�VYLK�LVSLWLYDQLK�KORURSODVWQLK�UHJLRQD��-��FRPPXQLV�(-��FRPPXQLV�YDU��

VD[DWLOLV�²�%LRNRYR����-��GHOWRLGHV��%HQNRYDF����-��VDELQD��5HVDYD����.RULäýHQ�MH�7DMLPD·V�UHODWLYH�
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UDWH�test �7DGæLPLQ�WHVW�UHODWLYQLK�VWRSD�PXWDFLMD��NRML�MH�GDR�YUHGQRVW�Ʒ2 ������p ���������

GI ����.DNR�MH�p�YUHGQRVW�ELOD�YHýD�RG�������QLMH�PRJXýH�RGEDFLWL�QXOWX�KLSRWH]X�GD�QH�SRVWRML�

UD]OLND�X�EU]LQL�HYROXFLMH�L]PHĀX�WUL�L]DEUDQH�VHNYHQFH��7DMLPD��������7DPXUD�HW�DO����������

0HĀXWLP��NDNR�VYH���VHNYHQFH�VDGUæH�L�NRGLUDMXýH�L�QHNRGLUDMXýH�UHJLRQH��]D�NRMH�MH�SR]QDWR�

GD�HYROXLUDMX�UD]OLÿLWLP�EU]LQDPD��WHVWLUDQH�VX�L�VWRSH�PXWDFLMD�RGYRMHQR�VDPR�]D�NRGLUDMXýH�

RGQRVQR�QHNRGLUDMXýH�UHJLRQH�PDWULFH��8�RED�RYD�VOXÿDMD�MH�XWYUĀHQR�GD�MH�VWRSD�PXWDFLMD�

L]PHĀX�VHNYHQFL�LVWD�
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)LORJHQHWVND�VWDEOD

=D� L]UDGX�0/� �PD[LPXP� OLNHOLKRRG�� ÀORJHQHWVNLK� VWDEDOD� ]D� SRMHGLQDÿQH� UHJLRQH� VX�

NRUäýHQL�RSWLPDOQL�PRGHOL�HYROXFLMH�VHNYHQFL��7DEHOD��������=D�RæLOMDYDQMH�VYLK�VWDEDOD��RVLP�

]D�WUQL-WUQ)�UHJLRQ��VX�NRULäýHQH�JHQHULVDQH�RGJRYDUDMXýH�VHNYHQFH�DXWJUXSH���-��VDELQD.

=D�L]UDGX�0/�ÀORJHQHWVNRJ�VWDEOD�QD�RVQRYX�QDMGXæHJ�LVSLWLYDQRJ�UHJLRQD��WUQC(GCA��

WUQD�*8&���PDWULFH�VDVWDYOMHQH�RG�VYD���KORURSODVWQD�UHJLRQD�NDR�L�QHNRGLUDMXýLK�UHJLRQD�PDWULFH�

MH�RGDEUDQ�*75�*�PRGHO�HYROXFLMH�VHNYHQFL��=D�NRQVWUXNFLMX�VWDEOD�QD�RVQRYX�NRGLUDMXýLK�

UHJLRQD�PDWULFH�NRULäýHQ�+.<�,�PRGHO��GRN�VX�]D�RVWDOH�LVSLWLYDQH�UHJLRQH�NRULäýHQL�VOHGHýL�

PRGHOL��71���]D�SVEA�WUQ+(GUG���7���]D�WUQG�88&��WUQS�*&8��L�+.<�]D�WUQL�8$$��WUQF�*$$�. 

0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�WUQC�*&$�-WUQD�*8&��UHJLRQD

0/�VWDEOR�NRQVWUXLVDQR�NRULäýHQMHP�*75�*�PRGHOD�HYROXFLMH�RYRJ�UHJLRQD��ÿLMD�MH�

SRUDYQDWD�GXæLQD�NRG���� LQGLYLGXD�SUHGVWDYQLND� VHNFLMH� -XQLSHUXV� L� �� LQGLYLGXH�DXWJUXSH� -��

VDELQD�ELOD������ES��SRND]XMH�GD�MH�VHNFLMD�-XQLSHUXV�PRQRÀOHWVNRJ�SRUHNOD��%6��������6OLND�

��������8RÿHQH�VX�GYH�YLVRNRSRGUæDQH�NODGH��.ODGD�,��%6�������REXKYDWD�VYH�LQGLYLGXH�-��
FRPPXQLV��PHĀXWLP��QMLKRYL�RGQRVL�QLVX�UD]MDäQMHQL�LDNR�VH�XRÿDYDMX�SRMHGLQH�VXENODGH�NRMH�

VX�XPHUHQR�SRGUæDQH�L�NRMH�REXKYDWDMX�PDQML�EURM�LQGLYLGXD��.ODGD�,,��%6������REXKYDWD�
VYH� LQGLYLGXH�-��GHOWRLGHV� L� -��PDFURFDUSD��NRMH�VX�JUXSLVDQH�X�GYH�VXENODGH��6XENODGD� ,,D� (BS 

������REXKYDWD�VYH�LQGLYLGXH�-��GHOWRLGHV, a VXENODGD�,,E��%6������VYH�LQGLYLGXH�-��PDFURFDUSD��

2GQRVL�XQXWDU�VXENODGH�,,D�QLVX�UD]MDäQMHQL��GRN�-��PDFURFDUSD�(,,E� SRND]XMH�GLIHUHQFLMDFLMX�

SRSXODFLMD�L]�7URJLUD�L�VD�.ULWD��MHU�VH�VXENODGD�,,E�GDOMH�GHOL�QD�GYH�YLVRNR�SRGUæDQH�VXENODGH��

,,E���%6�������NRMD�REXKYDWD�LQGLYLGXH�L]�SRSXODFLMH�-��PDFURFDUSD�L]�7URJLUD��L�,,E���%6��������

NRMD�REXKYDWD�LQGLYLGXH�L]�SRSXODFLMH�-��PDFURFDUSD�VD�.ULWD�

0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�SVEA�WUQ+(GUG��UHJLRQD

0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� 71��� PRGHOD� HYROXFLMH� RYRJ� UHJLRQD�� ÿLMD� MH�

SRUDYQDWD� GXæLQD� NRG� ���� LQGLYLGXD� SUHGVWDYQLND� VHNFLMH� -XQLSHUXV� L� �� LQGLYLGXD� DXWJUXSH�

-���VDELQD�ELOD�����ES��WDNRĀH�SRND]XMH�GD�MH�VHNFLMD�-XQLSHUXV�PRQRÀOHWVNRJ�SRUHNOD��%6������
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�6OLND���������0HĀXWLP�� LPDMXýL�X�YLGX�PDOX�ÀORJHQHWVNX� LQIRUPDWLYQRVW�RYRJ� UHJLRQD� ����

SR]LFLMD� VD� VXSVWLWXFLMDPD�ED]D� RG� NRMLK� MH� �� VLQDSRPRUIQR� ]D� LQJUXSX��7DEHOD� ������ QLMH�

L]QHQDĀXMXýH�GD�VX�RGQRVL�X�RNYLUX� LQJUXSH�X�QDMYHýRM�PHUL�RVWDOL�QHUD]MDäQMHQL��6DPR� MH�

VXENODGD�NRMD�REXKYDWD�VYH�LQGLYLGXH�-��GHOWRLGHV�RVLP�MHGQH��.RSDRQLN���XPHUHQR�SRGUæDQD�

�%6������� 

 0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�WUQG�88&��WUQS�*&8� UHJLRQD

0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� 7��� PRGHOD� HYROXFLMH� RYRJ� UHJLRQD�� ÿLMD� MH�

SRUDYQDWD� GXæLQD� NRG� ���� LQGLYLGXD� SUHGVWDYQLND� VHNFLMH� -XQLSHUXV� L� �� LQGLYLGXD� DXWJUXSH�

-��VDELQD�ELOD�����ES��QLMH�RæLOMHQR�NDR�L�RVWDOD�VWDEOD��PLGSRLQW�RæLOMDYDQMH��YHý�VD�JUDQRP�NRMX�

ÿLQL�-��VDELQD��]ERJ�WRJD�äWR�X�RNYLUX�RYRJ�UHJLRQD�SRVWRMH�PXWDFLMH�NRMH�VX�GHOMHQH�L]PHĀX�

DXWJUXSH�L�LQJUXSH��7DEHOD��������WH�VH�SULOLNRP�PLGSRLQW�RæLOMDYDQMD�DXWJUXSD�MDYOMD�X�LQJUXSL��

6WDWLVWLÿND�SRGUäND�]D�LQJUXSX�MH�ELOD�XPHUHQD��%6�������6OLND���������8�RYRP�VWDEOX��LQGLYLGXH�

-��FRPPXQLV�VX�JUXSLVDQH�]DMHGQR�L�WD�JUXSD��NRMD�MH�XPHUHQR�GR�YLVRNR�SRGUæDQD��%6�������

VDGUæL�L�XPHUHQR�SRGUæDQX�JUXSX��%6������NRMD�REXKYDWD�MHGLQNH�L]�UD]OLÿLWLK�SRSXODFLMD�VYD�

WUL�YDULMHWHWD�-��FRPPXQLV�XJODYQRP�VD�LVWRÿQRJ�GHOD�%DONDQVNRJ�SROXRVWUYD��,QGLYLGXH�-��GHOWRLGHV 

NDR�L�GYH�LQGLYLGXH�-��PDFURFDUSD�VD�.ULWD��.ULW���.ULW���VX�JUXSLVDQH�]DMHGQR��L�WD�JUXSD�MH�

WDNRĀH�XPHUHQR�SRGUæDQD��%6�������8�RYRP�VWDEOX��LQGLYLGXH�-��PDFURFDUSD�QLVX�JUXSLVDQH�

]DMHGQR��1HUD]UHäHQL�RGQRVL�X�RYRP�VWDEOX�VX�SRVOHGLFD�PDOH�ÀORJHQHWVNH�LQIRUPDWLYQRVWL�

RYRJ�UHJLRQD����SR]LFLMD�VD�VXSVWLWXFLMDPD�ED]D�RG�NRMLK�MH���VLQDSRPRUIQD�]D�LQJUXSX��D���VX�

VLQJOHWRQ�PXWDFLMH��7DEHOD��������

0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�WUQL�8$$��WUQF�*$$��UHJLRQD

0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� +.<� PRGHOD� HYROXFLMH� RYRJ� UHJLRQD�� ÿLMD� MH�

SRUDYQDWD�GXæLQD�NRG���� LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV�ELOD�����ES��QLMH�RæLOMHQR�

VD� DXWJUXSRP�SRäWR�QLVX�ELOH�GRVWXSQH� VHNYHQFH�RYRJ� UHJLRQD�NRG� -�� VDELQD� �6OLND���������

3ULPHQMHQR� MH� RæLOMDYDQMD� VWDEOD� QD� VUHGLQL� �PLGSRLQW� URRW��� ,PDMXýL� X� YLGX� L]X]HWQR� PDOX�

ÀORJHQHWVNX� LQIRUPDWLYQRVW�RYRJ� UHJLRQD� �VYHJD���SR]LFLMH� VD� VXSVWLWXFLMDPD�ED]D��7DEHOD�

�������QLMH� L]QHQDĀXMXýH�äWR�VH�QD�RYRP�VWDEOX�XRÿDYD�VDPR�VODER�SRGUæDQR�JUXSLVDQMH� -��

GHOWRLGHV�L�-��PDFURFDUSD��%6�������0HĀXWLP��XRÿHQD�MH�L�VODER�SRGUæDQD�JUXSD��%6������NRMD�

REXKYDWD�WUL�LQGLYLGXH�-��FRPPXQLV�YDU��LQWHUPHGLD�VD�ORNDOLWHWD�.RUDE��0DYURYR���
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Slika 4.3.1.� 0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� *75�*� PRGHOD� HYROXFLMH� WUQC�*&$�-

WUQD�*8&��UHJLRQD��ÿLMD�MH�SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV�L���
LQGLYLGXH�DXWJUXSH�-��VDELQD������ES��3ULND]DQH�VX�VDPR�%6�YUHGQRVWL�!������

,

,,D

,,E�

,,E�
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Slika 4.3.2.� 0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� 71��� PRGHOD� HYROXFLMH� SVEA�
WUQ+�*8*�� � UHJLRQD�� ÿLMD� MH� SRUDYQDWD� GXæLQD� NRG� ���� LQGLYLGXD� SUHGVWDYQLND� VHNFLMH�
-XQLSHUXV� L� �� LQGLYLGXD� DXWJUXSH� -�� VDELQD� ���ES�� 3ULND]DQH� VX� VDPR� %6� YUHGQRVW� L 
!����
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Slika 4.3.3.� 0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� 7��� PRGHOD� HYROXFLMH� WUQG�88&��
WUQS�*&8��� ÿLMD� MH� SRUDYQDWD� GXæLQD� NRG� ���� LQGLYLGXD� SUHGVWDYQLND� VHNFLMH�
-XQLSHUXV� L� �� LQGLYLGXD� DXWJUXSH� -�� VDELQD� ���� ES�� 3ULND]DQD� MH� VDPR� %6� YUHGQRVW� 
!������
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Slika 4.3.4.�0/�VWDEOR�NRQVWUXLVDQR�NRULäýHQMHP�+.<�PRGHOD�HYROXFLMH�WUQL�8$$��WUQF�*$$��

UHJLRQD�SDVWLGQRJ�JHQRPD��ÿLMD� MH�SRUDYQDWD�GXæLQD�NRG���� LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�
-XQLSHUXV�����ES��3ULND]DQH�VX�VDPR�%6�YUHGQRVWL�!������
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0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�PDWULFH�VDVWDYOMHQH�RG�VYD�ÿHWLUL�KORURSODVWQD�UHJLRQD

0/�VWDEOR�NRQVWUXLVDQR�NRULäýHQMHP�*75�*�PRGHOD�HYROXFLMH�RYRJ�UHJLRQD��ÿLMD�MH�

SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV� L� WUL� LQGLYLGXH�DXWJUXSH�-��

VDELQD�ELOD������ES��SRND]XMH�GD�MH�VHNFLMD�-XQLSHUXV�PRQRÀOHWVNRJ�SRUHNOD��%6��������6OLND�

��������'RELMHQR�VWDEOR�SRND]XMH�WRSRORäNX�VOLÿQRVW�VD�0/�VWDEORP�NRQVWUXLVDQLP�QD�RVQRYX�

WUQC�*&$�-WUQD�*8&��UHJLRQD��1DLPH��GRELMHQH�VX�GYH�YLVRNR�SRGUæDQH�NODGH��.ODGD�,��%6�������
REXKYDWD�VYH�LQGLYLGXH�-��FRPPXQLV, dok .ODGD�,,��%6������REXKYDWD�VYH�LQGLYLGXH�-��GHOWRLGHV�L�
-��PDFURFDUSD��NRMH�ÿLQH�GYH�VXENODGH��L�WR�-��GHOWRLGHV�ÿLQL�VXENODGX�,,D��%6��������D�-��PDFURFDUSD 

VXENODGX�,,E��%6�������

.DR�L�X�VOXÿDMX�0/�VWDEOD�NRQVWUXLVDQRJ�QD�RVQRYX�WUQC�*&$�-WUQD�*8&��UHJLRQD��RGQRVL�

X� RNYLUX�NODGH� ,� QLVX� UD]MDäQMHQL��PHĀXWLP��PRæH� VH� XRÿLWL� WUHQG� JUXSLVDQMD� LQGLYLGXD� -��
FRPPXQLV�YDU��FRPPXQLV�NDR�L�MHGLQNL�-��FRPPXQLV�YDU��VD[DWLOLV�L�-��FRPPXQLV�YDU��LQWHUPHGLD��1SU���

MHGLQNH�-��FRPPXQLV�YDU��LQWHUPHGLD�VH�VD�QHNROLNR�MHGLQNL�-��FRPPXQLV�YDU��FRPPXQLV��6XYD���6XYD���

0DYURYR���� JUXSLäX� ]DMHGQR� L� ]DX]LPDMX� WHUPLQDOQL� SRORæDM� X� NODGL� ,� �%6� ������ MHGLQNH�
-�� FRPPXQLV�YDU�� VD[DWLOLV�XJODYQRP�]DX]XPDMX�VUHGLäQML�SRORæDM�X�RYRM�NODGL��GRN� MHGLQNH� -��

FRPPXQLV�YDU��FRPPXQLV�XJODYQRP�]DX]LPDMX�ED]DOQL�SRORæDM�X�RNYLUX�NODGH�,��

2GQRVL�XQXWDU� VXENODGH� ,,D (-�� GHOWRLGHV�� WDNRĀH�RVWDMX� UD]MDäQMHQL��GRN�VH� VXENODGD� ,,E 

GDOMH�GHOL�QD�GYH�QRYH�VXENODGH��,,E���%6������NRMX�ÿLQH MHGLQNH�VD�.ULWD�L�,,E���%6������NRMX�

ÿLQH MHGLQNH�L]�7URJLUD��NDR�L�X�VOXÿDMX�0/�VWDEOD�GRELMHQRJ�QD�RVQRYX�WUQ&�WUQ'�UHJLRQD��

 

0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�PDWULFH�VDVWDYOMHQH�RG�QHNRGLUDMXýLK�UHJLRQD

0/�VWDEOR�NRQVWUXLVDQR�NRULäýHQMHP�*75�*�PRGHOD�HYROXFLMH�RYRJ�UHJLRQD��ÿLMD�MH�

SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV� L� WUL� LQGLYLGXH�DXWJUXSH�-��

VDELQD�ELOD������ES��WDNRĀH�SRND]XMH�GD�MH�VHNFLMD�-XQLSHUXV�PRQRÀOHWVNRJ�SRUHNOD��%6��������

L�SRND]XMH� WRSRORäNX�VOLÿQRVW�VD�0/�VWDEOLPD�NRQVWUXLVDQLP�QD�RVQRYX� WUQC�*&$�-WUQD�*8&��

UHJLRQD�L�PDWULFH�VDVWDYOMHQH�RG�VYLK�LVSLWLYDQLK�KORURSODVWQLK�UHJLRQD��0HĀXWLP��VWDWLVWLÿND�

SRGUäND�]D�SRMHGLQH�NODGH�MH�QLæD�X�RYRP�VWDEOX��6OLND���������,�X�RYLP�VWDEOX�VH�XRÿDYDMX�

VODER�SRGUæDQL�WUHQGRYL�JUXSLVDQMD�WDNVRQD�X�RNYLUX�NODGH�,��
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0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�PDWULFH�VDVWDYOMHQH�RG� NRGLUDMXýLK�UHJLRQD

0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP�+.<�,�PRGHOD� HYROXFLMH� RYH�PDWULFH�� ÿLMD� MH�

SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV� L� WUL� LQGLYLGXH�DXWJUXSH�-��

VDELQD� ELOD� ����ES�� MH� QHLQIRUPDWLYQR�SRäWR� VH� UDGL� R� L]X]HWQR�NRQ]HUYDWLYQLP� UHJLRQLPD�

X�NRMLPD� MH�GHWHNWRYDQR���VLQJOHWRQ�PXWDFLMD� L� MHGQD�SDUVLPRQ\� LQIRUPDWLYH� VLWH�PXWDFLMD�NRMD�

RGYDMD�VHNFLMX�6DELQD�RG�VHNFLMH�-XQLSHUXV���7DEHOD�������6OLND��������
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Slika 4.3.5.� 0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� *75�*� PRGHOD� HYROXFLMH� WUQC�*&$��
WUQD�*8&���SVEA�WUQ+�*8*���WUQG�88&��WUQS�*&8���WUQL�8$$��WUQF�*$$��UHJLRQD�SDVWLGQRJ�JHQRPD��ÿLMD�
MH�SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV�L�WUL�LQGLYLGXH�DXWJUXSH�-��
VDELQD������ES��3ULND]DQH�VX�VDPR�%6�YUHGQRVWL�!������

,

,,D

,,E�

,,E�
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Slika 4.3.6.�0/�VWDEOR�NRQVWUXLVDQR�NRULäýHQMHP�*75�*�PRGHOD�HYROXFLMH�QHNRGLUDMXýLK�
VHNYHQFL� WUQC�*&$��WUQD�*8&��� SVEA�WUQ+�*8*��� WUQG�88&��WUQS�*&8��� WUQL�8$$��WUQF�*$$�� UHJLRQD�
SDVWLGQRJ�JHQRPD��ÿLMD�MH�SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV�L�
WUL�LQGLYLGXH�DXWJUXSH�-��VDELQD������ES��3ULND]DQH�VX�VDPR�%6�YUHGQRVWL�!������

,

,,D

,,E�

,,E�
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Slika 4.3.6.� 0/� VWDEOR� NRQVWUXLVDQR� NRULäýHQMHP� +.<�,� PRGHOD� HYROXFLMH� NRGLUDMXýLK�
VHNYHQFL� WUQC�*&$��WUQD�*8&��� SVEA�WUQ+�*8*��� WUQG�88&��WUQS�*&8��� WUQL�8$$��WUQF�*$$�� UHJLRQD�
SDVWLGQRJ�JHQRPD��ÿLMD�MH�SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�-XQLSHUXV�L�
WUL�LQGLYLGXH�DXWJUXSH�-��VDELQD�ELOD�����ES��3ULND]DQH�VX�VDPR�%6�YUHGQRVWL�!������



5 Diskusija

,OXVWUDFLMD��-XQLSHUXV�FRPPXQLV�/���.U�VVPDQQ��*����������+DQGEXFK�GHU�
1DGHOJHKRO]H��%HUOLQ��3DXO�3DUH\���SS������ 
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5.1 n-$ONDQL

5.1.1  -XQLSHUXV�FRPPXQLV�var. FRPPXQLV

8�VYLP�X]RUFLPD�MH�GRPLQLUDR�WULWULDNRQWDQ��GRN�VX�GUXJD�GYD�XYHN�ELOD�LVWD��&��, C�����

PHĀXWLP�� ]DQLPOMLYR� MH� GD� VX�X�GYH�SRSXODFLMH� GHWHNWRYDQL� L� DONDQL� NUDýL� RG����&� DWRPD��

�7DEHOD������6OLND���������3URVHÿQD�GXæLQD�ODQFD��N��MH�]QDWQR�YDULUDOD�RG������GR�������D�VD�

QMRP�L�GLVSHU]LMD�RNR�QMH��G���

8QLYDULMDQWQD�DQDOL]D�MH�SRND]DOD�GLVNULPLQDFLMX�VYLK�VHGDP�SRSXODFLMD�QD�RVQRYX�VDVWDYD�

DONDQD��RVLP�KHQWULDNRQWDQD��5H]XOWDWL�XQLYDULMDQWH�DQDOL]H�VX�SRND]DOL�GD�VH�VYH�SRSXODFLMH�

UD]OLNXMX�X�RGQRVX�QD�UHODWLYQL�XGHR�WULWULDNRQWDQD��GRN�VH�QD�RVQRYX�RVWDOLK�NRPSRQHQWQL�

SRMHGLQL�SDURYL�SRSXODFLMD�VOLÿQLML�X�RGQRVX�QD�GUXJH��7DEHOD�������0XOWLYDULMDQWQD�DQDOL]D�MH�

SRND]DOD�RGYDMDQMH�SRSXODFLMD�X�RGQRVX�QD�JHRJUDIVNR�SRUHNOR�²�SRSXODFLMH�L]�'HOLEODWVNH�

SHäÿDUH�L�VD�FHQWUDOQRJ�LVWRÿQRJ�GHOD�%DONDQVNRJ�SROXRVWUYD��.RSDRQLN��6XYD�SODQLQD��VX�VH�

JUXSLVDOH�X�MHGQX�NODGX��GRN�VX�VH�SRSXODFLMH�]DSDGQR�RG�.RSDRQLND��'LYÿLEDUH��=ODWLERU��

0DYURYR��1HUHWYD��JUXSLVDOH�X�GUXJX�NODGX��6OLND���������'LVNULPLQDQWQD�DQDOL]D�MH�SRND]DOD�

RGYDMDQMH�VYLK�MHGLQNL�X�ÿHWLUL�JUXSH��QDMXGDOMHQLMD�JUXSD�REXKYDWD�SRSXODFLMH�VD�QDM]DSDGQLMLK�

ORNDOLWHWD� �0DYURYR��1HUHWYD���SRWRP�RGYDMDQMH�SRSXODFLMD�.RSDRQLN� L�'HOLEODWR�QD� MHGQX�

VWUDQX��6XYD�SODQLQD�QD�WUHýX�L�ÿHWYUWX�JUXSX�NRMX�VX�ÿLQLOH�=ODWLERU�L�'LYÿLEDUH��6OLND��������

%H]� RE]LUD� QD� UHODWLYQR� PDOL� EURM� SRSXODFLMD� �SRJRWRYX� NDGD� VH� X]PH� DUHDO� RYRJ�

WDNVRQD���SURÀOL�DONDQD� L]RORYDQLK� L]�HSLNXWLNXODUQLK�YRVNRYD�NRG�-�� FRPPXQLV�YDU�� FRPPXQLV 

VX�SRND]DOL�WHQGHQFLMX�RGYDMDQMD�X�RGQRVX�QD�JHRJUDIVNR�UDVSURVWUDQMHQMH��6�GUXJH�VWUDQH��

]DQLPOMLYR� MH� GD� MH� NRG� VYLK� SRSXODFLMD� GLVSHU]LMD� RNR� VUHGQMH� YUHGQRVWL� �G�� ELOD� L]X]HWQR�

YLVRND��������������=D�WUL�NRQWLQHQWDOQH�SRSXODFLMH��G�MH�ELOD�QDMPDQMD��������������

'RGG� L�3RYHGD��������VX��SURXÿDYDMXýL�VDVWDY�DONDQD�NRG�-�� FRPPXQLV�YDU�� VD[DWLOLV sa 

3LULQHMD��XRÿLOL�VORæHQ�RGQRV�N�YUHGQRVWL�L�QDGPRUVNH�YLVLQH��JGH�VX�SRSXODFLMH�QD�QDMPDQMLP�

L�QDMYHýLP�QDGPRUVNLP�YLVLQDPD�LPDOH�LVWX�SURVHÿQX�GXæLQX�ODQFD���6�GUXJH�VWUDQH��SRND]DOL�

VX�GD�MH�GLVSHU]LMD�RNR�N (G��UDVOD�VD�QDGPRUVNRP�YLVLQRP��7R�QLMH�ELR�VOXÿDM�VD�QDäLP�VHWRP�

SRGDWDND��7DNR��QDMYHýX�SURVHÿQX�GXæLQX�ODQFD�SRND]XMX�MHGLQNH�L]�SRSXODFLMH�VD�'HOLEODWVNH�

SHäÿDUH�NRMH�VX�UDVOH�XMHGQR�L�QD�QDMPDQMRM�QDGPRUVNRM�YLVLQL��D�QHäWR�PDQMX�YUHGQRVW�VX�
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Slika 5.2.�*HRJUDIVND�GLVWULEXFLMD�SRSXODFLMD�L�GRPLQDQWQLK�DONDQD�HSLNXWLNXODUQLK�YRVNRYD� 
-��FRPPXQLV�YDU��VD[DWLOLV�VD�%DONDQVNRJ�SROXRVWUYD�, - .RSDRQLN��,, - 6XYD�SODQLQD� ,,, - Stara 
SODQLQD��,9���9HOHELW� V - %LRNRYR��9,���Orjen,�9,,���'XUPLWRU� 9,,,� - þYUVQLFD� ,; - Prenj, 
; - 0DYURYR��5D]OLÿLWLP�ERMDPD�VX�R]QDÿHQH�JUXSH�SUHPD�'$��FI��6OLND��������

Slika 5.1.�*HRJUDIVND�GLVWULEXFLMD�SRSXODFLMD�L�GRPLQDQWQLK�DONDQD�HSLNXWLNXODUQLK�YRVNRYD�
-�� FRPPXQLV� YDU�� FRPPXQLV� VD�%DONDQVNRJ�SROXRVWUYD�� , - 6XYD�SODQLQD� ,, - 'HOLEODWR� ,,, - 
.RSDRQLN� ,9 - 'LYÿLEDUH� V - =ODWLERU� 9, - 1HUHWYD� 9,, - 0DYURYR��5D]OLÿLWLP�ERMDPD�VX�
R]QDÿHQH�JUXSH�SUHPD�'$��FI��6OLND�������
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VD� .RSDRQLND� UDVWH� QD� JRWRYR� LVWRM� QDGPRUVNRM� YLVLQL� NDR� SRSXODFLMH� QD� 'LYÿLEDUDPD� L�

=ODWLERUX��SR�SURÀOX�DONDQD��SURVHÿQRM�GXæLQL�ODQFD�L�GLVSHU]LML�RNR�QMH��RYH�WUL�SRSXODFLMH�VH�

SULOLÿQR�UD]OLNXMX��
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5.1.2 -XQLSHUXV�FRPPXQLV var. VD[DWLOLV

8�NXWLNXODUQLP�YRVNRYLPD�-��FRPPXQLV�YDU��VD[DWLOLV�VX�ELOL�]DVWXSOMHQL�DONDQL�GXJL�RG����

GR����XJOMHQLNRYLK�DWRPD��JGH�VX�DONDQL�GXJRJ�QL]D�GRPLQLUDOL��!�������8�VYLP�X]RUFLPD�MH�

GRPLQDQWDQ�DONDQ�ELR�WULWULDNRQWDQ��GRN�VX�X�]DYLVQRVWL�RG�ORNDOLWHWD�GUXJD�GYD�GRPLQDQWQD�

DONDQD�ELOL�KHQWULDNRQWDQ�L�SHQWDWULDNRQWDQ��NRQWLQHQWDOQH�SRSXODFLMH���RGQRVQR�QRQDNR]DQ�

L� KHQWULDNRQWDQ� �VXEPHGLWHUDQVNH� SRSXODFLMH��� ,]RORYDQL� DONDQL� VX� SRND]DOL� NYDQWLWDWLYQH�

UD]OLNH�L]PHĀX�LVWUDæLYDQLK�SRSXODFLMD�

5HODWLYQH�NROLÿLQH�DONDQD�L]�VYLK�LQGLYLGXD�VX�NRULäýHQH�]D�UDÿXQDQMH�SURVHÿQH�GXæLQH�

ODQFD��N��L�GLVSHU]LMH�RNR�QMH��G���,DNR�MH�N�YDULUDOD�RG������GR�������ELOR�MH�PRJXýH�JUXSLVDWL�

SRSXODFLMH�X�RGQRVX�QD�QMX��, (N=�����������²�NRQWLQHQWDOQH�SRSXODFLMH��,, (N �����������
²�VXEPHGLWHUDQVNH�SRSXODFLMH�NRMH�VX�UDVOH�QD�UHODWLYQR�YHOLNRP�QDJLEX�L�,,, (N �����������²�
VXEPHGLWHUDQVNH�SRSXODFLMH�NRMH�VX�UDVOH�QD�EODJRP�QDJLEX��'DNOH��UD]OLNXMX�VH�NRQWLQHQWDOQH�

SRSXODFLMH�RG�VXEPHGLWHUDQVNLK��DOL�L�VXEPHGLWHUDQVNH�VX�VH�SRGHOLOH�X�]DYLVQRVWL�RG�QDJLED�

terena. 3LUVRQRY�NRHÀFLMHQW�NRUHODFLMH�]D�NRQWLQHQWDOQH��5 �����p �����[���-5��L�VXEPHGLWHUDQVNH�

SRSXODFLMH� �5=0,51 p ����� [� ��-10�� MH�� LDNR� VWDWLVWLÿNL� ]QDÿDMDQ�� ELR� UHODWLYQR� XPHUHQ�� äWR�

JRYRUL�GD�RGQRV�RYD�GYD�SDUDPHWUD�QHäWR�NRPSOLNRYDQLML��RGQRVQR�QLMH�OLQHDUDQ���6DPR�MDNR�

VODED�NRUHODFLMD� L]PHĀX�QDJLED�WHUHQD�L�SURVHÿQH�GXæLQH�ODQFD� MH�SURQDĀHQD�QD�FHORP�VHWX�

SRGDWDND��5 �����p=10-5���3RUHG�VUHGQMH�GXæLQH�ODQFD��GLVSHU]LMD�RNR�QMH��G��MH�ELOD�QDMPDQMD�

NRG�NRQWLQHQWDOQLK�SRSXODFLMD��������������D�]QDWQR�YLäD�NRG�VXEPHGLWHUDQVNLK������²�������

.RG�LVSLWLYDQLK�SRSXODFLMD�-��FRPPXQLV�YDU��VD[DWLOLV�VD�]DSDGD�(YURSH�VX�GRELMHQL�GUXJDÿLML�

UH]XOWDWL��3RYHGD�HW�DO����������N�YUHGQRVW�MH�L]X]HQR�PDOR�YDULUDOD��������������GRN�MH�G�ELOD�

L]PHĀX�����L������1D�RVQRYX�VDVWDYD�DONDQD��LVSLWDQH�NRQWLQHQWDOQH�SRSXODFLMH�VD�%DONDQD�VX�

QDMVOLÿQLMH�SRGDFLPD�GR�NRMLK�VX�GRäOL�3RYHGD�L�VDUDGQLFL��1HäWR�QLæH�N YUHGQRVWL�L�PDOR�YHýL�

RSVHJ�YDULUDQMD�G�PRæH�VH�REMDVQLWL�L�QHäWR�NOLPDWVNL�VXURYLMLP�XVORYLPD�NRMLPD�VX�L]ORæHQH�

SRSXODFLMH�QD�$OSLPD�L�3LULQHMLPD�X�RGQRVX�QD�SRSXODFLMH�QD�%DONDQVNRP�SROXRVWUYX��

0XOWLYDULMDQWQH� VWDWLVWLÿNH�PHWRGH� VX� SRND]DOH� JUXSLVDQMH� NRQWLQHQWDOQLK� SRSXODFLMD�

QD�MHGQX�VWUDQX��L�VXEPHGLWHUDQVNLK�QD�GUXJX��D�X�]DYLVQRVWL�RG�NROLÿLQH�ÿHWLUL�DONDQD��&��, 

C��, C��, C�����'HQGURJUDP�NODVWHU�DQDOL]H�MH�SRND]DR�WUDQ]LFLMX�RG�SUDYLK�NRQWLQHQWDOQLK�ND�
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SUDYLP�SULPRUVNLP��VXEPHGLWHUDQVNLP��SRSXODFLMDPD��6OLND�������RGQRVQR�RG�YHýH�ND�PDQMRM�

SURVHÿQRM�GXæLQL�ODQFD�

Regresiona analiza je pokazala da dvanaest od devetnaest bioklimatskih parametara 

LPDMX�VWDWLVWLÿNL�]QDÿDMQX�NRUHODFLMX� VD� UHODWLYQLP�XGHORP�DONDQD�NDR� L�N i d vrednostima. 

2YL�SDUDPHWUL�EL�PRJOL�LPDWL�]QDÿDMDQ�XWLFDM�QD�VHOHNFLMX�JHQRWLSRYD�NRML�VX�YLäH�DGDSWLUDQL�

QD�UD]OLÿLWH�ORNDOQH�XVORYH��SD�EL�VDPLP�WLP�PRJDR�]QDÿDMQR�GRSULQHWL�XRÿHQRM�GLIHUHQFLMDFLML�

populacija. Zanimljivo je da, iako je N�YUHGQRVW�SRND]DOD�VWDWLVWLÿNL�]QDÿDMQX�NRUHODFLMX�VD�

QDJLERP�WHUHQD��RQD�QLMH�SURQDĀHQD�QL�]D�MHGDQ�SRMHGLQDÿQL�DONDQ��

9HýLQD� ELRNOLPDWVNLK� NDUDNWHULVWLND� MH� SRND]DOD� VWDWLVWLÿNL� ]QDÿDMQX� NRUHODFLMX��PDGD�

MH�VYHJD�QHNROLNR�ELOR�YLVRNR�NRUHOLVDQR��,�GRN�YHýLQD�ELRNOLPDWVNLK�SDUDPHWDUD�YH]DQLK�]D�

WHPSHUDWXUX�QLVX�SRND]DOL�VWDWLVWLÿNL�]QDÿDMQX�NRUHODFLMX�VD�DONDQLPD�LOL�N i d vrednostima, 

WHPSHUDWXUQD�VH]RQDOQRVW��%,2���MH�SRND]DOD�YLVRNX�SR]LWLYQX�NRUHODFLMX�VD�GXæLP�DONDQLPD��

D�QHJDWLYQX�VD�NUDýLP��RGQRVQR��GXæL�DONDQL�VX�ELOL�SRYH]DQL�VD�RQLP�SRSXODFLMDPD�X�NRMLPD�

VX�UD]OLNH�L]PHĀX�QDMYLäLK�L�QDMQLæLK�WHPSHUDWXUD�X�WRNX�JRGLQH�ELOH�QDMYHýH��6�GUXJH�VWUDQH��

YHýLQD� ELRNOLPDWVNLK� SDUDPHWDUD� YH]DQLK� ]D� SUHFLSLWDFLMX� MH� SRND]DOD� VWDWLVWLÿNL� ]QDÿDMQX�

NRUHODFLMX��6YL�RYL�SDUDPHWUL�SRND]XMX� WHQGHQFLMX�GD�äWR� MH�PDQMD�NROLÿLQD�SDGDYLQD�� WR�VX�

GRPLQDQWQLML�GXæL�DONDQL��

,DNR�PQRJL�DXWRUL�VPDWUDMX�GD�ELOMNH�WURSVNLK�UHJLRQD�VLQWHWLäX�DONDQH�GXæHJ�ODQFD�X�

RGQRVX�QD�YUVWH�NRMH�æLYH�X�XPHUHQLP�SRGUXÿMLPD��VNRULMD�LVWUDæLYDQMD�SRND]XMX�GD�MH�YODæQRVW�

]DSUDYR�ELWDQ�IDNWRU�NRML�XWLÿH�QD�GLVWULEXFLMX�DONDQD�NRG�YLäLK�ELOMDND��5RPPHUVNLUFKHQ�HW�DO���

�������3UHPD�PRGHOX�NRMX�VX�SUHGORæLOL�5LHGHUHU�L�6FKQHLGHU���������NXWLNXODUQD�SHUPHDELOQRVW�

EL�WUHEDOR�GD�RSDGD�VD�SRYHýDQMHP�XGHOD�DONDQD�GXJRJ�QL]D��2YR�MH�L�X�VDJODVQRVWL�VD�QDäLP�

SRGDFLPD��JGH�SRSXODFLMH�NRMH�QDVHOMDYDMX�NRQWLQHQWDOQD�SRGUXÿMD�QD�NRMLPD�WUSH�NDNR�OHWQMX�

VXäX��WDNR� L�]LPVNX�À]LRORäNX�VXäX�� LPDMX�YHýX�SURVHÿQX�GXæLQX�ODQFD��RGQRVQR�QMLKRYLP�

HSLNXWLNXODUQLP�YRVNRYLPD�GRPLQLUDMX�GXæL�DONDQL��6DGUæDM�WULWULDNRQWDQD�L�SHQWDWULDNRQWDQD�

MH�SR]LWLYQR�NRUHOLVDQ�VD�WHPSHUDWXUQRP�VH]RQDOQRäýX��L�YLäLP�WHPSHUDWXUDPD�QDMKODGQLMHJ�

perioda u godini, i visoko negativno korelisani sa precipitacijom. 

N i d� YUHGQRVWL� VL� SRND]DOL� VOLÿDQ� WUHQG�� 9LVRND� SR]LWLYQD� NRUHODFLMD� VD� JRGLäQMLP�

WHPSHUDWXUQLP� UDVSRQRP� �%,2��� L� VUHGQMRP� WHPSHUDWXURP� QDMVXäQLMHJ� SHULRGD� �%,2����

kao i negativne korelacije sa bioklimatskim parametrima precipitacije (npr. BIO12, BIO15, 

%,2����VXJHULäX�GD�DULGQRVW�LJUD�YDæQX�XORJX��.DNR�MH�NRUHODFLMD�N i d bila visoka i negativna 

(R ������ p���������� VXSURWDQ� WUHQG� MH� XRÿHQ� ]D� d.�2GQRVQR�� äWR� MH� YHýD� UD]OLND� L]PHĀX�
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WHPSHUDWXUD��WR�MH�PDQMD�GLVSHU]LMD�RNR�N – WUHQG�NRML�MH�L�´JROLP�RNRPµ�XRÿOMLY�QD�FHORP�

VHWX�SRGDWDND��JGH�VX�SRSXODFLMH�VD�$OSD�L�3LULQHMD��NDR�L�LVSLWLYDQH�NRQWLQHQWDOQH�SRSXODFLMH�

LPDOH�QDMPDQMX�GLVSHU]LMX��

'RGG�L�3RYHGD��������VX�SUHGORæLOL�GD�NRPSOHNVQD�YH]D�N�L�QDGPRUVNH�YLVLQH�]DSUDYR�

RFUWDYD�VOLÿQH�XVORYH�X�SRJOHGX�GRVWXSQRVWL�YRGH��JGH�EL�VH��SR�QMLPD��SRSXODFLMH�VD�PDQMLK�

QDGPRUVNLK�YLVLQD�VXRÿDYDOD�VD� OHWQMRP�VXäRP��GRN�EL�VH�SRSXODFLMH�VD�YHýLK�QDGPRUVNLK�

YLVLQD�VXRÿDYDOH�VD�SUREOHPLPD�À]LRORäNH�VXäH��6�GUXJH�VWUDQH�� MHGQRVWDYQLMX�NRUHODFLMX�VX�

SURQDäOL�L]PHĀX�QDGPRUVNH�YLVLQH�L�GLVSHU]LMH�RNR�N��2QL�VX�SUHWSRVWDYLOL�GD�MH�YHýD�YUHGQRVW�

G�QD�YHýLP�QDGPRUVNLP�YLVLQDPD�SRVOHGLFD� UD]OLÿLWLK�HNRORäNLK� IDNWRUD��NDR�äWR�EL�PRJOR�

ELWL�SRYHýDQMH�89�%�UDGLMDFLMH�NRMH�EL�SURPRYLVDOR�ELRVLQWH]X�DONDQD�NUDýHJ�ODQFD�L�JUDQDWLK�

DONDQD��%DUQHV�HW�DO���������'RGG�	�3RYHGD���������

0HĀXWLP��SRGDFL�]D�-��FRPPXQLV�YDU��VD[DWLOLV�GRELMHQL�X�RYRP�LVWUDæLYDQMX�MDVQR�XND]XMX�

GD� MH� SURVHÿQD� GXæLQD� DONDQD� �RGQRVQR� GRPLQDFLMD� GXæLK� DONDQD�� YLVRNR� NRUHOLVDQD� VD�

HNVWUHPQLP�NOLPDWVNLP�XVORYLPD� �YHOLNLP� WHPSHUDWXUQLP�RVFLMDODFLMDPD� L� VXäRP��� ãWDYLäH��

QDJLE�WHUHQD�WDNRĀH�SRND]XMH�L]YHVQL�XWLFDM��GRSULQRVHýL�QHäWR�DULGQLMLP�ORNDOQLP�XVORYLPD��

6� GUXJH� VWUDQH�� QDGPRUVND� YLVLQD� MH� SRND]DOD� VDPR� VODEX� QHJDWLYQX� NRUHODFLMX� �5 ������

p �������� äWR� L�QLMH� ÿXGQR� V�RE]LURP�QD� WR�GD� VX� VYH�SRSXODFLMH� UDVOH�QD�PDQMH�YLäH� LVWRM�

QDGPRUVNRM�YLVLQL��0DQWHORY�L�3DUFLMDOQL�0DQWHORY�WHVW�VX�QD�FHORP�VHWX�SRGDWDND�SRND]DOL�

VWDWLVWLÿNL� ]QDÿDMQX� NRUHODFLMX� VD� FHOLP� VHWRP�ELRNOLPDWVNLK� SDUDPHWDUD�� DOL� MH� WD� YH]D� ELOD�

QHäWR�VODELMD��XND]XMXýL�QD�LVWR�WDNR�MDNX�XORJX�JHQHWLÿNLK�IDNWRUD��
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5.1.3 Juniperus deltoides

$ONDQL�HSLNXWLNXODUQLK�YRVNRYD�L]RORYDQLK�L]�GYRJRGLäQMLK�LJOLFD�-��GHOWRLGHV�VX�SRND]DOL�

]QDÿDMQX�NYDQWLWDWLYQX�YDULMDELOQRVW�L]PHĀX�VYLK�SRSXODFLMD��1DMYHýH�UD]OLNH�SRVWRMH�L]PHĀX�

NRQWLQHQWDOQLK�L�SULPRUVNLK�SRSXODFLMD��.RG�NRQWLQHQWDOQLK��GRPLQLUDMX�DONDQL�GXJRJ�QL]D��

GRN� VX� DONDQL� VUHGQMHJ� QL]D� ]DVWXSOMHQL� VD� QDMYLäH� ������ 6� GUXJH� VWUDQH�� NRG� SULPRUVNLK�

SRSXODFLMD�� XGHR�SRMHGLQDÿQLK� DONDQD� VUHGQMHJ�QL]D�QLNDGD�QLMH�ELR�PDQML�RG�������3RUHG�

WRJD�� MDVQD� UD]OLND� MH�XRÿOMLYD� L�X�GRPLQDQWQLP�NRPSRQHQWDPD�DONDQD�GXJRJ�QL]D� L]PHĀX�

NRQWLQHQWDOQLK� L�SULPRUVNLK�SRSXODFLMD��'RN�X�NRQWLQHQWDOQLP�GRPLQLUDMX�X]� WULWULDNRQWDQ�

L�KHQWULDNRQWDQ�L�SHQWDWULDNRQWDQ��SRWSXQR�MH�GUXJDÿLMD�VLWXDFLMD�NRG�SULPRUVNLK��.RG�QMLK�

]QDÿDMDQ�XGHR�LPD�KHQWULDNRQWDQ�L�QRQDNR]DQ��D�NRG�QHNLK�MH�RGQRV�RYD�WUL�JRWRYR�L]MHGQDÿHQ�

�6HQM��đHYUVNH���'RELMHQL�UH]XOWDWL�VX�X�VDJODVQRVWL�L�VD�UH]XOWDWLPD�GRELMHQLP�]D�GUXJD�GYD�

taksona (-�� FRPPXQLV� YDU�� FRPPXQLV, -�� FRPPXQLV� YDU�� VD[DWLOLV�� NDR� L� SUHGORæHQLP� PRGHORP�

5LHGHUHU�L�6FKQHLGHU �������NRML�SUHGYLĀD�GD�ýH�MHGLQNH�NRMH�æLYH�X�DULGQLMLP�XVORYLPD�LPDWL�

DONDQH�GXæHJ�ODQFD��NRML�ýH�VYRMRP�SURVWRUQRP�RUJDQL]DFLMRP�GDWL�KRPRJHQLML�HSLNXWLNXODUQL�

VORM�� VD�PDQMLP� EURMHP� RWYRUD�� L� RPRJXýLWL� HÀNDVQLMX� ]DäWLWX� RG� QHNRQWUROLVDQRJ� JXELWND�

YRGH��,�]DLVWD��NRQWLQHQWDOQH�SRSXODFLMH�NRMH�WUSH�L� OHWQMX�VXäX�DOL� L�]LPVNX�À]LRORäNX�VXäX��

SRND]XMX�YHýL�SURFHQWXDOQL�XGHR�GXæLK�DONDQD�X�RGQRVX�QD�SULPRUVNH�SRSXODFLMH��NRMH�]LPL�

LPDMX�QHäWR�EODæH�XVORYH��VD�WHPSHUDWXUDPD�NRMH�QH�SDGDMX�QLNDGD� LVSRG�QXOH� L�VD�RELOMHP�

SDGDYLQD��7DNRĀH��]QDÿDMQR�MH�QDSRPHQXWL��GD�VYH�LVSLWLYDQH�NRQWLQHQWDOQH�SRSXODFLMH�UDVWX�

QD�WHUHQX�VD�UHODWLYQR�YHOLNLP�QDJLERP��GRN�VX�VYH�SULPRUVNH�SRSXODFLMH�X]RUNRYDQH�VD�WHUHQD�

NRML�JRWRYR�GD�QHPDMX�QDJLE��äWR�PRæH�GRSULQHWL�XRÿHQLP�YHOLNLP�UD]OLNDPD�X�GRPLQDQWQLP�

DONDQLPD�HSLNXWLNXODUQLK�YRVNRYD�RYLK�SRSXODFLMD��

3URVHÿQD�GXæLQD�ODQFD��N��MH�]QDWQR�YDULUDOD�L]PHĀX�SRSXODFLMD��1DMQLæH�VX�ELOH�NRG�

SULPRUVNLK�SRSXODFLMD��SRJRWRYX�NRG�SRSXODFLMD�6HQM�L�đHYUVNH�������L��������äWR�VH�SULSLVXMH�

JRWRYR�MHGQDNRM�GRPLQDFLML�&��, C���L�&����GRN�MH�NRG�RVWDOLK�SULPRUVNLK�SRSXODFLMD��N�ELOD�

L]PHĀX������L�������6�GUXJH�VWUDQH��NRQWLQHQWDOQH�SRSXODFLMH�VX�LPDOH�SURVHÿQX�GXæLQX�ODQFD�

]D�ÿDN�GYD�&�DWRPD�GXæX��2YROLND�YDULMDFLMD�X�SURVHÿQRM�GXæLQL�ODQFD�]D�ÿDN�ÿHWLUL�&�DWRPD�

QLMH�SURQDĀHQD�NRG�-��FRPPXQLV�YDU��FRPPXQLV�L�-��FRPPXQLV�YDU��VD[DWLOLV��6�GUXJH�VWUDQH��UD]OLND�

X� VUHGLQVNLP� IDNWRULPD�� L]PHĀX�NRQWLQHQWDOQLK� L�SULPRUVNLK�SRSXODFLMD� MH�NRG�RYH�YUVWH� L�

QDMYHýD�
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Disperzija oko N (d) je znatno varirala. Bez obzira na to, pokazala je isti trend kao i kod 

prethodna dva taksona – kod kontinentalnih populacija koje rastu u ekstremnijim uslovima 

RQD�MH�UHODWLYQR�PDOD��L�NUHýH�VH�RG�����GR�����GRN�NRG�SULPRUVNLK�SRSXODFLMD�RQD�PRæH�]QDWQR�

GD�YDULUD�²�GR�ÿDN�������X�SRSXODFLML� L]�6HQMD���2YDNR�YHOLND�GLVSHU]LMD�RNR�VUHGQMH�GXæLQH�

NRG�SRSXODFLMH�L]�6HQMD�MH�JRWRYR���SXWD�YHýD�RG�GLVSHU]LMD�NRG�NRQWLQHQWDOQLK�SRSXODFLMD��D�

GYD�GR�WUL�SXWD�YHýD�X�RGQRVX�QD�RVWDOH�SULPRUVNH�SRSXODFLMH��9LVRND�SR]LWLYQD�NRUHODFLMD�MH�

SURQDĀHQD�L]PHĀX�N i nadmorske visine (R �����p �����[���-22��L�MRä�YHýD�]D�QDJLE�WHUHQD�

(R �����p �����[���������RYR�XND]XMH�QD�]QDÿDM�ELRNOLPDWVNLK�SDUDPHWDUD�]D�GLIHUHQFLMDFLMX�

SURÀOD�DONDQD�NRG�RYH�YUVWH��0HĀXWLP��WHQGHQFLMH�NRMH�VX�XRÿHQH�NRG�SRSXODFLMH�J. communis 

var. saxatilis �'RGG�	�3RYHGD��������3RYHGD�HW�DO���������VD�3LULQHMD��QLVX�XRÿHQH�QL�X�RYRP�

setu podataka, pošto je d bila najviša kod primorskih populacija, koje sve rastu na znatno 

PDQMLP�QDGPRUVNLP�YLVLQDPD�QHJR�NRQWLQHQWDOQH��

$129$�L�PXOWLYDULMDQWQH�DQDOL]H�VX�WDNRĀH�SRND]DOH�MDVQR�UD]GYDMDQMH�SRSXODFLMD�QD�

RVQRYX�VDVWDYD�YHýLQH�DONDQD�� DOL� L� MDVQR�JUXSLVDQMH�SRSXODFLMD� VD� VOLÿQLP�SURÀOLPD�DONDQD�

HSLNXWLNXODUQLK�YRVNRYD��.ODVWHU�DQDOL]D� MH�SRND]DOD�EOLæH�JUXSLVDQMH�SRSXODFLMD�VD�0DJOLÿD�

I
II

III

IV V

VI
VII

VIII
IX

C33,C35C29,C31

Slika 5.3.�*HRJUDIVND�GLVWULEXFLMD�SRSXODFLMD�L�GRPLQDQWQLK�DONDQD�HSLNXWLNXODUQLK�YRVNRYD�
J. deltoides� VD�%DONDQVNRJ�SROXRVWUYD� I - Kopaonik, II - 0DJOLÿ� III - 3ÿLQMD� IV - Rovinj, 
V - 6HQM� VI - Kruševo, VII - đHYUVNH� VIII - 7URJLU� IX - 0DNDUVND��5D]OLÿLWLP�ERMDPD�VX�
R]QDÿHQH�JUXSH�SUHPD�'$��cf��6OLND��������
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L� L]� NDQMRQD� 3ÿLQMH�� V� MHGQH� VWUDQH�� L� GRQHNOH� L]GYDMDQMH� SRSXODFLMH� VD�.RSDRQLND� X� NODGL�

NRQWLQHQWDOQLK�SRSXODFLMD��$���GRN�NODGD�SULPRUVNLK�SRSXODFLMD�SRND]XMH�WUL�VXENODGH��5RYLQM�

�F���6HQM�L�đHYUVNH��G����NDR�L�.UXäHYR��7URJLU��0DNDUVND��H���

2GYDMDQMH� SRSXODFLMH� VD� .RSDRQLND� RG� RVWDOLK� NRQWLQHQWDOQLK� SRSXODFLMD� VH� PRæH�

REMDVQLWL�SULOLÿQR�HNVWUHPQLP�YUHPHQVNLP�XVORYLPD�NRMLPD�MH�RYD�SRSXODFLMD�L]ORæHQD��QDMYLäD�

QDGPRUVND� YLVLQD�� L]X]HWQR� YHOLNL� QDJLE� WHUHQD�� L]ORæHQRVW� MDNLP�YHWURYLPD�� JGH� SURVHÿQD�

GQHYQD�WHPSHUDWXUD�]LPL�PRæH�SDVWL� LVSRG����o&��6�GUXJH�VWUDQH��NOLPD�0DJOLÿD� L�NDQMRQD�

3ÿLQMH�QDMYLäH�SRGVHýD�QD�0HGLWHUDQVNX�NOLPX��VD�VXYLP��YUHOLP�OHWLPD�L�QHäWR�EODæLP�]LPDPD�

�JGH�WHPSHUDWXUD�PRæH�GD�VH�VSXVWL�GR�WDÿNH�PUæQMHQMD���=DQLPOMLYR�MH�GD�SRGORJD�QD�NRMRM�VX�

RYH�SRSXODFLMH�UDVOH�QLMH�LPDOD�QLNDNDY�XWLFDM�QD�VDVWDY�DONDQD�HSLNXWLNXODUQLK�YRVNRYD��

3RVWDYOMD�VH�SLWDQMH�GD�OL�VX�RYH�UD]OLNH�SRVOHGLFD�YHOLNLK�JHQHWLÿNLK�UD]OLND�LOL�VX�SURVWR�

RGJRYRU�ELOMNH�QD�ORNDOQH�VUHGLQVNH�IDNWRUH��,DNR�SRVWRML�MDNR�JHRJUDIVNL�XWHPHOMHQR�RGYDMDQMH�

L]PHĀX�NRQWLQHQWDOQLK�L�SULPRUVNLK�SRSXODFLMD��VXENODGH�RYH�GYH�JODYQH�NODGH�QH�SRND]XMX�

JHRJUDIVNX�NRUHODFLMX�� DOL� XND]XMX�QD� VOLÿQRVW� X� ORNDOQLP�NOLPDWVNLP�XVORYLPD��SD� VH� WDNR�

SRSXODFLMH�NRMH�VH�PHĀXVREQR�XGDOMHQH��QSU��3ÿLQMD�L�0DJOLÿ��6HQM�L�đHYUVNH��JUXSLäX�]DMHGQR��

 

.DNR�MH�UDĀHQD�VDPR�MHGQD�SRSXODFLMD�-��PDFURFDUSD�VD�%DONDQVNRJ�SROXRVWUYD��GLVNXVLMD�

R�DONDQLPD�HSLNXWLNXODUQLK�YRVNRYD�OLVWRYD�RYH�YUVWH�ýH�ELWL�X�NRQWHNVWX�RVWDOLK�YUVWD�X�RSäWRM�

GLVNXVLML�
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5.1.4 Opšta diskusija

Kutikula predstavlja prvu barijeru prodiranju patogenih organizama u biljku, kao i 

poslednju barijeru nekotrolisanom gubitku vode (Holloway, 1994). Da bi kutikularni voskovi 

PRJOL�GD�REDYOMDMX�RYDNR�YDæQX�XORJX�QHRSKRGQR�MH�GD�X�XVORYLPD�X�NRMLPD�æLYL�YUVWD��RYDM�

VORM�]DGUæDYD�L�VYRM�REOLN�L�VWUXNWXUX��

I jedno i drugo je direktno zavisno od sastava – trodimenzione strukture koje formiraju 

epikutikularni voskovi su direktno zavisne od jedinjenja koja ulaze u sastav epikutikularnih 

YRVNRYD�NDR�L�RG�QMLKRYRJ�UHODWLYQRJ�XGHOD��(LJHQEURGH�	�(VSHOLH���������GRN�MH�RÿXYDQMH�

RYLK�VWUXNXUD��QSU��VSUHÿDYDQMH�QMLKRYRJ�WRSOMHQMD��GLUHNWQR�YH]DQR�]D�QMLKRY�VDVWDY��þLVWD�

jedinjenja koja ulaze u sastav epikutikularnih voskova imaju temperaturu topljenja koja je 

YHRPD�ÿHVWR�L�QLæD�RG�WHPSHUDWXUH�WRSOMHQMD�]D�NRPSOHNVQX�VPHäX��*LEEV���������6YH�RYR�

XND]XMH�QD�MDNX�JHQHWLÿNX�NRQWUROX�L�L]X]HWQR�ELWQX�XORJX�NRMX��SUH�VYHJD�DONDQL��DOL�L�GUXJD�

jedinjenja koja ulaze u sastav epikutikularnih voskova, imaju za bolju adaptaciju jedinke na 

XVORYH�æLYRWQH�VUHGLQH�

3RGDFL�R�SURPHQOMLYRP�VDVWDYX�HSLNXWLNXODUQLK�YRVNRYD�WRNRP�æLYRWD� MHGQH� MHGLQNH�

SRVWRMH��PHĀXWLP��RYH�SURPHQH�VX�RJUDQLÿHQH�QD�SHULRG�UD]YRMD�VDPRJ�OLVWD��LOL�QHNRJ�GUXJRJ�

RUJDQD���JGH�QDNRQ�SRWSXQRJ�UD]YRMD�OLVWD�VDVWDY�DONDQD�RVWDMH�VWDELODQ��ÿDN�L�WRNRP�QMHJRYRJ�

VXäHQMD�L�RSDGDQMD��3XUG\�	�7UXWHU��������(JOLQWRQ�HW�DO���������%XVK�	�0F,QHUQH\���������6�

druge strane, postoji veliki broj radova koji govori o upotrebi alkana kao hemotaksonomskih 

PDUNHUD�� NDNR� ]D� UD]OLNRYDQMH� JRORVHPHQLFD� RG� VNULYHQRVHPHQLFD�� WDNR� L� QD� QLæLP�

taksonomskim nivoima (cf������²�$ONDQL���ãWDYLäH��'RGG�L�$I]DO�5DÀL��������VX��DQDOL]LUDMXýL�

DONDQH� HSLNXWLNXODUQLK� YRVNRYD� YUVWD� IDPLOLMH� &XSUHVVDFHDH�� XRÿLOL� GD� DONDQL� SRND]XMX� MDN�

JHQHWLÿNL�XWLFDM�NDR�RGJRYRU�QD�DGDSWDFLMX�QD�XVORYH�æLYRWQH�VUHGLQH��

U svim uzorcima LVWUDæLYDQLK�WDNVRQD�je tritriakontan (C����ELR�GRPLQDQWDQ�DONDQ��äWR�

je najverovatnije karakteristika celog roda. Ista dominantna komponenta je detektovana kod 

uzoraka J. communis  var. saxatilis�VD�3ULQHMD��$OSD�L�.RU]LNH��NDR�L�NRG�D]LMVNLK�L�VHYHUQRDPHULÿNLK�

populacija J. scopolorum, J. davurica, J. rigida �'RGG� 	� 3RYHGD�� ������ 3RYHGD� HW� DO��� ������

7DUDVRY�HW�DO���������7XOORFK�	�%HUJWHU���������8�VYLP�GRVWXSQLP�SRGDFLPD��WULWULDNRQWDQ�MH�
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ÿLQLR�SUHNR������DONDQVNRJ�SURÀOD�HSLNXWLNXODUQLK�YRVNRYD��3RUHG�WULWULDNRQWDQD��X�YHýLP�

NROLÿLQDPD�VX�VH�QDOD]LOL�L�&��, C��, C����6OLND��������

8� X]RUFLPD� GRPLQLUDMX� DONDQL� GXæHJ� QL]D�� äWR� L� RGJRYDUD� JHQHUDOQR� NVHURPRUIQRM�

SULURGL�RYLK� WDNVRQD��8MHGQR�� MHGLQNH�NRMH� VX�SRND]DOH� L�QDMPDQMX�NVHURPRUIQRVW� �äLURNH��

UHODWLYQR�PHNDQH�LJOLFH��-��PDFURFDUSD�L]�RNROLQH�7URJLUD��VX�LPDOH�L�QDMYHýL�XGHR�DONDQD�VUHGQMHJ�

QL]D��ãWDYLäH��SR�RSäWHP�SURÀOX�DONDQD��QDMYLäH�VH�LVWLÿX�DONDQL� L]RORYDQL� L]�HSLNXWLNXODUQLK�

YRVNRYD�-��PDFURFDUSD. 

8QLYDULMDQWQH�DQDOL]H�VX�SRND]DOH�RGYDMDQMH�VYD�ÿHWLUL�WDNVRQD�QD�RVQRYX�JRWRYR�VYDNRJ�

DONDQD��=DQLPOMLYR�MH�GD��NDGD�VX�SRMHGLQDÿQH�NRPSRQHQWH�X�SLWDQMX��-��FRPPXQLV�YDU��VD[DWLOLV 

SRND]XMH�YHýX�VOLÿQRVW�VD�-��GHOWRLGHV� L�-��PDFURFDUSD nego sa -��FRPPXQLV (C
22

, C��, C��, C�����-��

PDFURFDUSD�L�-��GHOWRLGHV�SRND]XMX�QHäWR�YHýL�EURM�NDUDNWHUD�QD�RVQRYX�NRMLK�QLMH�ELOR�PRJXýH�

UD]OLNRYDWL�RYH�GYH�JUXSH��&��, C��, C�����0HĀXWLP��QH�VPHPR�L]JXELWL�L]�YLGD�ÿLQMHQLFX�GD�MH�

YHOLNL�EURM�MHGLQNL�-��FRPPXQLV�YDU��VD[DWLOLV�SRUHNORP�VD�]DSDGQRJ�GHOD�%DONDQVNRJ�SROXRVWUYD��

NDR�L�YHýLQD�SRSXODFLMD�-��GHOWRLGHV�NDR�L�LVSLWDQD�SRSXODFLMD�-��PDFURFDUSD��

0XOWLYDULMDQWQD�VWDWLVWLÿND�REUDGD�UH]XOWDWD� LVSLWLYDQLK�DONDQD�QD�FHORNXSQRP�X]RUNX�

MH� SRND]DOD� PDQMH�YLäH� LVWH� WHQGHQFLMH� NDR� L� UH]XOWDWL� VWDWLVWLÿNH� REUDGH� SR� SRMHGLQLP�

YUVWDPD��1DLPH�� DQDOL]D� JODYQLK� NRPSRQHQWL� L� NODVWHU� DQDOL]D� VX� SRND]DOH� MDNR� RGYDMDQMH� 

�VXE�PHGLWHUDQVNLK�L�NRQWLQHQWDOQLK�SRSXODFLMD��EH]�RE]LUD�QD�WDNVRQ��JUXSLäXýL�QD�WDM�QDÿLQ�

X� LVWX� NODGX� MHGLQNH� UD]OLÿLWLK� WDNVRQD�� ,DNR� VX�RYH�GYH� DQDOL]H�GDOH�SUHGQRVW� JHRJUDIVNRM�

DVRFLMDFLML�� SUH� QHJR� WDNVRQRPVNRM�� MHGLQNH� LVWRJ� WDNVRQD� VX� VH� LSDN� XQXWDU� VYDNRJ� RG� WD�

GYD�JHRJUDIVND�UHJLRQD�JUXSLVDOH�]DMHGQR��ãWDYLäH��GLVNULPLQDQWQD�DQDOL]D�MH�LSDN�XVSHOD�GD�

RGYRML�L�JUXSLäH�WDNVRQH�QD�RVQRYX�VDVWDYD�HSLNXWLNXODUQLK�YRVNRYD��1DMVODELMH�VH�RGYDMDMX�

�WHN�QD�WUHýRM�GLVNULPLQDQWQRM�RVL��-��FRPPXQLV�YDU��VD[DWLOLV od -��FRPPXQLV�YDU��FRPPXQLV��6�GUXJH�

strane, -��PDFURFDUSD�VH�L]X]HWQR�MDNR�RGYDMD�RG�VYLK�RVWDOLK�WDNVRQD�QD�RVQRYX�VDVWDYD�DONDQD��

GRGDWQR�SRWYUĀXMXýL�RGYDMDQMH�RYRJ�WDNVRQD�NDR�SRVHEQH�YUVWH�

-HGLQNH� -�� FRPPXQLV� VH� JUXSLäX�PHĀXVREQR� SUH� VYHJD� QD� RVQRYX� YLVRNRJ� UHODWLYQRJ�

XGHOD�&���L�&���DONDQD��GRN�NRG�-��GHOWRLGHV�L�-��PDFURFDUSD��NRMH�VX�GRPLQDQWQR�PHGLWHUDQVNH�

SRSXODFLMH��GRPLQLUDMX�&���L�&����D�NRG�SRMHGLQLK�SRSXODFLMD�L�&����3URVHÿQD�GXæLQD�ODQFD��N��

MH�ELOD�MDNR�EOLVND�NRG�-��FRPPXQLV�YDU��FRPPXQLV�L�YDU��VD[DWLOLV��GRN�MH�]D�RWSULOLNH�MHGDQ�QLæD�NRG�

-��GHOWRLGHV�L�-��PDFURFDUSD.
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3URVHÿQD�GXæLQD�ODQFD��N��L�GLVSHU]LMD�RNR�QMH��G��SRND]XMH�X�VYLP�SRSXODFLMDP�VOLÿQX�

WHQGHQFLMX�²�äWR�VX�XVORYL�DULGQLML��WR�MH�SURVHÿQD�GXæLQD�ODQFD�YHýD��L�äWR�VX�XVORYL�´VXURYLMLµ�

�YHýH� SURPHQH� X� WHPSHUDWXUL� WRNRP� JRGLQH�� WHPSHUDWXUH� LVSRG� WDÿNH� PUæHQMHQMD�� OHWQMD�

VXäD�L�À]LRORäND�]LPVND�VXäD������WR�MH�GLVSHU]LMD�RNR�SURVHÿQH�GXæLQH�ODQFD�PDQMD��RGQRVQR�

GRPLQDFLMD�MHGQRJ�DONDQD�MH�L]UDæHQLMD��

1DNRQ�VYHJD��SRVWDYOMD�VH�SLWDQMH�NROLNL�XWLFDM�LPDMX�HNRORäNL��D�NROLNL�JHQHWLÿNL�IDNWRUL"�

,��GD� OL� MH�RGYDMDQMH� L]PHĀX�]DSDGQLK� L�FHQWUDOQLK�LVWRÿQLK�SRSXODFLMD�SRVOHGLFD�JHQHWLÿNLK�

UD]OLND�X]URNRYDQLK�DGDSWDFLMDPD�WLK�SRSXODFLMD�QD�UD]OLÿLWH�XVORYH�æLYRWQH�VUHGLQH��LOL�VX�XRÿHQH�

UD]OLNH� SRVOHGLFD� ´SODVWLÿQRVWLµ� YRVNRYD�RGQRVQR� DNRPRGDFLMH� QD� XVORYH� æLYRWQH� VUHGLQH"�

2VQRYQL�SURÀOL�NRML�VX�XRÿHQL�NRG�VYD�WUL�SURXÿDYDQD�WDNVRQD��GD�GRPLQLUD�WULWULDNRQWDQ��WH�

GD�X]�QMHJD�YLVRNL�XGHR�LPDMX�KHQWULDNRQWDQ�L�QRQDNR]DQ�LOL�SHQWDWULDNRQWDQ��SRNODSD�VH�VD�

GRVWXSQLP�SRGDFLPD�]D�RVWDOH�YUVWH�URGD�-XQLSHUXV��8RÿHQH�UD]OLNH�X�]DVWXSOMHQRVWL�GUXJH�GYH�

NRPSRQHQWH�VH�GR�L]YHVQRJ�VWHSHQD�PRæH�REMDVQLWL�UD]OLNDPD�NRMH�SRVWRMH�X�ELRNOLPDWVNLP�

IDNWRULPD��

3ULND]DQH�DQDOL]H�JRYRUH�R�YHOLNRP�XWLFDMX�ELRNOLPDWVNLK�IDNWRUD��SUH�VYHJD�DULGQRVWL��

QD�GLIHUHQFLMDFLMX�RYLK�SRSXODFLMD��,�]DLVWD��QDMYHýH�UD]OLNH�VX�XRÿHQH�NRG�-��GHOWRLGHV��V�RE]LURP�

QD�WR�GD�VH�LVWRÿQH�L�]DSDGQH�SRSXODFLMH�QDOD]H�X�SRWSXQR�GUXJDÿLMLP�NOLPDWVNLP�XVORYLPD��L�

PHĀXVREQR�VX�GDOHNR�YLäH�XGDOMHQH�X�RGQRVX�QD�LVSLWLYDQH�SRSXODFLMH�GUXJD�GYD�WDNVRQD��7R�

äWR�VX�VWDWLVWLÿNH�DQDOL]H�SRND]DOH�QHäWR�VODELMX�NRUHODFLMX��WM��QH]QDWQR�PDQMX�RG������PRæH�

ELWL�SRVOHGLFD�´QHSUHFL]QRVWLµ�NRULäýHQLK�ELRNOLPDWVNLK�SDUDPHWDUD��V�MHGQH�VWUDQH���SRäWR�VX�

SRGDFL�]D�:RUOG&OLP�GDWD�VHW�GRELMHQL�LQWHUSRODFLMRP�QD�RVQRYX�SRGDWDND�GRVWXSQLK�PHUQLK�

PHVWD���DOL�X�GUXJLK�IDNWRUD�NRML�VX�PRJOL�GD�´XQHVX�äXPµ�X�VDPX�VOLNX��1D�SULPHU��MHGDQ�EURM�

SRSXODFLMD��SUH�VYHJD�6HQM�L�đHYUVNH��UDVWX�WLN�X]�-DGUDQVNX�PDJLVWUDOX��L�L]ORæHQRVW�YHOLNLP�

NROLÿLQDPD�]DJDĀHQMD��QDURÿLWR�WHäNLP�PHWDOLPD�L]�L]GXYQLK�JDVRYD�VDREUDýDMD��PRJOL�VX�GD�

XWLÿX�QD�WR�GD�VH�]DXVWDYL�ELRVLQWH]D�DONDQD�L�GD�GRĀH�GR�´JRPLODQMDµ�QHäWR�NUDýLK�DONDQD��

äWR�EL�PRJOR�REMDVQLWL�GD�X�RYLP�SRSXODFLMDPD��LQDÿH�XRÿHQD�MDND�GRPLQDFLMD�WULWULDNRQWDQD�

JRWRYR�GD�L]RVWDMH��

0HĀXWLP��RQR�äWR�GDMH�GRGDWQX�VLJXUQRVW�X�MDNX�JHQHWLÿNX�SRGORJX�MH�L�SRGXGDUDQMH�

VD�UH]XOWDWLPD�GRVWXSQLP�L]�OLWHWDWXUH��'RGG�	�3RYHGD��������3RYHGD�HW�DO���������V�MHGQH�

VWUDQH��DOL�L�DQDOL]D�JODYQLK�NRPSRQHQWL�XUDĀHQD�]D�MHGLQL�ORNDOLWHW�JGH�VH�VYD�WUL�WDNVRQD�PRJX�
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QDýL��-��GHOWRLGHV�L�-��FRPPXQLV�YDU��FRPPXQLV�VLPSDWULÿNL��L�-��FRPPXQLV�YDU��VD[DWLOLV�QD�MDNR�PDORM�

XGDOMHQRVWL��²�.RSDRQLN��6OLND�������V�GUXJH�VWUDQH��,DNR�VX�UDVOL�SRG�LGHQWLÿQLP�NOLPDWVNLP�

XVORYLPD��RYD�WUL�WDNVRQD�VH�MDNR�ODNR�UD]OLNXMX�YHý�QD�DQDOL]L�JODYQLK�NRPSRQHQWL��äWR�XND]XMH�

QD�L]X]HWQR�ELWQX�XORJX�JHQHWLÿNLK�IDNWRUD�X�GHÀQLVDQMX�RVQRYQRJ�SURÀOD�DONDQD�NRG�RYD�WUL�

taksona.

Slika 5.4. 6FDWWHU�SORW�DQDOL]H�JODYQLK�NRPSRQHQWQL�ED]LUDQD�QD�XGHOX����DONDQD�L]RORYDQLK�L]�
HSLNXWLNXODUQLK�YRVNRYD�GYRJRGLäQMLK�LJOLFD�  - -��FRPPXQLV�YDU��FRPPXQLV,  - -��FRPPXQLV�YDU��
VD[DWLOLV�L�  - -��GHOWRLGHV�VD�ORNDOLWHWD�.RSDRQLN
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5.2.1  -XQLSHUXV�FRPPXQLV var. FRPPXQLV

8� HWDUVNRP� XOMX� L]RORYDQRP� L]� OLVWRYD� -�� FRPPXQLV� YDU�� VD[DWLOLV� GHWHNWRYDQR� MH� ����

MHGLQMHQMD�� �8� HWDUVNRP�XOMX�� NDR� L� NRG�GUXJLK� LVSLWDQLK� YUVWD� VHNFLMH� -XQLSHUXV�� GRPLQLUDMX�

PRQRWHUSHQL���������äWR�MH�NDUDNWHULVWLND�VHNFLMH��2WWR�	�:LOGH���������'YD�PRQRWHUHSHQD��

ơ�SLQHQ� L� VDELQHQ�� VX� GRPLQDQWQD� MHGLQMHQMD� X� VDVWDYX� HWDUVNRJ� XOMD�� =DMHGQR�� RYD� GYD�

MHGLQMHQMD�VX��X�SURVHNX��ÿLQLOD�RNR��������XNXSQRJ�VDVWDYD�HWDUVNRJ�XOMD�

6DVWDY� HWDUVNRJ� XOMD� MH� SRND]DR� JHRJUDIVNX� GLIHUHQFLMDFLMX� LVSLWLYDQLK� SRSXODFLMD�� 8�

SRSXODFLML�L]�'HOLEODWVNH�SHäÿDUH�HWDUVNR�XOMH�VH�RGOLNRYDOR�JRWRYR�LVWLP�RGQRVRP�ơ�SLQHQD�

L�VDELQHQD��NRG�SRSXODFLMH�VD�.RSDRQLND�X�HWDUVNRP�XOMX�GRPLQLUD�VDELQHQ��NRJD�LPD�GXSOR�

YLäH�X�RGQRVX�QD�ơ�SLQHQ��.RG�SRSXODFLMD�VD�6XYH�L�6WDUH�SODQLQH�ơ�SLQHQ�GRPLQLUD�X�HWDUVNRP�

XOMX��GRN�VDELQHQD�LPD����RGQRVQR�����PDQMH�X�SUDYFX�]DSDG�LVWRN��

$QDOL]D�JODYQLK�NRPSRQHQWL�MH�SRND]DOD�SUHNODSDQMH�VYLK�SRSXODFLMD��þDN�L�VDPR�GYH�

NRPSRQHQWH�RSLVXMX�JRWRYR�VYHXNXSQX�YDULMDELOQRVW�X]RUND��ơ�SLQHQ�QD�SUYRM�RVL����������L�

OLPRQHQ����������QD�GUXJRM��6DELQHQ��]ERJ�L]X]HWQR�YHOLNH�L�VWDWLVWLÿNL�]QDÿDMQH�NRUHODFLMH�VD�

ơ�SLQHQRP��U �������QLMH�NRULäýHQ�X�PXOWLYDULDFLRQLP�VWDWLVWLÿNLP�DQDOL]DPD��.ODVWHU�DQDOL]D�

MH�SRND]DOD�IRUPLUDQMH�GYH�NODGH�X�RGQRVX�QD�NROLÿLQX�ơ�SLQHQD�RGQRVQR�VDELQHQD�

Slika 5.5.� 'LVWULEXFLMD� GRPLQDQWQLK�
NRPSRQHQWL�HWDUVNRJ�XOMD� LJOLFD�-�� FRPPXQLV 
YDU�� FRPPXQLV� X� (YURSL� GRVWXSQLK� L]�
OLWHUDWXUH� �FI�� 7DEHOD� ������ 9HOLÿLQD� ´SLWLFHµ�
JRYRUL�R�UHODWLYQRM�]DVWXSOMHQRVWL�KHPRWLSD�
WDPR� JGH� MH� ELR� GRVWXSDQ� SRGDWDN� 
  ���ơ�SLQHQ�� ���OLPRQHQ��� ���VDELQHQ�
 ���GUXJH�NRPSRQHQWH��PLUFHQ��ƣ�WHUSLQHQ��
Ƣ�IHODQGUHQ�L�GU��
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3RUHĀHQMH� GRELMHQLK� UH]XOWDWD� VD� GRVWXSQLP� UH]XOWDWLPD� L]� OLWHUDWXUH� �7DEHOD� �����

6OLND������MH�SRND]DOR�GD�HWDUVNR�XOMH�J. communis�YDU��communis�äLURP�DUHDOD�SRND]XMH�YHOLNX�

YDULMDELOQRVW��%URM�LGHQWLÀNRYDQLK�NRPSRQHQWL�MH�YDULUDR�RG�QHNROLNR�GHVHWLQD�GR�GYH�VWRWLQH��

0HĀXWLP��RSäWL�SURÀO�MH�ELR�VOLÿDQ�²�MHGQD�GR�GYH�NRPSRQHQWH�NRMH�VX�ELOH�]DVWXSOMHQH�SUHNR�

�����L�GR����NRPSRQHQWL�SULVXWQLK�L]PHĀX���L������'RPLQDQWH�NRPSRQHQWH�VX�YDULUDOH�X�

]DYLVQRVWL�RG�UHJLRQD��3D�WDNR��X�UHJLRQX�VHYHUQH�,WDOLMH��6DUGLQLMH�L�MXæQH�)UDQFXVNH�X�HWDUVNRP�

XOMX�GRPLQLUDMX�VDELQHQ� L�ơ�SLQHQ��GRN� MH� WUHýD�NRPSRQHQWD�YDULUDOD� �$QJLRQL�HW�DO���������

&DUDPLHOOR�HW�DO���������2FKRFND�HW�DO����������6�GUXJH�VWUDQH��NRG�SRSXODFLMD�VD�VHYHUD�(YURSH�

VQDæQR�GRPLQLUD�ơ�SLQHQ��GRN�VH�VDELQHQ�NDR�GRPLQDQWQD�NRPSRQHQWD�MDYOMD�X�SRMHGLQLP�

SRSXODFLMDPD�LOL�NRG�PDQMHJ�EURMD�MHGLQNL��$GDPV��������%XWNLHQė�HW�DO���������)LOLSRZLF]�HW�

DO���������2FKRFND�HW�DO����������8�UHJLRQX�FHQWUDOQH�(YURSH�L�%DONDQVNRJ�SROXRVWUYD�HWDUVND�

XOMD� SRND]XMX� ´LQWHUPHGLMDUQLµ� NDUDNWHU� X� RGQRVX� QD� GUXJD� GYD� UHJLRQD� �GRPLQLUDMX� REH�

NRPSRQHQWH��²�]DSDGQLP�SRSXODFLMDPD�GRPLQLUD�VDELQHQ��GRN�ơ�SLQHQ�ÿLQL�QHäWR�PDQML�XGHR�

�0DUNy�HW�DO���������0DVWHOLý�HW�DO����������D�LVWRÿQLP�GRPLQLUD�ơ�SLQHQ��SRGDFL�L]�RYRJ�UDGD�L�

�&KDW]RSRXORX�	�.DWVLRWLV����������'RELMHQL�SRGDFL�VH�XNODSDMX�X�RSäWX�NOLQX��JGH�X�SUDYFX�

]DSDG�LVWRN�GROD]L�GR�VPDQMHQMD�XGHOD�VDELQHQD�X�GRPLQDQWQLP�NRPSRQHQWDPD��RGQRVQR�

SRYHýDQMD� XGHOD� ơ�SLQHQD� X� HWDUVNRP� XOMX�� ,]X]HWQR� MH� ]DQLPOMLYR�� SRVHEQR� X� NRQWHNVWX�

JHQD�RGJRYRUQLK�]D�ELRVLQWH]X��GD�VH� OLPRQHQ�QDOD]L�PHĀX�GRPLQDQWQLP�NRPSRQHQWDPD�

LVNOMXÿLYR�QD�WUDQVHNWX�*UÿND�ãYHGVND��GRN�VH�NRG�SRSXODFLMD�LVWRÿQR�L�]DSDGQR�RG�RYH�OLQLMH�

MDYOMD�X�]QDWQR�PDQMLP�NROLÿLQDPD��YHRPD�ÿHVWR�LVSRG��������

8�QHNROLNR�UDGRYD��DXWRUL�VX�XVSHOL�GD�XRÿH�GYD�GR�WUL�KHPRWLSD���ơ�SLQHQVNL��VDELQHQVNL�

L�Ƥ�NDU���HQVNL��%XWNLHQė�HW�DO���������0DUNy�HW�DO����������0HĀXWLP��]ERJ�RVNXGQLK�SRGDWDND�

GHWDOMQLMD� DQDOL]D� L� XVWDQRYOMDYDQMH� WUL� SUHWSRVWDYOMHQD� KHPRWLSD� QLMH� L]YHVQD�� 'HWDOMQLMD�

DQDOL]D�SRGDWDND�GRVWXSQLK�L]�OLWHUDWXUH�MH�SRWYUGLOD�SULVXVWYR�´VNULYHQLKµ�PDQMH�]DVWXSOMHQLK�

KHPRWLSRYD�� 8� SRSXODFLMDPD� VD� %DONDQD��PRJOD� VX� GD� VH� GHWHNWXMX� WUL� RVQRYQD� SURÀOD� ��

ơ�SLQHQVNL� �ơ�SLQHQ� �������� LQWHUPHGLMDUQL� �ơ�SLQHQ� ������� VDELQHQ� ������ L� VDELQHQVNL�

�VDELQHQ�������ơ�SLQHQ��������1LMH�GHWHNWRYDQD�QLMHGQD� MHGLQND�NRMD�EL�RGJRYDUDOD�Ƥ�NDU���

HQVNRP�KHPRWLSX��6WRJD��QHRSKRGQH�VX�GDOMH�DQDOL]H�VD�YHýLP�EURMHP�MHGLQNL�L�äLULP�DUHDORP�

]D�GDOMH�WXPDÿHQMH�UH]XOWDWD��L�HYHQWXDOQR�UD]OLNRYDQMH�KHPRWLSRYD�

0DUNy� L� VDUDGQLFL� ������� VX� XRÿLOL� SRWHQFLMDOQX� YH]X� L]PHĀX� VDVWDYD� HWDUVNRJ� XOMD� L��

SUHIHUHQFH�KHUELYRUD��PHĀXWLP�GL]DMQ�HNVSHULPHQWD�LP�MH�RQHPRJXýLR�GD�GRĀX�GR�NRQNUHWQLMLK�

UH]XOWDWD�� 1D� RVQRYX� GRVWXSQLK� SRGDWDND�� Ƥ�NDU���HQVNL� KHPRWLS� MH� QDMPDQMH� SULPDPOMLY�
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]D� KHUELYRUH�� GRN� MH� ơ�SLQHQVNL� KHPRWLS� QDMSULPDPOMLYLML�� 6DELQHQVNL� KHPRWLS� MH� SRND]DR�

NDUDNWHULVWLNH�RED�KHPRWLSD��EDUHP�NDGD�MH�SUHIHUHQFD�KHUELYRUD�X�SLWDQMX��8VWDQRYOMHQD�MH�

YH]D�L]PHĀX�NROLÿLQH�HWDUVNRJ�XOMD�L�LQWHQ]LWHWD�LVSDäH��JGH�VX�MHGLQNH�NRMH�VX�LPDOH�YHýL�SULQRV�

HWDUVNRJ�XOMD�KHUELYRUL�YLäH�L]EHJDYDOL��

6YDNDNR�GD�MH�QHRSKRGQD�GHWDOMQLMD�VWXGLMD�RGQRVD�SRMHGLQDÿQLK�NRPSRQHQWL�L�VPHäH�

QHNROLNR� NRPSRQHQWL� GD� EL� VH� XWYUGLR� RGQRV� L]PHĀX� KHUELYRUD� L� NOHNH�� NDR� L� GHWDOMQLMD�

ELRNOLPDWVND�VWXGLMD��NRMD�EL��WDNRĀH��PRJOD�GD�REMDVQL�GLVWULEXFLMX�KHPRWLSRYD�äLURP�DUHDOD��

,DNR�VX�X�WDEHOL�QDYHGHQL�UH]XOWDWL�VDVWDYD�HWDUVNRJ�XOMD�SRSXODFLMD�L]�.DQDGH��)LQVNH�L�

,UDQD��XSLWQR�MH�NROLNR�VX�GDWH�MHGLQNH�GREUR�GHWHUPLQLVDQH��1DLPH��SUHPD�VYLP�GRVWXSQLP�

SRGDFLPD�R�GLVWULEXFLML�RYRJ�YDULMHWHWD��RQ�QH�QDVHOMDYD�.DQDGX��GRN�VH�X�(YURSL�MDYOMD�GR�

���WH�SDUDOHOH��X]�L]X]HWDN�MHGQH�SRSXODFLMH�QD�]DSDGX�1RUYHäNH���8�,UDQX�VH�RYDM�YDULMHWHW�

MDYOMD�QD�VHYHUR]DSDGX�]HPOMH��Farjon 	�)LOHU��������
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/RNDOLWHW *ODYQH�NRPSRQHQWHD� 5HIHUHQFD
Kanada* ơ�3LQHQH������� 5XGORII �	�6RRG������

Ƣ�3LQHQH������
0\UFHQH������

*UÿND��VHYHU� ơ�3LQHQH������� &KDW]RSRXORX�	�.DWVLRWLV������
6DELQHQH�������
/LPRQHQH������

,WDOLMDE� 6DELQHQH������� &DUDPLHOOR�HW�DO�������
ơ�3LQHQH�������
7HUSLQHQ���RO������

3ROMVNDF� ơ�3LQHQH������� 2FKRFND�HW�DO�������
/LPRQHQH������
Ƣ�3KHOODQGUHQH������

3RODQGG� ơ�3LQHQH������� 2FKRFND�HW�DO�������
0\UFHQH������
Ƣ�3LQHQH������

3RODQGH� ơ�3LQHQH������� 2FKRFND�HW�DO�������
6DELQHQH�������
/LPRQHQH������

)UDQFXVND 6DELQHQH������� 2FKRFND�HW�DO�������
ơ�3LQHQH�������
ƣ�7HUSLQHQH�������

ãYHGVND ơ�3LQHQH������� $GDPV������
/LPRQHQH������
Ƣ�3KHOODQGUHQH������

+UYDWVND ơ�3LQHQH������� 0DVWHOLý�HW�DO�������
6DELQHQH�������
7HUSLQHQ���RO������

6DUGLQLMD 6DELQHQH������� $QJLRQL�HW�DO�������
7HUSLQHQ���RO�������
ơ�3LQHQH������

Iran 6DELQHQH������� 6KDKPLU�HW�DO��������
ơ�3LQHQH�������
7HUSLQHQ���RO�������

IranI� Ƥ�&DU���HQH������� 3RXUPRUWD]DYL�HW�DO�������
Ƣ�3KHOODQGUHQH�������
ơ�3LQHQH�������

7DEHOD������3UHJOHG�OLWHUDWXUQLK�SRGDWDND�R�GRPLQDQWLP�NRPSRQHQWDPD�HWDUVNRJ�XOMD�LJOLFD�
-��FRPPXQLV�YDU��FRPPXQLV
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/RNDOLWHW *ODYQH�NRPSRQHQWHD� 5HIHUHQFD
3ROMVNDJ� ơ�3LQHQH������� )LOLSRZLF]�HW�DO�������

6DELQHQH������
/LPRQHQH������

)LQVND *HUPDFUHQH�'�RO������� 0DUW]�HW�DO�������
*HUPDFUHQH�'�������
ơ�3LQHQH�������

/LWYDQLMDL� ơ�3LQHQH������� %XWNLHQė�HW�DO�������
Ƣ�3KHOODQGUHQH������
6DELQHQH������

/LWYDQLMDM� 6DELQHQH������� %XWNLHQė�HW�DO�������
ơ�3LQHQH�������
7HUSLQHQ���RO������

6UELMD ơ�3LQHQH������� 0LORMHYLý�HW�DO�������
�.RSDRQLN� 6DELQHQH�������

0\UFHQH�������
0DĀDUVNDN� Ƥ�&DU���HQH������� 0DUNy�HW�DO�������

ơ�3LQHQH�������
0\UFHQH������

0DĀDUVNDO� 6DELQHQH������� 0DUNy�HW�DO�������
ơ�3LQHQH�������
ƣ�7HUSLQHQH������

0DĀDUVNDP� ơ�3LQHQH������� 0DUNy�HW�DO�������
ƣ�7HUSLQHQH�������
0\UFHQH������

* -�� FRPPXQLV� YDU�� FRPPXQLV� QH� UDVWH� X� 6HYHUQRM�$PHULFL�� WDNR�GD� VH� SRGDWDN�QDMYHURYDWQLMH�
RGQRVL�QD�-��FRPPXQLV�YDU��VD[DWLOLV�DOL�X�UDGX�MH�WDNVRQ�GHÀQLVDQ�VDPR�NDR�-��FRPPXQLV��D��UHODWLYQL�
XGHR�JODYQLK�NRPSRQHQWL�MH�GDW�X�]DJUDGDPD������E��SURFHQWL�VX�GDWL�NDR�VUHGQMD�YUHGQRVW�
]D� SHW� ORNDOLWHWD� VD� VHYHUD� ,WDOLMH�� F�� SRGDFL� VX� GDWL� SR� ORNDOLWHWLPD� �� ORNDOLWHW� 3LHFKRZLFH�� 
G��:HJRU]HZR��0ODZD��13�.DPSLQRV���PODGD�äXPD��H��13�.DPSLQRV���VWURJL�UH]HUYDW�1LHSXVW��
6ZLGQR���I��%RWDQLÿND�EDäWD�X�7HKHUDQX��J��SRGDFL�GRELMHQL�SRPRýX�KHDGVSDFH��L��RGUHĀHQ�NDR�
SLQHQVNL�KHPRWLS��Q �����M��RGUHĀHQ�NDR�VDELQHQVNL�KHPRWLS��Q ����N��Ƥ�NDU���HQH�KHPRWLS�
�Q ����O��VDELQHQVNL�KHPRWLS��Q �����P��SLQHQVNL�KHPRWLS��Q ����

QDVWDYDN�7DEHOH�����
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5.2.2 �-XQLSHUXV�FRPPXQLV var. VD[DWLOLV

8� HWDUVNRP� XOMX� L]RORYDQRP� L]� OLVWRYD� -�� FRPPXQLV� YDU�� VD[DWLOLV� GHWHNWRYDQR� MH� ����

MHGLQMHQMH�� 8� HWDUVNRP� XOMX�� NDR� L� NRG� GUXJLK� LVSLWDQLK� YUVWD� VHNFLMH� -XQLSHUXV�� GRPLQLUDMX�

PRQRWHUSHQL� ��������� äWR� MH� NDUDNWHULVWLND� VHNFLMH� �2WWR� 	� :LOGH�� ������� 'RPLQDQWQR�

MHGLQMHQMH�MH�ơ�SLQHQ��NRML�X�SURVHNX�ÿLQL��������VDVWDYD�HWDUVNRJ�XOMD��

6DVWDY� HWDUVNRJ� XOMD� MH� SRND]DR� JHRJUDIVNX� GLIHUHQFLMDFLMX�� 8� VXEPHGLWHUDQVNLP�

SRSXODFLMDPD�� VHVNYLWHUSHQVNL� XJOMRYRGRQLN�� JHUPDNUHQ�'�� MH� SR� VYRP�XGHOX� ÿLQLR� GUXJR�

QDM]DVWXSOMHQLMH� MHGLQMHQMH� ��������� GRN� MH� X� NRQWLQHQWDOQLP� SRSXODFLMDPD� WR� ELR� VDELQHQ�

������ ���� $QDOL]D� JODYQLK� NRPSRQHQWQL� MH� SRND]DOD� RGYDMDQMH� VXEPHGLWHUDQVNLK� RG�

NRQWLQHQWDOQLK�SRSXODFLMD��GRN� MH�NODVWHU�DQDOL]D�SRND]DOD�GD�SRSXODFLMH�NRMH�VX�JHRJUDIVNL�

EOLæH�SRND]XMX�L�VOLÿQLML�VDVWDY�HWDUVNRJ�XOMD��WH�VH�JUXSLäX�X�RGYRMHQH�VXENODGH��'LVNULPLQDQWQD�

DQDOL]D�MH�XVSHOD�GD�SRWYUGL�RGYDMDQMH�ÿHWLUL�JUXSH��

3RUHĀHQMH� GRELMHQLK� UH]XOWDWD� VD� GRVWXSQLP� UH]XOWDWLPD� L]� OLWHUDWXUH� �7DEHOD� �����

MH� SRND]DOR� VOLÿQRVW� VDVWDYD� HWDUVNRJ�XOMD� VD� GUXJLP�SRSXODFLMDPD� -�� FRPPXQLV�YDU�� VD[DWLOLV 

�,UDQ� �(PDPL� HW� DO��� ������� ãYDMFDUVNH� �$GDPV�� ������� .RU]LNH� �2WWDYLROL� HW� DO��� �������

Slika 5.6.� 'LVWULEXFLMD� GRPLQDQWQLK� NRPSRQHQWL� HWDUVNRJ� XOMD� LJOLFD� -�� FRmPXQLV� YDU��
VD[DWLOLV� X� (YURSL� �L� $]LML�� GRVWXSQLK� L]� OLWHUDWXUH� �FI�� 7DEHOD� ������ 9HOLÿLQD� ´SLWLFHµ�
JRYRUL� R� UHODWLYQRM� ]DVWXSOMHQRVWL� KHPRWLSD� WDPR� JGH� MH� ELR� GRVWXSDQ� SRGDWDN� 
  ���ơ�SLQHQ�� ���OLPRQHQ��� ���VDELQHQ�� ���JHUPDNUHQ�'�� ���GUXJH�NRPSRQHQWH��PLUFHQ��
��SLQHQ��L�GU��

Iran

0RQJROLMD

Koreja



Doktorska disertacija Diskusija

���

*UÿNH��9RXUOLRWL�$UDSL�HW�DO���������L�,WDOLMH��&DUDPLHOOR�HW�DO�����������DOL�PDQMX�VOLÿQRVW�VD�

SRSXODFLMDPD� L]�3RUWXJDOD� �&DEUDO� HW� DO��� �������.RU]LNH� �2WWDYLROL� HW� DO��� ������ L�6DUGLQLMH�

�0DURQJLX�HW� DO��� �������(WDUVND�XOMD�SRSXODFLMD� L]�ãYDMFDUVNH�� ,UDQD� L�.RUL]LNH� VH�RGOLNXMX�

YLVRNLP�XGHORP�VDELQHQD��äWR�LK�SR�VDVWDYX�ÿLQL�QHäWR�EOLæLP�NRQWLQHQWDOQLP�SRSXODFLMDPD��

3RSXODFLMH�L]�.RUHMH��-R�	�.LP��������L�0RQJROLMH��$GDPV���������������SDN��SRND]XMX�VDVWDY�

HWDUVNRJ� XOMD�PQRJR� VOLÿQLML� VXEPHGLWHUDQVNLP� SRSXODFLMDPD� �6OLND� ������ 8� HWDUVNRP� XOMX�

SRSXODFLMD�L]�3RUWXJDOD��VD�.RU]LNH�L�6DUGLQLMH�GRPLQLUD�OLPRQHQ��

2WWDYLROL� L� VDUDGQLFL� ������� VX� LGHQWLÀNRYDOL� GYD� KHPRWLSD� NRG� SRSXODFLMD� -XQLSHUXV�

FRPPXQLV� YDU�� VD[DWLOLV� VD�.RU]LNH�� 3URQDäOL� VX� GD� ���� LQGLYLGXD� LPD� HWDUVNR� XOMH� X� NRMHP�

GRPLQLUD� OLPRQHQ��GRN� MH�NRG����WR�ELR�VDELQHQ��6�GUXJH�VWUDQH��SRGDFL� L]�RYRJ�UDGD�VX�

SRND]DOL�GD�MH�ơ�SLQHQ�JRWRYR�XYHN�ELR�GRPLQDQWQD�NRPSRQHQWD��'HYHWQDHVW�LQGLYLGXD�L]�

NRQWLQHQWDOQLK�SRSXODFLMD� ���� L]�SRSXODFLMH�.RSDRQLN���� L]�SRSXODFLMD�6XYD� L�6WDUD�SODLQD� L�

MHGQD�L]�SRSXODFLMH�L]�0DYURYD��MH�LPDOD�GRPLQDQWDQ�VDELQHQ��DOL�MH�RGQRV�VDELQHQ�ơ�SLQHQ�

ELR� GDOHNR�PDQML� QHJR� NRG� SRSXODFLMD� VD�.RU]LNH�� 6� GUXJH� VWUDQH�� OLPRQHQ� QL� X� MHGQRP�

X]RUNX�QLMH�ELR�GRPLQDQWQD�NRPSRQHQWD������²��������=DQLPOMLYR�MH�L�GD�VH�NRG����LQGLYLGXD�

L]� NRQWLQHQWDOQLK� SRSXODFLMD�� NDR� GUXJD� GRPLQDQWQD� NRPSRQHQWD� HWDUVNRJ� XOMD�� QH� MDYOMD�

VDELQHQ�YHý�JHUPDNUHQ�'��

3UHJOHG�OLWHUDWXUQLK�SRGDWDND�MH�SRND]DR�GD�NRG�SRSXODFLMD�-��FRPPXQLV�YDU��VD[DWLOLV�L]�

(YURSH�SRVWRML�MRä�YHýD�YDULMDELOQRVW�QHJR�äWR�MH�XRÿHQD�NRG�-��FRPPXQLV�YDU��FRPPXQLV���1DLPH��

GRPLQDQWQH�NRPSRQHQWH�VX�VH�RäWUR�UD]OLNRYDOH�L]PHĀX�UHJLRQD��3D�WDNR������QD�3LULQHMVNRP�

SROXRVWUYX��GRPLQLUDMX��UHGRP��VDELQHQ��WHUSLQHQ���RO�L�ơ�SLQHQ��&DEUDO�HW�DO��������������QD�

.RU]LFL�L�6DUGLQLML�GRPLQLUDMX�LOL�OLPRQHQ�LOL�VDELQHQ�L�OLPRQHQ��*RQQ\�HW�DO���������2WWDYLROL�

HW�DO��������������QD�VHYHUX�,WDOLMH�VX�GRPLQLUDOL�ơ�SLQHQ�L�VDELQHQ��&DUDPLHOOR�HW�DO���������GRN�

X�ãYDMFDUVNRM�GRPLQLUDMX�VDELQHQ�L�ơ�SLQHQ��$GDPV�������������QD�]DSDGQRP�GHOX�%DONDQD�

GRPLQLUD� ơ�SLQHQ� �L� JHUPDNUHQ�'��� GRN� QD� LVWRÿQRP� GHOX� %DONDQD� GRPLQLUDMX� ơ�SLQHQ� L�

VDELQHQ��9RXUOLRWL�$UDSL�HW�DO����������1D�GDOHNRP�LVWRNX��X�.RUHML�L�0RQJROLML�X�HWDUVNRP�

XOMX�GRPLQLUD�ơ�SLQHQ� �$GDPV�������� -R�	�.LP���������GRN�X� ,UDQX�GRPLQLUD� VDELQHQ�X]�

ơ�SLQHQ� L� OLPRQHQ��(PDPL et DO����������2YDNR�YHOLND�YDULMDELOQRVW�X�VDVWDYX�HWDUVNRJ�XOMD�

VH�GRQHNOH�SUHNODSD� L� VD� L]X]HWQR�GLVMXQNWQLP�DUHDORP�RYRJ� WDNVRQD��1DLPH�� LVSRG����WH�

SDUDOHOH�RYDM�YDULMHWHW�VH� MDYOMD� LVNOMXÿLYR�QD�YHOLNLP�QDGPRUVNLP�YLVLQDPD��!������P�Q�Y����

WDNR�GD�MH�QMHJRY�DUHDO�L]X]HWQR�IUDJPHQWLVDQ��6OLND���������=D�RYDM�WDNVRQ��SHULRGL�JODFLMDFLMD�

VX�PRJOL�GD�]QDÿH�VSDMDQMH�DUHDOD�X�PDQMH�YLäH�NRQWLQXLUDQ��GD�EL�X�LQWHUJODFLMDFLMDPD�GROD]LOR�

GR�SRQRYQRJ�RGYDMDQMD��
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/RNDOLWHW *ODYQH�NRPSRQHQWHD� 5HIHUHQFD
3RUWXJDO 6DELQHQH������� &DEUDO�HW�DO�������

7HU3LQHQH���RO�������
ơ�3LQHQH�������
0\UFHQH������

ãYDMFDUVND 6DELQHQH������� $GDPV������F
ơ�3LQHQH�������
7HUSLQHQ���RO������
/LPRQHQH������

6DUGLQLMD /LPRQHQH������� 0DURQJLX�HW�DO�������
ơ�7HUSLQLO�DFHWDW������
JHUPDNUHQ�'������
JHUPDNUHQ�%������

.RU]LND /LPRQHQH������� *RQQ\�HW�DO�������
ơ�3LQHQH�������
��IHODQGUHQ�������
ơ�7HUSLQLO�DFHWDW������

.RU]LND /LPRQHQH������� 2WWDYLROL�HW�DO�������
��IHODQGUHQ�������
ơ�7HUSLQLO�DFHWDW������
ơ�3LQHQH������

.RU]LND 6DELQHQH������� 2WWDYLROL�HW�DO�������
/LPRQHQH�������
��IHODQGUHQ�������
ơ�3LQHQH������

,WDOLMD ơ�3LQHQH������� &DUDPLHOOR�HW�DO�������
6DELQHQH�������
7HUSLQHQ���RO������
��(XGHVPRO������

*UÿND ơ�3LQHQH������� 9RXUOLRWL�$UDSL�HW�DO�������
Ƥ�&DU���HQ�������
6DELQHQH�������
0\UWHQLO�DFHWDWH������

Iran 6DELQHQH�������E� (PDPL�HW�DO�������
ơ�3LQHQH�������E�

/LPRQHQH������E�

ơ�7HUSLQHRO������E�

7DEHOD������3UHJOHG�OLWHUDWXUQLK�SRGDWDND�R�GRPLQDQWLP�NRPSRQHQWDPD�HWDUVNRJ�XOMD�LJOLFD�
-��FRPPXQLV�YDU��VD[DWLOLV��
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/RNDOLWHW *ODYQH�NRPSRQHQWHD� 5HIHUHQFD
0RQJROLMD ơ�3LQHQH������� $GDPV������������F

*HUPDFUHQH�'���RO�������
��3LQHQH������
0\UFHQH������

Korea ơ�3LQHQH������� -R�	�.LP������
/LPRQHQH������
��3LQHQH������
0\UFHQH������

 
D�� UHODWLYQL� XGHR� JODYQLK� NRPSRQHQWL� MH� GDW� X� ]DJUDGDPD� ����� E�� UHODWLYQL� XGHR� MH� GDW� NDR�
SURVHÿQD�YUHGQRVW

QDVWDYDN�7DEHOH�����
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5.2.3 Juniperus deltoides

8�HWDUVNRP�XOMX�-��GHOWRLGHV�MH�GHWHNWRYDQR�����MHGLQMHQMD��0RQRWHUSHQL�VX�GRPLQDQWQD�

JUXSD�X�VDVWDYX�HWDUVNRJ�XOMD����������äWR�MH�NDUDNWHULVWLND�YUVWD�VHNFLMH�-XQLSHUXV��2WWR�	�:LOGH��

�������'YD�PRQRWHUHSHQD��ơ�SLQHQ�L�OLPRQHQ��VX�GRPLQDQWQD�MHGLQMHQMD��=DMHGQR��RYD�GYD�

MHGLQMHQMD�VX�X�SURVHNX�ÿLQLOD�RNR��������XNXSQRJ�HWDUVNRJ�XOMD��

,QLFLMDOQH�DQDOL]H�UDĀHQH�QD�ÿHWLUL�SRSXODFLMH� �WUL�NRQWLQHQWDOQH� L� MHGQH�PHGLWHUDQVNH��

VX�SRND]DOH�MDNR�RGYDMDQMH�L]PHĀX�NRQWLQHQWDOQLK�L�PHGLWHUDQVNLK�SRSXODFLMD��5DMÿHYLý�HW�DO���

�������'DOMH�LVWUDæLYDQMH�NRMH�MH�XNOMXÿLOR�GRGDWQH�SRSXODFLMH�VD�-DGUDQVNH�REDOH�MH�SRWYUGLOR�

RYR�RGYDMDQMH��DOL�MH�GDOR�L�EROML�XYLG�X�UD]ORJH�RYRJ�RGYDMDQMD��3RVPDWUDQR�RGYRMHQR�VDPR�

SRSXODFLMH�VD�-DGUDQD��VWDWLVWLÿNH�DQDOL]H�QLVX�XVSHOH�GD�SURQDĀX�VWDWLVWLÿNL�]QDÿDMQX�NRUHODFLMX�

VDVWDYD�HWDUVNRJ�XOMD�L�ORNDOLWHWD��5DMÿHYLý�HW�DO����������

$QDOL]D�JODYQLK�NRPSRQHQWL�XUDĀHQD�VD�VYLK�����MHGLQNL�L]����SRSXODFLMD�MH�SRND]DOD�

RGYDMDQMH� MHGLQNL� QD� GYH� JUXSH� X� ]DYLVQRVWL� RG� GRPLQDQWQH� NRPSRQHQHWH� ²� MHGLQNH� X�

ÿLMHP� HWDUVNRP� XOMX� GRPLQLUD� OLPRQHQ�� RGQRVQR� ơ�SLQHQ�� 'DOMH� VWDWLVWLÿNH� DQDOL]H� VX�

SRND]DOH�RGYDMDQMH�WUL�JUXSH�MHGLQNL��QD�RVQRYX�VDVWDYD�HWDUVNRJ�XOMD�²�SRUHG�SUHWKRGQH�GYH�

LGHQWLÀNRYDQH�X�DQDOL]L�JODYQLK�NRPSQHQWL��L]GYDMD�VH�L�WUHýD�JUXSD�²�MHGLQNH�ÿLMH�HWDUVNR�XOMH�

LPD�SRGMHGQDNH�NROLÿLQH�ơ�SLQHQD�L�OLPRQHQD��

3RUHĀHQMH� XÿHVWDORVWL� WUL� SUHGORæHQD� KHPRWLSD� L]PHĀX� VYLK� WULQDHVW� SRSXODFLMD�

SRND]DOR� MH� GRPLQDFLMX� OLPRQHQVNRJ� L� LQWHUPHGLMDUQRJ� �ơ�SLQHQ�OLPRQHQVNRJ�� KHPRWLSD�

NRG�VXEPHGLWHUDQVNLK�SRSXODFLMD��L�SLQHQVNRJ�WLSD�NRG�NRQWLQHQWDOQLK�SRSXODFLMD��6OLND�������

3RSXODFLMH�L]�.UXäHYD�L�0DNDUVNH�VX�LPDOH�VDPR�GYD�KHPRWLSD��äWR�MH�QDMYHURYDWQLMH�SRVOHGLFD�

PDORJ�X]RUND�L]�RYLK�SRSXODFLMD��SR���MHGLQNL�L]�VYDNH���6�GUXJH�VWUDQH��SRSXODFLMD�L]�åDQMLFD�MH�

LPDOD�HWDUVNR�XOMH�SULOLÿQR�UD]OLÿLWRJ�NDUDNWHUD�X�RGQRVX�QD�VYH�RVWDOH�SRSXODFLMH��L�GRPLQDFLMX�

ơ�SLQHQVNRJ�KHPRWLSD��2YR�PRæH�ELWL� SRVOHGLFD�SRWSXQR� UD]OLÿLWRJ� VWDQLäWD� X�RGQRVX�QD�

VYH�RVWDOH�LVSLWLYDQH�SRSXODFLMH�²�RVWUYVND�SRSXODFLMD��ORFLUDQD�QD�VYHJD�QHNROLNR�PHWDUD�RG�

RWYRUHQRJ�PRUD��L]ORæHQD�MDNLP�]DSDGQLP�YHWURYLPD��
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ơ�SLQHQVNL�WLS
ơ�SLQHQ�OLPRQHQVNL�WLS�
OLPRQHQVNL�WLS

Slika 5.7.�'LVWULEXFLMD�GHWHNWRYDQLK�KHPRWLSRYD�SR�ORNDOLWHWLPD�QD�%DONDQX��,���5RYLQM��,,�
- Senj,�,,,���.UXäHYR��,9���%HQNRYDF� V - đHYUVNH��9,���.RQMHYUDWH��9,,���7URJLU��9,,,���Ma-
karska,�,;���åDQMLFH��;���9DOGDQRV��;,���3ÿLQMD��;,,���.RSDRQLN��;,,,���0DJOLÿ�

I II

IIIIV VVI
VII VIII

IX

X
XI

XII
XIII

3RUHĀHQMH� VD� OLWHUDWXUQLP�SRGDFLPD� �7DEHOD������SRND]XMH� MDNX� VOLÿQRVW� VD� VDVWDYRP�

HWDUVNRJ�XOMD�GUXJLK�SRSXODFLMD� -�� GHOWRLGHV� L]�0HGLWHUDQD��1D�RVQRYX� VDVWDYD� HWDUVNRJ�XOMD��

SRSXODFLMH�L]�,WDOLMH�L�VHYHUQH�*UÿNH��$GDPV�HW�DO���������VX�VOLÿQH�-DGUDQVNLP�SRSXODFLMDPD��

GRN�VX�SRSXODFLMH�L]�MXæQH�*UÿNH��$GDPV�HW�DO���������L�7XUVNH��$GDPV�	�0DWDUDFL��������

VOLÿQH�NRQWLQHQWDOQLP�SRSXODFLMDPD��5DMÿHYLý�HW�DO����������

,VSLWLYDQMHP� RGQRVD� L]PHĀX� NRPSRQHQWL� HWDUVNRJ� XOMD� L� ELRNOLPDWVNLK� SDUDPHWDUD�

QLVX�SURQDĀHQH�VWDWLVWLÿNL�]QDÿDMQH�NRUHODFLMH��1LMH�SURQDĀHQD�QL�NRUHODFLMD�L]PHĀX�UHODWLYQLK�

NROLÿLQD� ơ�SLQHQD� L� OLPRQHQD� X� LVSLWLYDQLP� X]RUFLPD�� äWR� MH� L� RÿHNLYDQR� V� RE]LURP� QD� WR�

GD�MH�ELRVLQWH]D�OLPRQHQD�NRQWUROLVDQD�MHGQLP�JHQRP��GRN�MH�NRQWUROD�ELRVLQWH]H�ơ�SLQHQD�

SROLJHQHWVND��$GDPV�	�6WRHKU��������%DQWKRUSH�	�/H�3DWRXUHO��������%HUQDUG�'DJDQ��������

6TXLOODFH�HW�DO����������6DVWDY�HWDUVNRJ�XOMD�SRSXODFLMD�QD�FHORP�DUHDOX�RYH�YUVWH��RG�,WDOLMH�GR�

7XUVNH�MH�YDULUDOD�QH]QDWQR��äWR�XND]XMH�QD�]QDÿDM�WHUSHQD�NDR�KHPRWDNVRQRPVNLK�PDUNHUD�

NRG�RYRJ�WDNVRQD��

3ULVXVWYR�UD]OLÿLWLK�KHPRWLSRYD�PRæH�ELWL�SRVOHGLFD�QHNDWLYQRVWL�HQ]LPD�RGJRYRUQLK�

]D� ELRVLQWH]X� NRPSRQHQWL� �QSU�� ơ�SLQHQVNL� WLS� VH� PRæH� REMDVQLWL� LOL� LQDNWLYDFLMRP� LOL�

QHIXQNFLRQDOQLP�JHQRP�]D�OLPRQHQ�VLQWD]X�� L�REUDWQR���3RVWRMDQMH�WUHýHJ�LQWHUPHGLMDUQRJ�

�ơ�SLQHQ�OLPRQHQVNRJ�� KHPRWLSD� VH� PRæH� REMDVQLWL� SRGMHGQDNRP� DNWLYQRäýX� OLPRQHQ� L�

SLQHQ�VLQWD]D��LOL�SDN�SRVWRMDQMHP�WUHýHJ�HQ]LPD�OLPRQHQ�ơ�SLQHQ�VLQWD]H��1DLPH��NRG�$ELHV�
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JUDQGLV� �%RKOPDQQ� HW� DO��� ������.DWRK� HW� DO��� ������ SRUHG� ��²��OLPRQHQ� L� �²��SLQHQ� VLQWD]H��

SRVWRML�L�WUHýL�HQ]LP�QDVWDR�QDMYHURYDWQLMH�PXWDFLMRP�JHQD�]D�OLPRQHQ�VLQWD]X���²��OLPRQHQ�

�²��ơ�SLQHQ� VLQWD]D�� 3URL]YRG� RYRJ� HQ]LPD� MH� VPHäD� PRQRWHUSHQD�� L� WR�� ���� OLPRQHQD��

�����²��ơ�SLQHQD�������²����IHODQGUHQD�L�����VDELQHQD��8�LVSLWLYDQLP�X]RUFLPD�-��GHOWRLGHV 

VD� %DONDQVNRJ� SROXRVWUYD�� X� LQWHUPHGLMDUQRP� KHPRWLSX�� QH� VDPR� äWR� MH� RGQRV� RYH� GYH�

NRPSRQHQWH�JRWRYR�MHGQDN��YHý�MH�GRäOR�L�GR�SDGD�XNXSQH�]DVWXSOMHQRVWL�REH�NRPSRQHQWH�X�

VDVWDYX�HWDUVNRJ�XOMD��7DNR��NRG�ơ�SLQHQVNRJ�L�OLPRQHQVNRJ�KHPRWLSD��RYH�GYH�NRPSRQHQWH�

ÿLQH�XNXSQR��������RGQRVQR��������VDVWDYD�HWDUVNRJ�XOMD��GRN�MH�NRG�LQWHUPHGLMDUQRJ�]ELUQL�

WLSD�XGHR�RYH�GYH�NRPSRQHQWH�QHäWR�PDQML�GR�������7DEHOD��������

=DQLPOMLYR� MH� XSRUHGLWL� GRELMHQ� VDVWDY� HWDUVNRJ� XOMD� -�� GHOWRLGHV� LVSLWLYDQLK� SRSXODFLMD�

L� OLWHUDWXUQLK� SRGDWDND� VD� SRGDFLPD� GRVWXSQLP� ]D� -�� R[\FHGUXV V�O� �7DEHOD� ������ /LWHUDWXUQL�

SRGDFL�SRND]XMX�GD�MH�HWDUVNR�XOMH�-��R[\FHGUXV�YDU��R[\FHGUXV�SRSXODFLMD�L]�0DURND��$GDPV�HW�

DO����������3RUWXJDOD��$GDPV�HW�DO���������&DYDOHLUR�HW�DO���������L�ãSDQLMH��$GDPV�HW�DO���������

������SRND]DOR�YHRPD�VOLÿDQ�VDVWDY�HWDUVNRJ�XOMD��1DLPH��X�RYLP�SRSXODFLMDPD�ơ�SLQHQ�MH�

ELR�GRPLQDQWQD�NRPSRQHQWD�����²��������GRN�MH�NROLÿLQD�OLPRQHQD�ELOD�XYHN�L]X]HWQR�QLVND�

�����²���������6��GUXJH�VWUDQH��SRSXODFLMH�R]QDÿHQH�NDR�-��R[\FHGUXV�DOL�NRMH�UDVWX�X�*UÿNRM�

�$GDPV� HW� DO��� ������ VX� SRND]DOH� VOLÿQRVW� VD� LVSLWLYDQLP� SRSXODFLMDPD� NDR� L� OLWHUDWXUQLP�

SRGDFLPD�GRVWXSQLP�]D�SRSXODFLMH�-��GHOWRLGHV�L]�*UÿNH��3RUHG�WRJD��SRSXODFLMD�R]QDÿHQD�NDR�

-��R[\FHGUXV�L]�+UYDWVNH��0LORä�	�5DGRQLý��������QH�SRND]XMH�VOLÿQRVW�QL�VD�-��R[\FHGUXV�VD�]DSDGD�

0HGLWHUDQD��DOL�QL�VOLÿQRVW�VD�RVWDOLP�-��GHOWRLGHV�SRSXODFLMDPD�L]�+UYDWVNH��8�HWDUVNRP�XOMX�

NRMH�VX�0LORä�L�5DGRQLý�GRELOL�GRPLQLUDMX�ơ�SLQHQ�L�PDQRLO�RNVLG��GRN�MH�OLPRQHQ�GHWHNWRYDQ�

VDPR�X�WUDJRYLPD��
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TaksonD� /RNDOLWHW *ODYQH�NRPSRQHQWHE� 5HIHUHQFD
-XQLSHUXV�
R[\FHGUXV�L.

Maroko ���HSLPDQR\O�R[LGH������� $FKDN�HW�DO�������
(=����SHQWDGHFHQ���RQH�
������
ơ�3LQHQH������

Maroko ơ�3LQHQH������� ,VPDLO�HW�DO�������
6DELQHQH������
/LPRQHQH������

7XQLV ơ�3LQHQH�������F� 0HGLQL�HW�DO�������
ơ�7HUSLQHQH������F�

���HSL�0DQR\O�R[LGH������F�

)UDQFXVND ơ�3LQHQH������� $GDPV�HW�0DWDUFL������
Ƥ�&DU���HQH������
/LPRQHQH������

$OæLU WUDQV�3LQRFDUYHRO���� 'RE�HW�DO�������
FLV�9HUEHQRO������
0DQR\O�R[LGH������

+UYDWVND ơ�3LQHQH�������� 0LORä�HW�5DGRQLý������
0DQR\O�R[LGH��������
)DUQHVRO������

-XQLSHUXV�
R[\FHGUXV�L. 
VVS��R[\FHGUXV 

Maroko ơ�3LQHQH������� $GDPV�HW�DO�������
Ƥ�&DU���HQH�������
&���GLHQRO�DFHWDWH������

3RUWXJDO ơ�3LQHQH������� $GDPV�HW�DO�������
0DQR\O�R[LGH������
��3KHOODQGUHQH������

3RUWXJDO ơ�3LQHQH������� &DYDOHLUR�HW�DO�������
Ƥ�&DU���HQH�������
��3KHOODQGUHQH������

ãSDQLMD ơ�3LQHQH������� $GDPV�HW�DO�������
ơ�3KHOODQGUHQH������
��3KHOODQGUHQH������

ãSDQLMD ơ�3LQHQH������� $GDPV�HW�DO�������
ơ�3KHOODQGUHQH������
p�&\PHQH������

,WDOLMD *HUPDFUHQH�'������� 0DURQJLX�HW�DO�������
0DQR\O�R[LGH�������
1-HSL�&XEHQRO������

7DEHOD������3UHJOHG�OLWHUDWXUQLM�SRGDWDND�R�GRPLQDQWLP�NRPSRQHQWDPD�HWDUVNRJ�XOMD�LJOLFD�
-XQLSHUXV�R[\FHGUXV�V�O�
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TaksonD� /RNDOLWHW *ODYQH�NRPSRQHQWHE� 5HIHUHQFD
-XQLSHUXV�
R[\FHGUXV�L. 
VVS��R[\FHGUXV

*UÿND ơ�3LQHQH�������F� $GDPV�HW�DO�������
/LPRQHQH�������F�

0\UFHQH������F�

*UÿND ơ�3LQHQH������� 9RXUOLRWL�$UDSL�HW�DO�������
ơ�&HGURO������
0DQR\O�R[LGH������

/LEDQ ơ�3LQHQH������� /RL]]R�HW�DO�������
��0\UFHQH�������
ơ�3KHOODQGUHQH������

-XQLSHUXV�
R[\FHGUXV 
VVS��EDGLD 
�+�*D\��
'HEDX[�

ãSDQLMD ơ�3LQHQH�������F� $GDPV�HW�DO�������
0DQR\OH�R[LGH�������F�

*HUPDFUHQH�'������F�

ãSDQLMD ơ�3LQHQH������� 6DOLGR�HW�DO��������
0DQR\O�R[LGH������
*HUPDFUHQH�'������

-XQLSHUXV�
EUHYLIROLD�
�6HXE���
$QWRLQH�

$]RUL /LPRQHQH�������F� GD�6LOYD�HW�DO�������
ơ�3LQHQH�������F�

��0\UFHQH������F�

-XQLSHUXV�
FHGUXV�:HEE��
	�%HUWK��

0DGHLUD ơ�3LQHQH�������F� �&DYDOHLUR�HW�DO�������
/LPRQHQH�������F�

Ƥ�&DU���HQH������F�

-XQLSHUXV�
QDYLFXODULV 
Gand. 

3RUWXJDO /LPRQHQH������� &DYDOHLUR�HW�DO�������
ơ�3LQHQH�������
ơ�3KHOODQGUHQH������

-XQLSHUXV�
GHOWRLGHV�R.P. 
Adams

,WDOLMD /LPRQHQH������� $GDPV�HW�DO�������
ơ�3LQHQH�������
Ƥ�&DU���HQH�������

*UÿND /LPRQHQH������� $GDPV�HW�DO�������
ơ�3LQHQH�������
0DQR\O�R[LGH������

*UÿND ơ�3LQHQH������� $GDPV�HW�DO�������
/LPRQHQH�������
��3KHOODQGUHQH������

QDVWDYDN�7DEHOH�����
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TaksonD� /RNDOLWHW *ODYQH�NRPSRQHQWHE� 5HIHUHQFD
-XQLSHUXV�
GHOWRLGHV�R.P. 
Adams

7XUVND ơ�3LQHQH������� $GDPV�HW�0DWDUFL������
��3KHOODQGUHQH�������
/LPRQHQH����

D��7DNVRQ�NDNR� MH�GHÀQLVDQR�X�UDGX� L]�NRMHJ�VX�SUHX]HWL�SRGDFL��E��UHODWLYQL�XGHR�JODYQLK�
NRPSRQHQWL�MH�GDW�X�]DJUDGDPD������F��GDWH�VX�NDR�SURVHÿQH�YUHGQRVWL��-��R[\FHGUXV�YDU��EDGLD 
+�*D\��6\Q� -XQLSHUXV�R[\FHGUXV�VVS��EDGLD��+�*D\��'HEDX[���-XQLSHUXV�EUHYLIROLD��6HXE���$QWRLQH�
�6\Q�� -�� R[\FHGUXV� /�� YDU�� EUHYLIROLD��� -XQLSHUXV� FHGUXV�:HEE��	�%HUWK�� �6\Q�� -�� R[\FHGUXV�/�� YDU��
JUDQGLIROLD�/LQN�LQ�%XFK��-��ZHEELL�&DU����-XQLSHUXV�QDYLFXODULV Gand. (S\Q��-��R[\FHGUXV�VVS��WUDQVWDJDQD 
)UDQFR�

QDVWDYDN�7DEHOH�����
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5.2.4 -XQLSHUXV�PDFURFDUSD

8� HWDUVNRP� XOMX� -�� PDFURFDUSD� MH� GHWHNWRYDQR� ���� MHGLQMHQMD�� ,� NRG� RYRJ� WDNVRQD��

PRQRWHUSHQL� SUHGVWDYOMDMX� GRPLQDQWQX� JUXSX� X� VDVWDYX� HWDUVNRJ� XOMD� ������ ���� äWR� MH�

NDUDNWHULVWLND�YUVWD�VHNFLMH�-XQLSHUXV��2WWR�	�:LOGH���������'RPLQDQWQR�MHGLQMHQMH�X�VDVWDYX�

HWDUVNRJ�XOMD� MH�ơ�SLQHQ��NRML�X�SURVHNX�ÿLQL�RNR��������HWDUVNRJ�XOMD��'UXJD�GRPLQDQWQD�

NRPSRQHQWD�MH�JHUPDNUHQ�'��

3RUHĀHQMHP�GRELMHQLK�SRGDWDND�VD�OLWHUDWXUQLP�SRGDFLPD��7DEHOD������6OLND������XRÿDYD�

VH�GD��LDNR�MH�IUDJPHQWLVDQ�DUHDO��X�VYLP�GRVWXSQLP�SRSXODFLMDPD��L]X]HY�MHGQH�VD�3LULQHMVNRJ�

SROXRVWUYD��GRPLQLUD�ơ�SLQHQ��0HĀXWLP��VDVWDY�HWDUVNRJ�XOMD�MH�SRND]DR�]QDWQH�UD]OLNH�L]PHĀX�

RYLK�SRSXODFLMD��YHý�NDGD�VX�GRPLQDQWQH�NRPSRQHQWH�X�SLWDQMX��8�SRSXODFLMDPD�L]�+UYDWVNH��

7URJLU��SRGDFL�L]�RYRJ�UDGD��L�+YDU��/HäMDN�HW�DO����������GRELMHQ�MH�VOLÿDQ�SURÀO��GRPLQLUDMX�

ơ�SLQHQ�L�JHUPDNUHQ�'���.RG�SRSXODFLMH�VD�3LUHQLMD��GRPLQLUDMX�VDELQHQ�L�ơ�SLQHQ��$GDPV�HW�

DO����������X�SRSXODFLMDPD�L]�7XQLVD�VX�WR�ELOL�ơ�SLQHQ�L�VDELQHQ�RGQRVQR�VDQGDUDNRSLPDUD�

���������GLHQ� �0HGLQL� HW� DO����������������ơ�SLQHQ�RGQRVQR�ơ�SLQHQ� L�ơ�WHUSLQHRO�NRG�GYH�

SRSXODFLMH�L]�,WDOLMH��9DOHQWLQL�HW�DO����������L�PDQRLO�RNVLG�L�ơ�SLQHQ�X�SRSXODFLMDPD�L]�7XUVNH�

�6H]LN�HW�DO����������8�GYHPD�SRSXODFLMDPD�L]�*UÿNH�GRPLQLUDMX�ơ�SLQHQ�L�ơ�FHGURO��6WDVVL et 

DO���������9RXUOLRWL-$UDSL et DO����������

Slika 5.6.� 'LVWULEXFLMD� GRPLQDQWQLK� NRPSRQHQWL� HWDUVNRJ� XOMD� LJOLFD� 
-�� PDFURFDUSD� X� 0HGLWHUDQX� GRVWXSQLK� L]� OLWHUDWXUH� �FI�� 7DEHOD� ������ 
 � ��ơ�SLQHQ�� � ��VDELQHQ��  � ��JHUPDNUHQ�'��  � ��PDQRMO�RNVLG�� � ��GUXJH�NRPSRQHQWH�
�PLUFHQ����IHODQGUHQ��L�GU��
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/RNDOLWHW *ODYQH�NRPSRQHQWHD� 5HIHUHQFD
ãSDQLMD 6DELQHQH������� $GDPV�HW�DO�������

ơ�3LQHQH�������
7HUSLQHQ���RO������

7XQLV ơ�3LQHQH������� 0HGLQL�HW�DO�������
6DQGDUDFRSLPDUD����������GLHQH�������
��3KHOODQGUHQH������

7XQLV ơ�3LQHQH������� 0HGLQL�HW�DO�������
6DELQHQH�������
p�&\PHQH������

,WDOLMDE� ơ�3LQHQH������� 9DOHQWLQL�HW�DO�������
��3LQHQH������
ơ�7HUSLQHRO������

,WDOLMD ơ�3LQHQH������� 9DOHQWLQL�HW�DO�������
ơ�7HUSLQHRO�������
����&LQHROH������

+UYDWVND ơ�3LQHQH������� /HäMDN�HW�DO�������
�+YDU� *HUPDFUHQH�'�������

��3KHOODQGUHQH������
*UÿND ơ�3LQHQH������� 9RXUOLRWL�$UDSL�HW�DO�������

ơ�&HGURO������
���HSL�PDQR\O�R[LGH������

*UÿND ơ�3LQHQH������� 6WDVVL�HO�DO�������
ơ�&HGURO�������
&\PHQ���RO������

7XUVND 0DQR\O�R[LGH������� 6H]LN�HW�DO�������
ơ�3LQHQH������
ơ�&HGURO������

D�� UHODWLYQL�XGHR�JODYQLK�NRPSRQHQWL� MH�GDW�X�]DJUDGDPD� � ����� E�� UHODWLYQL�XGHR� MH�GDW�NDR�
SURVHÿQD�YUHGQRVW

7DEHOD������3UHJOHG�OLWHUDWXUQL�SRGDWDND�R�GRPLQDQWLP�NRPSRQHQWDPD�HWDUVNRJ�XOMD�LJOLFD�
-��PDFURFDUSD
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5.2.5 Opšta diskusija

(WDUVND�XOMD�LPDMX�YHRPD�UD]QRYUVQX�L�]QDÿDMQX�ELRORäNX�XORJX��3RYHýDYDMX�RWSRUQRVW�

ELOMNH�QD�VXäX��XÿHVWYXMX�X�RGEUDQL�RG�LQVHNDWD�DOL�L�QMLKRYRP�SULYODÿHQMX��LPDMX�DOHORSDWVNR�

L� DXWRDOHORSDWVNR� GHMVWYR�� � GHOXMX� NDR� LPXQL� VLVWHP� ELOMNH�� L� WG�� ($FNHUPDQ� HW� DO��� ������

$WKDQDVVLRX� HW� DO��� ������$XGXV�	�&KHHWKDP�� ������%DQHUMHH�	� 6KDUNH\�� ������%HNHU� HW�

DO��� ������&DYDOHLUR� HW� DO��� ������&URWHDX� HW� DO��� ������ �(O�6DZL� HW� DO��� ������(ODQJR� HW� DO���

������*LDWURSRXORV�HW�DO���������*LM]HQ�0DUN�HW�DO���������+ROWKXLM]HQ�	�6KDULN��������.DW]�

HW�DO���������/HZLQVRKQ�HW�DO���������0DKPRXGYDQG�HW�DO���������0DUJDULV�	�9RNRX��������

0F3KHUVRQ�	�0XOOHU��������0LORMHYLý�HW�DO���������5DWWDQ�	�6KDUPD��������5REOHV�HW�DO���������

5RGULJXH]�&RQFHSFLRQ��������5R\�	�5DJXVR��������6HFD�	�6LOYD��������6KDUNH\�	�6LQJVDDV��

������7DEDQFD�HW�DO���������7DUD\UH�HW�DO���������7KDQRV�HW�DO���������7KRPSVRQ��������Unlu 

HW� DO��� ������9RNRX�HW� DO��� ������:LOOLDPV� HW� DO��� ������:KLWWDNHU�	�)HHQ\�� ���������2YDNR�

]QDÿDMQD� XORJD� JRYRUL� R� MDNRM� VHOHNFLML� ND�RQLP�SURÀOLPD�NRML� ýH�ELWL� QDMEROMH� SULODJRĀHQL�

ORNDOQLP�XVORYLPD�æLYRWQH�VUHGLQH��DOL�L�R�MDNRM�JHQHWLÿNRM�NRQWUROL�QMLKRYH�ELRVLQWH]H�

(WDUVND� XOMD� VX� SRND]DOD� L]X]HWQR� YHOLNX� YDULMDELOQRVW� NRG� VYLK� LVSLWLYDQLK� WDNVRQD���

3RGDFL�GRVWXSQL�L]�OLWHUDWXUH�XND]XMX�QD�YHOLNX�UD]QROLNRVW�X�VDVWDYX�WHUSHQD�NRG�LVSLWLYDQLK�

WDNVRQD�QD�FHORP�DUHDOX�� ,]PHĀX�SRSXODFLMD� MH�YDULUDOD� L� VORæHQRVW�HWDUVNRJ�XOMD� �RGQRVQR�

EURM� GHWHNRYDQLK� NRPSRQHQWL��� NDR� L� RGQRV� QHNROLNR� JODYQLK� NRPSRQHQWL�� 9HOLNL� GHR� WH�

YDULMDELOQRVWL� �SRJRWRYX� NDGD� MH� EURM� GHWHNWRYDQLK� MHGLQMHQMD� X� SLWDQMX�� VYDNDNR� VH�PRæH�

SULSLVDWL�NRULäýHQMX�UD]OLÿLWLK�PHWRGD�]D�HNVWUDNFLMX�HWDUVNRJ�XOMD��X�GXæLQL�WUDMDQMD�GHVWLODFLMH�

NDR� L� XSRWUHEL� UD]OLÿLWLK� DSDUDWXUD� ]D� KLGURGHVWLODFLMX��� NDR� L� VDPLP� LQVWUXPHQWLPD� ]D�

UD]GYDMDQMH�L�DQDOL]X�VDVWDYD�HWDUVNRJ�XOMD��WH�GRVWXSQLP�ED]DPD��2YD�äDUROLNRVW�NRULäýHQLK�

PHWRGD�MH�VYDNDNR�GRSULQHOD�YHOLNRM�YDULMDELOQRVWL�X�GHWHNWRYDQRP�VDVWDYX�HWDUVNRJ�XOMD��DOL�

QLMH�PRJOD�GD�L]PHQL�QMLKRYX�SULURGX�²�RGQRVQR�GRPLQDQWQH�NRPSRQHQWH��

8� HWDUVNRP� XOMX� RGDEUDQLK� YUVWD� VHNFLMH� Juniperus� VD� %DONDQVNRJ� SROXRVWUYD�

LGHQWLÀNRYDQR�MH�SUHNR�����MHGLQMHQMD��1DMYLäH�MHGLQMHQMD�MH�LGHQWLÀNRYDQR�X�HWDUVNRP�XOMX�

LJOLFD�J. deltoides �������D�QDMPDQMH�NRG�J. macrocarpa �������0RQRWHUSHQL�VX�GRPLQDQWQD�JUXSD�

X� XOMX� ������ ²� ��������� äWR� MH� NDUDNWHULVWLND� YUVWD� VHNFLMH� Juniperus �2WWR�	�:LOGH�� �������

2G�PRQRWHUSHQD�QDM]DVWXSOMHQLML�VX�PRQRWHUSHQVNL�XJOMRYRGRQLFL�������²����������GRN�VX�

RNVLJHQLVDQL� PRQRWHUHSHQL� SURQDĀHQL� VDPR� X� PDORP� XNXSQRP� SURFHQWX�� 6HVNYLWHUSHQL�
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������²���������� VX�� WDNRĀH��GRPLQDQWQR�SUHGVWDYOMHQL� VHVNYLWHUSHQVNLP�XJOMRYRGRQLFLPD�

������ ²� ����� ���� (WDUVNR� XOMH� -�� FRPPXQLV� YDU�� FRPPXQLV� VH� NDUDNWHULäH� QDMYHýLP� XGHORP�

PRQRWHUSHQD��L�WR��SUH�VYHJD��PRQRWHUSHQVNLK�XJOMRYRGRQLND��GRN�VH�HWDUVNR�XOMH�-��FRPPXQLV�

YDU��VD[DWLOLV�NDUDNWHULäH�L]X]HWQR�YLVRNLP�XGHORP�VHVNYLWHUSHQD�X�RGQRVX�QD�VYD�RVWDOD�XOMD��

6�GUXJH�VWUDQH��HWDUVND�XOMD�-��GHOWRLGHV�VX�SRND]DOD�QDMYHýL�XGHR�GLWHUSHQD�RG�VYLK�LVSLWLYDQLK�

JUXSD��

7UL�PRQRWHUHSHQD��ơ�SLQHQ��OLPRQHQ�L�VDELQHQ��VX�GRPLQDQWQD�MHGLQMHQMD�X�HWDUVNRP�

XOMX��=DMHGQR��RYD�WUL�MHGLQMHQMD�X�SURVHNX�ÿLQH�RNR��������XNXSQRJ�VDVWDYD�HWDUVNRJ�XOMD��

8� ]DYLVQRVWL� RG� YUVWH� L� ORNDOLWHWD�� GRPLQDQWH� NRPSRQHQWH� VX� VH� VPHQMLYDOH�� 3D� WDNR�� NRG�

HWDUVNRJ�XOMD� LJOLFD�-�� FRPPXQLV�YDU�� FRPPXQLV�GRPLQDQWQD�NRPSRQHQWD� MH�ELOD� LOL�ơ�SLQHQ�� LOL�

VDELQHQ��LOL�VX�SDN�REH�NRPSRQHQWH�ELOH�SRGMHGQDNR�]DVWXSOMHQH��.RG�-��FRPPXQLV�YDU��VD[DWLOLV�

MH� WR�XYHN�ELR�ơ�SLQHQ��GRN�VX�VH�QD�GUXJRP�PHVWX�VPHQMLYDOL�JHUPDNUHQ�'� L� VDELQHQ��X�

]DYLVQRVWL�RG� ORNDOLWHWD��.RG� -�� GHOWRLGHV� VX� WR�ELOL� ơ�SLQHQ� LOL� OLPRQHQ��GRN� MH�X� LVSLWLYDQRM�

SRSXODFLML� -��PDFURFDUSD�GRPLQLUDR�ơ�SLQHQ��2YD� WUL� WHUSHQD�VX�SURL]YRG�EDUHP�WUL� UD]OLÿLWD�

HQ]LPD��5D]OLND�X�QMLKRYLP�NROLÿLQDPD�PRæH�ELWL�SRVOHGLFD�UD]OLÿLWRJ�QLYRD�HNVSUHVLMH��DOL� L�

QHIXQNFLRQDOQRVWL�QHNRJ�HQ]LPD��0RQRWHUSHQ�VLQWD]H��]ERJ�VYRMLK�VSHFLÀÿQRVWL��SURL]YRGH�

QHNROLNR�PRQRWHUSHQD��3D�WDNR���²��OLPRQHQ�VLQWD]D�SRUHG�OLPRQHQD�������VLQWHWLäH�L�ơ�SLQHQ�

�����L�VDELQHQ��������²��OLPRQHQ��²��ơ�SLQHQ�VLQWD]D�SRUHG�OLPRQHQD�L�ơ�SLQHQD�����L�������

VLQWHWLäH�L�����VDELQHQD��GRN��²��VDELQHQ�VLQWD]D�VLQWHWLäH�VYHJD�����VDELQHQD��DOL�VLQWHWLäH�L�

OLPRQHQ�L�ơ�SLQHQ�����L������%RKOPDQQ�HW�DO����������.DWRK�HW�DO����������5RDFK�HW�DO����������

%H]� RE]LUD� QD� YHOLNX� YDULMDELOQRVW�� SRUHĀHQMH� VDVWDYD� HWDUVNRJ� XOMD� L]PHĀX� VYLK�

LVSLWLYDQLK�WDNVRQD�VD�%DONDQVNRJ�SROXRVWUYD�MH�SRWYUGLOD�GD�MH�VDVWDY�HWDUVNRJ�XOMD�SRG�MDNRP�

JHQHWLÿNRP�NRQWURORP��9Hý�QD�DQDOL]L�JODYQLK�NRPSRQHQWL� MH�GRäOR�GR�MDNRJ�RGYDMDQMD�WUL�

YUVWH�²�-��PDFURFDUSD��-��GHOWRLGHV�L�-��FRPPXQLV��ãWDYLäH��GROD]L�L�GR�RGYDMDQMD�L]PHĀX�GYD�LVSLWLYDQD�

YDULMHWHWD� YUVWH� -�� FRPPXQLV��2YR� RGYDMDQMH� MH� GDOMH� SRWYUĀHQR� NODVWHU� L� GLVNULPLQDQWQRP�

DQDOL]RP�� 3UHPD� +DQRYHUX� ������� PRQRWHUSHQL� L]RORYDQL� L]� ÿHWLQDUD� VX� UD]QRYUVQL� L�

VWDELOQL��2Q�GDOMH�NDæH�GD�ýH�JHQHWLÿNL�GULIW�L�SURWRN�JHQD�LPDWL�QDMYHýL�XWLFDM�QD�YDULMDELOQRVWL�

WHUSHQD��JGH�EL�PXWDFLMD�X�UHJXODWRUQLP�JHQLPD�X]URNRYDOD�UD]OLNH�X�NROLÿLQDPD�SRMHGLQLK�

NRPSRQHQWL�� 1HNROLNR� DXWRUD� �&DYDOHLUR� HW� DO��� ������ 2WWDYLROL� HW� DO��� ������ MH� LVSLWLYDOR�

VWDELOQRVW�NRPSRQHQWQL�HWDUVNRJ�XOMD�X�]DYLVQRVWL�RG�VH]RQH��2QL�VX�SURQDäOL�GD� MH�VDVWDY�

HWDUVNRJ�XOMD�QHNROLNR�YUVWD�URGD�-XQLSHUXV�ELR�LVWL�EH]�RE]LUD�QD�VH]RQX��äWR�GDOMH�SRWYUĀXMH�

]QDÿDM�WHUSHQD�X�VLVWHPDWLFL�RYRJ�URGD�
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=DQLPOMLYR�MH�L�WR�GD�VDVWDY�HWUDVNRJ�XOMD�SRND]XMH�NRUHODFLMX�VD�GLVWULEXFLMRP�WDNVRQD��

3D� WDNR�� HWDUVNR�XOMH� -�� GHOWRLGHV�� YUVWH� NRMD� LPD�QDMPDQML� DUHDO� �LVWRÿQL� GHR�0HGLWHUDQD�� RG�

,WDOLMH�GR�7XUVNH�L�GDOMH�QD�LVWRN�GR�VHYHUQRJ�,UDQD���SRND]XMH�QDMPDQMX�YDULMDELOQRVW�X�VDVWDYX�

HWDUVNRJ�XOMD�²�NRG�RYRJ�WDNVRQD�VH�MDYOMDMX�WUL�KHPRWLSD��ơ�SLQHQVNL��ơ�SLQHQ�OLPRQHQVNL�L�

OLPRQHQVNL���7DNRĀH��SRVWRML�MDVQD�JHRJUDIVND�GLVWLQNFLMD�L]PHĀX�NRQWLQHQWDOQLK�L�SULREDOQLK�

SRSXODFLMD��X� VPLVOX�GRPLQDFLMH�KHPRWLSRYD��2YD�SRGHOD� VH�SUHNODSD� VD�SRGHORP� L]PHĀX�

NRQWLQHQWDOQLK� L� SULREDOQLK� SRSXODFLMD� QD� RVQRYX� NXWLNXODUQLK� DONDQD�� 6� GUXJH� VWUDQH��

-��FRPPXQLV��YDU��FRPPXQLV��WDNVRQ�NRML�LPD�PDQMH�YLäH�NRQWLQXLUDQX�GLVWULEXFLMX�NUR]�QDMYHýL�GHR�

(YURSH�L�GHR�$]LMH��SRND]XMH�]QDWQR�YHýX�YDULMDELOQRVW�²�L]�OLWHUDWXUH�VX�GRVWXSQD�WUL�KHPRWLSD�

�ơ�SLQHQVNL�� VDELQHQVNL�� Ƥ�NDU���HQVNL��� JGH� SRGDFL� L]� RYRJ� UDGD� XSXýXMX� QD� HYHQWXDOQR�

SRVWRMDQMH� L� ÿHWYUWRJ��NRML�EL�ELR� LQWHUPHGLMDUDQ� L]PHĀX�ơ�SLQHQVNRJ� L� VDELQHQVNRJ�� ,�NRG�

RYRJ�WDNVRQD�SRVWRML�MDVQD�JHRJUDIVND�SRGHOD�L]PHĀX�VHYHUQLK�L�MXæQLK��RGQRVQR�LVWRÿQLK�L�

]DSDGQLK�SRSXODFLMD�X�(YURSL��ãWDYLäH��NRG�VHYHUQR�HYURSVNLK�SRSXODFLMD�GRPLQLUD�ơ�SLQHQ�

NDR�JODYQD�NRPSRQHQWD��GRN�MH�EURM�GRPLQDQWQLK�NRPSRQHQWL�]QDWQR�YHýL�NRG�FHQWUDOQR��L�

MXæQRHYURSVNLK�SRSXODFLMD��

=D�UD]OLNX�RG�-��GHOWRLGHV�L�-��FRPPXQLV�YDU��FRPPXQLV��GUXJD�GYD�LVSLWLYDQD�WDNVRQD�LPDMX�

]QDWQR�IUDJPHQWLVDQLML�DUHDO��-��FRPPXQLV�YDU��VD[DWLOLV��X�MXæQRP�GHOX�(YURSH�QDVHOMDYD�VWDQLäWD�

QD�YHýLP�QDGPRUVNLP�YLVLQDPD��!�����P�Q�Y���SD�PX�MH�DUHDO�RJUDQLÿHQ�QD�YLVRNH�SODQLQH��

.RG�RYRJ�WDNVRQD�UD]OLNH�X�SURÀOX�HWDUVNRJ�XOMD��RGQRVQR�GRPLQDQWQLP�NRPSRQHQWDPD��

VX� L]X]HWQR� YHOLNH�� PRJOR� EL� VH� L]GYRMLWL� QHNROLNR� SULOLÿQR� MDVQR� RGYRMHQLK� KHPRWLSRYD�

�OLPRQHQVNL��ơ�SLQHQVNL�L�VDELQHQVNL���VD�SUHOD]QLP�KHPRWLSRYLPD�L]PHĀX�VYDNRJ�SDUD��8]�

WR��MHGLQR�NRG�RYRJ�WDNVRQD��X�RNYLUX�VHNFLMH�-XQLSHUXV��SRVWRMH�MHGLQNH�X�ÿLMHP�XOMX�GRPLQLUD�

VHVNYLWHUSHQ��JHUPDNUHQ�'���1D�%DONDQVNRP�SROXRVWUYX�SRVWRML�MDVQD�JUDQLFD�L]PHĀX�]DSDGQLK�

�VXEPHGLWHUDQVNLK�� L�NRQWLQHQWDOQLK�SRSXODFLMD��6�GUXJH�VWUDQH��-��PDFURFDUSD� LPD� LVNOMXÿLYR�

0HGLWHUDQVNL�DUHDO��QDVHOMDYD�VDPR�SULREDOQD�SRGUXÿMD��QHGDOHNR�RG�REDOH��DOL� �L]��]D�VDGD��

QHSR]QDWLK�UD]ORJD��DUHDO�MH�L]X]HWQR�IUDJPHQLWVDQ�L�SUHGVWDYOMHQ�L]RORYDQLP�SRSXODFLMDPD��

,DNR�MH�GRPLQDQWQD�NRPSRQHQWD�X�VYLP�GR�VDGD�LVSLWDQLP�SRSXODFLMDPD�-��PDFURFDUSD�äLURP�

QMHQRJ� DUHOD� ELOD� ơ�SLQHQ� �L]X]HY� MHGQH� SRSXODFLMH� VD� 3LULQHMVNRJ� SROXRVWUYD��� GUXJH� GYH�

NRPSRQHQWH�VX�ELOH�SRWSXQR�GUXJDÿLMH�X�VYDNRM�SRSXODFLML��2G�VYLK�LVSLWLYDQLK�WDNVRQD��RYDM�

MH� LPDR�QDMMHGQRVWDYQLMH�XOMH� �SR�EURMX�NRPSRQHQWL��� �3RUHĀHQMHP�VDVWDYD�HWDUVNRJ�XOMD� -��

PDFURFDUSD��GRELMHQL�SRGDFL�NDR�L�OLWHUDWXUQL�QDYRGL��VD�HWDUVNLP�XOMHP�-��GHOWRLGHV�L�-��R[\FHGUXV�

V�VWU�� SRWYUĀXMH� VH� L]GYDMDQMH� RYRJ� WDNVRQD� NDR� ]DVHEQH� YUVWH�� 3RUHG� GUXJDÿLMHJ� SURÀOD�

HWDUVNRJ�XOMD��L�]DVWXSOMHQRVWL�SRMHGLQLK�JUXSD�WHUSHQD��X�HWDUVNRP�XOMX�-��PDFURFDUSD�VX�GHWHNWRYDQH�

NRPSRQHQWH�NRMLK�QHPD�X�HWDUVNRP�XOMX�-��GHOWRLGHV��NDR�QSU��DELHQRO�L���E,6=��IDUQH]RO��
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5.3. Hloroplastni regioni kod ispitivanih predstavnika roda Juniperus

Od šest hloroplastnih regiona testiranih kod ispitivanih predstavnika roda Juniperus, 

XVSHäQD� 3&5� DPSOLÀNDFLMD� L� XWYUĀLYDQMH� SULPDUQRJ� UHGRVOHGD� QXNOHRWLGD� DPSOLÀNRYDQLK�

VHNYHQFL� MH� ELOD� PRJXýD� X� VOXÿDMX� ÿHWLUL� UHJLRQD� �trnC�*&$�-trnD�*8&�, trnL�8$$�-trnF�*$$�, 

trn*�88&�-trnS�*&8� i psb$�trnH�*8*����2YL�UHJLRQL��DPSOLÀNRYDQL�NRULäýHQMHP�W]Y��XQLYHU]DOQLK�

SUDMPHUD� �7DEHOD������� VX� L� UDQLMH�NRULäýHQL�NRG�RYLK�DOL� L�GUXJLK�SUHGVWDYQLND�RYRJ�URGD� L�

IDPLOLMH�&XSUHVVDFHDH��L�SRND]DOL�VX�VH�NDR�YLäH�LOL�PDQMH�LQIRUPDWLYQL�X�UD]OLÿLWLP�VWXGLMDPD�

�$GDPV� 	� +RMMDWL�� ������ $GDPV� 	� 6FKZDU]EDFK�� ������ ����F�� $GDPV� 	� :LQJDWH��

������ $GDPV� HW� DO��� ������ ����E�� ����G�� ������ ����G�� 0DR� HW� DO��� ������ 5XPHX� HW� DO���

������ 7HUU\� HW� DO��� ������ =KDQJ� HW� DO��� �������0HĀXWLP�� X� GDOMLP� LVWUDæLYDQMLPD� X� NRMLPD�

ýH� ELWL� NRULäýHQD� YDULMDELOQRVW� QDYHGHQLK� KORURSODVWQLK� UHJLRQD� NRG� SUHGVWDYQLND� URGD�

Juniperus�� SUHSRUXÿXMH� VH� NRULäýHQMH� PRGLÀNRYDQLK� SUDMPHUD� ]D� DPSOLÀNDFLMX� WUL� UHJLRQD� 

�trnL�8$$�-trnF�*$$�, trn*�88&�-trnS�*&8� i psb$�trnH�*8*���� 1DLPH�� V� RE]LURP� GD� VX� RG� ������

JRGLQH�X�MDYQRM�EDQFL�JHQD�*HQ%DQN�GRVWXSQL�NRPSOHWQL�KORURSODVWQL�JHQRPL���YUVWH�URGD�

Juniperus��J. bermudiana, J. monosperma, J. scopolorum i J. virginiana �*XR�HW�DO�����������ELOR�MH�PRJXýH�

SURYHULWL� NRPSOHPHQWDUQRVW� QXNOHRWLGD�PDWULFH� L� SUDMPHUD� X�PHVWLPD� YH]LYDQMD� SUDMPHUD�

NRML�VX�NRULäýHQL�]D�DPSOLÀNDFLMX�QDYHGHQLK�UHJLRQD��8RÿHQR�MH�GD�X�PHVWLPD�YH]LYDQMD�SHW�

SUDMPHUD�� NRML� VX�NRULäýHQL� ]D� DPSOLÀNDFLMX�QDYHGHQLK� UHJLRQD��SRVWRMH�GR�GYH�PXWDFLMH�X�

genomu Juniperus�� äWR� GRYRGL� GR� VPDQMHQMD� VSHFLÀÿQRVWL� YH]LYDQMD� SUDMPHUD� ]D�PDWULFX�� L�

PRæH�XWLFDWL�QD�XVSHäQRVW�DPSOLÀNDFLMH��6WRJD� MH�SHW�SUDMPHUD�]D�DPSOLÀNDFLMX� WUL� UHJLRQD�

�trnL�8$$�-trnF�*$$�, trn*�88&�-trnS�*&8� i psb$�trnH�*8*���PRGLÀNRYDQR�SXWHP�]DPHQH�GR�GYD�

QXNOHRWLGD��7DEHOD�������ÿLPH�VX�SUDMPHUL�SULODJRĀHQL�]D�DPSOLÀNDFLMX�QDYHGHQLK�UHJLRQD�NRG�

predstavnika roda Juniperus�

6D�GUXJH�VWUDQH��GRVWXSQL�JHQRPVNL�UHVXUVL�VX�RG�YHOLNRJ�]QDÿDMD�]D�GDOMD�LVWUDæLYDQMD�

na molekularnom nivou u okviru roda Juniperus�� ]DWR� äWR�� L]PHĀX� RVWDORJ�� RPRJXýDYDMX�

pronalaæHQMH� SRWHQFLMDOQR� LQIRUPDWLYQLK�� DOL� GR� GDQDV� QHNRULäýHQLK� UHJLRQD�� NDR� L�

GL]DMQLUDQMH�SUDMPHUD�]D�QMLKRYX�DPSOLÀNDFLMX��3RUHG� WRJD��RQL�RPRJXýDYDMX� L�GL]DMQLUDQMH�

LQWHUQLK�SUDMPHUD�]D�VHNYHQFLUDQMH�GXæLK�UHJLRQD�DPSOLÀNRYDQLK�NRULäýHQMHP�SXEOLNRYDQLK�

SUDMPHUD��3D�WDNR��XVOHG�YHOLNH�GXæLQH�trnC�*&$�-trnD�*8&� kod predstavnika roda Juniperus �RNR�

�����ES���DPSOLÀNRYDQRJ�NRULäýHQMHP�SUDMPHUD�WUQ&�L�WUQ'��'HPHVXUH�HW�DO����������ELOR�MH�
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QHRSKRGQR� GL]DMQLUDWL� LQWHUQH� SUDMPHUH�

]D� XWYUĀLYDQMH� SULPDUQRJ� UHGRVOHGD�

QXNOHRWLGD� NRPSOHWQRJ� UHJLRQD� �7DEHOD�

�����

3RUHG� WRJD�� NRULäýHQMH� GRVWXSQLK�

JHQRPVNLK� UHVXUVD� MH� RPRJXýLOR� L�

XWYUĀLYDQMH� X]URND� QHXVSHäQH� 3&5�

DPSOLÀNDFLMH� UHJLRQD� rpl���trnL�8$*� 

L� �·rps����·trn.�� NRML� VX� VH� GR� GDQDV�

SRND]DOL� NDR� YHRPD� LQIRUPDWLYQL�

NRG� YHýHJ� EURMD� YHRPD� UD]QRYUVQLK� L�

nesrodnih taksona �$ODUFyQ�HW�DO���������

6KDZ� HW� DO��� ������ ������ 6WRMDQRYLý� HW�

DO����������=D�DPSOLÀNDFLMX�RYLK�UHJLRQD�

VX� NRULäýHQL� XQLYHU]DOQL� SUDMPHUL� 6KDZ�

HW� DO�� �������� 0HĀXWLP�� ]D� UD]OLNX� RG�

GUXJLK�WDNVRQD�NRG�NRMLK�VX�RYL�SUDMPHUL�

JHQHULVDOL� æHOMHQH� SURGXNWH� GXæLQH�

RNR� ��������� ES� ��·rps����·trn.�� L� 

���������ES��rpl���trnL�8$*����XRÿHQR�MH�

GD�� X� VOXÿDMX� UHJLRQD� �·rps����·trnK, ne 

SRVWRML�PHVWR�YH]LYDQMD�MHGQRJ�SUDMPHUD��

1DLPH�� PHVWR� YH]LYDQMD� SUDMPHUD�

trnK888[�� X� RNYLUX� trnK�888�� JHQD� MH�

GHWHNWRYDQR�� L� X�QMHPX�QLVX�SURQDĀHQH�

PXWDFLMH�X�RGQRVX�QD�PDWULFX��0HĀXWLP��

QH� SRVWRML� PHVWR� YH]LYDQMD� SUDMPHUD�

US6��[�)��X�RNYLUX� rps���JHQD��3UHPD�

QDYRGLPD� �*XR� HW� DO��� ������� rps���

JHQ� MH� NRG� URGRYD� Juniperus, ali i Taxus 

i Podocarpus� L]JXELR� IXQNFLMX� XVOHG�
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frameshift�PXWDFLMD��L�SRVWRML�NDR�SVHXGRJHQ��ƸUSV�����8�WDNYRP�SVHXGRJHQX�MH�QDMYHURYDWQLMH�

GRäOR�L�GR�JXELWND�PHVWD�YH]LYDQMD�QDYHGHQRJ�SUDMPHUD��

1HXVSHäQRVW�DPSOLÀNDFLMH�GUXJRJ�UHJLRQD��rpl���trnL�8$*��MH�GUXJDÿLMH�SULURGH��1DLPH��

u hloroplastnom genomu J. virginiana�SRVWRMH�PHVWD�YH]LYDQMD�RED�SUDMPHUD��trnL�8$*� i rpl����

]D�DPSOLÀNDFLMX�RYRJ�UHJLRQD��L�X�RNYLUX�QMLK�VX�XRÿHQH�GYH�PXWDFLMH��trnL�8$*���L�WUL�PXWDFLMH�

�rpl�����,DNR�XPDQMHQD�VSHFLÀÿQRVW�YH]LYDQMD�SUDMPHUD�X�PHVWLPD�YH]LYDQMD�PRæH�XWLFDWL�QD�

XVSHäQRVW� DPSOLÀNDFLMH� RYRJ� UHJLRQD�� QHGRVWDWDN� SURGXNDWD� DPSOLÀNDFLMH� RYRJ� UHJLRQD� MH�

]DSUDYR�SRVOHGLFD�L]PHQMHQRJ�SRORæDMD�JHQD�trnL�8$*� i rpl���X�KORURSODVWQRP�JHQRPX�Juniperus 

X�RGQRVX�QD�GUXJH�WDNVRQH��1DLPH��trnL�8$*��JHQ�VH�QDOD]L�QD�SR]LFLML���������������D�rpl���

JHQD�QD�SR]LFLML��������������X�KORURSODVWQRP�JHQRPX�J. virginiana��WDNR�GD�VX�RQL�XGDOMHQL�

YLäH�RG����NE�ED]D��7R�]QDÿL�GD�MH�UH�DUDQæPDQ�JHQD�X�KORURSODVWQRP�JHQRPX�SUHGVWDYQLND�

roda Juniperus�RVQRYQL�X]URN�QHXVSHäQH�DPSOLÀNDFLMH�RYRJ�UHJLRQD�NRG�SUHGVWDYQLND�RYRJ�

URGD�

3RUHG� QDYHGHQRJ�� SR]QDYDQMH� SULPDUQRJ� UHGRVOHGD� QXNOHRWLGD� NRPSOHWQRJ�

hloroplastnog genoma Juniperus� MH� RPRJXýLOR� XWYUĀLYDQMH� MRä� QHNLK� VSHFLÀÿQRVWL� RYRJ�

JHQRPD��NDR�äWR�VX�YHOLÿLQD�JHQRPD�RG�RNR�����NE��SULVXVWYR����JHQD�NRML�NRGLUDMX�SURWHLQH��

�� ULER]RPDOQH�51.����� W51.����� LQWURQD�� SRWRP�RGVXVWYR� ycf���JHQ�� NDR� L� NRG�RVWDOLK�

JRORVHPHQLFD�

3RWUHEQR� MH� VSRPHQXWL� GD� MH� WRNRP� XWYUĀLYDQMD� SULPDUQRJ� UHGRVOHGD� QXNOHRWLGD�

LVSLWLYDQLK� KORURSODVWQLK� UHJLRQD� XRÿHQR� SULVXVWYR� W]Y�� YLäH]QDÿQLK� �ambiguous�� SR]LFLMD��

QDMYLäH�X�UHJLRQX�trnC�*&$�-trnD�*8&���7DEHOD��������QD�NRMLPD�QLMH�ELOR�PRJXýH�MHGQR]QDÿQR�

XWYUGLWL�GD�OL�MH�QD�WRM�SR]LFLML�SULVXWDQ�MHGDQ��GYD�LOL�YLäH�QXNOHRWLGD��1DYHGHQL�IHQRPHQ�VH�

RELÿQR�MDYOMD�XVOHG�QHäWR�ORäLMHJ�NYDOLWHWD�VHNYHQFLUDQMD�WH�PRæH�SUHGVWDYOMDWL�QMHJRY�DUWHIDNW��

DOL��VD�GUXJH�VWUDQH��PRæH�XND]LYDWL�L�QD�SULVXVWYR�KHWHURJHQH�SRSXODFLMH�KORURSODVWQLK�JHQRPD�

u ispitivanim individuama roda Juniperus�� 'RGDWQH� SURYHUH� VX� QHRSKRGQH� ]D� UD]UHäHQMH�

QDYHGHQRJ�SUREOHPD�

6�RE]LURP�GD�VX� LVSLWLYDQL�KORURSODVWQL�UHJLRQL�VDGUæDYDOL� L�NRGLUDMXýH� L�QHNRGLUDMXýH�

UHJLRQH� �LQWHUJHQVNH� VSHMVHUH�� trnC�*&$�-pet1�� pet1�psb0�� psb0�trnD�*8&�, psb$�trn,�&$8�, 

trn,�&$8�-trnH�*8*�, trn*�88&�-psa0�� psa0�trnS�*&8�, trnL�8$$�-trnF�*$$�� L� JHQH�� pet1�� psb0��

trn,�&$8�, psa0��NDR�L�GHORYH�JHQD trnD�*8&�, trnH�*8*�, trnS�*&8�, trnF�*$$����YDæQR�MH�VSRPHQXWL�

GD� MH� VKRGQR� RÿHNLYDQMLPD� �-DQVHQ�	�5XKOPDQ�� ������� QDMYHýL� EURM�PXWDFLMD� SURQDĀHQ� X�

QHNRGLUDMXýLP�UHJLRQLPD�KORURSODVWQRJ�JHQRPD������SR]LFLMD�VD�VXSVWLWXFLMDPD�ED]D�X�RNYLUX�
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PDWULFH�ÿLMD�MH�SRUDYQDWD�GXæLQD�������ES��QH�UDÿXQDMXýL�GRGDWQH�PXWDFLMH�X�RNYLUX�LQVHUFLMD�

UD]OLÿLWH�GXæLQH�NRMH�VH�MDYOMDMX�VDPR�NRG�SRMHGLQLK�WDNVRQD���QDVSUDP�VYHJD�VHGDP�SR]LFLMD�VD�

VXSVWLWXFLMDPD�ED]D�SURQDĀHQLK�X�NRGLUDMXýLP�UHJLRQLPD��GXæLQD�SRUDYQDWH�PDWULFH�����ES���

Silent� VXSVWLWXFLMH� VX� GHWHNWRYDQH� X� psb0� L� psb$��PHĀXWLP�� ÿHäýH� VX� ELOH� VXEVWLWXFLMH� NRMH�

]D� SRVOHGLFX� LPDMX� ]DPHQX� DPLQRNLVHOLQD� X�SURWHLQLPD� NRGLUDQLP�RGJRYDUDMXýLP�JHQLPD�

NRML� VDGUæH�PXWDFLMH� �peW1��psb0���.RG�QHNROLNR�JHQD�NRML�NRGLUDMX� W51.�VX�GHWHNWRYDQH�

VXSVWLWXFLMD�ED]D��trnH, trn*��trnS, trnL, trn,���GRN�MH�NRG�trn,�JHQD�GRäOR�GR�GHOHFLMH����ES�VD��·�

NUDMD�NRG�VYLK�LQGLYLGXD�VHNFLMH�Juniperus��8�RNYLUX�psa0�JHQD��NRG�VYLK�LVSLWLYDQLK�LQGLYLGXD�

GRäOR�MH�GR�LQVHUFLMH���QXNOHRWLGD�äWR�EL�]D�SRVOHGLFX�LPDOR�LQVHUFLMX�DPLQLNRVHOLQD�L]ROHXFLQD�

L�DODQLQD�X�SURWHLQX�NRGLUDQLP�RYLP�JHQRP��

2G�XNXSQR����SR]LFLMH�QD�NRMLPD�VX�GHWHNWRYDQH�VXEVWLWXFLMH�ED]D�X�PDWULFL�GXæLQH�

�����ES�NRMD�MH�VDVWDYOMHQD�RG�VYD�ÿHWLUL�LVSLWLYDQD�KORURSODVWQD�UHJLRQD��QH�UDÿXQDMXýL�GRGDWQH�

PXWDFLMH�X�RNYLUX�LQVHUFLMD�UD]OLÿLWH�GXæLQH�NRMH�VH�MDYOMDMX�VDPR�NRG�SRMHGLQLK�WDNVRQD������

PXWDFLMD� RGYDMD� DXWJUXSX�RG� LQJUXSH� WH� VH� RQH�PRJX� VPDWUDWL� VLQDSRPRUIQLP� ]D� VHNFLMX�

Juniperus��0HĀXWLP��SRWUHEQR�MH�VSRPHQXWL�GD�MH�]D�QHGYRVPLVOHQR�NDUDNWHULVDQMH�QDYHGHQLK�

PXWDFLMD� NDR� VLQDSRPRUIQLK� ]D� VHNFLMX� Juniperus� SRWUHEQR� XNOMXÿLWL� X� DQDOL]H� L� GRGDWQH�

WDNVRQH�NDR�DXWJUXSH��.RG����LQGLYLGXD�SUHGVWDYQLND�RYH�VHNFLMH��GHWHNWRYDQR�MH����SR]LFLMD�

VD� VXSVWLWXFLMDPD� ED]D� �parsimony informative sites i singleton�PXWDFLMH�� QH� UDÿXQDMXýL� GRGDWQH�

PXWDFLMH�X�RNYLUX�LQVHUFLMD�UD]OLÿLWH�GXæLQH�NRMH�VH�MDYOMDMX�VDPR�NRG�SRMHGLQLK�WDNVRQD���6D�

GUXJH�VWUDQH��X�PDWULFL�MH�XRÿHQ�L�YHOLNL�EURM�GXæLQVNLK�PXWDFLMD�����LQGHOD�L����PLNURVDWHOLWD�VD�

PRQRQXNOHRWLGQLP�PRWLYRP��$�n�LOL��7�n��0HĀXWLP��V�RE]LURP�GD�QDYHGHQL�LQGHOL�REXKYDWDMX�

SURVWH�DOL� L�VORæHQH� LQGHOH��NRML�VDGUæH�GRGDWDQH� LQGHOH� L�VXEVWLWXFLMH�ED]D��EURM�GXæLQVNLK� L�

WDÿNDVWLK�PXWDFLMD�X�QHNRGLUDMXýLP�UHJLRQLPD�MH�UHDOQR�YHýL�RG�QDYHGHQRJ�

=DQLPOMLYR� MH� VSRPHQXWL� L� SULVXVWYR� MHGQRJ� KLSHUYDULMDELOQRJ� UHJLRQD� X� RNYLUX� 

trnC�*&$�-trnD�*8&��UHJLRQD��LQWHUJHQVNL�VSHMVHU�psb0�trnD�*8&���SR]LFLMD������������X�PDWULFL��

NRML�SRÿLQMH�L�]DYUäDYD�VH�SROL�7�UHJLRQRP�NRG�VYLK�LVSLWLYDQLK�LQGLYLGXD��D�NRG�J. macrocarpa, 

J. deltoides i J. sabina� VDGUæL� LQVHUFLMH� GXæLQH� ���� L� ���� ES� �NRG� J. macrocarpa�� ����ES� �NRG�

J. deltoides��L�����ES��NRG�J. sabina��X�QDYHGHQRP�SROL�7�UHJLRQX��.RG�J. communis��PHĀXWLP��

SRVWRML�VDPR�SROL�7�UHJLRQ�EH]�GRGDWQLK�LQVHUFLMD��GRN�NRG�J. virginiana�L�RVWDOH���YUVWH�URGD�

Juniperus�ÿLML�NRPSOHWQL�KORURSODVWQL�JHQRPL�VX�GRVWXSQL�X�*HQ%DQN��J. bermudiana, J. monosperma 

i J. scopolorum��*XR�HW�DO�����������WDNRĀH�SRVWRML�LQVHUFLMD�GXJD��������ES��6�RE]LURP�GD�MH�

SRND]DQR�GD�GXJL�PRQRWRQL�UHJLRQL��VDÿLQMHQL�L]�YHOLNRJ�EURMD�SRQRYDND�MHGQRJ�QXNOHRWLGD��

PRJX�GD�IRUPLUDMX�SHWOMH�SUOLNRP�UHSOLNDFLMH��PRæH�GRýL�GR�GHOHFLMH� LOL� LQVHUFLMH�FHOH�SHWOMH�
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�'DYLG���������äWR�XND]XMH�QD�WR�GD�SULVXVWYR�RGVXVWYR�QDYHGHQH�LQVHUFLMH�X�RNYLUX�GDWRJ�

KLSHUYDULMDELOQRJ� UHJLRQD� NRG� LVSLWLYDQLK� WDNVRQD� QDMYHURYDWQLMH� PRæH� ELWL� REMDäQMHQR� QD�

RYDM�QDÿLQ��RGQRVQR��GHOHFLMRP�NRG�SUHGDND�J. communis�LOL�LQVHUFLMRP�NRG�]DMHGQLÿNRJ�SUHWND�

RVWDOLK�WDNVRQD�NRML�VDGUæH�LQVHUFLMX�

2G� �� LVSLWLYDQD� KORURSODVWQD� UHJLRQD�� NDR� QDMLQIRUPDWLYQLML� VH� SRND]DR� 

trnC�*&$�-trnD�*8&�, i to pet1-psb0� VSHMVHU� SRUDYQDWH� GXæLQH� ���� ES� ���� SR]LFLMH� VD�

VXSVWLWXFLMDPD�ED]D�����LQGHOD����PLNURVDWHOLWD�VD�PRQRQXNOHRWLGQLP�PRWLYLPD��QH�UDÿXQDMXýL�

GRGDWQH�PXWDFLMH�X�RNYLUX�LQVHUFLMD�UD]OLÿLWH�GXæLQH�NRMH�VH�MDYOMDMX�X�RYRP�UHJLRQX�VDPR�NRG�

SRMHGLQLK�WDNVRQD���6WRJD�QLMH�L]QHQDĀXMXýH�GD�MH�RYDM�UHJLRQ�GR�GDQDV�LQWHQ]LYQR�NRULäýHQ�

kod predstavnika roda Juniperus �$GDPV�� ����D��� .DR� QDMPDQMH� LQIRUPDWLYDQ� VH� SRND]DR�

trnL�8$$�-trnF�*$$��UHJLRQ�SRUDYQDWH�GXæLQH�����ES��VD�VYHJD���SR]LFLMH�VD�VXSVWLWXFLMDPD�ED]D��

��LQGHOD�L�MHGQLP�UHJLRQRP�VD�UD]OLÿLWLP�EURMHP�SRQRYDND�PRWLYD�RG����ES��2YDM�UHJLRQ��VD�

GUXJH�VWUDQH��VDGUæL�L�MHGLQX�PXWDFLMX�NRMD�MH�QDMYHURYDWQLMH�VLQDSRPRUIQD�]D�J. communis YDU��

intermedia��3RWUHEQR�MH�VSRPHQXWL�GD�MH�X�RYRP��DOL�L�X�RVWDOLP�UHJLRQLPD��GHWHNWRYDQ�YHOLNL�

EURM�WDÿNDVWLK�PXWDFLMD�NRMH�VX�VLQDSRPRUIQH�]D�RGUHĀHQH�WDNVRQH��WH�VH�PRJX�NRULVWLWL�NDR�

W]Y�� ´'1.�EDUNRGRYLµ� ]D� QMLKRYX� GLVWLQNFLMX� �&%2/�3ODQW�:RUNLQJ�*URXS�� ������� ,DNR�

MH�GR�GDQDV�SUHGORæHQR�QHNROLNR�PDUNHUD�]D�´EDUNRGLQJµ�NRG�ELOMDND��VYH�YHýL�EURM�VWXGLMD�

SRND]XMH�GD�MH�SRUHG�VWDQGDUGQLK�EDUNRGLQJ�IUDJPHQDWD��NDR�äWR�VX�matK i rbc/��SRWUHEQR�

NRULVWLWL� GRGDWQH� UHJLRQH�GD�EL� VH�REH]EHGLOD�GRYROMQD�NROLÿLQD� LQIRUPDFLMD� ]D� UD]GYDMDQMH�

EOLVNR�VURGQLK�YUVWD�X�WDNVRQRPVNRP�NRQWHNVWX��*RQ]iOH]�*XWLpUUH]�HW�DO���������.RURWNRYD�

HW�DO���������5DQ�HW�DO���������6HEHUJ�	�3HWHUVHQ���������9DæQR�MH�QDSRPHQXWL�GD�VX�VH�NRG�

SUHGVWDYQLND� VHNFLMH� Juniperus� NDR� VLQDSRPRUIQL�NDUDNWHUL�SRND]DOL� L� LQGHOL�� NDR� L� VSHFLÀÿQL�

EURMHYL� SRQRYDND�PRQRQXNOHRWLGQLK�PRWLYD� QD� RGUHĀHQLP�PLNURVDWHOLWQLP� ORNXVLPD� NRML�

VH��SUHPD�YDæHýHP�VKYDWDQMX��QH�NRULVWH�X�VYUKH�'1.�EDUNRGLQJD��&%2/�3ODQW�:RUNLQJ�

*URXS�������

8�PDWULFL�GXæLQH������ES��GHWHNWRYDR�MH����NDUDNWHUD�NRML�VX�VLQDSRPRUIQL�]D�J.  ommunis, 

od toga šest nukleotidnih karaktera u regionu trnC�*&$�-trnD�*8&���MHGDQ�X�UHJLRQX�psb$�trnH�*8*�, 

tri u regionu trn*�88&�-trnS�*&8���WUL�LQVHUFLMH�GHOHFLMH�X�UHJLRQX�trnC�*&$�-trnD�*8&���L�SR�MHGQD�

LQVHUFLMD�GHOHFLMD�X�UHJLRQLPD�psb$�trnH�*8*� i trn*�88&�-trnS�*&8���1D�MHGQRP�PLNURVDWHOLWQRP�

lokusu u regionu trnC�*&$�-pet1�NRG�RYH�YUVWH�MH�EURM�SRQRYDND�PRWLYD��7��ELR����GR�����GRN�

MH�EURM�SRQRYDND�NRG�GUXJLK�LVSLWLYDQLK�WDNVRQD�GUXJDÿLML��

8� PDWULFL� MH� GHWHNWRYDQR� ��� NDUDNWHUD� NRML� VX� VLQDSRPRUIQL� ]D� J. deltoides, L� WR� ��
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nukleotidnih karaktera u regionu trnC
(GCA)

-trnD
(GUC)

 i jedan u regionu psbA-trnH
(GUG)

, kao i 

jedan indel u regionu trnC
(GCA)

-trnD
(GUC)

. 

'HWHNWRYDQD�VX�L�ÿHWLUL�NDUDNWHUD�NRMD�VX�VLQDSRPRUIQD�]D�J. macrocarpa, od toga, dva 

nukleotidna karaktera i dve insercije u regionu trnC
(GCA)

-trnD
(GUC)��1D�PLNURVDWHOLWQRP�ORNXVX�

regiona trnI
(CAU)

-trnH
(GUG)�VD�PRWLYRP��$���EURM�SRQRYDND�MH�ELR�NDUDNWHULVWLÿDQ�]D�SRSXODFLMX�

VD�.ULWD������GRN�MH�NRG�RVWDOLK�SRSXODFLMD�J. macrocarpa L�GUXJLK�WDNVRQD�ELR����������3RUHG�RYLK��

GHWHNWRYDQL�VX�L�VLQDSRPRUIQL�NDUDNWHUL�]D�SRMHGLQH�SRSXODFLMH�J. macrocarpa. Detektovano je 

�� NDUDNWHUD� NRML� VX� VLQDSRPRUIQL� ]D� LQGLYLGXH� J. macrocarpa sa Krita, i to dva nukleotidna 

karaktera i tri insercije u regionu trnC
(GCA)

-trnD
(GUC)

. Detektovana su i dva karaktera koja su 

VLQSRPRUIQD�]D�LQGLYLGXH�SRSXODFLMH�J. macrocarpa�L]�RNROLQH�7URJLUD��L�WR�MHGDQ�QXNOHRWLGQL�

karakter i jedna insercija u regionu trnC
(GCA)

-trnD
(GUC)��7DEHOD�������

8RÿHQR� MH� L� SULVXVWYR� NDUDNWHUD� NRML� VX� SULVXWQL� NRG� YLäH� WDNVRQD� VHNFLMH� Juniperus. 

Detektovane su dva nukleotidna karaktera u regionu trnC
(GCA)

-trnD
(GUC)NRML�VX�VLQDSRUPRIQL�

]D�J. oxycedrus s.l��0HĀXWLP��XRÿHQR�MH�L�SULVXVWYR�NDUDNWHUD�GHOMHQLK�L]PHĀX�MHGQRJ�WDNVRQD�

sekcije Juniperus�L�GHOD�GUXJRJ�WDNVRQD�RYH�VHNFLMH��QSU��J. deltoides i J. macrocarpa sa Krita (dva 

QXNOHRWLGQD� NDUDNWHUD�� WUL� LQVHUFLMH�GHOHFLMH� L� MHGDQ� PLNURVDWHOLW� PRWLYD� �$�
 
koji kod ovih 

LQGLYLGXD�VDGUæL���SRQRYDND��GRN�NRG�RVWDOLK�LQGLYLGXD�L�WDVNRQD�LPD�����DOL�L�L]PHĀX�MHGQRJ�

taksona sekcije Juniperus i sekcije Sabina - J. macrocarpa i J. sabina (jedan nukleotidni karakter 

u trnC
(GCA)

-trnD
(GUC)�UHJLRQX���3ULVXVWYR�RYDNYLK�NDUDNWHUD�VH�RELÿQR�REMDäQMDYD�UHWHQFLMRP�

DQFHVWUDOQLK�SROLPRUÀ]DPD�LOL�LQWHUVSHFLMVNRP�KLEULGL]DFLMRP�SUDýHQRP�LQWURJUHVLMRP�
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5.3.1. Filogenetski odnosi ispitivanih predstavnika roda Juniperus

=D�NRQVWUXNFLMX�ÀORJHQHWVNLK�VWDEDOD�QD�RVQRYX�LVSLWLYDQLK�KORURSODVWQLK�UHJLRQD�ELOR�

MH�SRWUHEQR�QDMSUH�XWYUGLWL�RSWLPDOQH�PRGHOH�HYROXFLMH�VHNYHQFL��8RÿHQR�MH�GD�MH�]D�UHJLRQH�

NRML�VH�RGOLNXMX�PDQMLP�EURMHP�PXWDFLMD�XNOMXÿXMXýL�L�NRGLUDMXýH�UHJLRQH�PDWULFH�VDVWDYOMHQH�

RG� VYD� �� UHJLRQD�� SRND]DQR� QD� RVQRYX� %,&� YUHGQRVWL� GD� VX� RSWLPDOQL� PRGHOL� HYROXFLMH�

VHNYHQFL�RQL�NRML�VX�SULPHQOMLYL�X�VOXÿDMHYLPD�NDGD�SRVWRML�YHýL�XGHR�*&�QXNOHRWLGD�L�YHýL�

EURM� WUDQ]LFLMD�RG� WUDQVYHU]LMD� �7����RSWLPDODQ�PRGHO�HYROXFLMH� trn*�88&�-trnS�*&8�� UHJLRQD���

]DWLP��PRGHOL�NRML�UD]OLNXMX���WLSD�WUDQ]LFLMD�D�SUHWSRVWDYOMDMX�GD�VH�WUDQVYHU]LMH�RGYLMDMX�VD�

SRGMHGQDNRP�XÿHVWDORäýX��71����RSWLPDOQL�PRGHO�HYROXFLMH�psb$-trnH�*8*)�UHJLRQD���NDR�L�

PRGHOL�NRML�SUHWSRVWDYOMDMX�QHMHGQDNH�XÿHVWDORVWL�WUDQ]LFLMD�L�WUDQVYHU]LMD�VD�LOL�EH]�,�NRUHNFLMH�

NRMD� X]LPD� X� RE]LU� XGHR� LQYDULMDELOQLK�PHVWD� �+.<�� RSWLPDOQL�PRGHO� HYROXFLMH� trnL�8$$)-

trnF�*$$��UHJLRQD��+.<�,��RSWLPDOQL�PRGHO�HYROXFLMH�PDWULFH�NRGLUDMXýLK�UHJLRQD�VYD�ÿHWLUL�

LVSLWLYDQD�KORURSODVWQD�UHJLRQD���=DQLPOMLYR�MH�QDSRPHQXWL�GD��LDNR�VX�]D�QDYHGHQH�UHJLRQH�

QD�RVQRYX�%,&�YUHGQRVWL�NDR�RSWLPDOQL�PRGHOL�HYROXFLMH�VHNYHQFL�XWYUĀHQL�QDYHGHQL�PRGHOL��

NRG�VYLK�QDYHGHQLK�UHJLRQD��QLVNH�%,&�YUHGQRVWL�VX�XRÿHQH�XSUDYR�]D�SHW�SDUDPHWDUVNL�+.<�

PRGHO�VD�LOL�EH]�*�L�LOL�,�NRUHNFLMD��

'UXJDÿLML�WUHQG�MH�XRÿHQ�NRG�UHJLRQD�NRML�VH�RGOLNXMX�YHýLP�EURMHP�PXWDFLMD��NDR�äWR�MH�

trnC�*&$�-trnD�*8&��UHJLRQ��PDWULFD�VDVWDYOMHQD�RG���LVSLWLYDQD�UHJLRQD�L�PDWULFD�QHNRGLUDMXýLK�

UHJLRQD� VYD� �� LVSLWLYDQD� UHJLRQD�� NRG� NRMLK� VH� NDR�RSWLPDOQL�PRGHO� HYROXFLMH� VHNYHQFL�� VD�

QDMQLæLP�%,&�YUHGQRVWLPD��SRND]DR�WUL�SDUDPHWDUVNL�7���PRGHO�VD�LOL�EH]�*�L�LOL�,�NRUHNFLMD��DOL�

MH�X�VYLP�VOXÿDMHYLPD�*75�PRGHO�HYROXFLMH�VD�LOL�EH]�*�L�LOL�,�NRUHNFLMD�WDNRĀH�LPDR�QLVNH�%,&�

YUHGQRVWL��*75�PRGHO�HYROXFLMH�VH�VPDWUD�QDMRSäWLMLP��QHXWUDOQLP�L�YUHPHQVNL�UHYHU]LELOQLP�

PRGHORP��L�MHGDQ�MH�QDMÿHäýH�NRULäýHQLK�PRGHOD�X�ÀORJHQHWVNLP�UHNRQVWUXNFLMDPD��

6KRGQR� RÿHNLYDQMLPD� YH]DQLP� ]D� EURM� ÀORJHQHWVNL� LQIRUPDWLYQLK� PXWDFLMD� X�

SRMHGLQDÿQLP� KORURSODVWQLP� UHJLRQLPD�� 0/� VWDEOD� NRQVWUXLVDQD� NRULäýHQMHP� RSWLPDOQLK�

PRGHOD�HYROXFLMH�]D�VYDNL�SRMHGLQDÿQL�UHJLRQ�VX�XJODYQRP�QHLQIRUPDWLYQD�X�VOXÿDMX�UHJLRQD�VD�

PDOLP�EURMHP�LQIRUPDWLYQLK�PXWDFLMD��psb$�trnH�*8*�, trn*�88&�-trnS�*&8��i trnL�8$$�-trnF�*$$�, 

6OLNH�����������������������GRN�VX�0/�VWDEOD�NRQVWUXLVDQD�QD�RVQRYX�UHJLRQD�VD�YHýLP�EURMHP�

PXWDFLMD� �trnC�*&$�-trnD�*8&��� 6OLND� �������� PDWULFH� QHNRGLUDMXýLK� UHJLRQD� VYD� �� LVSLWLYDQD�
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UHJLRQD��6OLND��������NDR�L�PDWULFH�NRGLUDMXýLK�L�QHNRGLUDMXýLK�UHJLRQD�VYD���LVSLWLYDQD�UHJLRQD�

�6OLND��������LQIRUPDWLYQD��L�SRND]XMX�WRSRORäNX�NRQJUXHQWQRVW�

0/�VWDEOR�NRQVWUXLVDQR�NRULäýHQMHP�*75�*�PRGHOD�HYROXFLMH�PDWULFH�VDVWDYOMHQH�RG�

��LVSLWLYDQD�UHJLRQD��ÿLMD�MH�SRUDYQDWD�GXæLQD�NRG����LQGLYLGXD�SUHGVWDYQLND�VHNFLMH�Juniperus i 

tri individue autgrupe J. sabina�L]QRVL�������ES��SRND]XMH�GD�MH�VHNFLMD�Juniperus�PRQRÀOHWVNRJ�

SRUHNOD� �%6� ������ �6OLND� �������� 8RÿHQH� VX� �� VWDWLVWLÿNL� GREUR� SRGUæDQH� NODGH��Klada I 
�%6� ������ NRMD� REXKYDWD� VYH� LQGLYLGXH� J. communis, i Klada II� �%6� ����� NRMD� REXKYDWD�
sve individue J. deltoides i J. macrocarpa��=DQLPOMLYR�MH�QDSRPHQXWL�GD�MH�XRÿHQD�GLYHUJHQFLMD�

SUHGVWDYQLND�VHNFLMH�Juniperus�X�VNODGX�VD�QHIRUPDOQRP�SRGHORP�QD�NOHNH�VD�SODYLP�ERELFDPD�

�X�NRMH�VSDGD�J. communis��L�NOHNH�VD�FUYHQLP�LOL�PUNLP�ERELFDPD��X�NRMH�VSDGDMX�J. deltoides i 

J. macrocarpa���$GDPV������D���

Odnosi u okviru klade I�VX�RVWDOL�QHUD]MDäQHQL��LDNR�VH�PRæH�VH�XRÿLWL�WUHQG�JUXSLVDQMD�
individua J. communis YDU� communis� NDR� L� MHGLQNL� J. communis YDU�� saxatilis i J. communis YDU��

intermedia��1DLPH�� MHGLQNH� J. communis YDU�� intermedia� VH� VD� QHNROLNR� MHGLQNL� J. communis YDU��

communis �6XYD���6XYD��L�0DYURYR���JUXSLäX�]DMHGQR�L�]DX]LPDMX�WHUPLQDOQL�SRORæDM�X�kladi I 

�%6�������MHGLQNH�J. communis�YDU��saxatilis XJODYQRP�]DX]XPDMX�VUHGLäQML�SRORæDM�X�RYRM�NODGL��

GRN�MHGLQNH�J. communis YDU��communis XJODYQRP�]DX]LPDMX�ED]DOQL�SRORæDM�X�RNYLUX�klade I��
6WRJD�VH�PRæH�]DNOMXÿLWL�GD��LDNR�MH�ÀORJHQHWVND�DQDOL]D�]DVQRYDQD�QD���KORURSODVWQD�UHJLRQD�

SRUDYQDWH�GXæLQH�������QXNOHRWLGD��LVSLWLYDQL�UHJLRQL�QH�VDGUæH�GRYROMDQ�ÀORJHQHWVNL�VLJQDO��

RGQRVQR��QHPDMX�GRYROMQX�UH]ROXFLMX�GD�EL�VH�UD]UHäLOL�RGQRVL�X�RNYLUX�NRPSOHNVD�J. communis, 

RGQRVQR�QD�LQIUDVSHFLMVNRP�QLYRX��0HĀXWLP��LPDMXýL�X�YLGX�QDYHGHQH�WUHQGRYH�JUXSLVDQMD�

NRML�VH�XJODYQRP�SRNODSDMX�VD�SRGHORP�QD�LQIUDVSHFLMVNRP�QLYRX��GRGDWQH�DQDOL]H��NRMH�EL�

XNOMXÿLOH�GRGDWQH�KORURSODVWQH�UHJLRQH��PRJOH�EL�GD�UD]UHäH�RGQRVH�X�RNYLUX�J. communis s.l. 

8�RNYLUX�klade II��XRÿHQH�VX���GREUR�SRGUæDQH�VXENODGH��IIa��%6��������NRMX�ÿLQH�
SUHGVWDYQLFL�J. deltoides, i IIb��%6�������NRML�ÿLQH�SUHGVWDYQLFL�J. macrocarpa��6HVWULQVNL�RGQRV�

RYH�GYH�YUVWH�MH�XRÿHQ�GR�GDQDV��ãWD�YLäH��SRVWRML�QHVODJDQMH�R�VWDWXVX�RYRJ�WDNVRQD��1HNL�

DXWRUL�VPDWUDMX�GD�MH�J. macrocarpa�]DSUDYR�SRGYUVWD�J. oxycedrus VXEVS��macrocarpa �)DUMRQ��������

)DUMRQ�	�)LOHU�������, PHĀXWLP��RYH�GYH�YUVWH�VH�MDVQR�UD]OLNXMX�QD�PRUIRORäNLP��.OLPNR�HW�

DO����������ÀWRKHPLMVNLP�L�PROHNXODUQLP�NDUDNWHULPD��$GDPV������D���

=DQLPOMLYR�MH�QDSRPHQXWL�GD�X�RNYLUX�VXENODGH�IIa�QLMH�XRÿHQD�GDOMD�SRGHOD��,PDMXýL�X�YLGX�

GD�VX�LVSLWLYDQH�SRSXODFLMH�J. deltoides�GLVWULEXLUDQH�PDQMH�YLäH�X�FHORP�DUHDOX�UDVSURVWUDQMHQMD�

RYH�YUVWH�QD�%DONDQX��NDR�L�GD�QLMH�XRÿHQD�GLYHUJHQFLMD�LQGLYLGXD�L]�PHĀXVREQR�SURVWRUQR�
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XGDOMHQLK�SRSXODFLMD��NDR�äWR�VX�SRSXODFLMH�L]�5RYLQMD��3ÿLQMH�L�.ULWD��XGDOMHQH�PHĀXVREQR�

����GR������NP���PRæH�VH�]DNOMXÿLWL�GD�VH�J. deltoides VD�%DONDQD�RGOLNXMH�PDORP�YDULMDELOQRäýX�

QD� QLYRX� KORURSODVWQRJ� JHQRPD�� 7R� VD� MHGQH� VWUDQH� ]QDÿL� GD� EL� GRGDWQH� DQDOL]H�� NRMH� EL�

XNOMXÿLOH�GRGDWQH�KORURSODVWQH�UHJLRQH��ELOH�RJUDQLÿHQRJ�XVSHKD��D�VD�GUXJH�VWUDQH��XND]XMH�

QD�GHORYDQMH�RGUHĀHQLK�SURFHVD� WRNRP�HYROXFLRQH� LVWRULMH�RYRJ� WDNVRQD�NRML� VX�GRYHOL�GR�

VDGDäQMHJ�PDORJ� QLYRD� YDULMDELOQRVWL� QD� QLYRX� KORURSODVWQRJ� JHQRPD� NRG� J. deltoides��2YR�

MH�X� VNODGX� VD� LVWUDæLYDQMLPD�%RUDW\ľVNL� L� VDUDGQLFL� ��������NRML� VX� LVSLWLYDOL� YDULMDELOQRVW� J. 

oxycedrus s.l.�VD�SRGUXÿMD�0HGLWHUDQD��%OLVNRJ� LVWRND� L�$WODQWVNLK�RVWUYD�QD�QLYRX�QXNOHUQLK�

PLNURVDWHOLWD��L�SRND]DOL�GD�SRUHG�WRJD�äWR�SRVWRML�MDVQR�RGYDMDQMH�J. oxycedrus s.str. i J. deltoides, 

RYD�GUXJD VH�PRæH�SRGHOLWL�QD�GYH�JUXSH��%DONDQVNX� L�%OLVNR�LVWRÿQX��SUL�ÿHPX� MH�QDMYHýL�

JHQHWLÿNL� GLYHU]LWHW� XRÿHQ� XSUDYR� X� %DONDQVNLP� SRSXODFLMDPD�� $XWRUL� VX� ]DWLP� SRND]DOL�

GD� SRVWRML�PQRJR�PDQMD� YDULMDELOQRVW� NRG� J. deltoides,� QHJR� NRG� VHVWULQVNH� J. oxycedrus, što 

VX�REMDVQLOL�SURODVNRP�RYLK�SRSXODFLMD�NUR]�QHNROLNR�XVNLK�JUOD�QDNRQ�RGYDMDQMD�RYD�GYD�

WDNVRQD�SUH������PLOLRQD�JRGLQD��0DR�HW�DO����������6D�GUXJH�VWUDQH��NDR�PRJXýL�SRNUHWDÿ�

GLIHUHQFLMDFLMH�%DONDQVNLK�L�%OLVNR�LVWRÿQLK�SRSXODFLMD�J. deltoides�DXWRUL�QDYRGH�UHNRORQL]DFLMH�

LOL��SDN��IUDJPHQWDFLMH�DUHDOD��SRVHEQR�WRNRP�SRVOHGQMHJ�JODFLMDOQRJ�PDNVLPXPD��/*0��

1DVXSURW� WRPH��X�RNYLUX� VXENODGH� IIb�� XRÿHQD� MH� VWDWLVWLÿNL�SRGUæDQD�GLIHUHQFLMDFLMD�

J. macrocarpa QD�GYH�VXENODGH�� MHGQX�NRMX�ÿLQH� LQGLYLGXH� L]�SRSXODFLMH�VD�.ULWD� �%6������ L�

GUXJX�NRMX�ÿLQH�LQGLYLGXH�L]�RNROLQH�7URJLUD��%6�������7R�XND]XMH�QD�GXERNX�GLYHUJHQFLMX�L�

GLIHUHQFLMDFLMX�SRSXODFLMD�YUVWH�J. macrocarpa.�0HĀXWLP��WR�QLMH�L]QHQDĀXMXýH��V�RE]LURP�GD�VX�

X�RNYLUX�FHORJ�DUHDOD�UDVSURVWUDQMHQMD��SRSXODFLMH�RYH�YUVWH�IUDJPHQWDUQR�GLVWULEXLUDQH��äWR�

XND]XMH�QD�PRJXýQRVW�YLVRNH�JHQHWLÿNH�GLIHUHQFLMDFLMH�SRSXODFLMD�XVOHG�GHORYDQMD�JHQHWLÿNRJ�

GULIWD��XVNLK�JUOD�L�HIHNDWD�RVQLYDÿD�WRNRP�YUHPHQD��

%RUDW\ľVNL� L� VDUDGQLFL� ������� VX�SRND]DOL�GD� VH� MXJR]DSDGQH populacije J. macrocarpa 

odlikuju najveýLP GLYHU]LWHWRP alela na nivou QXNOHDUQLK PLNURVDWHOLWD, te VWRJD DXWRUL VPDWUDMX 

da potencijani�JODFLMDOQL� UHIXJLMXP ove YUVWH PRæe ELWL u ]DSDGQRP 0HGLWHUDQX, odakle je 

usledila�SRVWJODFLMDOQD�kolonizacija 0HGLWHUDQD��6D GUXJH VWUDQH, SRWUHEQR je QDSRPHQXWL da 

se ispitivane individue J. macrocarpa nalaze u VLPSDWULML sa LQGLYLGXDPD J. deltoides, SUL�ÿHPX�

VX�LQGLYLGXH�RYLK�YUVWD�PHĀXVREQR�L]PHäDQH��QD�ORNDOLWHWX�X�EOL]LQL�7URJLUD�� LOL�VH�QMLKRYH�

SRSXODFLMH�X�SURVWRUX�QDGRYH]XMX�MHGQD�QD�GUXJX��ORNDOLWHW�QD�.ULWX���,DNR�MH�MDVQD�GLVWLQNFLMD�

RYLK�YUVWD�L�QMLKRY�VHVWULQVNL�RGQRV�XRÿHQ�WRNRP�ÀORJHQHWVNLK�UHNRQVWUXNFLMD�NDR�L�QD�QLYRX�

ÀWRKHPLMVNLK�PDUNHUD��SRWUHEQR�MH�QDJODVLWL�GD�LQGLYLGXH�J. macrocarpa sa .ULWD dele pet PXWDFLMD 

na nivou KORURSODVWQRJ JHQRPD sa J. deltoides. 8RÿHQL� IHQRPHQ� QDMYHURYDWQLMH� SUHGVWDYOMD�
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UHWHQFLMX� DQFHVWUDOQLK� SROLPRUÀ]DPD� LOL� LQWHUVSHFLMVNX� KLEULGL]DFLMX� SUDýHQX� LQWURJUHVLMRP�

NRMD� VH� RGYLMDOD� VDPR� X� GHOX� DUHDOD� J. macrocarpa��0HĀXWLP�� ]D� UD]UHäHQMH� RYRJ� SUREOHPD�

SRWUHEQR� MH� XNOMXÿLWL� X� DQDOL]H� L�PDUNHUH� QXNOHDUQRJ� JHQRPD�� DOL� L� GRGDWQH� SRSXODFLMH� VD�

RVWDWND�DUHDOD�
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5.4 OPŠTA DISKUSIJA

Razvojem strukturnih instrumentalnih metoda u hemiji polovinom prethodnog veka, 

]DSRÿLQMH�HUD�SURXÿDYDQMD�VHNXQGDUQLK�PHWDEROLWD�ELOMDND�VD�WDNVRQRPVNRJ�DVSHNWD��ãH]GHVHWLK�

godina se krenulo sa prvim analizama površinskih voskova kao hemotaksonomskih markera, 

D�JRWRYR�X�LVWR�YUHPH�L�DQDOL]DPD�VDVWDYD�HWDUVNRJ�XOMD��,DNR�VX�RYD�LVWUDæLYDQMD�LPDOD�VYRMD�

RJUDQLÿHQMD��SRVHEQR�X�WHKQLÿNLP�DVSHNWLPD��RQD�VX�XVSRVWDYLOD�ED]X�ELRKHPLMVNH�VLVWHPDWLNH�

1D�RVQRYX�ÀWRKHPLMVNLK�PDUNHUD� �DONDQD� L� HWDUVNRJ�XOMD��ELOR� MH�PRJXýH�XRÿLWL�GYD�

KHPRWLSD�X�SURÀOLPD�SRYUäLQVNLK�DONDQD��NRQWLQHQWDOQL�L�SULPRUVNL���NDR�L�QHNROLNR�KHPRWLSRYD�

X�VDVWDYX�HWDUVNRJ�XOMD��3RGDFL�GRELMHQL�QD�RVQRYX�RYLK�PDUNHUD�NRG�LVSLWLYDQLK�SRSXODFLMD�

WDNVRQD�VHNFLMH�Juniperus�VD�%DONDQVNRJ�SROXRVWUYD�GDOD�VX�RVQRYX�]D�GDOMD�LVWUDæLYDQMD�RYRJ�

URGD�QD�RVQRYX�L]DEUDQLK�ÀWRKHPLMVNLK�PDUNHUD��%H]�RE]LUD�QD�GRELMHQH�UD]OLNH�X�́ UH]ROXFLMLµ�

DONDQD�L�HWDUVNLK�XOMD��RSäWL�WUHQGRYL�VX�PRJOL�ELWL�XRÿHQL��1DLPH��QD�RVQRYX�RED�ÀWRKHPLMVND�

PDUNHUD�GROD]L�GR�RGYDMDQMD�SULPRUVNLK�L�NRQWLQHQWDOQLK�SRSXODFLMD��7H�UD]OLNH�VX��VYDNDNR��

GDOHNR�YHýH�NDGD�VH�SRVPDWUDMX�VDPR�DONDQL��QDMYLäH�]ERJ�QMLKRYH�L]X]HWQR�PDOH�UH]ROXFLMH��

PHĀXWLP� RQH� VX� XRÿOMLYH� L� NRG� VDVWDYD� HWDUVNRJ� XOMD�� $ONDQL� VX� SRND]DOL� MDNR� RGYDMDQMH�

SULPRUVNLK�RG�NRQWLQHQWDOQLK�SRSXODFLMD��NRMH�MH�QDMMDÿH�ELOR�NRG�J. deltoides. Kada su u pitanju 

HWDUVND�XOMD��RGYDMDQMH��LDNR�L�GDOMH�MDVQR��MH�ELOR�GRQHNOH�EODæH��1DLPH��RGYDMDQMH�NRMH�SRVWRML�

X�SUDYFX�SULPRUMH�NRQWLQHQW��MH�ED]LUDQR�QD�XÿHVWDORVWL�GHWHNWRYDQLK�KHPRWLSRYD��RGQRVQR�

GRPLQDQWQLK�NRPSRQHQWL�HWDUVNRJ�XOMD��

6YDNDNR�� X� MHGQRM� RYDNYRM� VWXGLML� WHäNR� MH� X� SRWSXQRVWL� RGYRMLWL� XWLFDM� HNRORäNLK�

IDNWRUD��SRJRWRYX�NDGD�MH�VDVWDY�HSLNXWLNXODUQLK�YRVNRYD�X�SLWDQMX�JGH�MH�SRND]DQD�VWDWLVWLÿNL�

]QDÿDMQD�NRUHODFLMD��,DNR�MH�X�RYRP�WUHQXWNX�QHPRJXýH�GDWL�RGJRYRU�QD�RYR�SLWDQMH��MDVQR�

VH�PRJX�XRÿLWL�QHNL�WUHQGRYL��5D]OLNRYDQMH�YUVWD�QD�RVQRYX�VDVWDYD�DONDQD��SRJRWRYX�NDGD�

VX�X�SLWDQMX� MHGLQNH�NRMH�æLYH�EOL]X�� MHVWH�PRJXýH��PHĀXWLP�UD]OLNH� L]PHĀX�SRSXODFLMD� LVWH�

YUVWH�GDOHNR�SUHYD]LOD]H�UD]OLNH�L]PHĀX�WDNVRQD��3RVPDWUDMXýL�SURÀOH�SRYUäLQVNLK�DONDQD�NRG�

LVSLWLYDQLK�SRSXODFLMD�VD�%DONDQD��NDR�L�GRVWXSQH�PDOREURMQH�SRGDWNH�L]�OLWHUDWXUH��XRÿOMLY�MH�

MHGDQ�WUHQG�²�äWR�VX�XVORYL�VUHGLQH�VXURYLML��SUH�VYHJD�KODGQH�]LPH��VD�QLVNLP�WHPSHUDWXUDPD��

WR�MH�GLVWULEXFLMD�RNR�N�PDQMD��RGQRVQR��WR�MH�YHýD�GRPLQDFLMD�MHGQRJ�DONDQD��2YR�MH�XRÿOMLYR�
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L�NRG�SRSXODFLMD�SURXÿDYDQLK�WDNVRQD�VD�%DONDQD��DOL�L�NRG�J. communis YDU��saxatilis VD�$OSD�L�

3LULQHMD��3RYHGD�HW�DO����������NDR�L�QHNROLNR�YUVWD�RYRJ�URGD�L]�LVWRÿQRJ�6LELUD��7DUDVRY�HW�

DO����������5D]OLÿLWL�SRGDFL�R�XSRWUHEL� DONDQD�NDR�KHPRWDNVRQRPVNLK�PDUNHUD�SRWLÿX� L�RG�

WRJD�äWR�X�]DYLVQRVWL�RG� WDNVRQD�RQL� LPDMX�UD]OLÿLW�]QDÿDM�]D�SUHæLYOMDYDQMH�ELOMNH��3D� WDNR��

NRG� NOHNH�� NRMD� MH� ]LP]HOHQL� ÿHWLQDU� VXäQLK� VWDQLäWD�� DONDQL� QDMYHURYDWQLMH� LPDMX� L]X]HWQR�

ELWQX�XORJX�X�SUHæLYOMDYDQMX�X�WDNYLP�XVORYLPD��'RVDGDäQMD�LVWUDæLYDQMD�SRND]XMX�GD�VXäD�L�

WHPSHUDWXUD�LJUDMX�]QDWQX�XORJX�X�VHOHNFLML�RGUHĀHQRJ�SURÀOD�SRYUäLQVNLK�DONDQD�OLVWRYD�NRG�

ELOMDND��SD�WDNR��NRG�WURSVNLK�YUVWD��NDR�L�NRG�]HOMDVWLK�L� OLVWRSDGQLK�YUVWD��QDMELWQLMX�XORJX�

LPDýH�VUHGLQVNL�XVORYL�WRNRP�YHJHWDFLRQH�SHULRGH��6�GUXJH�VWUDQH��NOHND�MH�]LP]HOHQD�YUVWD��

]D� NRMX� VH� SRND]DOR� X� RYLP� LVWUDæLYDQMLPD�� GD� GDOHNR� YLäH� XWLÿX� QHSRYROMQL� ]LPVNL� XVORYL�

�WHPSHUDWXUH� LVSRG� WDÿNH�PUæQMHQMD� L� ]LPVND�À]LRORäND� VXäD��QHJR� OHWQML�� V�RE]LURP�QD� WR�

GD� VX� NRG� NRQWLQHQWDOQLK�SRSXODFLMD�� DOL� L� RQLK� QD� YHýLP�QDGPRUVNLP�YLVLQDPD�� SURÀORP�

HSLNXWLNODUQLK�YRVNRYD�GRPLQLUDOL� GXæL� DONDQL�� WH�GD� MH� NRG�QMLK�GRPLQDFLMD� MHGQRJ� DONDQD�

�WULWULDNRQWDQD��ELOD�GDOHNR�L]UDæHQLMD��

=D�UD]OLNX�RG�DONDQD��QLMHGQD�NRPSRQHQWD�HWDUVNRJ�XOMD�QLMH�SRND]DOD�OLQHDUQX�]DYLVQRVW�

QL�VD�MHGQLP�RG�ELRNOLPDWVNLK�IDNWRUD��2GVXVWYR�NRUHODFLMH�VD�ELRORäNLP�IDNWRULPD�QH�]QDÿL�

L�RGVXVWYR�VHOHNFLMH�ND�RGUHĀHQLP�SURÀOLPD��1DLPH��SRND]DQR�MH�X�GRVDGDäQML�UDGRYLPD�GD�

KHUELYRUL�PRJX�GD� LPDMX�]QDÿDMQX�XORJX�X� VHOHNFLML�RGUHĀHQLK�KHPRWLSRYD� �$GDPV�HW� DO���

����D��0DUNy� HW� DO��� �������1R��X� VYDNRP�VOXÿDMX�� ]DQLPOMLYR� MH�GD� VH�SRGDFL� GRELMHQL�QD�

RVQRYX�VDVWDYD�HWDUVNRJ�XOMD�SRNODSDMX�VD�SRGDFLPD�GRELMHQLP�QD�RVQRYX�SRYUäLQVNLK�DONDQD��

3RVWRML�MDVQR�UD]GYDMDQMH�NRQWLQHQWDOQLK�L�SULREDOQLK�SRSXODFLMD��2YR�RGYDMDQMH�MH�ED]LUDQR�QD�

GRPLQDFLML�RGUHĀHQLK�KHPRWLSRYD��3D�WDNR��X�SULPRUVNLP�SRSXODFLMDPD�J. deltoides�GRPLQLUDMX�

KHPRWLSRYL�ERJDWL�OLPRQHQRP��OLPRQHQVNL�L�LQWHUPHGLMHUQL�KHPRWLS��GRN�NRG�NRQWLQHQWDOQLK�

SRSXODFLMD�GRPLQLUD�ơ�SLQHQVNL�KHPRWLS��6OLÿQR� MH�SRND]DQR� L�NRG�SUHRVWDOLK�SURXÿDYDQLK�

WDNVRQD�� .ROLNR� MH� NYDOLWDWLYQL� L� NYDQWLWDWLYQL� VDVWDY� HWDUVNRJ� XOMD� SRG� MDNRP� JHQHWLÿNRP�

NRQWURORP��SRND]XMX�L�GRELMHQL�UH]XOWDWL�]D�LVSLWLYDQH�SRSXODFLMH�WDNVRQD�VHNFLMH�Juniperus sa 

%DONDQVNRJ�SROXRVWUYD�JGH� MH�GRELMHQR�QMLKRYR� MDVQR�RGYDMDQMH�EH]�RE]LUD�QD�JHRJUDIVNR�

SRUHNOR� SRSXODFLMH�� 6YDNDNR� VX� UD]OLNH� L]PHĀX� GYD� YDULMHWHWD� J. communis� ELOH�PDQMH� QHJR�

L]PHĀX�J. communis, J. deltoides i J. macrocarpa, QR�ELOR�MH�PRJXýH�L�RYD�GYD�WDNVRQD�UD]OLNRYDWL��

3RGXGDUDQMH� UH]XOWDWD� ÀWRKHPLMVNLK� PDUNHUD�� GRGDWQR� SRWYUĀXMH� GLIHUHQFLMDFLMX�

NRQWLQHQWDOQLK�L�SULPRUVNLK�SRSXODFLMD��L�WUL�YUVWH�VHNFLMH�Juniperus�VD�%DONDQVNRJ�SROXRVWUYD��

6YDNDNR��VHP�]D�YUVWX�J. deltoides��%DONDQ�SUHGVWDYOMD�WHN�PDOL�GHR�XNXSQRJ�DUHDOD��L�QHPRJXýH�

MH�QD�RVQRYX�RYLK�SRGDWDND�L]YXýL�]DNOMXÿNH�]D�FHOH�YUVWH��QR�PRJXýH�MH�XRÿLWL�QHNH�SUDYLOQRVWL�
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SULOLNRP�SRUHĀHQMD�VD�OLWHUDWXUQLP�SRGDFLPD��þLQMHQLFD�GD�MH�VDVWDY�HWDUVNRJ�XOMD�J. macrocarpa 

L]� RNROLQH� 7URJLUD� �XOMH� GRELMHQR� 6'(� SR� /LNHQV�1LNHUVRQX�� QDMVOLÿQLML� VDVWDYX� HWDUVNRJ�

XOMD� SRSXODFLMH� VD� VXVHGQRJ�+YDUD�� NRMH� MH� GRELMHQR� GHVWLODFLMRP�SR�.OHYHQGæHUX� �/HäMDN�

HW�DO����������JRYRUL�X�SULORJ� MDNRM�JHQHWLÿNRJ�NRQWUROL�VDVWDYD�� MHU� MH�]D�SUHWSRVWDYLWL�GD�VX�

RYDNR� EOLVNH� SRSXODFLMH�� JHQHWLÿNL� L� QDMVURGQLMH��2YR�� NDR� L� XNODSDQMH� GRELMHQLK� SRGDWDND�

LVWUDæLYDQLK�SRSXODFLMD�VD�OLWHUDWXUQLP�SRGDFLPD��SRWYUĀXMH�XSRWUHEOMLYRVW��SUH�VYHJD�WHUSHQD��

kao hemotaksonomskih markera kod roda Juniperus�� SRJRWRYX� QD� LQIUDVSHFLMVNRP� QLYRX��

3ULOLNRP�NRULäýHQMD�DONDQD��SDN��WUHED�ELWL�RSUH]QLML��MHU�ELRNOLPDWVNL�IDNWRUL�PRJX�LPDWL�MDN�

XWLFDM�QD�GHWHNWRYDQ�VDVWDY�SRYUäLQVNLK�DONDQD�

2G� ÿHWLUL� KORURSODVWQD� UHJLRQD� NRML� VX� LVSLWLYDQL� NRG� SUHGVWDYQLND� VHNFLMH� Juniperus, 

QDMLQIRUDPWLYQLML� MH�ELR� trnC�*&$�-trnD�*8&��UHJLRQ�SRUDYQDWH�GXæLQH��������MHU�MH�VDGUæDR����

PXWDFLMD� �VXSVWLWXFLMD� ED]D� L� GXæLQVNLK� PXWDFLMD��� RG� NRMLK� MH� ��� NDUDNWHUD� VLQDSRPRUIQR�

]D� VHNFLMX� Juniperus�� SR� GHYHW� ]D� J. communis i J. deltoides, ÿHWLUL� ]D� J. macrocarpa � L� MHGDQ� ]D�

QHIRUPDOQX� JUXSX� NOHND� VD� FUYHQLP�PUNLP� äLäDULFDPD�� .DR� QDMPDQMH� LQIRUPDWLYDQ� VH�

SRND]DR� trnL�8$$�-trnF�*$$��SRUDYQDWH�GXæLQH�����ES�� MHU� MH�VDGUæDR���PXWDFLMD� �VXSVWLWXFLMD�

ED]D�L�GXæLQVNLK�PXWDFLMD��RG�NRMLK�VDPR�MHGQD�PXWDFLMD�RGYDMD�J. communis od J. oxycedrus s.l��

'LIHUHQFLMDFLMD�SRSXODFLMD� L� WDNVRQD�QD�QLYRX�KORURSODVWQRJ�JHQRPD�VH�X� L� L]YHVQRP�

VWHSHQX�SUHNODSD�VD�UH]XOWDWLPD�ÀWRKHPLMVNLK�LVWUDæLYDQMD��1DLPH��SRGHOD�QD�WUL�MDVQR�RGYRMHQD�

WDNVRQD�²�J. communis, J. deltoides i J. macrocarpa�XRÿHQD�LVSLWLYDQMHP�SRYUäLQVNLK�DONDQD�LJOLFD�

L�HWDUVNRJ�XOMD� L]RORYDQRJ� L]� LJOLFD� LVSLWLYDQLK�SRSXODFLMD�� MDVQR� MH�XRÿOMLYD� L�X�ÀORJHQHWVNRM�

DQDOL]L�QD�QLYRX�LVSLWLYDQLK�UHJLRQD�KORURSODVWQRJ�JHQRPD��

Kod J. communis��QD�QLYRX�ÀWRKHPLMVNLK�PDUNHUD�L�QD�QLYRX�KORURSODVWQRJ�JHQRPD�QLMH�

ELOR�PRJXýH�XWYUGLWL� MDVQR�RGYDMDQMH�YDULMHWHWD� communis i saxatilis��3RUHĀHQMHP�GLVWULEXFLMH�

GRPLQDQWQLK�NRPSRQHQWL�HWDUVNRJ�XOMD�NRG�SUHGVWDYQLND�RYLK�YDULMHWHWD��XRÿDYDMX�VH�VOLÿQH�

WHQGHQFLMH�NDR�NRG�J. deltoides i J. macrocarpa. Kod J. communis YDU��communis, NRML�LPD�PDQMH�YLäH�

NRQWLQXLUDQX�GLVWULEXFLMX�äLURP�(YURSH�D�LVSLWLYDQH�SRSXODFLMH�SUHGVWDYOMDMX�UXEQH�SRSXODFLMH��

UD]OLNH� X� VDVWDYX� HWDUVNRJ� XOMD� VX� X� IRUPL� ÀQH� NOLQH�� JGH� XGHR� ơ�SLQHQD� ODJDQR� UDVWH� RG�

]DSDGD�ND�LVWRNX��GRN�XGHR�VDELQHQD�SRODNR�RSDGD�LVWRP�NOLQRP��J. communis YDU��saxatilis ima 

GLVMXQNWQL�DUHDO�X�MXæQRM�L�FHQWUDOQRM�(YURSL��WH�VX�L�UD]OLNH�X�GRPLQDQWQLP�NRPSRQHQWDPD�

HWDUVNRJ�XOMD�GUDVWLÿQLMH�L]PHĀX�SRSXODFLMD�X�RGQRVX�QD�YDU��communis. )LORJHQHWVND�DQDOL]D��VD�

GUXJH�VWUDQH��QLMH�SRND]DOD�MDVQX�GLVWLQNFLMX�RYLK�WDNVRQD��DOL�MH�XRÿHQD�WHQGHQFLMD�RGYDMDQMD�

YDU��communis�RG�YDU��saxatilis�L�YDU��intermedia, pošto u okviru klade I�YDU��intermedia sa nekoliko 
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LQGLYLGXD� YDU�� communis� ]DX]LPD� WHUPLQDOQL�� SRORæDM�� YDU�� saxatilis� VUHGLäQML�� D� YDU�� communis 

SUHWHæQR�ED]DOQL� SRORæDM� X�QDYHGHQRM� NODGL�� äWR� XND]XMH�QD� WR�GD�EL� UH]ROXFLMD�PRJOD� ELWL�

SREROMäDQD� XNOMXÿLYDQMHP� X� DQDOL]H� GRGDWQLK� KORURSODVWQLK� UHJLRQD��� =DQLPOMLYR� MH� GD� MH�

XRÿHQ�MHGDQ�QXNOHRWLGQL�NDUDNWHU��*�QD�SR]LFLML�������X�RNYLUX�UHJLRQD�trnL�8$$�-trnF�*$$���NRML�

MH�QDMYHURYDWQLMH�VLQDSRPRUIDQ�]D�YDU��intermedia�

)LWRKHPLMVNL�PDUNHUL�VX�SRND]DOL�GD�MH�LQWHUSRSXODFLRQD�YDULMDELOQRVW�VDVWDYD�SRYUäLQVNLK�

DONDQD�L�HWDUVNRJ�XOMD�LJOLFD�NRG�LVSLWLYDQLK�LQLGLYLGXD�L]�SRSXODFLMD�J. deltoides��GLVWULEXLUDQLK�

X� RNYLUX� QDMYHýHJ� GHOD� DUHDOD� RYH� YUVWH�� QDMPDQMD� X� SRUHĀHQMX� VD� GUXJLP� LVSLWLYDQLP�

WDNVRQLPD��0HĀXWLP�� LSDN� MH� ELOR�PRJXýH� GHWHNWRYDWL� RGUHĀHQX� SURVWRUQX� GLIHUHQFLMDFLMX�

SRSXODFLMD��1DLPH��QD�QLYRX�SRYUäLQVNLK�DONDQD��ELOD� MH�XRÿOMLYD�GLIHUHQFLMDFLMD�QD� LVWRÿQH� L�

]DSDGQH��RGQRVQR�NRQWLQHQWDOQH� L�SULREDOQH�SRSXODFLMH�� äWR� MH�X� L]YHVQRM�PHUL�X�YH]L� L� VD�

HNRORäNLP�IDNWRULPD�� ,VWL� WUHQG� MH�XRÿHQ�QD�QLYRX� WHUSHQD��JGH� MH�GLVWULEXFLMD�KHPRWLSRYD�

X� SRSXODFLMDPD�RGJRYRUQD� ]D� GLIHUHQFLMDFLMX� LVWRÿQLK� L� ]DSDGQLK� SRSXODFLMD��0HĀXWLP�� QD�

nivou hloroplastnog genoma, J. deltoides�VH�RGOLNXMH�YHRPD�PDORP�YDULMDELOQRäýX��WH�QLMH�ELOR�

PRJXýH�XRÿLWL�QL�GLIHUHQFLMDFLMX�LQGLYLGXD�L]�SURVWRUQR�YHRPD�XGDOMHQLK�SRSXODFLMD��NDR�äWR�

VX�5RYLQM��3ÿLQMD� L�.ULW� �XGDOMHQH�PHĀXVREQR�����GR�������NP���2YDNDY�UH]XOWDW�XND]XMH�

QD�WR�GD�MH��VD�MHGQH�VWUDQH��J. deltoides WRNRP�HYROXWLYQH�LVWRULMH�QDMYHURYDWQLMH�SUROD]LR�NUR]�

XVND�JUOD��äWR�MH�GRYHOR�GR�VPDQMHQMD�QLYRD�YDULMDELOQRVWL�QD�QLYRX�KORURSODVWQRJ�JHQRPD��

äWR�MH�XRÿHQR�L�X�UDQLMLP�VWXGLMDPD�QD�QLYRX�QXNOHDUQRJ�JHQRPD��%RUDW\ľVNL�HW�DO����������

6D� GUXJH� VWUDQH�� GRGDWQH� DQDOL]H� VD� GRGDWQLP� KORURSODVWQLP� UHJLRQLPD� QDMYHURYDWQLMH� QH�

EL�PRJOH�GD�GRSULQHVX�VWLFDQMX�EROMHJ�XYLGD�X�JHQHWLÿNX�GLIHUHQFLMDFLMX�SRSXODFLMD�X�RNYLUX�

DUHDOD�GLVWULEXFLMH�RYRJ�WDNVRQD�

1DVXSURW�QMLPD��VDVWDY�HWDUVNRJ�XOMD�J. macrocarpa�X�SRSXODFLMDPD�GLVWULEXLUDQLP�äLURP�

DUHDOD��MH�SRND]DR�L]X]HWQX�SURVWRUQX�GLIHUHQFLMDFLMX��,�GRN�MH�NRG�VHVWULQVNH�J. deltoides�XRÿHQD�

L]YHVQD� NOLQDOQD� GLVWULEXFLMD� KHPRWLSRYD�� NRG� J. macrocarpa� SRVWRMH� RäWUH� UD]OLNH� X� VDVWDYX�

HWDUVNRJ�XOMD�X�RNYLUX�DUHDOD�GLVWULEXFLMH��1D�QLYRX�KORURSODVWQRJ�JHQRPD�MH��WDNRĀH��XRÿHQD�

VWDWLVWLÿNL�SRGUæDQD�GLIHUHQFLMDFLMD�LQGLYLGXD�L]�GYH�SRSXODFLMH�²�MHGQH�VD�%DONDQD��7URJLU��L�

GUXJH�XGDOMHQH�RVWUYVNH�SRSXODFLMH��.ULW���=DQLPOMLYR�MH�GD�VX�QD�QLYRX�KORURSODVWQRJ�JHQRPD�

XRÿHQH�PXWDFLMH� GHOMHQH� L]PHĀX� J. deltoides i J. macrocarpa� VD�.ULWD�� äWR�PRæH� SUHGVWDYOMDWL�

UHWHQFLMX� DQFHVWUDOQLK� SROLPRUÀ]DPD� LOL� LQWHUVSHFLMVNX� KLEULGL]DFLMX� SUDýHQX� LQWURJUHVLMRP�

NRMD� VH� RGYLMDOD� VDPR� X� GHOX� DUHDOD� J. macrocarpa�� 8NOMXÿLYDQMH� GRGDWQLK� SRSXODFLMD� NDR� L�

molekularnih markera nuklearnog genoma EL GRSULQHOR�VWLFDQMX�EROMHJ�XYLGD�X�HYROXFLRQX�

LVWRULMX�RYRJ�WDNVRQD��



6 Zaključci

,OXVWUDFLMD��Juniperus oxycedrus /���.U�VVPDQQ��*����������+DQGEXFK�GHU�
1DGHOJHKRO]H��%HUOLQ��3DXO�3DUH\���SS������ 
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1. 8� NXWLNXODUQLP� YRVNRYLPD� LVSLWLYDQLK� WDNVRQD� VD� %DONDQVNRJ� SROXRVWUYD� GHWHNWRYDQL�

VX�DONDQL�X�QL]X�RG�&�� do C����RVLP�NRG�SRSXODFLMD�J. communis YDU��communis�VD�1HUHWYH�

L� L]�0DYURYD��JGH�VX�GHWHNWRYDQL� L�NUDýL�DONDQL��&��-C�����1DM]DVWXSOMHQLML�DONDQ�X�VYLP�

SRSXODFLMDPD� NRG� VYLK� LVSLWDQLK� WDNVRQD� MH� ELR� WULWULDNRQWDQ�� 3RUHG� WULWULDNRQWDQD�� X�

YHýLP�NROLÿLQDPD�VX�VH�QDOD]LOL�&��, C��, C���

2. 8� X]RUFLPD� GRPLQLUDMX� DONDQL� GXæHJ� QL]D�� äWR� L� RGJRYDUD� JHQHUDOQR� NVHURPRUIQRM�

SULURGL�RYLK�WDNVRQD��8MHGQR��MHGLQNH�NRMH�VX�SRND]DOH�L�QDMPDQMX�NVHURPRUIQRVW��äLURNH��

UHODWLYQR�PHNDQH�LJOLFH��J. macrocarpa��7URJLU��LPDOH�VX�L�QDMYHýL�XGHR�DONDQD�VUHGQMHJ�QL]D�

3. 8QLYDULMDQWQH�DQDOL]H�VX�SRND]DOH�RGYDMDQMH�VYD�ÿHWLUL�WDNVRQD�(J. communis var. communis, 

J. communis var. saxatilis, J. deltoides, J. macrocarpa) �QD�RVQRYX�YHýLQH�DONDQD��0XOWLYDULMDQWQD�

VWDWLVWLÿND�REUDGD�UH]XOWDWD�LVSLWLYDQLK�DONDQD�QD�FHORNXSQRP�X]RUNX�MH�SRND]DOD�PDQMH�

YLäH� LVWH� WHQGHQFLMH� NDR� L� UH]XOWDWL� VWDWLVWLÿNH� REUDGH� SR� SRMHGLQLP� YUVWDPD�� $QDOL]D�

JODYQLK� NRPSRQHQWL� L� NODVWHU� DQDOL]D� SRND]XMX� MDNR� RGYDMDQMH� �VXE�PHGLWHUDQVNLK� L�

NRQWLQHQWDOQLK�SRSXODFLMD��EH]�RE]LUD�QD�WDNVRQRPVNX�SULSDGQRVW��,DNR�RYH�GYH�DQDOL]H�

GDMX�SUHGQRVW�JHRJUDIVNRM�DVRFLMDFLML��SUH�QHJR�WDNVRQRPVNRM��MHGLQNH�LVWRJ�WDNVRQD�VX�

XQXWDU� VYDNRJ�RG� WD�GYD� JHRJUDIVND� UHJLRQD� JUXSLäX� ]DMHGQR��'LVNULPLQDQWQD� DQDOL]D�

RGYDMD� L�JUXSLäH� WDNVRQH�QD�RVQRYX�VDVWDYD�HSLNXWLNXODUQLK�YRVNRYD��JGH� MH�RGYDMDQMH�

J. communis�YDU��communis L�YDU��saxatilis�QDMVODELMH�

4. 3URVHÿQD�GXæLQD�ODQFD��N��L�GLVSHU]LMD�RNR�QMH��d��SRND]XMH�X�VYLP�SRSXODFLMDPD�VOLÿQX�

WHQGHQFLMX� ²� äWR� VX� XVORYL� DULGQLML�� WR� MH� SURVHÿQD� GXæLQD� ODQFD� YHýD�� L� äWR� VX� XVORYL�

´VXURYLMLµ��YHýH�DPSOLWXGH�X�YUHGQRVWLPD�WHPSHUDWXUH�WRNRP�JRGLQH��WHPSHUDWXUH�LVSRG�

WDÿNH�PUæHQMHQMD�� OHWQMD� VXäD� L�À]LRORäND�]LPVND� VXäD����� WR� MH�GLVSHU]LMD�RNR�SURVHÿQH�

GXæLQH�ODQFD�PDQMD��RGQRVQR�GRPLQDFLMD�MHGQRJ�DONDQD�MH�L]UDæHQLMD

5. Kod J. communis YDU�� communis SRUHG� WULWULDNRQWDQD� ��������� GRPLQLUDOL� VX� L�

SHQWDWULDNRQWDQ���������L�KHQWULDNRQWDQ���������GRN�VH�NRG�J. communis�YDU� saxatilis�PRæH�

XRÿLWL�MDNR�RGYDMDQMH�X�SUDYFX�]DSDG�LVWRN��JGH�VX�SRUHG�GRPLQDQDWQRJ�WULWULDNRQWDQD�

����������X�]DYLVQRVWL�RG�ORNDOLWHWD�X�YHýLP�NROLÿLQDPD�ELOD�]DVWXSOMHQD�GUXJD�GYD�DONDQD��

.RG� NRQWLQHQWDOQLK� SRSXODFLMD�� X� YHýLP� NROLÿLQDPD� VH� QDOD]H� KHQWULDNRQWDQ� ������� L�

SHQWDWULDNRQWDQ� �������� GRN� VH� NRG� VXEPHGLWHUDQVNLK� QDOD]H� KHQWULDNRQWDQ� ��������

L� QRQDNR]DQ� ��������� .RG� J. deltoides� RGYDMDQMH� L]PHĀX� NRQWLQHQWDOQLK� L� SULREDOQLK�

SRSXODFLMH�MH�MRä�MDÿH��.RG�NRQWLQHQWDOQLK�SRSXODFLMD�SRUHG�GRPLQDQWQRJ�WULWULDNRQWDQD�

����������X�YHýLP�NROLÿLQDPD�QDOD]H�L�KHQWULDNRWQDQ����������L�SHQWDWULDNRQWDQ����������
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GRN� MH� GRPLQDFLMD� WULWULDNRQWDQD� X� REDOVNLP� SRSXODFLMDPD� ]QDWQR� PDQMH� L]UDæHQD�

���������D�X�YHýLP�NROLÿLQDPD�VH�QDOD]H�L�KHQWULDNRQWDQ���������L�QRQDNR]DQ����������

Kod J. macrocarpa, SRUHG� GRPLQDQWQRJ� WULWULDNRQWDQD� ��������� GRPLQLUDMX� WDNRĀH�

KHQWULDNRQWDQ���������L�QRQDNR]DQ����������

6. 3URVHÿQD�GXæLQD�XJOMRYRGRQLÿQRJ�ODQFD��N) je imala najmanju vrednost kod J. deltoides 

(28,5 - Senj) i J. macrocarpa  (30,5 - Trogir), a najvišu kod J. communis�YDU��communis��������

²�'HOLEODWVND�SHäÿDUD���1DMPDQMD�GLVSHU]LMD�RNR�N (d�� MH�SURQDĀHQD�NRG�SRSXODFLMH� J. 

communis�YDU��saxatilis (Kopaonik, d ������D�QDMYHýD�NRG�SULPRUVNH�SRSXODFLMH�J. deltoides 

(Senj, d �������*HQHUDOQD� WHQGHQFLMD� MH� GD� RG� ]DSDGD� ND� LVWRNX� GROD]L� GR� SRYHýDQMD�

SURVHÿQH�GXæLQH�XJOMRYRGRQLÿQRJ�ODQFD��N) i smanjenja disperzije oko nje (d���1DMYHýD�

YDULMDFLMD�X�SURVHÿQRM�GXæLQL�ODQFD��N��RG�ÿDN�ÿHWLUL�&�DWRPD�MH�SURQDĀHQD�NRG�J. deltoides, 

GRN�MH�RQD�ELOD�VYHJD�GYD�&�DWRPD�NRG�J. communis�

7. 5HJUHVLRQD� DQDOL]D� XUDĀHQD� NRG� SRSXODFLMD� J. communis� YDU�� saxatilis je pokazala da 

GYDQDHVW�RG�GHYHWQDHVW�ELRNOLPDWVNLK�SDUDPHWDUD� LPDMX� VWDWLVWLÿNL� ]QDÿDMQX�NRUHODFLMX�

sa relativnim udelom alkana kao i N i d�YUHGQRVWLPD��9HýLQD�ELRNOLPDWVNLK�SDUDPHWDUD�

YH]DQLK�]D�WHPSHUDWXUX�QH�SRND]DMX�VWDWLVWLÿNL�]QDÿDMQX�NRUHODFLMX�VD�DONDQLPD��-HGLQR�

MH� WHPSHUDWXUQD� VH]RQDOQRVW� �%,2��� SRND]DOD� YLVRNX� SR]LWLYQX� NRUHODFLMX� VD� GXæLP�

DONDQLPD�� D� QHJDWLYQX� VD� NUDýLP�� 2GQRVQR�� GXæL� DONDQL� VX� ELOL� SRYH]DQL� VD� RQLP�

SRSXODFLMDPD�X�NRMLPD�VX�UD]OLNH�L]PHĀX�QDMYLäLK�L�QDMQLæLK�WHPSHUDWXUD�X�WRNX�JRGLQH�

ELOH�QDMYHýH��6�GUXJH�VWUDQH��YHýLQD�ELRNOLPDWVNLK�SDUDPHWDUD�YH]DQLK�]D�SUHFLSLWDFLMX�MH�

SRND]DOD�VWDWLVWLÿNL�]QDÿDMQX�L�YLVRNX�NRUHODFLMX��6YL�RYL�SDUDPHWUL�SRND]XMX�WHQGHQFLMX�

GD�VH�VD�VPDQMHQMHP�NROLÿLQD�SDGDYLQD�SRYHýDYD�XGHR�GXæLK�DONDQD��&
31+
���6DVWDY�DONDQD�

QLMH� ELR� X� NRUHODFLML� VD� QDGPRUVNRP� YLVLQRP�� GRN� MH� SURQDĀHQD� UHODWLYQR� XPHUHQD�

NRUHODFLMD� VD� QDJLERP� WHUHQD��Pirsonov� NRHÀFLMHQW� NRUHODFLMH� ]D� NRQWLQHQWDOQH� �R=0,42  

p=3,26 x 10
-5
) i submediteranske populacije (R=0,51 p=2,34 x 10

-10��MH�SRND]DR�VWDWLVWLÿNL�

]QDÿDMQX�DOL�XPHUHQX�NRUHODFLMX�VD�QDJLERP�WHUHQD��

8. N�YUHGQRVW�MH�SRND]DOD�VWDWLVWLÿNL�]QDÿDMQX�NRUHODFLMX�VD�QDJLERP�WHUHQD��N i d vrednosti 

SRND]XMX�VOLÿDQ�WUHQG�NDR�L�SRMHGLQDÿQL�DONDQL�²�SURQDĀHQD�MH�YLVRND�SR]LWLYQD�NRUHODFLMD�

VD� JRGLäQMLP� WHPSHUDWXUQLP� UDVSRQRP� �%,2��� L� VUHGQMRP� WHPSHUDWXURP�QDMVXäQLMHJ�

perioda (BIO9), kao i negativne korelacije sa bioklimatskim parametrima precipitacije 

�QSU��%,2����%,2����%,2����äWR�VYH�VXJHULäH�GD�DULGQRVW�LJUD�YDæQX�XORJX��8RÿHQ�MH�

MHGDQ�]DQLPOMLY�WUHQG�²�äWR�VX�XVORYL�VWDQLäWD�ELOL�VXURYLML��YHOLNH�UD]OLNH�L]PHĀX�QDMQLæLK�L�

QDMYLäLK�WHPSHUDWXUD�X�WRNX�JRGLQH��]LPVND�À]LRORäND�VXäD�NDR�L�OHWQMD�VXäD���WR�MH�PDQMD�

disperzija oko N.
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9. Mantelov i Parcijalni Mantelov�WHVW�VX�QD�FHORP�VHWX�SRGDWDND�SRND]DOL�VWDWLVWLÿNL�]QDÿDMQX�

NRUHODFLMX� VD� FHOLP� VHWRP� ELRNOLPDWVNLK� SDUDPHWDUD�� DOL� MH� WD� YH]D� ELOD� QHäWR� VODELMD��

XND]XMXýL�QD�LVWR�WDNR�MDNX�XORJX�JHQHWLÿNLK�IDNWRUD�X�GLIHUHQFLMDFLML�SRSXODFLMD�

10. .DNR�MH�.RSDRQLN�MHGLQL�ORNDOLWHW�JGH�]DMHGQR�æLYH�WUL�WDNVRQD��J. communis�YDU��communis, 

J. communis�YDU�� saxatilis i J. deltoides���PXOWLYDULMDFLRQRP�DQDOL]RP� MH�SRND]DQ� MDN�XWLFDM�

JHQHWLÿNLK� IDNWRUD� QD� VDVWDY� DONDQD� HSLNXWLNXODUQLK� YRVNRYD�� V� RE]LURP� QD� WR� GD� MH�

PRJXýH�UD]OLNRYDWL�RYD�WUL�WDNVRQD�QD�RVQRYX�VDVWDYD�HSLNXWLNXODUQLK�YRVNRYD�LDNR�æLYH�

QD�LVWRP�ORNDOLWHWX��WH�VX�L]ORæHQD�LVWRP�VHWX�HNRORäNLK�IDNWRUD�

11. 8�HWDUVNRP�XOMX�L]DEUDQLK�YUVWD�VHNFLMH�Juniperus�VD�%DONDQVNRJ�SROXRVWUYD�LGHQWLÀNRYDQR�

MH� SUHNR� ���� MHGLQMHQMD�� 1DMYLäH� MHGLQMHQMD� MH� LGHQWLÀNRYDQR� X� HWDUVNRP� XOMX� LJOLFD�

J. deltoides �������D�QDMPDQMH�NRG�J. macrocarpa �������0RQRWHUSHQL�VX�GRPLQDQWQD�JUXSD�

X�HWDUVNRP�XOMX� ������²����������2G�PRQRWHUSHQD�QDM]DVWXSOMHQLML� VX�PRQRWHUSHQVNL�

XJOMRYRGRQLFL� ������²� ��������� GRN� VX�RNVLJHQLVDQL�PRQRWHUHSHQL� SURQDĀHQL� VDPR�X�

PDORP� XNXSQRP� SURFHQWX�� 6HVNYLWHUSHQL� ������ ²� ��������� VX�� WDNRĀH�� GRPLQDQWQR�

SUHGVWDYOMHQL�VHVNYLWHUSHQVNLP�XJOMRYRGRQLFLPD�������²����������

12. 3RUHĀHQMH�VDVWDYD�HWDUVNRJ�XOMD�L]PHĀX�VYLK�LVSLWLYDQLK�WDNVRQD�VD�%DONDQVNRJ�SROXRVWUYD�

MH� SRWYUGLOR� GD� MH� VDVWDY� SRG� MDNRP� JHQHWLÿNRP� NRQWURORP�� 9Hý� X� DQDOL]L� JODYQLK�

NRPSRQHQWL�GRäOR�MH�GR�MDNRJ�RGYDMDQMD�WUL�YUVWH�²�J. macrocarpa, J. deltoides i J. communis��

ãWDYLäH�� GROD]L� L� GR�RGYDMDQMD� L]PHĀX�GYD� LVSLWLYDQD�YDULMHWHWD�YUVWH� J. communis.� �2YR�

RGYDMDQMH�MH�GDOMH�SRWYUĀHQR�NODVWHU�L�GLVNULPLQDQWQRP�DQDOL]RP��

13. 6DVWDY� HWUDVNRJ� XOMD� SRND]XMH� NRUHODFLMX� VD� GLVWULEXFLMRP� WDNVRQD�� J. deltoides,� NRML� LPD�

QDMPDQML� DUHDO�� SRND]XMH� QDMPDQMX� YDULMDELOQRVW� X� VDVWDYX� HWDUVNRJ� XOMD�� .RG� RYRJ�

WDNVRQD�VH�MDYOMDMX�WUL�KHPRWLSD��ơ�SLQHQVNL��ơ�SLQHQ�OLPRQHQVNL�L�OLPRQHQVNL���6�GUXJH�

VWUDQH�� J. communis� YDU�� communis�� WDNVRQ� NRML� LPD�PDQMH�YLäH� NRQWLQXLUDQX�GLVWULEXFLMX�

NUR]�QDMYHýL�GHR�(YURSH� L�GHOD�$]LMH��SRND]XMH�]QDWQR�YHýX�YDULMDELOQRVW��,�NRG�RYRJ�

WDNVRQD� SRVWRML� MDVQD� JHRJUDIVND� SRGHOD� L]PHĀX� VHYHUQLK� L� MXæQLK�� RGQRVQR� LVWRÿQLK�

L� ]DSDGQLK� SRSXODFLMD� X� (YURSL�� ãWDYLäH�� NRG� VHYHUQRHYURSVNLK� SRSXODFLMD� GRPLQLUD�

ơ�SLQHQ�NDR�JODYQD�NRPSRQHQWD��GRN�MH�EURM�GRPLQDQWQLK�NRPSRQHQWL�]QDWQR�YHýL�NRG�

FHQWUDOQR�� L� MXæQRHYURSVNLK�SRSXODFLMD��.RG� J. communis� YDU�� saxatilis� UD]OLNH�X�SURÀOX�

HWDUVNRJ�XOMD��RGQRVQR�GRPLQDQWQLP�NRPSRQHQWDPD��VX�L]X]HWQR�YHOLNH��8]�WR��MHGLQR�

NRG� RYRJ� WDNVRQD� X� RNYLUX� VHNFLMH� Juniperus� SRVWRMH� MHGLQNH� X� ÿLMHP� XOMX� GRPLQLUD�

VHVNYLWHUSHQ��JHUPDNUHQ�'���1D�%DONDQVNRP�SROXRVWUYX�SRVWRML�MDVQD�JUDQLFD�L]PHĀX�
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]DSDGQLK��VXEPHGLWHUDQVNLK��L�LVWRÿQLK��NRQWLQHQWDOQLK��SRSXODFLMD��=D�UD]OLNX�RG�RVWDOLK�

LVSLWLYDQLK�WDNVRQD��XOMH�J. macrocarpa LPD�VDPR�MHGQX�L]X]HWQR�GRPLQDQWQX�NRPSRQHQWX��

GRN�VH�YHOLND�YHýLQD�QDOD]L�X�PDORP�SURFHQWX��

14. (WDUVNR�XOMH�J. communis�YDU��communis�VH�NDUDNWHULäH�QDMYHýLP�XGHORP�PRQRWHUSHQD��L�WR��

SUH�VYHJD��PRQRWHUSHQVNLK�XJOMRYRGRQLND��GRN�VH�HWDUVNR�XOMH�J. communis�YDU��saxatilis 

NDUDNWHULäH�L]X]HWQR�YLVRNLP�XGHORP�VHVNYLWHUSHQD�X�RGQRVX�QD�VYD�RVWDOD�XOMD��6�GUXJH�

VWUDQH��HWDUVND�XOMD�J. deltoides�VX�SRND]DOD�QDMYHýL�XGHR�GLWHUSHQD�RG�VYLK�LVSLWLYDQLK�JUXSD�

15. 8� HWDUVNRP� XOMX� L]RORYDQRP� L]� LJOLFD� J. communis YDU�� communis GHWHNWRYDQR� MH� ����

MHGLQMHQMD��(WDUVNLP�XOMHP�GRPLQLUDMX�PRQRWHUSHQL����������'YD�PRQRWHUSHQD��ơ�SLQHQ�

L� VDELQHQ�� VX� GRPLQDQWQD� MHGLQMHQMD�� JGH� ]DMHGQR� X� SURVHNX� ÿLQH� ����� �� XNXSQRJ�

HWDUVNRJ�XOMD��6DVWDY�HWDUVNRJ�XOMD�MH�SRND]DR�JHRJUDIVNX�GLIHUHQFLMDFLMX��.RG�J. communis 

YDU�� communis� MH�SRND]DR� WHQGHQFLMX� VPDQMHQMD�XGHOD� VDELQHQD�X�SUDYFX�]DSDG�LVWRN�� L�

SRYHýDQMD�XGHOD�ơ�SLQHQD��

16. 8�HWDUVNRP�XOMX�L]RORYDQRP�L]�LJOLFD�J. communis YDU��saxatilis GHWHNWRYDQR�MH�����MHGLQMHQMH��

JGH�GRPLQLUDMX�PRQRWHUSHQL����������'RPLQDQWQR�MHGLQMHQMH�MH�ơ�SLQHQ�NRML�X�SURVHNX�

ÿLQL� ������� HWDUVNRJ� XOMD�� 6DVWDY� HWDUVNRJ� XOMD� MH� SRND]DR� JHRJUDIVNX� GLIHUHQFLMDFLMX��

8� VXEPHGLWHUDQVNLP� SRSXODFLMDPD� JHUPDNUHQ�'� MH� GUXJR� QDM]DVWXSOMHQLMH� MHGLQMHQMH�

�������� GRN� MH� X� NRQWLQHQWDOQLP� SRSXODFLMDPD� WR� VDELQHQ� ��������� $QDOL]D� JODYQLK�

NRPSRQHQWQL�MH�SRND]DOD�RGYDMDQMH�VXEPHGLWHUDQVNLK�RG�NRQWLQHQWDOQLK�SRSXODFLMD��GRN�

MH�NODVWHU�DQDOL]D�SRND]DOD�GD�SRSXODFLMH�NRMH�VX�JHRJUDIVNL�EOLæH�SRND]XMX�L�VOLÿQLML�VDVWDY�

HWDUVNRJ�XOMD�� WH� VH� JUXSLäX�X�RGYRMHQH� VXENODGH��'LVNULPLQDQWQD� DQDOL]D� MH�SRWYUGLOD�

RGYDMDQMH�ÿHWLUL�JUXSH�

17. 8�HWDUVNRP�XOMX� L]RORYDQRP� L]� LJOLFD� J. deltoides MH�GHWHNWRYDQR����� MHGLQMHQMD��8�XOMX�

GRPLQLUDMX�PRQRWHUSHQL����������'YD�PRQRWHUHSHQD��ơ�SLQHQ�L�OLPRQHQ��VX�GRPLQDQWQD�

MHGLQMHQMD��JGH�]DMHGQR�X�SURVHNX�ÿLQH�RNR��������XNXSQRJ�HWDUVNRJ�XOMD��$QDOL]D�JODYQLK�

NRPSRQHQWL�VYLK�WULQDHVW�SRSXODFLMD�MH�SRND]DOD�RGYDMDQMH�MHGLQNL�QD�GYH�JUXSH�X�]DYLVQRVWL�

RG�GRPLQDQWQH�NRPSRQHQWH��D�GDOMH�VWDWLVWLÿNH�DQDOL]H�VX�SRND]DOH�SRVWRMDQMH�WUL�JUXSH��

SRWHQFLMDOQD� KHPRWLSD�� ơ�SLQHQVNL�� ơ�SLQHQ�OLPRQHQVNL� �LQWHUPHGLMDUQL�� L� OLPRQHQVNL�

KHPRWLS��8�PHGLWHUDQVNLP� SRSXODFLMDPD� GRPLQLUDMX� OLPRQHQVNL� L� LQHUPHGLMDUQL�� GRN�

X� NRQWLQHQWDOQLP� GRPLQLUD� ơ�SLQHQVNL� WLS�� -HGLQD� SRSXODFLMD� NRMD� RGVNDÿH� RG� VYLK� MH�

L]�åDQMLFD�NRG�NRMH�GRPLQLUD�ơ�SLQHQVNL�WLS��2YH�MHGLQNH�æLYH�QD�SRWSXQR�GUXJDÿLMHP�

VWDQLäWX��QD�SHVNX��QD�VYHJD�QHNROLNR�PHWDUD�RG�RWYRUHQRJ�PRUD��
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18. 8� HWDUVNRP� XOMX� J. macrocarpa MH� GHWHNWRYDQR� ���� MHGLQMHQMD�� RG� NRMLK� GRPLQLUDMX�

PRQRWHUSHQL� ������ ���� 'RPLQDQWQR� MHGLQMHQMH� MH� ơ�SLQHQ�� NRML� X� SURVHNX� ÿLQL� RNR�

�������XOMD��GRN�MH�JHUPDNUHQ�'�GUXJR�MHGLQMHQMH�SR�SURFHQWXDOQRP�VDGUæDMX��������X�

XNXSQRP�XOMX��

19. 8� SRUHĀHQMX� VD� OLWHUDWXUQLP� SRGDFLPD�� HWDUVNR� XOMH� J. deltoides� SRND]XMH� YHOLNX�

KRPRJHQVRW�QD�FHORP�DUHDOX��L�]QDÿDMQH�NYDOLWDWLYQH�UD]OLNH�X�VDVWDYX�RG�J. oxycedrus s.str. 

6�GUXJH�VWUDQH��VDVWDY�HWDUDVNRJ�XOMD�J. communis�YDU��communis a pogotovu sa J. communis 

YDU�� saxatilis MH ]QDWQR� YDULUDR� äLURP� DUHDOD��'RELMHQL� SRGDFL� ]D�%DONDQVNH� SRSXODFLMH�

J. communis�YDU��communis�VH�X�SRWSXQRVWL�XNODSDMX�VD�SURÀOLPD�HWDUVNRJ�XOMD�L]RORYDQRJ�

L]� LJOLFD� RYRJ� WDNVRQD� äLURP� (YURSH�� (WDUVNR� XOMH� J. communis� YDU�� saxatilis� SRND]XMH�

RSäWX� VOLÿQRVW� VD� XOMHP� JUÿNLK� NOHND�� PHĀXWLP� SURÀOL� HWDUVNRJ� XOMD� GRELMHQRJ� äLURP�

(YURSH� XND]XMX� QD� YHOLNH� UD]OLNH� L]PHĀX� RYLK� GLVMXQNWQLK� SRSXODFLMD��(WDUVNR� XOMH� J. 

macrocarpa�XYHN�LPD�L]UD]LWR�GRPLQDQWDQ�ơ�SLQHQ��GRN�GUXJH�GRPLQDQWQH�NRPSRQHQWH�

YHRPD�YDULUDMX�RG�ORNDOLWHWD�GR�ORNDOLWHWD��3URÀO�HWDUVNRJ�XOMD�SRSXODFLMH�VD�+YDUD�MH�ELR�

QDMVOLÿQLML�RQRP�X�SRSXODFLML�L]�7URJLUD��

20. 2G� ÿHWLUL� KORURSODVWQD� UHJLRQD� NRML� VX� LVSLWLYDQL� L� ]D� NRMH� MH� ELOR� PRJXýH� RGUHGLWL�

SULPDUQL� UHGRVOHG� QXNOHRWLGD� SRPRýX� MHGQRJ� GR� ÿHWLUL� SUDMPHUD�� QDMLQIRUPDWLYQLML� MH�

ELR� trnC�*&$�-trnD�*8&�� UHJLRQ�SRUDYQDWH�GXæLQH�������NRG���� LQGLYLGXD�� MHU� MH�VDGUæDR�

��� PXWDFLMH� �VXSVWLWXFLMH� ED]D� L� GXæLQVNH� PXWDFLMH��� .DR� QDMPDQMH� LQIRUPDWLYDQ� VH�

SRND]DR�trnL�8$$�-trnF�*$$��SRUDYQDWH�GXæLQH�����ES��MHU�MH�VDGUæDR�VYHJD�GHYHW�PXWDFLMD�

�VXSVWLWXFLMD�ED]D�L�GXæLQVNLK�PXWDFLMD��RG�NRMLK�VDPR�MHGQD�PXWDFLMD�RGYDMD�J. communis 

od J. oxycedrus s.l����D�XRÿHQ�MHGDQ�QXNOHRWLGQL�NDUDNWHU��NRML�MH�QDMYHURYDWQLMH�VLQDSRPRUIDQ�

]D�YDU��intermedia�

21. .RG� ��� LQGLYLGXD� SUHGVWDYQLND� VHNFLMH� Juniperus X� PDWULFL� VDVWDYOMHQRM� RG� ÿHWLUL�

LVSLWLYDQD�KORURSODVWQD� UHJLRQD�SRUDYQDWH�GXæLQH������ES��GHWHNWRYDQR� MH����SR]LFLMD�

VD� VXSVWLWXFLMDPD� ED]D� �parsimony informative sites i singleton� PXWDFLMH��� NDR� L� YHOLNL� EURM�

GXæLQVNLK�PXWDFLMD�����LQGHOD�L����PLNURVDWHOLWD�VD�PRQRQXNOHRWLGQLP�PRWLYRP��$�n ili 

�7�n��QH�UDÿXQDMXýL�GRGDWQH�PXWDFLMH�X�RNYLUX�LQVHUFLMD�UD]OLÿLWH�GXæLQH�NRMH�VH�MDYOMDMX�

VDPR�NRG�SRMHGLQLK�WDNVRQD�

22. 6KRGQR� RÿHNLYDQMLPD�� QDMYHýL� EURM� PXWDFLMD� SURQDĀHQ� X� QHNRGLUDMXýLP� UHJLRQLPD�

KORURSODVWQRJ� JHQRPD� ��� SR]LFLMD� VD� VXSVWLWXFLMDPD� ED]D� X� RNYLUX� ������ ES� �QH�

UDÿXQDMXýL�GRGDWQH�PXWDFLMH�X�RNYLUX�LQVHUFLMD�UD]OLÿLWH�GXæLQH�NRMH�VH�MDYOMDMX�VDPR�NRG�
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SRMHGLQLK� WDNVRQD���QDVSUDP�VYHJD� VHGDP�SR]LFLMD� VD� VXSVWLWXFLMDPD�ED]D�SURQDĀHQLK�

X� NRGLUDMXýLP� UHJLRQLPD� ÿLMD� MH� GXæLQD� ����ES.�1DMLQIRUPDWLYQLMLP� VH�SRND]DR� pet1-

psb0�VSHMVHU�SRUDYQDWH�GXæLQH�����ES�����SR]LFLMH�VD�VXSVWLWXFLMDPD�ED]D�����LQGHOD����

PLNURVDWHOLWD�VD�PRQRQXNOHRWLGQLP�PRWLYLPD��QH�UDÿXQDMXýL�GRGDWQH�PXWDFLMH�X�RNYLUX�

LQVHUFLMD�UD]OLÿLWH�GXæLQH�NRMH�VH�MDYOMDMX�X�RYRP�UHJLRQX�VDPR�NRG�SRMHGLQLK�WDNVRQD��

23. 2SWLPDOQL�PRGHO�HYROXFLMH�UHJLRQD�VD�QDMYHýLP�EURMHP�PXWDFLMD��trnC�*&$�-trnD�*8&���NDR�

L�PDWULFH�VDVWDYOMHQH�RG�ÿHWLUL�LVSLWLYDQD�UHJLRQD�L�PDWULFH�QHNRGLUDMXýLK�UHJLRQD�VYD�ÿHWLUL�

LVSLWLYDQD� UHJLRQD� MH�*75�*�� GRN� VX� VH� ]D� UHJLRQH� VD�PDQMLP� EURMHP�PXWDFLMD� NDR�

RSWLPDOQL�PRGHOL�HYROXFLMH�SRND]DOL�PDQMH�RSäWL�PRGHOL��XNOMXÿLMXýL�L�+.<�PRGHO�

24. 0/�VWDEOR�NRQVWUXLVDQR�QD�RVQRYX�PDWULFH�ÿHWLUL� LVSLWLYDQD� UHJLRQD�SRUDYQDWH�GXæLQH�

������ES�NRG����LQGLYLGXD�L�*75�*�PRGHOD�HYROXFLMH��SRND]XMH�GD�MH�VHNFLMD�Juniperus 

PRQRÀOHWVNRJ�SRUHNOD��8RÿHQH�VX���VWDWLVWLÿNL�GREUR�SRGUæDQH�NODGH��.ODGD�,��%6�������

NRMD�REXKYDWD�VYH�LQGLYLGXH�J. communis��L�.ODGD�,,��%6������NRMD�REXKYDWD�VYH�LQGLYLGXH�

J. deltoides i J. macrocarpa. 2GQRVL�X�RNYLUX�NODGH�,�VX�RVWDOL�QHUD]MDäQHQL�� LDNR�VH�PRæH�

VH�XRÿLWL� WUHQG�JUXSLVDQMD� LQGLYLGXD� J. communis YDU� communis� NDR� L� MHGLQNL� J. communis 

YDU��saxatilis i J. communis YDU��intermedia���8�RNYLUX�NODGH�,,��XRÿHQH�VX���GREUR�SRGUæDQH�

VXENODGH�� ,,D� �%6� ������� NRMX� ÿLQH� SUHGVWDYQLFL� J. deltoides�� L� ,,E� �%6� ������ NRML� ÿLQH�

SUHGVWDYQLFL�J. macrocarpa��2GQRVL�XQXWDU�VXENODGH�,,D�QLVX�UD]MDäQMHQL��1DVXSURW�WRPH��

X�RNYLUX�VXENODGH�,,E��XRÿHQD�MH�VWDWLVWLÿL�SRGUæDQD�GLIHUHQFLMDFLMD�J. macrocarpa na dve 

VXENODGH��MHGQX�NRMX�ÿLQH�LQGLYLGXH�L]�SRSXODFLMH�VD�.ULWD��%6������L�GUXJX�NRMX�ÿLQH�

LQGLYLGXH�L]�RNROLQH�7URJLUD��%6�������7R�XND]XMH�QD�GXERNX�GLYHUJHQFLMX�L�GLIHUHQFLMDFLMX�

SRSXODFLMD�YUVWH�J. macrocarpa.

25. 'LIHUHQFLMDFLMD�SRSXODFLMD� L� WDNVRQD�QD�RVQRYX�ÿHWLUL�JHQHULVDQD�UHJLRQD�KORURSODVWQRJ�

JHQRPD� VH� X� L� L]YHVQRP� VWHSHQX� SUHNODSD� VD� UH]XOWDWLPD� ÀWRKHPLMVNLK� LVWUDæLYDQMD��

1DLPH��SRGHOD�QD�WUL�MDVQR�RGYRMHQD�WDNVRQD – J. communis, J. deltoides i J. macrocarpa�XRÿHQD�

LVSLWLYDQMHP� SRYUäLQVNLK� DONDQD� LJOLFD� L� HWDUVNRJ� XOMD� L]RORYDQRJ� L]� LJOLFD� LVSLWLYDQLK�

SRSXODFLMD�� MH� MDVQR� XRÿOMLYD� L� X� ÀORJHQHWVNRM� DQDOL]L� QD� QLYRX� LVSLWLYDQLK� UHJLRQD�

hloroplastnog genoma

26. )LORJHQHWVND�DQDOL]D�QLMH�SRND]DOD�MDVQX�GLVWLQNFLMX�SRSXODFLMD�L�LQIUDVSHFLMVNLK�WDNVRQD�

NRMD� MH� XRÿHQD� QD� ÀWRKHPLMVNLP� PDUNHULPD�� DOL� MH� XRÿHQD� WHQGHQFLMD� RGYDMDQMD�

YDU�� communis�RG�YDU�� saxatilis� L�YDU�� intermedia��SRäWR�X�RNYLUX�NODGH�,��YDU�� intermedia sa 

QHNROLNR� LQGLYLGXD� YDU�� communis� ]DX]LPD� WHUPLQDOQL� SRORæDM�� YDU�� saxatilis� VUHGLäQML�� D�

YDU��communis�SUHWHæQR�ED]DOQL�SRORæDM�X�QDYHGHQRM�NODGL��
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27. Odnosi unutar subklade sa individuama J. deltoides nisu razjašnjeni zbog male varijabilnosti 

ispitivanih hloroplastnih regiona kod individua uzorkovanih iz skoro celog areala ove 

YUVWH��äWR�VH�SRGXGDUD�VD�SRGDFLPD�GRELMHQLP�NRULäýHQMHP�QXNOHDUQLK�PLNURVDWHOLWD�� L�

ukazuje na istorijske procese, kao što su uska grla, fragmentacije areala i/ili rekolonizacije 

iz refugijuma, koji su tokom vremena doveli do smanjenja varijabilnosti u populacijama 

J. deltoides.

28. )LORJHQHWVND�DQDOL]D�MH�SRND]DOD�VWDWLVWLÿNL�SRGUæDQX�GLIHUHQFLMDFLMX�J. macrocarpa na dve 

VXENODGH�� MHGQX�NRMX�ÿLQH� LQGLYLGXH� L]�SRSXODFLMH�VD�.ULWD� L�GUXJX�NRMX�ÿLQH� LQGLYLGXH�

iz okoline Trogira. To ukazuje na duboku divergenciju i diferencijaciju populacija vrste 

J. macrocarpa, äWR� VH�SRGXGDUD� VD� UH]XOWDWLPD�ÀWRKHPLMVNLK�NDUDNWHUD��2YR� MH�X� VNODGX�

VD� RÿHNLYDQMLPD�� V� RE]LURP� GD� VX� X� RNYLUX� FHORJ� DUHDOD� UDVSURVWUDQMHQMD�� SRSXODFLMH�

RYH� YUVWH� IUDJPHQWDUQR� GLVWULEXLUDQH�� äWR� XND]XMH� QD� PRJXýQRVW� YLVRNH� JHQHWLÿNH�

GLIHUHQFLMDFLMH�SRSXODFLMD�XVOHG�GHORYDQMD�JHQHWLÿNRJ�GULIWD��XVNLK�JUOD�L�HIHNDWD�RVQLYDÿD�

tokom vremena. 

29. 'RGDWQH�DQDOL]H�NRMH�EL�XNOMXÿLOH�GUXJH�KORURSODVWQH�UHJLRQH�EL��QDMYHURYDWQLMH��GRSULQHOH�

razjašnjavanju infraspecijskih odnosa J. communis s.l., ali ne odnose unutar vrste J. deltoides. 

8NOMXÿHQMH�QXNOHDUQLK�UHJLRQD� L�GRGDWQLK�SRSXODFLMD�EL�QDMYHURYDWQLMH�RPRJXýLOR�EROML�

XYLGX� X� WDNVRQRPVNH�� JHQHWLÿNH� L� HYROXWLYQH� SURFHVH� X� SRSXODFLMDP� NOHND� L]� VHNFLMH�

Juniperus�� WH� GRSULQHOR� UD]XPHYDQMX� IHQRPHQD� GHOMHQLK� SROLPRUÀ]DPD� RGUHĀHQLK�

WDNVRQD��NRML�PRJX�QDVWDWL�XVOHG�UHWHQFLMH�DQFHVWUDOQLK�SROLPRUÀ]DPD�LOL�KLEULGL]DFLMRP�

i introgresijom. 

30. 8�PDWULFL�ÿHWLUL�LVSLWDQD�KORURSODVWQD�UHJLRQD�SRUDYQDWH�GXæLQH�������ES�NRG����LQGLYLGXD��

detektovao je petnaest karaktera koji su sinapomorfni za J. communis, deset za J. deltoides, 

ÿHWLUL�]D�J. macrocarpa, kao i 28 karaktera koji odvajaju ingrupu od autgrupe, te se mogu 

koristiti u svrhe barkodinga

31. 'RELMHQL� UH]XOWDWL� LVWUDæLYDQMD� ÀWRKHPLMVNLK� �n-alkana i etarskih ulja) i molekularnih 

PDUNHUD��KORURSODVWQH�'1.��XND]XMX�QD�L]X]HWQX�NRPSOHNVQRVW�SURXÿDYDQH�RGDEUDQH�

JUXSH� NOHND�� 5H]XOWDWL� DQDOL]H� RJURPQRJ� EURMD� X]RUDND�� NRULäýHQMHP� QDMVDYUHPHQLMLK�

ÀWRKHPLMVNLK�L�PROHNXODUQLK�PHWRGD��XND]XMX�QD�YHOLNL�]QDÿDM�RYLK�SULVWXSD�X�UD]XPHYDQMX�

ELRORJLMH�� HYROXFLMH� L� ÀORJHRJUDÀMH� L� X� UDVYHWOMDYDQMX� VURGQLÿNLK� RGQRVD� NRPSOHNVQH�

grupe Balkanskih vrsta iz sekcije Juniperus, kao i roda Juniperus u celini.
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YDSRXUV� RI � -XQLSHUXV� VDELQD L. and 7KXMD� RULHQWDOLV� �&XSUHVVDFHDH�� RQ�7HWUDQ\FKXV�

XUWLFDH�.RFK��$FDUL��7HWUDQ\FKLGDH���,Q�7KLUG�0HHWLQJ��

$%%$66<��0�$���	�0$5(,��*�,����������$QWLIXQJDO�DQG�&KHPLFDO�&RPSRVLWLRQ�RI �(VVHQWLDO�

2LOV�RI� -XQLSHUXV� FRPPXQLV L. and 7K\PXV� YXOJDULV�/�� DJDLQVW�7ZR�3K\WRSDWKRJHQLF�

)XQJL��-��$SSO��6FL��5HV��9������²�����

$%'(/�.$'(5�� 0��� (/�028*<�� 1��� 	� /$6+,1�� 6�� �������� (VVHQWLDO� 2LOV� DQG� 7ULFKRGHUPD�
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$&.(50$1��-���0(/(1'(=�$&.(50$1��(���	�6$/*8(52�)$5,$��-����������9DULDWLRQ�LQ�SROOLQDWRU�

DEXQGDQFH�DQG�VHOHFWLRQ�RQ�IUDJUDQFH�SKHQRW\SHV� LQ�DQ�HSLSK\WLF�RUFKLG��$P��-��

Bot. 84������²�����

$'$0��.��3���	�=$33��-����������%LRV\QWKHVLV�RI �WKH�LVRSUHQH�XQLWV�RI �FKDPRPLOH�VHVTXLWHUSHQHV��

3K\WRFKHPLVWU\�48�����²����

$'$06��5�3����������6HDVRQDO�YDULDWLRQ�RI �WHUSHQRLG�FRQVWLWXHQWV�LQ�QDWXUDO�SRSXODWLRQV�RI �

-XQLSHUXV�SLQFKRWLL�6XGZ��3K\WRFKHPLVWU\�9�����²����

$'$06�� 5�3�� �������� *HRJUDSKLF� 9DULDWLRQ� LQ� -XQLSHUXV� VLOLFLFROD� and� -�� YLUJLQLDQD� RI � WKH�

6RXWKHDVWHUQ�8QLWHG�6WDWHV��0XOWLYDULDWH�$QDO\VHV�RI �0RUSKRORJ\�DQG�7HUSHQRLGV��

7D[RQ�35����²���

$'$06��5�3�������D���7KH�&KHPLFDO�&RPSRVLWLRQ�RI �/HDI �2LOV�RI �-XQLSHUXV�H[FHOVD�0��%LHE��-��

(VVHQW��2LO�5HV��2����²���

$'$06�� 5�3�� �����E��� 9DULDWLRQ� LQ� WKH� &KHPLFDO� &RPSRVLWLRQ� RI � WKH� /HDI � 2LO� -XQLSHUXV�

IRHWLGLVVLPD�:LOOG��-��(VVHQW��2LO�5HV��2����²���



Doktorska disertacija Literatura

���

$'$06��5�3����������*HRJUDSKLF�YDULDWLRQ�LQ�WKH�YRODWLOH�WHUSHQRLGV�RI �-XQLSHUXV�PRQRVSHUPD�and�-��

RVWHRVSHUPD��%LRFKHP��6\VW��(FRO��22����²���

$'$06��5�3����������&RPSDULVRQV�RI �WKH�OHDI �RLOV�RI �-XQLSHUXV�GUXSDFHD�/DELOO��IURP�*UHHFH��

7XUNH\�DQG�WKH�&ULPHD��-��(VVHQW��2LO�5HV��9�����²����

$'$06��5�3����������7KH�OHDI �HVVHQWLDO�RLOV�DQG�FKHPRWD[RQRP\�RI �-XQLSHUXV�VHFW��-XQLSHUXV. 

%LRFKHP��6\VW��(FRO��26�����²����
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Прилог 1. 

Изјава о ауторству 
 

 

Потписани-a    Немања Ф. Рајчевић 

број индекса  Б702/2008 

 

Изјављујем 

да је докторска дисертација под насловом  

Диференцијација врста из секције Juniperus рода Juniperus L. 
(Cupressaceae) са Балканског полуострва, коришћењем фитохемијских и 

молекуларних карактера 

 

• резултат сопственог истраживачког рада, 
• да предложена дисертација у целини ни у деловима није била предложена 

за добијање било које дипломе према студијским програмима других 
високошколских установа, 

• да су резултати коректно наведени и  
• да нисам кршио/ла ауторска права и користио интелектуалну својину 

других лица.  

 

                                                                        Потпис докторанда 

У Београду, 07.05.2015 

       
_________________________ 

 
 
 
 
 
 



 
Прилог 2. 

 

Изјава o истоветности штампане и електронске 
верзије докторског рада 

 

 

Име и презиме аутора Немања Ф. Рајчевић 

Број индекса Б702/208 

Студијски програм  Експериментална и примењена ботаника 

Наслов рада Диференцијација врста из секције Juniperus рода Juniperus L. 
(Cupressaceae) са Балканског полуострва, коришћењем фитохемијских и 
молекуларних карактера 

Ментори Др Петар Д. Марин, Др Пеђа Јанаћковић  

 

Потписани/а Немања Ф. Рајчевић 

 

Изјављујем да је штампана верзија мог докторског рада истоветна електронској 
верзији коју сам предао/ла за објављивање на порталу Дигиталног 
репозиторијума Универзитета у Београду.  

Дозвољавам да се објаве моји лични подаци везани за добијање академског 
звања доктора наука, као што су име и презиме, година и место рођења и датум 
одбране рада.  

Ови лични подаци могу се објавити на мрежним страницама дигиталне 
библиотеке, у електронском каталогу и у публикацијама Универзитета у Београду. 

 

            Потпис докторанда  

У Београду, 07.05.2015. 

   _________________________ 



 
Прилог 3. 

Изјава о коришћењу 
 

Овлашћујем Универзитетску библиотеку „Светозар Марковић“ да у Дигитални 
репозиторијум Универзитета у Београду унесе моју докторску дисертацију под 
насловом: 

Диференцијација врста из секције Juniperus рода Juniperus L. 
(Cupressaceae) са Балканског полуострва, коришћењем фитохемијских и 

молекуларних карактера 

која је моје ауторско дело.  

Дисертацију са свим прилозима предао/ла сам у електронском формату погодном 
за трајно архивирање.  

Моју докторску дисертацију похрањену у Дигитални репозиторијум Универзитета 
у Београду могу да користе  сви који поштују одредбе садржане у одабраном типу 
лиценце Креативне заједнице (Creative Commons) за коју сам се одлучио/ла. 

1. Ауторство 

2. Ауторство - некомерцијално 

3. Ауторство – некомерцијално – без прераде 

4. Ауторство – некомерцијално – делити под истим условима 

5. Ауторство –  без прераде 

6. Ауторство –  делити под истим условима 

(Молимо да заокружите само једну од шест понуђених лиценци, кратак опис 
лиценци дат је на полеђини листа). 

 

  Потпис докторанда 

У Београду, 07.05.2015. 

  ____________________ 
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