FAACHUK LLHYMAPCKOI ®AKYATETA 6p. 113

UDK: 630%165+630*232.1(497.6)
OpuryuHaaIHM HayYHU paj
DOI: 10.2298/GSF1613011C

BIBLID: 0353-4537, 2016, ctp. 11-34

BAPUJABUAHOCT MOP®OMETPHUJCKHUX KAPAKTEPMCTHUKA
CMPYE Y TECTOBUMA ITIOTOMCTBAY bOCHHM M XEPIIETOBHU

Macrep umk. mym. Bpanncaas LIBjeTKOBI/Ih, Yuusepaurer y bamoj Ay, Lymapcku paxyarer, P. Cpricka, buX

Ap Muaan Marapyra, YausepsuteT y bamoj Ayum, Illymapcku paxyarer, P. Cpricka, buX

Ap Mupjara lnjash-Hukoanh, Yansepsurer y Beorpaay- Illymapcku dpaxyaret, Cpduja

Ap Bojucaas Aykih, Viisepsurer y Baroj Ay, Ilymapcku gaxyarer, P. Cpricka, BuX

Ap Baapan Ionosuh, Mucruryr sa mymaperso, Beorpaa, Cpduja

U3Boga;: Y paay cy NpuKasaHu pesynTtaTv aHaause MopPpOMETPUjCKUX KapaKTePUCTUKA CaaHU-
La cMpye y TeCTOBMMA NOTOMCTBA Ha nogpyuyjy buX, ca nokanuteta: OpuHuh un CpedpeHnua.
TecToBM NOTOMCTBA OCHOBAHM Cy Of, CafHMLA KOje BoAe NOPUjeKNo 13 LWeCT NPUPOAHUX Nomny-
Naumja us buX. MjepeHa je yKynHa BUCMHA cagHMULA, MPEYHUK KOPWUjeHOBOr BpaTa, Te yaa/be-
HOCT NpLU/bEHOBA O, 3eM/bULUTA WTO NPeAcTaB/ba BUCUHE Koje cy cagHuue goctmurne y 2011,
2012, 2013. n 2014. roanHwn.

JodujeHun pe3ynTtaTi yKasyjy Ha CTaTUCTMUYKM 3HaYajHe pasanke namehy aHannsmMpaHux Kapak-
TEPUCTUKA NocmaTpaHux nonynauuja. MNocedHo ce usasajajy nonynaumje MNotoum u Onoso,
Koje cy y 0da Tecta MOTOMCTBa MMasie Hajsehun Npupact TOKOM NOCMATPaHOr nepuoaa. Ytuuaj
cywe Tokom 2013. rogMHe yoyaBa ce y TecTy noTomctea y CpedpeHuum, npu yemy je npupact
ToKOom 2013. roanHe marbym og, npupacta y 2012. rogmHn 3a suwe og 50%. YTuuaj cywe y Tecty
notomcTea y JpuHuhy ce He youyasa.

MUcTparkmBarba ,u,ajy nos1a3He OCHOBE Yy CeNIeKUMOHNCakby N0Na3HUX nonynau,mja, a Kao rMasHu

LW/b NOCTaB/ba Cce 6p3 nopacTt cagHuua.

YBOA

Cmpya npeacTtas/ba jegHy o4, €KOHOMCKM Haj-
duTHUjux BpcTa Apseha y wymapcTtey Penydnuke
Cpncke n bocHe n XepuerosuHe. Oanukyje ce
[006pUM KBanUTETOM ApBeTa Te MMa BP/IO WK-
poky ynotpedy y npuspeaun. CBpcrasa ce mehy
Haj3Ha4YajHMje BPCTe Koje Cy CBOje MjecTo Hale
Yy NPBMM €BPOMNCKMUM NO/bCKUM EKCMEePUMEHTUMA.
Kpo3 nporpam uctpaxkusara IUFRO-a, y nepuo-
oy 1964-1968. ocHoBaHO je 20 NpoBEeHUjEHUYHNX
TectoBa y 13 3emaswa (Krutzsch, 1974). MHora
MCTPaXMBakba M TECTOBM NOTOMCTBA CMpYe Mo-
cTaB/beHu cy y Esponu (Klapster u cap., 2007;
Lindgren u Werner, 1989).

CMpYa YMHM OKOCHWLYY NPOU3BOAHE MHOIUX
npuspegHux nogpydja y BocHM n XepueroBmHu
Te Ce MOXe CBpCTaTW, nopes dykse U jene, y Haj-
BarKHUWje BpcTe gpseha Kojuma ce rasayje. MNpema
nogauMma fodujeHMM M3 MHBEHTYpe Lyma Ha Be-
JIMKMM noBpLnHama, cMpya y bocHu u Xepuerosu-
HWU MMa yamo of oko 21% (Mawuh u cap., 1971), a
Hanasu ce y MjelloBUTUM U YUCTUM CacTOjMHAMA.

Kag je y nutawy npomssBoara cagHuua u
nogusakbe HOBUX LIYma, NpPema aHajnsama npo-
M3BOAHE CaZHOT MaTepujana, Buwe og 60% caa-
HULA NpOU3BeAEHUX Yy pacagHuumma y Penydnu-
umn Cpnckoj cy cagHuue cmpue (Mawapyia u cap.,
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2012). Y depepaumjn bocHe 1 XepuerosmHe Taj
npoLeHar je HewTo Buwe og 80% (Ballian, 2000).
Cmpya ce YHOCM Ha pasnnyMTa CTaHMLWTA, a 4ye-
CTO M HA OHa KOja joj eKOJIOWKN He oarosapajy
(Ballian u cap., 2006). Y jyseHunHoj dasmn pacre
CNopo, ann KacHKuje ce pacT cmpye ydpsaga. Y Te-
CTOBMMaA KOjW cy NoaurHytm y Cpduju 1y Kojuma
Cy BpLUEHA UCTPaxmBakba yTBPHEHO je nocTojarbe
3HayvajHe BapmjadunHoctTn mopdpomeTpujckux na-
pameTapa cmpue (Mcajes u Tyyosuh, 1992; LLuja-
yuh-Hukonuh u cap., 2000; Neewiuh, 2004; Ucajes
u cap., 2009; u gpyiu), Te cy Aate noyeTHe npe-
nopyke 3a TpaHcdhep penpoayKTUBHOr MaTepuja-
Nna y uwmy WTo Behe npoayKumje ApBHE 3a/Mxe.

Y BOCHM 1 XepLeroBMHW U3LBOjEHU Cy Cje-
MeHCKM o08jeKkTn cmpye (Mawapyia u cap., 2005),
aNu HUCY ce OaBajie KOHKpeTHe npernopyke 3a
TpaHcdep penpoayKTUBHOr maTtepwujana, 6asu-
paHe Ha UCTPakMBarbMMa y NPOBEHUjEHUYHUM
TectoBMMa W TecToBMMa noTomcTea. [lpema
NJ1aHOBMMA MOLIYM/baBakba KOjU CYy CauutbeHU
TOKOM OCamAeceTux roAuHa NpoLuaor BujeKka, a
yumja je BaAMAHOCT Aocesana A0 noyetka 21. Bu-
jeka, TpaHcdep cmpue ce da3npao Ha EKOOLLKUM
OCHOBaMa, Tj. Y OKBMPY UCTUX EKOJIOLIKO-BereTa-
LMjCKMX jeamHuua aeduHucaHux y Ekonowwko-se-
reTaumnjckoj pejoHnsaunjn bocHe n XepuerosuHe
(CwegpaHosuh u cap., 1983). CmaTtpano ce ga
YAMO CMpYe y NPOU3BOAM CaHOT MaTepujana
M nowymsbaBaky He du Tpedano na dyae usHag
50% (Lusgapesuh u cap., 1987). lLnpoka ynotpe-
ba cmpue y cagawrbMM NIaHOBMMA MOLWYM/ba-
Batba 3axTWjeBa Apyrayuju npuctyn TpaHcohepy
penpoayKTUBHOT MaTepujana, MOroTOBO Y HOBUM
OKOZIHOCTUMA K/JMMATCKMX MPOMjeHa U moaep-
HUM NpUHLUMNMMa TpaHcdepa LWyMCKOr penpo-
OYKTUBHOI maTtepujana.

BapujadunHoct mopdomeTpujckmnx napamera-
pa cmpue npeacTas/ba jeaH of, YecTo Npoy4yaBsa-
HUX MapameTapa y NPOBEHUjeHNYHUM TeCTOBUMA
Yy 3eM/baMa y OKpyKerby. UcTpaxkusarba y Pymy-
HUWjM YKa3yjy Ha 3Ha4ajHy BapujaduaHOCT cmpye
y NPOBEHMWjeHUYHUM TecToBMMa (Budenau et al.,
2012). Kapeller n cap. (2012) nuwy o Bapujadun-
HOCTW CMpYe y afinckom pernoHy Aok Pearson u
Pearson (1997) pajy wupwu nperneg o pacTy cMp-
ye y WBeackum TectoBuma yTBphyjyhu nocroja-
e BapujabUNHOCTU ycnoB/beHe reorpadpckom
wurpunHom. Modrzynski n Eriksson (2002) ykasyjy
Ha BapwujadunHocT cmpye y nogpydjy Cyaeta u

Kapnata. Ha nogpyujy Cpduje, Ucajes n Tyuosuh
(1992), Wwnjaumh-Hukonuh (1995), Wnjaunh-Hu-
konuvh u cap. (2000) u Uesetnh (2004), UseTuh
M cap. (2005) uctparkmBanu cy BapujadunHoct
MOpPPOMETPUjCKMX NapameTapa cMpye y TecTo-
Buma y Cpduju. UcTpaxkusarba crnpoBedeHa y
TecToBMMa notomctea cmpye y buX tokom 2010.
roAMHe yKasania cy Ha 3HavajHy BapujadunHocT
mehy ucTparknmBaHMm OOCaHCKOXepLeroBaykmum
nonynauunjama (Mawapyia u cap., 2012; Cuiojuuh
u cap., 2012).

MATEPUJAA T METOAU PAAA

Ha nogpyujy bocHe n XepuerosuHe, TOKOM
2009. roauHe NoAUrHyTa cy YeTMpn Tecta NOTOM-
CTBa cmpye Ha cnegehum nokanutetuma: fpu-
Huh, OepseHTa, CpedpeHunua n Hesecure. CBaku
04, IOKannTeTa penpeseHT je jeAHe 0 eKO/0LWKOo-
Beretaunjcke odnactm y bocHM 1 XepuerosHu, a
npema nogjenn Ha odnactu aatoj y EKonowkKo-
BereTaumjckoj pejoHunsaumnjun buX (CwiegpaHosuh
u cap., 1983). TecToBM NOTOMCTBa CacToje ce of,
WwecT nonynauuja (nonasHe nonynaumje — cjemeH-
CKe cacTojuHe) cmpye M3 bocHe u XepuerosuHe
(Tabena 1). NogurHyTM cy oA cagHuLA CTapoCTU
TPU roguHe, cagHn matepujan Tmna 2+1.

NcTpaxkmBarba AMHaMMKe pacTa cnpoBefeHa
Cy y ABa TecTa MOTOMCTBa cmpuye: y [puHuhy n
Cpebpenuum. OcTana ABa TecTa HUCY y3eTa y 06-
31p 300r manor npougHTa NpeXxunBjennx cagHu-
ua. Mjeperba cy BpLIE€Ha Ha Kpajy BeretaumoHor
nepuoga tokom 2014. roanHe. MjepeHe cy: BuU-
CVHa cagHuua y nepuogy 2011-2014. rogmHa ca
TauyHowhy og, 1 cm, NpeyYHnK KopujeHoBoOr BpaTa
ca TauyHowhy og 1 mm, a BUCUMHCKM NpupacTy 3a
2012, 2013. n 2014. n3BeneHn cy Kao pasauke
BUCMHA M3Mehy npl/beHoBa Ha cafHMLAMa Koje
cy mjepeHe. [lo nogataka 0 BUCMHCKUM npupa-
cTuma cagHuua y 2012. n 2013. rogmMHn aowno
ce mjeperbem pactojarba n3mehy npsbeHoBa Ha
cagHuUUAMa, oK je 3a 2014. mjepeHo pacTojarbe
oA, noc/beArer nNpwbeHa A0 Bpxa cagHuue. 3a
odpapy nopaTaka KopuwheHn cy Nporpamcku
naketn EXCEL w Statistica 12, a BucuHe cy npu-
NMKom odpaje nogaTtaka o3HaveHe ca H, npeyHuk
KOopujeHoBoOr BpaTa ca D, a BUCMHCKM npupacT ca
l,- MakncmanHe spujeaHocTH fodujeHnx napame-
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Tabena 1. Monynaymje U3 KOjux NOTUYE PENPOAYKTUBHU MaTepujan 3a OCHMBAHE TeCTOBa NOTOMCTBA

Monyaatiuja lFeorpadpcka Tleorpapcka Haamopcka EKo-Beretaumjcka e
WMpUHa AYXKUHA BUCUHa [m] obnacr

XaH Mujecak 1 44°08'13,3” 18°50'01,0” 1000-1100 YhyTpauwtou Piceo-Abieti-Fagetum
OvHapuamn

XaH Mujecak2  44°02°08,8” 19°00°11,4”  960-1040 YHyTPauWwrby Piceo-Abieti-Fagetum
OuHapuan

®oua 43924'58,4” 18952'38,7” 1000 - 1126 fpenasto. Abieti-Piceetum

MnnpcKo-mesnjcka

Onoso 44°07'43”  18°34'54”  900-1000 yavipalien o Ableti-Fagetim
[OuHapngun

MNoToun 4423 12,4”  16°39'39,5”  850-950 YhyTpaukou Piceo Abieti Fagetum
OuHapuamn

KHexeso 44028'59,6” 17°24'45,9”  1010-1030 YhyTpauwtou Piceo-Abieti-Fagetum
OuHapuamn

Tapa 3a nonynauuje gate cy dongosBaHUm Bpujes-
HOCTMMA y Tabenama, a MMHUMAJIHE Y UTAJINKY.

McTpasknsBaHM TeCTOBM MOTOMCTBA Hanase ce
y ABWje pas3iMumTe eKoNOoLWKo-BereTaLmjcke odna-
CTW: YHyTpawWwK AunHapuan (ApuHuh) n Mpena-
3Ha WAMpPCKOo-mesnjcka odnact (CpedpeHunua).
OCHOBHM Nogauy o0 TecToBMMa MOTOMCTBA 4aTH
cy y Tabenu 2.

PE3YATATHU

Tect notomcrBa CpebSpeHuua

Y Tecty notomctBa y CpedpeHuun Hajsehe
BpPUWje4HOCTM BUCUHA NOCTUINE CY CafHULE U3 Mno-
nynauwmje MNoTtoum, 1 To 3a CBe YeTUpPM NoCMaTpaHe
roauHe, ca NpPocjeYHUm BUCMHama og 45,9 cm y
2011, 59,1 cmy 2012, 68,9 cm y 2013. n 90,5 cm
y 2014. rognuu.

HajHuxe cagHuue nopmjeknom cy us nonyna-
umje doya ca npocjeyHum BUCMHaAMmaA of 37,5 cm

y 2011, 49,8 cm y 2012, 58 cm y 2013. n 74,1 cm
y 2014. rognnHn. Octane nonynaunje nokasyjy npu-
O/IMKHO UCTe pe3ynTaTe TOKOM HaBeeHe YeTupu
roanHe (Tadena 3).

Pasnuke y BucMHama Kpehy ce og 15 cm y
2014. ropgmHun, 10 cm y 2013. rognHn, 9 cm y
2012. rognHn n 8 cm y 2011. roanHu. Pasnuke ce
ofHOCe Ha nonynaumjy Koja je noctusana Hajse-
he BucuHe — MNoToum, 1 Hajmarse BUCUHE — Poua.
OcTane yeTnpu nonynauuje dusbexune cy pasnu-
Ke y BUCMHama y nHTepsany 4-5 cm.

Hajsehn npocjeyHM NpeyHUK KopujeHoBOr
BpaTa (D) 3adu/bexeH je y nonynauuju MoTtoum of,
25,3 mm, a NpUONMKHO UCTE AUMEH3Nje NPeYHU-
Ka moctusane cy nonynauuje Onoso (24,9 mm) n
KHexeBo (25 mm) (Tadena 4). YtBpheHa je Ko-
penaunja namehy npeyHUKa KopujeHoBOr paja
M BUCWMHA cagHuua 3a 2014. roanHy Koja M3HoCKU
r = 0,75. Kopenauuja nsamehy asuje nocmatpaHe
BE/IMYMHE je jaKa M MOKe Aa NOCAYXKN Y KaCHUjUM
UCTPaXKmnBarbMMa 3a yTBphrBarbe cTeneHa BUTKO-
ctn ctadana.

Tadena 2. J/lokaumje Ha Kojuma cy NOAMrHYTU TECTOBM MOTOMCTBA

Tecr lFeorpadpcka Tleorpapcka Hapgmopcka 3ajeqHmya P —.
NOTOMCTBA WMpUHA AYXKUHA BUCUHa [m]
KankomenaHocon,
Opunuh 44°31’ 10"  16°36’ 04” 690 Piceo-Abieti Fagetum JlyBUCON,
KasiKokambucon
CpebpeHunua 44°01' 34” 19025’ 22” 1000 Piceo-Abieti-Fagetum  QUcTpuYHM Kambucon
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Tadena 3. BucuHe cagHuua y TecTy notomcTea CpedpeHunua

Nonynauuja N H 2011 MwuH. Makc. Cv H 2012 MuH. Makc. Cv

[em] [em] [em] [%] [em] [em] [em] [%]
XaH Mujec. 1 171 37.9 10.0 79.0 334 51.9 13.0 112.0 29.1
XaH Mujec. 2 109 40.2 11.0 70.0 32.0 54.7 24.0 96.0 28.9
®oua 387 37.5 11.0 78.0 31.7 49.8 21.0 100.0 26.2
Motouun 310 45.9 15.0 94.0 29.9 59.1 22.0 124.0 28.6
Onoso 269 38.9 10.0 92.0 349 53.3 18.0 102.0 28.6
KHexxeBo 371 43.9 17.0 76.0 27.1 56.3 25.0 97.0 26.6
YKYMNHO 1617 41.0 10.0 94.0 32.0 54.2 13.0 124.0 28.4
Monynauuja N H 2013 MwuH. Makc. Cv H 2014 MwuH. Makc. Cv

[em] [em] [em] [%] [em] [em] [em] [%]
XaH MNujec. 1 171 61.1 16.0 121.0 25.5 77.8 28.0 156.0 27.1
XaH Mujec. 2 109 63.5 30.0 108.0 26.7 79.9 38.0 142.0 26.4
®oua 387 58.0 26.0 111.0 24.1 74.1 35.0 152.0 24.8
MNoToum 310 68.9 27.0 130.0 27.6 90.5 39.0 172.0 29.4
Onoso 269 63.6 26.0 135.0 26.6 82.6 35.0 180.0 27.1
KHekeBo 371 64.5 31.0 118.0 25.1 83.3 39.0 160.0 26.3
YKYMNHO 1617 63.2 16.0 135.0 26.6 81.5 28.0 180.0 27.8

Monynaumje Motoum n ONoOBO NoKasyjy Hajse-
AW BUCMHCKM NPMPACT KOju je TOKOM nocMmaTtpaHor
nepvoga Behu Hero WTO je NpupacT oCTanmnx no-
nynaumja, ocum y 2013. roguHu Kag, cy Tpu nony-
nauuje nocturne HewTo Behu npupacT y ogHocy
Ha nonynaymjy Motouu. OHO WTO NpeacTas/ba
OuTaH nopaTtak jecTe yTWUUAj AyKer CylwHor ne-
puopaa, 3adusberkeH Tokom 2013. roanHe, Koju ce
pedneKkToBano Ha NPUPACT cagHuLa CBUX Mony-
naumja. Y 2012. roguHu npupacT cagHuua je dmo
sehun Hero Tokom 2013. rogmHe (Tadena 5).

AHanun3a BapujaHce, cnpoBeseHa 3a 0OM/beX-
je ,,BUCMHA cagHMua” y TOKy nepuoaa 2011-2014.
M 33 obusbexje ,NpevyHunK KopujeHosor BpaTa”

YKasyje Ha NocTojarbe 3HaYajHUX pas3nvKa 3a npar
3HayajHocTu o 0,05% (Tadena 6). Kag cy y nuta-
HY NPMPACTX y TOKY NOCMaTpaHor nepuoaa, yTep-
HeHo je Aa nocToje 3HayajHe pasivKe Ha HUBOY
nonynaumja 3a NOCMaTPaHO 0du/bekje ,BUCUHCKM
npupacT cagHunua” ca nMparom 3Ha4YajHOCTU Of,
0,05% (Tadena 6).

Pe3syntatn [laHkaHOBOr TecTa yKasyjy Ha no-
CTojarbe 3HavyajHe BapujadUNHOCTM Ha HUBOY MO-
nynaymja 3a nocmaTpaHe BUCUHe cagHuua. Haj-
Marba BapujadUAHOCT MCKasaHa je y Toky 2011.
rofiviHe Kag, Cy pesynTaTv rpynucaHu y Tpyu Xomo-
reHe rpyne (Tabena 7). 3a ga/bu pag Ha onaeme-
HUMBatby cMpye SUTHO je Aa ce y XOMOreHoj rpynu

Ta6ena 4. NMpeyHULLM KOPUjeHOBOT BpaTa cagHuLLa — TecT noTomctea CpebpeHuua

Nonynauwja . MpeuHUK KopujeHoBOr  MuH.  Makc. Cv

sparta. (D) [mm] [cm] [em] [%]
XaH MNujecak 1 171 24.4 6.4 48.8 24.5
XaH MNujecak 2 109 23.9 10.7 41.2 26.3
doua 387 23.6 9.4 57.6 26.9
NoTtoum 310 25.3 11.0 46.0 25.8
Onoso 269 24.9 8.6 45.0 25.6
KHexeBo 371 25.0 10.0 54.0 28.3
YKYNHO 1617 24.6 6.4 57.6 26.6
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Ta6ena 5. BUCMHCKM NpUpacTM cagHuLLa — Tect notomcTea CpebpeHnua

I
h _ MuH.

Nonynaumja N 20?[2 MuH. Makc. Cv 2013 Makec. Cv 20':‘14 MuH. Makc. Cv

i [em]  [em] [%] i [em]  [em] [%] e [em] [em] [%]
XaH MNujecak1 171 140 2.0 36.0 47.2 9.2 2.0 31.0 50.2 16.7 0.0 47.0 50.7
XaH Mujecak 2 109 145 4.0 31.0 435 838 2.0 35.0 55.0 164 4.0 39.0 48.7
doua 387 123 0.0 300 426 81 2.0 300 49.7 162 2.0 59.0 513
MoToum 310 131 2.0 390 531 98 1.0 440 558 216 2.0 620 49.1
Onoso 269 145 2.0 69.0 56.3 102 1.0 46.0 586 19.0 3.0 48.0 47.6
KHekeBo 371 124 2.0 35.0 475 83 0.0 35.0 54.1 188 3.0 50.0 48.6
YKYMHO 1617 13.2 0.0 69.0 49.7 9.0 00 46.0 55.2 183 0.0 62.0 50.6

ca Hajsehum BMCMHaMa Hanase cagHuue us nony-
naumja Motoumn, OnoBo n KHexeso.

Pesyntatu [JaHKaHOBOT TecTa yKa3yjy Ha no-
CTOjatbe 3HAYajHOr HMBOA XEeTeporeHoCTU Koja
ce nosehasa u3 roguHe y roguHy (y 2012. asuje
xomoreHe rpyne, y 2013. ny 2014. yeTnpu xomo-
reHe rpyne). 3aHMM/bMUBO je NPUMUjETUTU Aa ce

nonynaumja ON0BO Hanasn y XOMOreHMM rpyna-
Ma Koje cagprke nonynaunje ca HajBULLNM BPMU-
jeAHoOCTMMa BUCUHCKOT npupacTta (Tadena 8) Kao
M YNHbEeHMLY Aa cafHuue u3 nonynauuje Motoum
CcBaKe HapeaHe roguHe npahera npenase y xo-
MOTeHe rpyne Koje cagpe nonynayuje ca sehum
BUCMHaMa.

Tabena 6. AHann3a BapujaHce 3a BUCMHE CafHMLA, NPEYHMK KOPUjeHOBOT BpaTa U BUCUHCKM NPUPacT

cagHuua — TecT notomctea CpebpeHuua

e T Ussop CreneHu Cyma CpepuHa F p
Bapupawa cnoboge KsagpaTta KBaAparta
2011 WHTepuent 1 2190384 2190384 13593,76 0,00
MNonynayuja 5 18322 3664 22,74 0,00
012 UHTepuent 1 3878794 3878794 17142,64 0,00
BUcHHe Monynauuja 5 17451 3490 15,43 0,00
caaxuua (H) Jo13 WHTepuent 1 5285912 5285912  19644,56 0,00
Monynaumja 5 22007 4401 16,36 0,00
2014 WHTepuenT 1 8743884 8743884 17996,00 0,00
Monynauuja 5 50046 10009 20,60 0,00
MNpeyHunk WHTepuenT 1 793686,6 793686,6 18694,27 0,00
KopujeHoBor 2014
Bparta Monynauuja 5 702,4 140,5 3,31 0,00
cagHuua (D)
012 WHTepuent 1 239581,9 239581,9 5684,529 0,00
Monynaumja 5 1243,8 248,8 5,902 0,00
Bucutcku WnTepuent 1 108666,2 108666,2  4518,234 0,00
npupacr 2013 .
cagHuua (Ih) Monynaumja 5 1104,4 220,9 9,184 0,00
2014 WHTepuenT 1 432825,6 432825,6 5240,977 0,00
Monynauuja 5 6182,2 1236,4 14,972 0,00
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Ta6ena 7. Pesyntatv JaHKaHOBOT TECTA 338 BUCMHE CafHULLA U NPEYHWUK KOPUjeHOBOT BpaTa
— TecT notomctea CpebpeHnua

H H H H

Monynaumja 2011 MNonynaumja 2012 Monynauymja 2013 Monynaumja 2014 [MMonynauyuja [mDm]
[em] [em] [em] [em]

dova? 37.5 ®oua’ 499 o®oua® 58.1 doua® 74.1 ®oua’ 23.6

X.Munjec. 1** 38.2 X.Mujec.1** 52.2 XTMujec.1® 61.5 X.Mujec.1®>¢ 77.8 X.Mujec.2* 24.0
Onoso *° 38.9 Onoso "¢ 53.3 X.[Mujec.2> 62.8 X.Mujec.2?¢ 79.9 X.Mujec.1b 24.4

X.Munjec. 2**  40.2 X.[Mujec.2® 54.1 Onoso "¢ 63.5 Onoso? 82.6 0OnoBo® 24.9
KHexeBo © 43.8 KHexeso ¢ 56.2 KHexeso © 64.5 KHexeso?® 83.3 KHexkeso © 25.1
MoToum ¢ 45.7 TMotoum ¢ 58.9 Motoum ¢ 68.7 Motoum ¢ 90.5 Motoum ¢ 25.3

Ta6ena 8. Pe3ynTatv [JaHaKH TeCTa 3@ BUCUHCKM NPUPACT cagHMLL@ — TecT notomctea CpebpeHuua

Nonynauuja I, 2012 [cm] Monynauuja 1. 2013 [cm] Monynauuja 1, 2014 [cm]
Poua? 12.3 Poua? 8.1 Poua? 16.2
KHerkeBo 2 12.4 KHexeso ** 8.3 X. MNujec. 22 16.4
Motoum ¢ 13.1 X. Mujec. 2 * 8.8 X. Mujec.1? 16.7
X. Nujec. 1b< 14.0 X. Mujec. 1, b© 9.2 KHexeso P 18.8
X. Munjec. 2® 14.5 MoTtoum < 9.8 Onoso® 19.0
Onoso® 14.5 Onoso ¢ 10.2 MoToum © 21.6
Tect notomcrea ApuHuh 2011-2014. Pa3nuka namehy BUCMHA CagHULLA 4BU-

jy nonynaumja Koje cy nocturie Hajbosbe pesynTa-
Tect notomcTea [puHuh opnukyje ce yjed- e, Onoso v MoToum, Mane cy v 3a CBe NOCMaTpaHe
HaYeHMjUM BUCMHCKUM PACTOM TOKOM MEPUOAA  roguHe kpehy ce 1-2 cm (Tadena 9). Tokom 2014.

Tabena 9. BucuHe cagHuua y Tecty notomctsa ApuHuh

Nonynaumja N h 2011 MuH. Makc. Cv h 2012 MuH. Makc. Cv

[em] [cm] [cm] [%] [cm] [em] [cm] [%]
XaH Mujec. 1 216 35.6 7.0 65.0 30.8 44.5 14.0 78.0 28.0
XaH Mujec. 2 159 35.9 13.0 73.0 30.2 45.0 16.0 80.0 27.3
®doua 341 36.6 10.0 70.0 29.6 45.2 16.0 87.0 27.6
Motoun 305 39.5 14.0 83.0 30.8 48.6 18.0 98.0 28.3
Onoso 276 39.2 12.0 76.0 31.1 48.9 18.0 103.0 29.1
KHexeBo 282 35.5 9.0 80.0 29.9 43.7 14.0 85.0 27.5
YKYMNMHO 1579 37.2 7.0 83.0 30.7 46.1 14.0 103.0 28.4
lonTa N h2013 MuH. Makc. Cv h2014 MuH. Makc. Cv

[cm] [em] [cm] [%] [cm] [em] [cm] [%]
XaH MNujec. 1 216 54.4 19.0 114.0 27.9 67.4 27.0 160.0 31.3
XaH Mujec. 2 159 55.6 24.0 107.0 27.3 69.3 29.0 144.0 31.0
®oua 341 56.4 22.0 114.0 26.6 73.6 32.0 153.0 29.0
NoTtoum 305 60.2 21.0 130.0 28.1 78.3 28.0 197.0 31.0
Onoso 276 60.9 27.0 125.0 27.7 78.5 34.0 156.0 29.9
KHekeBo 282 53.7 21.0 105.0 26.4 66.2 29.0 144.0 29.7
YKYMNHO 1579 57.1 19.0 130.0 27.8 72.7 27.0 197.0 31.0
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Tab6ena 10. MpeyHULM KOPMjeHOBOT BpaTa CagHULA — TeCT NoToMcTea JpuHuh

Nonynauuja N BI;E::T;;( E(n::;] MwuH. Makc. [(;’]
XaH MNujecak 1 216 19.8 7.9 48.0 36.4
XaH MNujecak 2 159 19.5 5.0 41.0 31.4
Poua 341 20.2 6.0 52.0 33.0
MNotoum 305 19.8 6.0 43.0 28.6
Onoso 276 20.8 8.0 41.0 29.6
KHexeBo 282 18.3 8.0 40.2 30.3
YKYMNHO 1579 19.7 5.0 52.0 31.7

roanHe, BUCMHe CagHWLA U3 HaBedeHe ABuje nony-
Nnaupmje cy rotoso ucte u usHoce 78,3 cm (Motoum)
n 78,5 cm (Onoso). Civjege vx cagHuLe U3 nony-
naumje ®ouya ca npocje4HoM BUCUMHOM of 73,6 cm,
a 3aTMM 1 Tpu ocTane nonynaumje: XaH MNujecak 1,
XaH Mujecak 2 1 KHexkeBO ca NpocjeYHnm BUCUHA-
ma o, 67,4 cm, 69,3 cm v 72,7 cm. Pa3nuke y npert-
XOAHMM rofvHama cy Marbe U M3HOCEe MaKCUMaHO
6-7 c¢cm 3a 2013 rogunHy, 4 cm 3a 2012 . roauHy u
4 cm 3a 2011. roguHy, a KOHCTAHTHO ce M3aBajajy
nonynauuje Onoso u OpuHuh ca Hajsehum Bpujea-
HOCTMMa BUCUHa.

Hajsehu npocjedyHn NpeyvyHuK KopujeHoBOT
BpaTa 3adusberkeH je y nonynauuju Onoso op,
20,8 mm v nonynauuje ®oya (20,2 mm), a npu-
ONNKHO WUCTe AMMEH3Mje MpeyvHuKa noctusane
cy nonynaumje XaH Mujecak 1 (19,8 mm), XaH
Mujecak 2 (19,8 mm) n Notoumn (19,5 mm). MNo-
nynaunja KHexeBo je mana Hajmarbe npeyHuKke
KOpWjeHOBOT BpaTa Ynje cy BpujeaHocTn 18,3 mm
(Tabena 10). YTBpheHa je Kopenaumja msmehy
NnpeyHnKa KOpWjeHOBOr BpaTa W BUCMHA cagHuLa
3a 2014. roanHy Koja nsHocu r = 0,80. Kopenauu-

ja usamehy Aguje nocmaTpaHe BeIMUMHE je FOTOBO
MCTa Kao U y TecTy notomctsa y CpedpeHuum.

Kag cy y nuTary BUCUMHCKW NpuUpactu cag-
HUUaA, Hajsehu NpMpacTu cy 3adU/beKEeHN TOKOM
2014. roguHe. lpu Tome cy NpmMpacTu CBakKe ro-
AuvHe cBe Behu, WTO HWje cnydaj ca cagHMUama
13 Tecta notomcTsa y CpedpeHuum raje je 3a-
du/berkeHa cTarHaumja BUCMHCKOT mpupacTta To-
kom 2013. rogmHe. Hajsehe BUCUHCKe npupacte
nocrturne cy cagHuue 3 Tpu nonynauymje: Ono-
BO, MoTtoumn n ®ovya. leHepanHo, nonynaunje ce
MOTy NOoAMjenuTn y ABuje rpyne Kag je y nutarby
npupact y 2014. rognHu, roanHn ca sehmum Koam-
YMHama nagaBuHa 1 6es cywHux nepuoaa. Mp.a
rpyna cy cagHuue u3 nonynaumja Koje cy TOKOM
2014. rognHe nocTturne npupact og 17 po 18 cm,
a gpyra rpyna cy cagHuue u3 nonynaumja Koje cy
nocTurie NpupacT o oko 13 cm.

AHanusa BapujaHce noKasana je ga nocroje
CTAaTUCTMUKKM 3HayajHe pa3nuke mamehy nocma-
TpaHUX nonynauumja y norneay BMCMHA U npeu-
HUWKa KOpWjeHOBOr BpaTa CafHWLA TecTUpaHmx
nonysnaumja cmpye y Tecty notomcTea y ApuHuhy
(Tabena 12).

Tabena 11. BUCMHCKM NpUpacTy cagHuLLa — TecT NoTomcTea ApuHuh

|
b MuH.

TETEE N 2012 Makc. Ev 20"13 MuH. Makc. Ev 20"14 MuH. Makc. Ev

cmy [om) Leml (%] (o fom] fem] (%] o [om] fem] (%]
XaH MNunjecak1 216 89 1.0 270 485 99 2.0 370 451 13.1 1.0 51.0 636
XaH MNujecak2 159 9.1 2.0 300 508 106 2.0 31.0 451 136 2.0 450 633
doua 341 8.6 3.0 35.0 46.0 112 2.0 37.0 429 172 2.0 52.0 54.6
Motouun 305 9.1 1.0 31.0 55.7 115 1.0 38.0 46.8 181 2.0 67.0 59.8
Onoso 276 9.6 2.0 430 546 120 3.0 340 406 176 2.0 580 57.1
KHerkeBo 282 82 2.0 360 521 100 2.0 240 410 125 2.0 440 67.0
YKYMNHO 1579 8.9 1.0 43.0 519 11.0 1.0 38.0 44.1 15.7 1.0 67.0 61.8




b. UgjeTkoBuh, M. Matapyra, M. lWWujaunh-Hukonuh, B. lykmh, B. NMonosuh

Tabena 12. AHanM3a BapujaHce 3a BUCUHE CafHWLLA, MPEYHMK KOPUjEHOBOT BPaTa U BUCUHCKM NpupacT

caaHuua — Tect notomctea ApuHuh

GO ForE Usop CreneHu Cyma CpeguHa F p
Bapupawa cnoboge KBagparta KBagpara
2011 NHTepuenT 1 2033981 2033981 15847.66  0.00
Monynauuja 5 4563 913 7.11 0.00
2012 WHTepuenT 1 3129503 3129503 18670.28  0.00
BucuHa Monynauuja 5 6790 1358 8.10 0.00
(h) 2013 WMHTepuenT 1 4787397 4787397 19595.92  0.00
Monynauuja 5 12138 2428 9.94 0.00
2014 UHTepuenT 1 7723675 7723675 15951.12  0.00
Monynauuja 5 38520 7704 15.91 0.00
MNMpeyHuk UHTepuent 1 576382.5 576382.5 14527.20 0.00
KopujeHoBOT 2014 .
spaTa cagHuua (d) Monynaumja 5 1017.0 203.4 5.13 0.00
2012 NHTepuent 1 117554.9 117554.9 5574.401 0.00
Monynauuja 5 339.8 68.0 3.223 0.00
Npupacr WHTepuent 1 175537.7  175537.7  7685.234 0.00
cagHuua 2013 .
(Ih) Monynauuja 5 915.1 183.0 8.013 0.00
2014 NHTepuent 1 349444.0 349444.0 3929.828 0.00
Monynauumja 5 8554.1 1710.8 19.240 0.00

[laHKaHOB TecT je NMOKa3ao Aa NocToju xe-
TeporeHocT y AodujeHMMm pesyntatMma, aiu He
BE/IMKa, jep cy pe3yntatM godujeHn 3a gsuje
cyKuecuBHe roanHe, 2011. u 2012, cBpcTaHu y
[BWje xomoreHe rpyne npu yemy je HewTo Beha
XeTeporHocT yodeHa y 2013. n 2014. Kkapg cy pe-
rmcTpoBaHe Tpu xomoreHe rpyne (Tadena 13).
[Buje nonynauyuje, NMotoum n Onoso, Hanase ce
Yy XOMOreHUM rpynama ca Hajsehnm BUCUMHCKUM
npupacTuma cagHuLa, LWTO yKasyje Ha hUXOBY Cy-
NepuopHOCT y Noraedy pacta y BUCUHY Y OAHOCY
Ha ocTane nonynauumje.

AHanusa BapujaHce 3a 0du/beXje ,,BUCUHCKU
npupacT cagHMua” yKasyje Ha NnocTojaktbe 3Hauaj-
HUX pas3nuKka (p<0,05) Ha HMBOY nonynaumja 3a
BUCUHCKe npupacTe y nepuogy 2012-2014. ro-
ounHe (Tabena 12).

Ha ocHoBy [aHKkaHoBor TecTa (Tadena 14), ytep-
heHo je ma nocToje 3HavajHe BapujadunHoctn mehy
NocmaTpaHUM nonynaunjama, npu 4yemy ce TOKOM
NMocMaTpaHor nepuoaa, CynpoTHO OHOME LITO Ce Je-
WaBa Cc BUCMHAMa cagHuua (Tadena 8), 6poj xomo-
reHux rpyna cmambyje. Tako cy ce jacHO usagojune
TPW nomnynaumje Koje YnHe jeaHy XOMOreHy rpyny y
ToKy 2014. roamHe, a To cy: ®oya, Onoso u MoTouum.

Tabena 13. Pe3yntaTv JaHKAHOBOT TeCTa 38 BUCMHE CaAHMLLA M NMPEYHMNK KOPUjeHOBOr BpaTa

— Tect notomcTea [puruh

h h

Monynauymja 2011 MNonynaumja 2012 Monynaumja 2013 TMonynauymja 2014 TMonynauyuja D
[cm] [cm] [em] [cm] —

KHexxeBo ? 35.5 KHexkeso? 43.7 KHexxeBo ? 53.7 KHexeso?® 66.2 KHexeso? 18.3
X.Munjec.1* 35.6 X.Mujec.1® 445 X.Mujec.1® 54.4 X.Mujec.1* 67.4 X.Munjec.2® 195
X.Mujec.2® 35,9 X.Mujec.2?* 45.0 X.Mwujec.2® 55.6 X.Mujec.2?* 69.3 X.[Mujec.1>¢ 19.8
doua® 36.6 ®doua? 45.2 ®ova? 56.4 ®oua’ 73.6 Notoum o< 19.8
Onoso ® 39.2 MMotoumn® 48.6 MNotoun® 60.2 TMotouu © 78.3 ®oua e 20.2
MoToum ® 39.5 Onoso® 48.8 Onoso® 60.8 Onoso® 78.5 0Onoso ¢ 20.8
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Tabena 14. Pe3yntati [laHKaHOBOT TecTa 32 BUCUHCKM NPUPACT cafHULLA — TeCT noTomcTBa ApuHuh

Monynauuja 20"12 Monynauuja 20"13 Monynauuja 20"1 4
KHexxeBo ? 8.2 X. MNujec.1? 9.9 KHexxeBo ? 125
®oua ¢ 8.6 KHexeso ? 10.0 X. MNujec. 12 13.1
X. Munjec. 1 =< 8.9 X. Mujec. 2 »¢ 10.6 X. Nujec. 22 13.6
X. Mujec. 2 be 9.1 ®ova b 11.2 doua® 17.2
MoTouwm o< 9.1 MoToum ® 11.5 Onoso® 17.6
Onoso® 9.6 Onoso® 12.0 MoToum ® 18.1

ANCKYCHJA Orneam y okpyerby Beh cy ganum npee pesysn-

MowymsbaBarbe cmpyom y bocHu u Xepue-
rOBMHU je MHTEH3UBHO Npu Yemy ynotpeda ose
BpCTE Yy NOWYyM/baBakby NpPeBasunasu rpaHuue
npupoaHor apeana. Cmpua je KapakTepucTuyHa
3a ymTaBy EBpony u cmatpa ce Bpao noanmopd-
HOM BPCTOM, @ apeas BpCTe je noamjesbeH Ha Tpu
AomeHa: bantuyko-Hopamjckm, Annckn n Xujepa-
LMjCcKo-KapnaTcku (Schmidt-Vogt, 1986) npun yemy
cmpya u3 bocHe n XepuerosuHe npunaga Ann-
CKOM goMeHy. McTparkmBaka y EBponu ykasyjy
Ha To fa Hajsehu pacT cMpya NOCTUNKE YecTo Ha
CTAHMLITMMA KOja HUCY Y OKBUPY HEHOT NPUPOA-
Hor apeana (Schmidt-Vogt, 1978). VictoBpemeHo,
cMpya nokasyje nosehaHy ceH3MOUAHOCT nNpema
KNIMMATCKMM NPOMjeHama Yy CTaHMLWITUMA LEeH-
TpanHe Espone (Kahle, 1994).

Ha ocHoBy aHanM3e aganTMpPaHOCTU NPOBEHU-
jeHuumja/nonynaumja nocpeaHNM MeToaoM — Mje-
perbemM HajsHavajHUjux mopdoMeTpUjCKMX napa-
MmeTapa, moryhe je gohu [0 noyeTHWX noaaTaka
KOju, 3ajegHo ca nofauuma o BapujadmnaHoCcTM Ha
MONEKYNAapHOM U GU3MONOLLKOM HUBOY, NpeacTa-
B/bajy OCHOBY MPU/IMKOM Npenopyka 3a TpaHchep
penpoayKTUBHOr MaTepujana cmpye. Exkcrnepu-
MEHTWU Ca CMPYOM HUCY paHuje nocTas/baHu y
BocHu 1 XepuerosuHu y 0O/IMKY NOrogHOM 3a
UCTPaKMBatbe BapujadunHoOCTU 1 TpaHcdepa pe-
NPOAYKTUBHOI MaTepujana anau cy nocTaB/beHU
Yy CcyCjeaHMM 3eM/baMa. TaKo Cy eKCnepumeHTHU
Ca CMPYOM MOCTaB/beHU Ha TepuTopujn Cpduje
(Ucajes u Tyyosuh, 1992) v npenctas/bajy npse
ornefe Kojuma je UMb OMO U3yyaBakbe Bapuja-
OMNHOCTM cMpYe 1 onNTUMK3aLMja TpaHchepa pe-
NPOAYKTUBHOI maTepujana.

TaTe Tako Aa ce 3a nogpydyje Cpduje, Ha ocHoBy
aHanu3e podujeHUX nogaTaka 3a YeTpHaecTo-
roaube TeCToBe cMpye y okonuHu MBarbuue,
Mory npenopyymTu ogrosapajajyhe nonynauuje
Kao noroAHe WAM HemorogHe 3a TpaHcdep cag-
Hor maTepujana (Meewiuh u cap., 2005). NcTpaskn-
BatbMMa CNpoOBEAEHUM Ha YeTBOPOroAuLLIHbUM,
neToroAmWHMUM U WeCTOroAUW UM CafHULaMa
Yy NPOBEHMWjEHUYHMM TECTOBMMA Yy OKOMMHU MBa-
wuLe, yTBpheHa je 3HavajHa BapmjaduaHocT oco-
6uHa cmpue us Cpduje n Cnosenunje (Lujayuh-
Hukonuh u cap., 2000).

Y ucTpaxkmMBarbMma y TeCTOBMMa NOTOMCTBA
y BuX cnposegeHum 2010. rogmuHe (Mawapyia
u cap., 2010) podnjeHun cy NpBuU pesynTaTn Koju
ce ofHOCe Ha BUCMHCKWM npupacT cagHuua. Me-
HyTum, npema uctpaxusarbuma Lunjaunh-Huko-
nvh un cap. (2000), cagHuue nocanje npecagme
y noyeTky oduyHO pacTy crnopo aa du ydpso
OOCTUINEe MaKCMManaH nNpupact, aaum ce yTuuaj
MWKPOCTAHMLIHUX YCNI0Ba Ha CafHuLe Yy norne-
oy MopdOMEeTPUjCKMX NapameTapa 3HauvajHuje
noYnke MCNO/baBaTU TeK Apyre roAmHe HaKoH
npecagke cagHuua. Takohe, cam TEXHOMOLWKM
npoLec y NnponsBoAru CaiHOT MaTepujana y3po-
Kyje pasnnke y mopdonornju cagHor matepmjana
(Cwojuuuh u cap., 2012) koje he ce KacHuje, Ha
TepeHy, BjepoBaTHO Apyrayvje maHudecToBaTu.
3aT0 je NOTPedHO KOHCTaHTHO npaherbe cTarba
pacta 1 pasBoja dusbaka y KaCHWjUM roguHama
YKMBOTA TecTa NoTOMCTBA.

Y Tecty notomctea y CpedpeHuum, 3a pasnuky
oA mjeperba y 2010. roauHm, Kaga cy cagHuue ms
nonynaunje dPoya noctmsane Hajsehe BpujeAHOCTU
BMCMHCKOF NpuUpacTa, y HapeaAHUM roguHama cag-
HULe 13 nonynauwmja MNoTtoum cy npeysene npumar.
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Ha ocHoBy aHanu3a npupacrta cnposoheHmx
opa 2010. rogmHe y TectoBMma notomcTsa y Cpe-
SpenHnum v ApuHuhy, MoXe ce 3aK/byunTun aa ce
BUCMHCKM NPUPACT KOHCTAHTHO CYKLLeCUBHO NoBe-
haBao ToKoM roguHa. M3ysetak je 2013. roguHa,
Kaz je y Tecty notomcTsa y CpedpeHuum npupact
cagHuua dmno marbu og npupacta y 2012. rogu-
HU. BjepoBaTHO je Aa cy BUCOKe Temnepatype y
BocHM 1 XepLerosuMHU M HeagoCTaTak NafasBuHa
(NOAA, 2016) penyKkoBane pacTt cagHuua. MNojasa
peayKuMje cMpye pacTa youeHa je Ha BULLIMM Hag-
MOPCKMM BUCMHAMa, Ha TUMMYHUM CTaHULWTUMA
CMpYe, raje cy KoNMYMHe MnagaBuHa penaTuBHO
BMCOKe a TemnepaTtype Hucke (Spiecker, 1995).
MpexusB/baBare AMHMjA PA3ANYUTMX NoNynaunja
nonycpogHuka je oko 50%. CagHuue nopujekiom
13 nonynaumje MNotoum Mmajy Hajsehe BuUCUMHE M
NpPeYyHMK KOpMjeHOBOT BpaTa LUTO WX, Mpema Cnpo-
BElEHMM Mjeperbuma, cBpcTaBa Mmehy Hajnoroa-
HUWje nonynaumje 3a TpaHchep penpoayKTUBHOT
MaTepujana Ha HoBa CTaHWUWTA. Bpao canyHa cu-
Tyaumja je u ca cagHuuama m3 nonynaumje Ono-
BO 1 KHexeso. Monynaumje ApuHuh n Onoso ce
O4/INKYjy HEWTO paHWjum oTBaparemM Mnynosba-
Ka y OfHOCY Ha OcCTafne TecTUpaHe nonynauuje
(Cvjetkovic at al., 2015a) wTo Tpeda MmaTh y BUAY
NpW yHOLLEHY Ha CTaHWULITA Ha KOjuma ce mory
OYEeKMBATU KacHM nposbehHn mpasesu.

CapgHuue 13 nonynaumje doya nocturne cy Haj-
Makbe BPUjeaHOCTU MjepeHUX MOPHOMETPUjCKUX
napamertapa Te ca TpaHChepom penpoayKTUBHOT
MaTepujana ose nonynauuje He Tpeda pavyHatu
Ha CTAaHULITMMA KOja Cy CIMYHA OHMMA Ha Kojem je
NnocTaB/beH TecT nomocTea y CpedpeHunum.

Cmpua y Tecty notomctsa y ApvHuhy nokasy-
je ctabunaH TpeHA npupacTa LWTO je YCNOB/bEHO
yjeAHauYeHMjUM yCI0BMMA CTAaHULUTA Y OA4HOCY Ha
OHe Koju Bnagajy y Tecty notomcrea y Cpedpe-
Huum. ToKkoM NpBUX Mjeperba (Matuapyia u cap.,
2010), Tect notomcTBa y [puHuhy nmao je 3a oko
2 ¢cm Behu BUCMHCKM NPMPAcCT HEro CBM ocTanu
TECTOBM MNOTOMCTBA Y KOjUMa Cy NMPUKYN/baHW No-
Jauy o nocmaTpaHom odusbexkjy. Takohe, yTnuaj
cywe Koja ce jasuna y 2013. rogntu (NOAA, 2016)
HUMje MMana 3Ha4yajaH yTMLaj Ha NPMPACT Kao WTo
je To 6uo cnyuaj y CpedpeHunumn. TeHaeHUMja paB-
HOMjepOHOT BMCUHCKOT pacTa JOBOAM Ce Y Be3y
Ca NOBOJ/bHMM YC/0BMMA CTaHMWwTa: 690 m Haa-
MOPCKa BUCUHA WU CjeBEpPHA eKcrno3uuuja, raje je
CMpYa MMana cee yc/ioBe Aa ce Ha ogrosapajyhu
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HauMH pasBuja. Pasnnka y BUCMHCKOM Mpupacrty
je buna mana Ha HMBOY TeCTUpPAHUWX Nonynauuja, a
Y3POK Ce MOXEe TPAXKUTU Y Makbe U3PaxKeHOM yTH-
Lajy KMBOTHE CpeAuHe npBe roguMHe HaKoH npe-
cagwe (Wujayuh-Hukonuh u cap., 2000). YT1uaj
crnosballkbe cpefuHe A0Beo je Ao andepeHumja-
uuje nonynauunja no BUCMHCKOM MpUpacTy npwu
Yyemy je nokanHa nonynaumja MNotoum nocturna
Hajbosbe pesynTare.

Mako je nonynaumja NocTuria 3HayajHe pe-
3yNnTaTe y BUCMHU U BUCUHCKOM NPUPACTy, HU3aK
HUBO MpeXuB/baBakba, Matbe og 50% (Cvjetkovic
at al., 20156), moxe ga ytmye Ha usdop nony-
nauymje NMotoum Kao jeaHe opf, HajnorogHMjux 3a
TpaHcoep Ha nokanuteT ApuHuh npu yemy Tpe-
b6a umatn y Buay HewTo Op¥Ke OTBapare TepmMu-
Ha/HMX Nyno/baka cafHuLUa U3 oBe nonynauuje
(Cvjetkovic at al., 2015a) Te moryhe wTeTe of
KacHuX nposbehHUx mpasesa.

CagHuue n3 nonynauuje KHexeBo nocturie
CY HajHWXKe pe3ynTate Mo CBUM MopdomMeTpuj-
CKMM napameTpuma Te du ce, Beh caga, ¢ pe-
3epBOM MO0 MPUCTYNUTKU TpaHcdepy caaHor
maTepujana oBe nonynauuje Ha Apyra cTaHMLWa
C/IMYHUX EKOJIOLWKUX KapaKTePUCTUKA Kao LITO
cy y Opunuhy. Pesyntatv fodujeHn 3a npevyHuK
KOpMjeHOBOr BpaTa yKasyjy Aa nonynaumja Ono-
BO Y TeCTy NMOTOMCTBA MMa Hajsehu NpeyHuk Ko-
pujeHoBor BpaTa. lMpeyHWK KopujeHOBOr BpaTa
CagHWLA ApPBEHACTMX BPCTa NOCPEAHO yKasyje Ha
PEe3NCTeHTOCT NPemMa HEMNOBO/bHUM YC/I0BUMA KU-
BOTHE CpeAMHa Kao WWTO je HeAOCTaTaK BofAe, BU-
coke Temnepartype, cywa, uta. (Wilkinson, 1969;
Johnson u cap., 1985; Johnson u Cline, 1991).
JopatHn pa3Boj KopujeHa npeacTtas/ba jegHy
o[, afanTaLMjCKMX KapaKTepuUCTUKa ApBEHACTUX
BpPCTa y unby cHadamnjeBarba BOogOM Yy Aeduum-
TapHUM ycnosuma cywe (Van Hess, 1997; Reader,
1993; Hinckley u cap. 1983) Te ce cagHu maTe-
puan nopujeknom 13 oBe Nomnynauuje Moxe cma-
Tpatu, ¢ 0d3npom Ha ocTane mopdomeTpujcke
KapaKTapuCTUKe, NOroAHOM 33 Noam3arbe HOBUX
WyMa Yy CBjeT/ly KIMMATCKUX npomjeHa. Takohe,
Tpeda UmaTn y BUAY U CynpoTHA MULL/bEHA Aa Ce
BE/IMYMHA NPEYHMKA KOPUjEHOBOT BpaTa He MOKe
KOPWCTUTU KAo reHepasiHu NokKasaTes/b KBasuTeTa
cafiHOT maTepujana, HUTK je ycnocTaB/beHa Besa
Ca NpexuB/baBakbeM, an ce CMaTpa Aa yTu4e Ha
OprKKM pacT Hekux BpcTa (Tomphson, 1985), wTto
yKasyje Ha notpedy Ja/bux UCTPaXKMBakba.



BAPMIABUTHOCT MOPOOMETPUICKNX KAPAKTEPUCTUKA CMPYE Y TECTOBMMA MOTOMCTBA...

MakKo je npupacT y TecTy notomcTea y ApuHu-
hy, npema uctpaxkmearbnma cnposegerHnm 2010,
6uo Behu Hero y Tecty notomctea y CpedpeHunum
(Mawapyia u cap., 2010), cutyaumja ce y 2013.
n 2014. munjerba y KOPUCT TecTa NOTOMCTBA Y
CpedpeHuuum. Y Tecty notomctea y CpedpeHnum
cMpya noctuxke Behu npupact Hero y ApuHuhy,
LUITO FOBOPW y NPWUOT TBPAHM A0 Koje je aowna
Wwnjaunh-Hukonuh (1995) u Wujaumh-Hukonuh n
cap. (2000) y nctparkuarbmma y Cpduju aa cmp-
uyn Tpeda ogpeheH nepuog, (1-2 roanHe) npuna-
rohaBarba HOBOHACTa/IMM YC/I0BMMA CpeauHe aa
o1 gowna [0 u3parkaja BapmjabUAHOCT ycioB/be-
Ha uHTepakuumjom xE, a ymarbmo yTnuaj rajera
CafHMLA Yy pacagHuuMma.

3AKAYYIH

Tectosu notomctsa y ApuHuhy n CpedpeHunum
npeacTaB/bajy NPBU KOpPaK Yy UMby jacHujer gedum-
HUcarba TpaHcdepa penposyKTUBHON MaTepujana
cMpye Ha noapyyjy bocHe u XepuerosuHe. OBu Te-
CTOBW pernpeseHTyjy YCI0Be CTaHWULWTa Ha Koje ce
cmpuya Hajuewhe yHocu. To cy CTAHULLITA Y BUCKH-
CKOM pacnoHy oz 600 go 1000 m Ha pasnnyunTum
TMNOBMMA 3em/buLITa. Pe3ynTaTv UCTpaxKmnBara
HaBOAE Ha 3aK/byyak [a NOCTOjM 3HaYajHa noTpe-
0a 3a geTa/bHUUM UCTPaXKMBakeM Y CErMeHTy
TpaHcdepa penpoayKTMBHOT MaTepujana Kako du
ce nosehana NPoAyKTUBHOCT HOBOOCHOBAHUX 3a-
caja CMpye Ha OBaKBMM U CIMYHUM MOBPLUMHAMA.
YtBpheHo je ga cagHuue u3 nonynaumje Onoso,
KOja ce Hanasu Ha MPUAMYHO BE/INKOj AWMCTaH-
uM oa oda Tecta NOTOMCTBA, Y BUCMHU CafHULA,
NpeyYHnKa KopujeHoBOr BpaTa M npupacta nocTu-
Ky dosbe pesyntaTte og reorpadpckm SANKMUX nony-
naumja. Takohe, reHeTUYKM MmaTepujan nonynauuje
MoToun norofaH je 3a TpaHchep Ha Apyra, yaa-
Jb€Ha CTaHMLWITA WTO AOKa3yjy pesyntaTu y Tecty
notomctsa y CpebpeHunum Koja je suwe og 200 km
yAa/beHa of, U3BOPHe nonynauuje.

MaKo je paHujum ucTpaxkusarbuma ytepheHo
[a je npoueHaT npexus/baBakba 3a nonynauuje
Motoun n OnoBO Manwu, WTO NpeAcTaB/ba Npo-
onem y epukacHom TpaHcdepy penpoayKTMBHOT
maTtepujana, pjewerbe Tpeda TpaKuUTU y Npou-
3BOAHM KBANUTETHUjEr CagHOr maTepujana cmp-
ye. To moxe nosehatn cTeneH nNpexuB/baBarba

y3 oaroBapajyhe mjepe rbere mnagux Kyntypa,
a yjeAHO Ha ONTMManaH HauyuMH UCKOPUCTUTU Mo-
TEHUMjaN CTaHULITA KPO3 MaKCMManm3aumjy npo-
M3BOAHE [PBHE 3a/IMXe U UCNyHaBake OCTa/InX
€KOHOMCKMX, EKOIOLKMX U coLmjanHnx GyHKLMja
HOBOOCHOBAHMX KyNTypa.

Kao ¢puHanHu pesyntat, y KOMOMHaLMjM ca pe-
3yNTaTUMA TeHETUYKUX aHa/IM3a, MOKe ce AoOUTH
yNOTNyHEHA C/INKA pernoHa NpoBeHujeHumja m
npasLyM ONTUMaNHOr TpaHchepa penposyKTUBHOT
martepwujana.
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Abstract: The paper presents the results of an analysis of morphometric characteristics of Nor-
way spruce seedlings in the progeny tests in Bosnia and Herzegovina, localities: Drini¢ and Sre-
brenica. Progeny tests were established by using seedlings originating from six natural popu-
lations from Bosnia and Herzegovina. Seedling height, root collar and whorl distance from the
ground, which represents seedling heights in 2011, 2012 and 2013 were measured.

The results indicate statistically significant differences between the analyzed characteristics of
the observed population. Especially interesting are the populations Potoci and Olovo, which
showed the highest growth during the observed period in both progeny tests. The impact of the
drought in 2013 can be seen in the progeny test in Srebrenica where height growth in 2013 was
lower by more than 50% in comparison to 2012. The impact of drought in the progeny test in
Drini¢ was not observed.

The research provides the baseline when selecting the starting population, where the rapid

growth of seedlings is set as the main goal.

INTRODUCTION

Spruce is one of the economically most im-
portant tree species in the forestry of the Re-
public of Srpska and Bosnia and Herzegovina. It
is characterized by good wood quality and it has
a very wide use in industry. It is among the most
important species that have found their place in
the first European field experiments. Through IU-
FRO research program, in the period 1964-1968,
20 progeny tests were established in 13 countries
(Krutzsch, 1974). Many field experiments with
Norway spruce have been placed in Europe (Klap-
ster et al., 2007; Lindgren and Werner, 1989).

Spruce is the backbone of the production of
many industrial areas in Bosnia and Herzegovina,
and is considered to be, the most important tree
species to be managed, in addition to beech and
fir. According to the data obtained from the na-
tional forest inventory, Norway spruce in Bosnia
and Herzegovina has a share of about 21% (Mati¢
et al., 1971), located in mixed and pure stands.
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When it comes to the production of seedlings
and planting new forests, according to the analy-
sis of the production of planting material, more
than 60% of seedlings produced in nurseries in the
Republic of Srpska are Norway spruce seedlings
(Mataruga et al., 2012). In Bosnia and Herzego-
vina Federation the percentage is slightly above
80% (Ballian, 2000). Spruce is introduced in dif-
ferent habitats, and often the ones that do not
match its natural range (Ballian et al., 2006). At
the juvenile stage it grows slowly, but then it ac-
celerates its growth. In provenance tests that were
established in Serbia, in which the researches
were carried out, the existence of significant vari-
ability of morphometric parameters of spruce was
observed (Isajev and Tucovic, 1992; Sijacié-Nikolic
et al., 2000; Iveti¢ 2004; Isajev et al., 2009; and
others) Initial recommendations for the transfer of
reproductive material, in order to achieve greater
production of timber, have been given.
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Seed sources of Norway spruce were delin-
eated in Bosnia and Herzegovina, (Mataruga et
al., 2005), but the authors did not provide any
specific recommendations for the transfer of re-
productive material based on the research done
in provenance tests and progeny tests. According
to the reforestation plans that were made during
the 80s, whose validity lasted till the beginning
of the 21st century, Norway spruce transfer was
based on environmental grounds, within the
same eco-vegetation units defined in the Eco-
logical-vegetation regionalization of Bosnia and
Herzegovina (Stefanovic¢ et al., 1983). It was con-
sidered that the proportion of Norway spruce in
the total production of seedlings and afforesta-
tion should not be above 50% (Dizdarevic et al.,
1987). Widespread use of spruce in the current
reforestation plans requires a different approach
to the transfer of reproductive material, especial-
ly in the new circumstances of climate change
and modern principles of the transfer of forest
reproductive material.

Variability of morphometric parameters of
Norway spruce is one of the most frequently
studied parameters in provenance tests in neigh-
boring countries. Research done in Romania in-
dicates significant variation in Norway spruce
provenance tests (Budenau et al., 2012). Kapeller
et al. (2012) write about the variability of spruce
in the Alpine region, while Pearson and Pearson
(1997) provide a broad overview of the growth
of Norway spruce in the Swedish tests, confirm-
ing the existence of variability caused by latitude.
Modrzynski and Eriksson (2002) identify the var-
iability of spruce in the Sudetenland and the
Carpathian Mountains. In the territory of Serbia
Isajev and Tucovi¢ (1992), Sijaci¢-Nikoli¢ (1995),
Sijaci¢-Nikoli¢ et al. (2000) and Iveti¢ (2004), Iveti¢
et al. (2005) investigated the variability of mor-

phometric parameters of Norway spruce in prov-
enance tests in Serbia. The research conducted
in progeny tests in spruce forests in Bosnia and
Herzegovina during 2010, pointed to the consid-
erable variability among the studied populations
of in B&H (Mataruga et al., 2012).

MATERIAL AND METHODS

In 2009 in Bosnia and Herzegovina, four prog-
eny tests of Norway spruce were established at
the following locations: Drini¢, Derventa, Srebren-
ica and Nevesinje. Each of the sites represents
one of the eco-vegetation regions in Bosnia and
Herzegovina, according to the delineation into the
areas given in the Ecological-vegetation regional-
ization of B&H (Stefanovic et al., 1983). Progeny
tests consist of 6 populations of spruce from Bos-
nia and Herzegovina (initial populations — seed
stands) (Table 1). The tests were established by
using 3-year-old seedlings, seedlings type 2 + 1.

The investigations of growth dynamics were
carried out in two progeny tests of Norway spruce
in Drini¢ and Srebrenica. The other two tests
were not taken into account due to a small per-
centage of seedling survival. The measurements
were taken at the end of the vegetation period
in 2014. Measuring seedling height in the 2011-
2014 period with the accuracy of 1 cm and root
collar with the accuracy of 1 mm were carried out
in 2014. Height increments for 2012, 2013 and
2014 were calculated based on the difference be-
tween the height of the whorls. The data related
to the height increment of seedlings in 2012 and
2013 were obtained by measuring the distance
between the seedling whorls and ground level,
while in 2014 the distance from the last whorl
to the top of seedlings was measured. Software
packages EXCEL and STATISTICA 12 were used

Table 1. Populations from which the reproductive material originates

Population Latitude Longitude Altitude [m]  Eco-vegetation district Plant community
Han Pijesak 1 44°08’13,3” 18°50'01,0” 1000-1100 Inner Dinarides Piceo-Abieti-Fagetum
Han Pijesak 2 44°02°08,8” 19°00°11,4” 960-1040 Inner Dinarides Piceo-Abieti-Fagetum
Foca 43°24’58,4” 18°52’38,7” 1000-1126 Transitional Iliric-Moesiac Abieti-Piceetum
Olovo 44° 07’ 43” 18°34'54” 900-1000 Inner Dinarides Piceo-Abieti-Fagetum
Potoci 44°23’ 12,4” 16°39’'39,5” 850-950 Inner Dinarides Piceo Abieti Fagetum
Knezevo 44°28'59,6” 17°24’45,9” 1010-1030 Inner Dinarides Piceo-Abieti-Fagetum
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Table 2. Locations of progeny tests

P -
rogeny Latitude Longitude Gl Plant community Soil

tests [m]

Drini¢ 44°31' 10”7 16°36’ 04” 690 Piceo-Abieti Fagetum Iuvicfc')fﬁfk'g{(‘:;"ggsol

Srebrenica 44°01' 34”7  19°25’ 22" 1000 Piceo-Abieti-Fagetum distric cambisol

for the purpose of data analysis, where seedling
height in the processing of data is marked with
“H”, root collar with “D” and height increment
with “I,”. The maximum values of obtanied results
for observed parameters are bolded in tables,
whereas mimimums are in italics.

Progeny tests are located in two different eco-
logical-vegetation regions: Inner Dinarides (Drin-
i¢) and Transitional Illyrian-Moesian area. Basic
information about the offspring tests are given
in Table 2.

RESULTS

The progeny test Srebrenica

In the progeny test in Srebrenica seedlings
from the population Potoci reached the maximum
height value for all monitored 4 years, with the

Table 3. Seedling height in progeny test Srebrenica

average height of 45.9 cm in 2011. 59.1 cm in
2012, 68.9 cm in 2013 and 90. 5 cm in 2014.

The lowest seedlings originated from the pop-
ulation of Foca, with an average height of 37.5
cm in 2011, 49.8 cm in 2012, 58 cm in 2013 and
74.1 cm in 2014.

Other populations showed approximately the
same results during those four years (Table 3).

The largest root collar (D) was recorded in
the population Potoci — 25.3 mm, and the pop-
ulations Olovo (24,9 mm) and KneZevo (25 mm)
attained approximately the same size in diameter
(Table 4). The correlation which is r = 0.75 was
established between the root collar and seedling
height for 2014. The correlation between the two
observed variables is strong and can be used in
subsequent studies to determine the degree of
tree slenderness.

Population . H2011  Min. Max. Cv H2012  Min. Max. Cv

[em] [em] [em] [%] [em] [em] [em] [%]
Han Pijesak 1 171 37.9 10.0 79.0 33.4 51.9 13.0 112.0 29.1
Han Pijesak 2 109 40.2 11.0 70.0 32.0 54.7 24.0 96.0 28.9
Foda 387 37.5 11.0 78.0 31.7 49.8 21.0 100.0 26.2
Potoci 310 45.9 15.0 94.0 29.9 59.1 22.0 124.0 28.6
Olovo 269 38.9 10.0 92.0 34.9 53.3 18.0 102.0 28.6
KneZevo 371 43.9 17.0 76.0 27.1 56.3 25.0 97.0 26.6
TOTAL 1617 41.0 10.0 94.0 32.0 54.2 13.0 124.0 28.4
Population N H 2013 Min. Max. Cv H 2014 Min. Max. Cv

[em] [em] [em] [%] [em] [em] [em] [%]
Han Pijesak 1 171 61.1 16.0 121.0 25.5 77.8 28.0 156.0 27.1
Han Pijesak 2 109 63.5 30.0 108.0 26.7 79.9 38.0 142.0 26.4
Fota 387 58.0 26.0 111.0 24.1 74.1 35.0 152.0 24.8
Potoci 310 68.9 27.0 130.0 27.6 90.5 39.0 172.0 29.4
Olovo 269 63.6 26.0 135.0 26.6 82.6 35.0 180.0 27.1
KneZevo 371 64.5 31.0 118.0 25.1 83.3 39.0 160.0 26.3
TOTAL 1617 63.2 16.0 135.0 26.6 81.5 28.0 180.0 27.8
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Table 4. Root collar diameter of seedlings - progeny test Srebrenica

Population N Root collar (D) [mm] I[\:r':] I\;Icamki' [S/l']
Han Pijesak 1 171 24.4 6.4 48.8 24.5
Han Pijesak 2 109 23.9 10.7 41.2 26.3
Foca 387 23.6 9.4 57.6 26.9
Potoci 310 25.3 11.0 46.0 25.8
Olovo 269 24.9 8.6 45.0 25.6
KneZevo 371 25.0 10.0 54.0 28.3
TOTAL 1617 24.6 6.4 57.6 26.6
Table 5. Height increment of seedlings - progeny test Srebrenica
| | |
Population N 2012 '[\:,':] “[":mk; [f/:’] 2013 '[\:,':] “[":mk; [f/:’] 2014 '[\:,':] “[":mk; [f/:’]
[em] [em] [em]
Han Pijesak 1 171 14.0 2.0 36.0 472 9.2 2.0 31.0 50.2 16.7 0.0 47.0 50.7
Han Pijesak2 109 14.5 4.0 31.0 435 838 2.0 35.0 55.0 164 4.0 39.0 48.7
Foca 387 123 00 300 426 81 20 300 497 162 20 59.0 513
Potoci 310 131 20 390 531 9.8 10 440 558 216 20 620 49.1
Olovo 269 145 2.0 69.0 56.3 10.2 1.0 46.0 58.6 19.0 3.0 48.0 47.6
Knezevo 371 124 2.0 35.0 475 83 0.0 35.0 54.1 188 3.0 50.0 48.6
TOTAL 1617 13.2 0.0 69.0 49.7 9.0 0.0 46.0 55.2 18.3 0.0 62.0 50.6

The populations Potoci and Olovo show the
highest increment, which was higher than the
growth of other populations during the observa-
tion period, except in 2013, when 3 populations
achieved a slightly higher increment compared to
the population Potoci. What is important is the
fact that the impact of a prolonged dry period
which was recorded in 2013 reflected on the
growth of seedlings in all populations. In 2012
the growth of seedlings was higher than in 2013
(Table 5).

The analysis of variance which was performed
for the “height” variable during the period from
2011 to 2014 and “root collar” variable indicates
the existence of considerable differences for the
significance level of 0.05% (Table 6). When it
comes to weight gain over the observed period,
significant differences were found at the level of
populations for the characteristic “height incre-
ment of seedlings” with the materiality threshold
of 0.05% (Table 6).

Duncan tests’ results indicate the existence
of significant variation at the population level for
different seedling heights. Minimum variation was
recorded in 2011, when the results were put in 3
homogeneous groups (Table 7). For further work
on Norway spruce breeding, it is important to
note that the seedlings from the populations Po-
toci, Olovo and KneZevo are in the homogenous
group with the highest seedlings.

Duncan test results indicate the existence of a
significant level of heterogeneity, which increas-
es from year to year (in 2012 two homogeneous
groups, in 2013 and in 2014 four homogeneous
groups). It is interesting to note that Olovo pop-
ulation is in homogeneous groups that consist of
the populations with the highest values of height
growth (Table 8), and the fact that every year
seedlings from Potoci population are transfered
into homogenous groups that contain populations
with higher altitudes.
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Table 6. Analysis of variance for the height of seedlings, root collar diameter and height increment
— progeny test Srebrenica

Variables Year Source Deg. of freedom SS MS F P

>011 Intercept 1 2190384 2190384 13593,76 0,00

Population 5 18322 3664 22,74 0,00

Intercept 1 3878794 3878794 17142,64 0,00

Height 2012 Population 5 17451 3490 15,43 0,00
(H) >o13 Intercept 1 5285912 5285912 19644,56 0,00
Population 5 22007 4401 16,36 0,00

o4 Intercept 1 8743884 8743884 17996,00 0,00

Population 5 50046 10009 20,60 0,00

Root collar 5014 Intercept 1 793686,6  793686,6  18694,27 0,00
(D) Population 5 702,4 140,5 3,31 0,00
012 Intercept 1 239581,9 2395819  5684,529 0,00

Population 5) 1243,8 248,8 5,902 0,00

Height 5013 Intercept 1 108666,2 108666,2  4518,234 0,00
increment (1) Population 5 1104,4 220,9 9,184 0,00
5014 Intercept 1 432825,6 4328256  5240,977 0,00

Population 5 6182,2 1236,4 14,972 0,00

Table 7. Duncan test results for seedling height and the diameter of the root collar — progeny test Srebrenica

H H H H
Population 2011 Population 2012 Population 2013 Population 2014 Population [mDm]
[cm] [em] [cm] [cm]
Foca ® 37.5 Foca® 49.9 Foca® 58.1 Foca® 74.1 Foca® 23.6
H.Pijes. 1** 38.2 H.Pijes.1* 52.2 H.Pijes.1® 61.5 H.Pijes.1> 77.8 H.Pijes.2*® 24.0
Olovo #° 38.9 Olovo ¢ 53.3 H.Pijes.2® 62.8 H.Pijes.2* 79.9 H.Pijes.1®>c 24.4
H. Pijes.2*® 40.2 H.Pijes.2> 54.1 Olovo®* 63.5 Olovo? 82.6 Olovo® 24.9
Knezevo © 43.8 Knezevo 56.2 KneZevo°© 64.5 KneZevo? 83.3 KneZevo© 25.1
Potoci © 45.7 Potoci ¢ 58.9 Potoci ¢ 68.7 Potoci ¢ 90.5 Potoci ¢ 25.3
Table 8. Results of Duncan test for height increment of seedlings — progeny test Srebrenica

Population I, 2012 [cm] Population I, 2013 [cm] Population I, 2014 [cm]

Foca? 12.3 Foca? 8.1 Foca? 16.2

KneZevo ? 12.4 KneZevo ** 8.3 H. Pijes. 22 16.4

Potoci ¢ 13.1 H. Pijes. 2 *® 8.8 H. Pijes.1® 16.7

H. Pijes. 1°¢ 14.0 H. Pijes. 1, B¢ 9.2 KneZevo ® 18.8

H. Pijes. 2® 14.5 Potoci ¢ 9.8 Olovo ® 19.0

Olovo ® 14.5 Olovo ¢ 10.2 Potoci 21.6
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The progeny test Drini¢

The progeny test Drini¢ was characterized
by a more consistent height growth during the
2011-2014 period. The difference between the
height of the seedlings from two populations
that achieved the best results, Olovo and Potoci,
are small and range for all of the observed years
under 1 cm (Table 9). During 2014, the height of
seedlings from these two populations is about the
same and amounts to 78.3 and 78.5 cm for the

Table 9. Seedling height in progeny test Drinic¢

populations Potoci and Olovo, respectively. They
are followed by the seedlings from the Foca pop-
ulation with the average height of 73.6 cm and
then the other three populations: Han Pijesak
1, Han Pijesak 2 and KneZevo, with the average
heights of 67.4 cm, 69.3 cm and 66.2 cm. The
differences in height between the seedling pop-
ulations in recent years are smaller and amount
to a maximum of 6-7 cm for 2013, 5 cm for 2012
and 4 cm for 2011.

penaIation N h 2011 Min. Maks. Cv h 2012 Min. Maks. Cv
[em] [cm] [em] [%] [cm] [em] [cm] [%]
Han Pijesak 1 216 35.6 7.0 65.0 30.8 44.5 14.0 78.0 28.0
Han Pijesak 2 159 35.9 13.0 73.0 30.2 45.0 16.0 80.0 27.3
Foca 341 36.6 10.0 70.0 29.6 45.2 16.0 87.0 27.6
Potoci 305 39.5 14.0 83.0 30.8 48.6 18.0 98.0 28.3
Olovo 276 39.2 12.0 76.0 31.1 48.9 18.0 103.0 29.1
Knezevo 282 35.5 9.0 80.0 29.9 43.7 14.0 85.0 27.5
TOTAL 1579 37.2 7.0 83.0 30.7 46.1 14.0 103.0 28.4
Population N h 2013 Min. Maks. Cv h 2014 Min. Maks. Cv
[em] [em] [em] [%] [em] [em] [em] [%]
Han Pijesak 1 216 54.4 19.0 114.0 27.9 67.4 27.0 160.0 31.3
Han Pijesak 2 159 55.6 24.0 107.0 27.3 69.3 29.0 144.0 31.0
Foca 341 56.4 22.0 114.0 26.6 73.6 32.0 153.0 29.0
Potoci 305 60.2 21.0 130.0 28.1 78.3 28.0 197.0 31.0
Olovo 276 60.9 27.0 125.0 27.7 78.5 34.0 156.0 29.9
KneZevo 282 53.7 21.0 105.0 26.4 66.2 29.0 144.0 29.7
TOTAL 1579 57.1 19.0 130.0 27.8 72.7 27.0 197.0 31.0

The largest average root collar was recorded
in the Olovo population (20.8 mm) and the Foca
population (20.2 mm), the populations Han Pije-
sak 1 (19.8 mm), Han Pijesak 2 (19.8 mm) and Po-
toci (19.5 mm) attained approximately the same
root collar and the KneZevo population had the

smallest root collar diameter 18.3 mm (Table 10).
There was a correlation between the root collar
diameter and the height of seedlings for 2014,
which amounts to r = 0.80. The correlation be-
tween the two observed sizes is almost the same
as in the progeny test in Srebrenica.

Table 10. Root collar diameter of seedlings - progeny test Drini¢

Population N Root collar (D) [mm] Min. Max. Cv [%]
Han Pijesak 1 216 19.8 7.9 48.0 36.4
Han Pijesak 2 159 19.5 5.0 41.0 314
Foca 341 20.2 6.0 52.0 33.0
Potoci 305 19.8 6.0 43.0 28.6
Olovo 276 20.8 8.0 41.0 29.6
Knezevo 282 18.3 8.0 40.2 30.3
TOTAL 1579 19.7 5.0 52.0 31.7
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Table 11. Height increment of seedlings - progeny test Drinic¢

|
h _ Min.

|
h _ Min.

Population N 2012 Malks. & 2013 Malks. cv 2014 Min: Maks. cv

T [em] [em] [%] T [em] [em] [%] T [em] [em] [%]
Han Pijesak 1 216 89 1.0 270 485 99 20 370 451 131 1.0 510 63.6
Han Pijesak2 159 9.1 2.0 300 50.8 106 2.0 31.0 451 136 2.0 450 63.3
Fota 341 86 30 350 460 112 20 370 429 172 20 52.0 546
Potoci 305 91 10 310 557 115 10 380 468 181 20 67.0 59.8
Olovo 276 96 2.0 430 546 120 3.0 340 406 176 20 580 57.1
KneZevo 282 82 20 360 521 100 20 240 41.0 125 20 440 67.0
TOTAL 1579 89 1.0 430 519 11.0 1.0 38.0 441 157 1.0 67.0 618

When it comes to seedling height increments,
the largest increments were recorded during
2014. In that way, height increment increased
each year, which is not the case with plants from
the progeny test in Srebrenica, where the stagna-
tion of height growth during 2012 was recorded.
Seedlings from 3 populations achieved the highest
height increment: Olovo, Potoci and Foca. When
it comes to growth in 2014, the populations can
be divided into 2 groups, as it was the year with
higher rainfall and no dry periods. The first group

of seedlings are the seedlings from populations
which reached the growth of 17-18 cm in 2014
and in the other group are the seedlings from the
population which achieved the growth of about
13 cm.

The analysis of variance showed that
there were statistically significant differenc-
es among the populations in terms of height
and diameter of root collar of the seedling in
the populations tested in the spruce progeny
test in Drini¢ (Table 12).

Table 12. The analysis of variance for seedling height, root collar diameter and height increment

- progeny test Drinié

Variables Year Source Deg. of SS MS F P
freedom

2011 Intercept 1 2033981 2033981 15847.66  0.00

Population 5 4563 913 7.11 0.00

2012 Intercept 1 3129503 3129503 18670.28 0.00

Height Population 5 6790 1358 8.10 0.00
(H) 2013 Intercept 1 4787397 4787397 19595.92  0.00
Population 5 12138 2428 9.94 0.00

2014 Intercept 1 7723675 7723675 15951.12 0.00

Population 5 38520 7704 15.91 0.00

Root collar 2014 Intercept 1 576382.5 576382.5 14527.20 0.00
(D) Population 5 1017.0 203.4 5.13 0.00
2012 Intercept 1 117554.9 117554.9 5574.401 0.00

Population 5 339.8 68.0 3.223 0.00

Height increment 2013 Intercept 1 175537.7 175537.7 7685.234 0.00
(1) Population 5 915.1 183.0 8.013 0.00
2014 Intercept 1 349444.0 349444.0 3929.828 0.00

Population 5 8554.1 1710.8 19.240 0.00
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Table 13. Results of Duncan test for seedling height and root collar diameter - progeny test Drinic¢

H H H H
Population 2011 Population 2012 Population 2013 Population 2014 Population b
[em] [cm] [cm] [em] [mm]
KneZevo ? 35.5 KneZevo? 43.7 KneZevo? 53.7 KneZevo? 66.2 KneZevo ? 18.3
Han Pijes. 1? 35.6 HanPijes.1? 44.5 HanPijes.1® 54.4 HanPijes.1® 67.4 HanPijes.2® 19.5
Han Pijes. 2® 35.9 HanPijes.2?® 45.0 HanPijes.2?® 55.6 HanPijes.2? 69.3 Han Pijes. 1" 19.8
Foca? 36.6 Foca?® 45.2 Fola® 56.4 Focda® 73.6 Potoci ¢ 19.8
Olovo ® 39.2 Potoci® 48.6 Potoci® 60.2 Potoci® 78.3 Foca®* 20.2
Potoci ® 39.5 Olovo® 48.8 Olovo® 60.8 Olovo © 78.5 Olovo © 20.8
Duncan tests have shown that there is heter- DISCUSION

ogeneity in the results which is not so sigificant.
The results obtained for two successive years:
2011 and 2012 are grouped in 2 homogenous
groups. Somewhat higher heterogeneity was ob-
served in 2013 and 2014, when 3 homogeneous
groups were registered (Table 13). Two popula-
tions, Potoci and Olovo were located in homoge-
neous groups with the greatest height increment
of seedlings, indicating their superiority in terms
of height growth in relation to other populations.

The analysis of variance for the variable
“height increment of seedlings” indicates the
presence of significant differences (p <0.05) at
the population level for height increments for the
2012-2014 period (Table 12).

The results of Duncan test (table 14) indicated
that there is a significant variability among the
observed populations, where the number of ho-
mogeneous groups, contrary to what happens to
the height of seedlings (Table 8), decreases during
the observed period. Thus, three populations that
make up one homogeneous group were clearly
singled out in 2014. These are: Foca, Olovo and
Potoci.

Afforestation by Norway spruce in Bosnia and
Herzegovina is intense whereby the use of this
species in afforestation goes beyond the borders
of its natural area. Spruce is typical for the whole
of Europe, is considered a highly polymorphic
species (Sperich, 1973), and the range of this spe-
cies is divided into three domains: the Baltic-Nor-
dic, Alpine and Hieraci-Carpathian (Schmidt-Vogt,
1986), whereby spruce from Bosnia and Herze-
govina is a part of the Alpine domain. Studies
in Europe show that the greatest spruce growth
is often achieved in sites that are not within its
natural range (Schmidt-Vogt, 1978). At the same
time, spruce showed increased sensitivity to cli-
mate changes in the habitats of Central Europe
(Kahle, 1994).

Based on the analysis of provenance/popula-
tion adaptability by an indirect method — mor-
phometric measurements of the most important
parameters, it is possible to get to the initial
data, together with the data on the variability of
molecular marcers and physiological level, which

Table 14. Results of Duncan test for height increment of seedlings - progeny test Drini¢

Population 20"12 Population 20"13 Population 20"14
Knezevo ? 8.2 Han Pijes. 12 9.9 Knezevo ? 12.5
Foca ¢ 8.6 KneZevo ? 10.0 Han Pijes. 12 13.1
Han Pijes. 1 ¢ 8.9 Han Pijes. 2 ¢ 10.6 Han Pijes. 2 @ 13.6
Han Pijes. 2 b< 9.1 Foca P¢ 11.2 Foca® 17.2
Potoci b< 9.1 Potoci® 11.5 Olovo® 17.6
Olovo ® 9.6 Olovo® 12.0 Potoci ® 18.1
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are the basis for the recommendations related to
the transfer of reproductive material. The exper-
iments with Norway spruce were not previously
conducted in Bosnia and Herzegovina in the form
suitable for a variability study and the transfer of
reproductive material. Some of them were set up
in neighboring countries. Thus experiments with
Norway spruce were established in the territory
of Serbia (Isajev and Tucovié, 1992) and represent
the first experiments where the objective was to
study the variability of spruce and the optimiza-
tion of the transfer of reproductive material.

Experiments in neighbouring countries have
already produced the first results. In the territory
of Serbia, based on the analysis of data collected
for fourteen tests of Norway spruce in Ivanjica,
some populations can be recommended as suit-
able or unsuitable for the transfer of reproduc-
tive material (Iveti¢ et al., 2005). The research
conducted on four-year, five-year and six-year
old seedlings in provenance tests around Ivanji-
ca showed that there was significant variability
of Norway spruce both from Serbia and Slovenia
(Sijaci¢-Nikoli¢ et al., 2000).

In the studies of progeny tests in B&H con-
ducted in 2010 (Mataruga et al., 2010) the first
results related to the height increment of seed-
lings were obtained. However, according to the
research done by Sijaci¢-Nikoli¢ et al. (2000), after
being transplanted, seedlings usually grow slowly.
The impact of the micro site conditions on seed-
lings, in terms of morphometric parameters, sig-
nificantly begins to manifest itself in the second
year after transplanting the seedlings. In addition,
technological process in the production of plant-
ing material causes differences in the morphology
of the seedlings (Stojcic¢ et al., 2012) that will be
manifested in the field. This points to the need
for a constant monitoring of plant growth and
development conditions in the later life of the
provenance test.

In progeny test in Srebrenica, the 2010 meas-
urement results showed that the seedlings from
Foca population reached the maximum value of
height growth. In the following years, seedlings
from the population Potoci took precedence.

Based on the height increment analysis imple-
mented starting from 2010 in the progeny tests
in Srebrenica and Drini¢, it can be concluded
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that height increment increased constantly and
steadily over the years. The exception is 2013,
when in the progeny test in Srebrenica seedling
growth was lower than the growth in 2012. It was
probably the high air temperature during 2013 in
Bosnia and Herzegovina and low rainfall (NOAA,
2016) that reduced the growth of Norway spruce
seedlings. The incidence of spruce growth reduc-
tion was observed at higher altitudes, at typical
spruce habitats, where rainfall is relatively high
and temperatures are low (Spiecker, 1995). The
survival rate of different half-sib populations is
around 50%. Seedlings originating from Potoci
populations had a maximum height and diame-
ter of root collar which puts them, according to
the conducted measurements, among the most
suitable populations for the transfer of repro-
ductive material to new habitats. A very similar
situation is with the plants from the populations
Olovo and KneZevo. Populations Potoci and Olovo
are characterized by slightly earlier bud opening,
compared to other tested populations (Cvjetk-
ovic¢ et al., 2015a), which should be kept in mind
when introducing them into the habitats where
late spring frosts can be expected.

Seedlings from the Foca population have
reached the lowest value of the measured mor-
phometric parameters, so it should not be count-
ed on the transfer of reproductive material from
this population into habitats such as Srebrenica.
Norway spruce progeny test in Drini¢ shows a
steady trend of growth which is caused by more
consistent habitat conditions compared to those
prevailing in the progeny test in Srebrenica. Dur-
ing the first measurements (Mataruga et al.,
2010), the progeny test in Drini¢ had about 2
cm greater height increment than all the other
offspring tests where the data on the observed
characteristics were collected. In addition, the im-
pact of the drought that occurred in 2013 (NOAA,
2016) had no significant impact on growth as it
was the case in Srebrenica. The tendency of
steady height growth is associated with favora-
ble site conditions: 690 m altitude and Northern
exposure, where Norway spruce had all the con-
ditions to be appropriately developed. The differ-
ence in height increment was small at the level
of tested populations; the cause can be sought in
the less pronounced impact of the environment
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in the first year after transplanting (Sijacié¢-Nikolic
et al., 2000). The impact of the external environ-
ment led to the differentiation of populations by
height increment, where the local population Po-
toci achieved good results.

Although the population has achieved signifi-
cant results in height and height increment, a low
level of survival, less than 50% (Cvjetkovic et al.,
2015b) can influence the choice of the population
Potoci, as one of the most suitable populations for
transfer to the Drini¢ site. In addition, the faster
opening of terminal buds of seedlings should be
taken into account (Cvjetkovic et al., 2015a), due
to the possible damage from late frosts in spring.

Seedlings from the population KneZevo
reached the lowest values in all morphometric
parameters, so the transfer of seedlings from
this population into other habitats with similar
ecological characteristics such as Drini¢ should
be considered with caution. The results for the
root collar indicate that in the progeny test the
population Olovo has the largest diameter of the
root collar. The root collar of seedlings of woody
species was the indicator of resistance to adverse
environmental conditions such as the lack of wa-
ter, high temperatures, drought, etc. (Wilkinson,
1969; Johnson et al., 1985; Johnson and Cline,
1991). Additional root development is one of the
adaptive characteristics of woody species, which
results in the ability to supply water in drought
conditions (Van Hess, 1997; Reader, 1993; Hinck-
ley et al., 1983) and planting material originating
from this population can be considered, given the
other morphometric charachteristics, suitable for
planting new forests in the light of climate change.
In addition, opposing viewpoints should also be
borne in mind - according to them, root collar can-
not be used as a general indicator of the quality
of planting material, nor is the connection with
survival established, but it is believed to influence
faster growth in some species (Tomphson, 1985),
which leads to the need for further research.

Although the growth in progeny test in Drini¢
from research conducted in 2010 was higher than
in the progeny test in Srebrenica (Mataruga et al.,
2010), the situation in 2013 and 2014 changed in
favor of the progeny test in Srebrenica. Norway
spruce achieved higher growth in the progeny
test in Srebrenica than in Drinié, confirming the

claims of Sijaci¢-Nikoli¢ (1995) and Sijacié-Nikoli¢
et al. (2000) based on the research done in Serbia
according to which Norway spruce needs a cer-
tain period (1-2 years) to adapt to new environ-
mental conditions to get to variability caused by
G x E, and lessen the impact of growing seedlings
in nurseries.

CONCLUSIONS

The progeny tests in Drini¢ and Srebrenica
represent the first step towards a clearer defini-
tion of the transfer of Norway spruce reproduc-
tive material in Bosnia and Herzegovina. These
tests represent the habitat conditions into which
Norway spruce is usually introduced. These are
habitats within the altitude range of 600-1000
meters on different soils. The research results
suggest that there is a significant need for a more
detailed research in the area of reproductive ma-
terial transfer, in order to maximize the produc-
tivity of newly established plantations of spruce
in this and similar areas. It was found that seed-
lings from the population Olovo, which is located
at a fairly long distance from both progeny tests,
achieved better results in terms of plant height,
root collar and growth than geographically clos-
er populations. In addition, the genetic material
from the population Potoci is suitable for transfer
to other distant habitats as confirmed by the re-
sults of the progeny test in Srebrenica, which is
over 200 km away from the original population.

Although previous research found that surviv-
al rates for the populations Olovo and Potoci are
small, which is a problem in the efficient transfer
of reproductive material, the solution should be
sought in the production of quality planting ma-
terial of spruce. With appropriate tending meas-
ures, young planted forests can increase their sur-
vival rate, and also it is the optimal way to exploit
the potential of habitats through the maximiza-
tion of tree volume production and fulfillment of
other economic, ecological and social functions.

As the final result, which can be combined
with the results of genetic analysis, we can get a
complete picture of provenance regions and the
directions of the optimal transfer of reproductive
material.
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