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M3BopA: Y pady cy npuKasaHW pesynTaTu aHa/M3e aHUM30Tponuje TpaHceep3sanHor dydpera
apseta MNaHunhese omopuke. AHanm3om je odyxsaheHo wecT ctadana Koja NnoTudy 13 KynTypa
1 peset ctadana M3 NPMPOAHMX CacTojMHA OMOPUKE, a YKYMNHO je ncnutaHo 3098 enpyseTa.
PesynTaTtv npukasyjy npoMeHy TpaHCBep3asHE aHU30TPOMNMje NO BUCUHU CTadNa, Kao U HeHy
NpPoOMeHy Nno pagujycy. 3aBUCHOCT OBOT CBOjCTBA Of, LUIMPUHE NPCTEHOBA npupacra, yvyewha
KacHOr ApBeTa U rycTMHe apBeTa yTBpheHa je perpecMoHOM aHa/In30M.

KmyuHe peuu: Picea omorika, aHu3oTponuja TpaHcBep3anHor Sydpetrba, KyaType, npupoaHe

cacTojuHe

YBOA

MpomeHa cagp:kaja Be3aHe (XMrpOCKOMHE)
BOAE [0BOAM A0 MPOMEHa AMMeH3Nja apseTa. Te
npomeHe cy Hajsehe y TaHreHUMjaiHOM npasLy,
HEeLWTOo Makbe Y paZMjaiHOM, @ HajMakbe Y akcujan-
Hom npasLy. Mpema Sodki¢u i Popoviéu (2002)
npoceyYyHa BPeAHOCT YKYMHOT yTe3arba HOPMasiHOT
ApBeTa y TaHreHuMjaNHOM npasLy n3Hocn 8,5%, y
pagujanHom 4% un y akcnjanHom 0,3%.

Koju cBe pakTopm yTUUy Ha PasanumnTo mera-
He AMMEeH3Mja Y pasMuuTUM NPaBLMMa UCTPANKK-
Ba/M cy dpojHu ayTopu. Hekn ayTopm HaBoZe 4a je
Bapujaumja hennjcke CTpyKType y caMoM MpCTeHy
npupacTa, rae ce CMekbyjy PpaHo 1 KacHO ApBO, OA-
roBopHa 3a aHu3oTponujy dydpetrba (Boutelje,
1962; Watanabe et al., 2000). NMpema apyruma je
TO yrao u CTpyKTypa mukpodudpuna (Frey-
-Wyssling, 1940; Skaar, 1988; Rafsanjani et
al., 2014), [OK HEKM ayTopu HaBoAEe Oa BENUKMU

YTULAj Ha aHM30Tponujy Oydperba nMajy Tpake ap-
BETa OAHOCHO paaujanHu napeHxum (Mclntosh,
1954; Usta i Guray, 2000).

OpHOC TaHreHUMjaHOT U paZnjanHor yTesaka
unu dydperba je GaKTop NOBPLUMHCKE aHU30TPO-
nuje 1 OH CAYKM 3a NPOLLEHY AUMEH3NOHe cTadun-
HOCTU M yNoTpeS/bUBOCTM HeKor apseTa (Sodkid
et al., 2007). OH nokasyje cknoHocT oapeheHe Bp-
cTe Ka Behoj nan maroj gedopmaumnjun. MNpema
Christoforo et al. (2016) ¢akTop aHM30TpPONMUjE
je BaXkaH MapameTap Koju yKasyje Ha KBa/IUTET Cy-
LWeHa ApBeTa, a CaMMM TUM M Ha Hajbosby moryh-
HOCT Herose npumeHe.

Y oBOM pagly cy NpUKasaHu pe3ynTaT UCnnTu-
Batba TPaHCBep3asHe aHU3oTponuje apseTa MNaH-
ynheBe OMOpPUKe Koje NoTUYe U3 KyTypa U npu-
poaHux cactojuHa. C 0d63npom fa y AaHalwme
BpemMe MMamo CBe BULUE ApBeTa Koje 40/1a3n U3
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BELUTAYKM MOAUTHYTUX CacTojuHa, rae ctadna pac-
TY Y NOTNYHO APYrayumMjum CacTOjUHCKUM YCIOBU-
Ma, IMMEeH3WOHaNHa cTaduaHocT u gedpopmaumje
Cy rnaBHa 6pwura NPUANKOM Cylerba M yrnoTpede
OpBseTa 13 oBux cactojuHa (Wang et al., 2008).

MATEPHUJAA 1 METOA PAAA

MaTepujan 3a UCTpaxKunBakoe je y3eT ca neT fo-
KanuTeTa. Ha nokanutety [ybpasa (4Y) v Ha noka-
nutety CpedpeHnua (CP) Hanase ce KyaType omo-
pUKe, OOK ce Ha nokanutetuma Cronay 1 (C1),
Cronay 2 (C2) u lToctusba (FO) Hanase npupogHe
cacTtojuHe. JlokanuteT [lydpasa ce Hanasn y dau-
3MHKU baranyke u om rasayje 340N ,UHaycTpuj-
CKe nnaHTaxe" a.n. barba JlyKa. Hanasum ce Ha 310
m HaZLMOPCKe BUCMHE, @ YKYMNHa NoBpLUMHA U3HO-
cun 0,33 ha. /lokanutet CpedpeHunua Hanasmn y daum-
3nHK CpedpeHunue 1 npunaga W, ApuHa“ — Cpe-
OpeHunua. Hanasm ce Ha 880 m Haamopcke
BMCWHE, a YKYMNHa NOBpLUMHA KynType nsHocu 0,6
ha. Ca Tpu noKanuTeTa NPUPOLHMX CACTOjUHA Ha-
nase ce y d113unHM Buwerpaga v kuma ynpassba
LUr ,,NaHoc” — Buwerpag, /lokanutet Ctonay, 1 ce
Hanasun Ha 1200 m HagmopcKe B1cuHe, a Ctonay, 2
Ha 960 m HagMOpPCKe BUCKHE, AOK je YKynHa nosp-
LWUMHa CacTojuHe Ha KOjoj ce Hanase OBW I0KaNnTe-
™ 29,5 ha. lokanuteT locTu/ba Hanasm ce Ha 1130
m HaZMOPCKe BUCUHE, @ YKYMNHA NOBPLUMHA OBe
cacTtojuHe je 25,8 ha.

Ca cBakor nokanuteTa ogadpaHo je n odopeHo
no Tpu ctadna (yKynHo neTHaecrT), ucte aedsbuH-
cKe Kknace og, 20 no 30 cm. MpoceyHa cTapocT aHa-
NM3npaHux ctadana us kyntypa (KY) Ha BucuHm 0,3
m n3Hocu 36 roguHa, AOK je MPOCeYHU MPEYHUK
Ha NPCHOj BUCMHM 25,8 cm, a npoceyHa BUCUMHA
17,8 m. AHanunsmpaHa ctadna M3 NPUPOAHUX ca-
ctojuHa (MNC) Mmajy npoceyHn NPeYHUK Ha NPCHOj
sucuHmn 30,0 cm 1 npoceyHy BUCKMHY oA 25,4 m,
OOK MPOCeYHa CTapocT Ha BUCUHM 0,3 m U3HOCK
124 roguHe. Nocne odapama, U3 ceakor ctadna
M3pesaH je KoTyp gedsbmHe 5 cm Ha pasnnymnTum
BMCMHama noyeswu og,0,3 m, 1,3 m, a 3aTum Ha
CBaKa ABa meTpa BucuHe (Civka 1). HakoH npocy-
WKMBaHba y Tpajakby 04, ABa mecela M dpylerba 13
NPOCYyLIEeHNX KOTypoBa Aed/bMHe 5 cm, uspesaHe
cy enpyseTe gumeHsuja 20x20x30 mm, Koje cy mc-
KopuwheHe 3a aHanm3y GU3NYKUX CBOjCTaBa Ap-
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BeTa. CBe enpyBeTe cy odesnexeHe TaKo fa ce Tau-
HO 3Ha HUMXOB MO/I0XKa]j Y KOTYpPY, OAHOCHO CaMOM
nedny. YKynHo je nspesaHo u npemepeHo 3098
enpyseTa. EnpyBetama cy npso AUrUTajHUM Mo-
MUYHUM mepuaom TadyHocTm 0,01 mm oapeheHe
OVUMEeH3Mje Y aKCMjaHOM, PagMjaAHOM U TaHTeH-
LMjasIHOM MpaBLy Y NPOCYLUEHOM CTakby B/IAXKHO-
cT1. Maca enpyseTa je mepeHa Ha BarM Ta4HOCTH
0,01 g. EnpyseTe (CnnKa 2) cy 3aTUM CKeHUpaHe Ha
nonpeyHom npeceky y Lu/by ogpehuBara npo-
ceyHe WKUPUHEe NpCcTeHa npupacta U NpoceyHor
yyewha KacHor gpseta nomohy nporpama
CDendro 7,6 n CooRecorder 7,6. MNocne ckeHupa-
Ha, enpyBeTe Cy CylleHe y CYLUMOHUKY Ha Temne-
patypu og 103+2°2C go nocTM3ama KOHCTaHTHE
mace, O4HOCHO [0 anco/lyTHO CyBOT CTakba. Mocne
xnahera y ekcukatopy, oapeheHe cy aumeHsnje
Ha MCTOM MECTY Ha KOjem Cy MepeHe Mnpe Cylleta,
y cBa Tpu npasLa. HakoH cylierba enpyseTe cy no-
TON/beHe y BoAy rae cy dune [0 NOCTU3arba KOH-
CTaHTe mace, OAHOCHO A0K HUCY NOCTUI/IE CUPOBO
CTatbe BNaXKHocTU. OneT cy M3BpLIEHa Mepera
AMMEH3Mja Ha UCTUM MeCTMMa Yy CBa TPW NpaBsLa.

Ha ocHoBy fodujeHux nogaTaka M3pavyHaTo
je Oydpemre y paanjalHOM WU TaHTeHLUMjaIHOM
npasLy, OAHOCHO M3payyHarT je paKTop TpaHceep-
3a/1He aHu3oTponuje no odpacuy:

Bt
= B

roe je:
Bt - bydperbe gpBeTa y TaHreHUMjaHOM npasLy y %
Br - bybpere apBeTa y paanjanHom npasuy y %

Cnuka 1. KoTypoBu 3a ucnutmsare
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Cnuka 2. MpunpemsbeHe enpyBeTe 3a CKEHUPake

PE3YATATU U AUCKYCHUJA

Pe3yntatu ctaTucTUYKe aHannse dpaktopa no-
BPLUMHCKE aHM30TPOMNMje No NoOKaIUTeTMma npu-
KasaHe cy y Tabenun 1. Takohe cy np1KasaHe 1 npo-
ceyHe BpeaHOCTU oBor ¢dakTopa 3a ctadna m3
KYTypa 1 U3 NPUPOAHUX CACcTOjuHA. Hajmaru npo-

Tabena 1. dakTOp NOBPLUMHCKE aHU30TpoNUje

cevyaH GaKTop NOBPLUMHCKE aHU30TpONMje UMajy
ctadna ca nokanuteta Cronau, 1 1 oH usHocu 2,05
ca KoedpumumjeHTOM Bapujaumje 16,06%, AOK Hajse-
hy ctadna ca nokanuteta [lybpasa — 2,84 ca Koe-
duumnjeHTom Bapujaumje 17,57%. [pyra nBa noKa-
NnTeTa NPUPOAHUX CTaHULWTa omopuKe CTonal, 2
1 focTn/ba MMajy NpoceyHn GpaKTop NOBPLUMHCKE
aHu3oTponuje 2,08, oaHocHo 2,09, pecneKkTnsHO,
DOK je 3a nokanuteT CpedpeHunua Taj npocek 2,37.

MpoceyHa BpeAHOCT daKTopa MOBPLUMHCKE
aHM3oTponumje 3a ctabna us KynTypa usHocu 2,67,
ca MMHUManHom BpegHowhy oa 0,83 n makKcu-
manHom 4,64. KoeduumjeHT Bapujaumje MsHocK
19,32%. 3a ctadbna U3 NPUPOLAHUX CacTOjuUHa yTBp-
THeHu daKTop NOBPLUMHCKE aHU30TPOMNUje U3HOCK
2,07, nok je Bapupatrbe 15,56%. MuHnmanHa mns-
mepeHa BpegHocT nsHocu 1,06, a makcMmanHa
5,19.

AHanusa BapujaHce dakTopa NOBPLUMHCKE
aHW30TPOMNMKje, No NOKAANTETUMA, NOKasana je Aa
NoCTOjU CTAaTUCTUYKM 3HAYajHA pasnuKa uamehy
nokanuteta. MpumeHom Duncan Tecta, popmmpa-
He cy Tpu xomoreHe rpyne (Tadena 2). Y jeaHoj
XOMOTEHOj rpynu Cy NOKaNUTETU KOjU ce Hanasey
npupoaHnm cactojuHama (Cronauy 1, Cronay 2 m
focTW/ba), LLOK CY NOKAIUTETU Ha KOjUMa Ce Hanase
KYAType OABOjeHU y ABE XOMOTeHe rpyne.

Nokanurter N As -95 +95 Min Max SD CV (%)
ay 545 2,84 2,80 2,88 0,83 4,64 0,50 17,57
CP 295 2,37 2,32 2,41 1,31 3,44 0,39 16,58
KY 840 2,67 2,64 2,71 0,83 4,64 0,52 19,32
C1 859 2,05 2,02 2,07 1,16 3,49 0,33 16,06
c2 737 2,08 2,06 2,10 1,06 4,57 0,31 14,82
ro 662 2,09 2,06 2,11 1,19 5,19 0,33 15,64
nc 2258 2,07 2,05 2,08 1,06 5,19 0,32 15,56

NereHnpa: N - dpoj UcnuUTaHWX enpyBeTa; As - apUTMETUYKa CpeamHa; -95 — oba rpaHuLa MHTepBaaa npoleHe
y3 BepoBaTHOhy o4 95%; +95 - roprba rpaHvLa MHTepBana npoLeHe y3 BeposaTtHohy og,95%; Min - MUMHUMan-
Ha BpegHocT; Max - MakcumanHa BpeaHocT; SD - ctaHaapaHa gesujaumja; CV - koeduunjeHT Bapujaumje

Tabena 2. AHanun3za BapujaHce GpakTopa NOBPLIMHCKE AHM30TPOMNMje Mo NoKAAUTETUMA

Jlokanuter
ay CpP C1 C2
f 2,84¢ 2,37° 2,052 2,082

ANOVA
ro E p Post-hoc!
2,092 502,2 0,00 B

! Bpoj xomoreHux rpyna ogpeheH Duncan Tectom; a, b, ¢ — 03HaKe XoMoreHux rpyna
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MpumeHa t-Tecta npu aHanu3n dakTopa nosp-
LWMHCKe aHU30Tponuje je nMokasana ga usmehy
KYATypa M MPUPOAHMX CaCTOjUHA MOCTOjU CTATU-
CTUYKM 3HaYajHa pas3nuKa (t=39,00; p=0,00).

McnuTyjyhn GpakTop NOBPLUMHCKE aHWU30TPOMNMU-
je ApBeTa omOpuKe M3 NPUPOAHMX CACTOjUHA,
Luki¢-Simonovi¢ (1970) je gowna Ao 3aK/byya-
Ka [a Cce OH Hanasu y nHtepsany oa 1,27 po 4,11,
[0K HeroBa NpoceyHa BpeaHocT nsHocu 2,14, wrto
je npudnunkHo pesyntatma 3a NPUPOLHe CacToju-
He JodunjeHMM y OBOM pasy.

Kako ce ¢aKTop noBpLUMHCKE aHU30TpoNuje
MeHba No BUCUHM U paamjycy cTadna no nokanute-
TMMa NPUKa3aHo je Ha cankama 3 - 7. Ca cnuvke 3.

MOXKEeMO YOUnUTHK Aa Ha fiokanuteTy ydpasa dak-
TOp MOBPLUMHCKE aHM3O0TPONMje pacTe o Kope
npema yHyTpawHOCTK, @ 3aTUM MOHOBO onaja
npema cp*u. Ca camke 4. MoXKe ce BUAETM A3 je n
Ha nokanuteTy CpedpeHunLa TpeHa npoMeHe oBor
¢dbaKTopa no pagujycy UcT1, 0OCUM Masior OACTyna-
Ha Ha BUCMHM 04, 5,3 m.

Ca cnuka 5, 6. n 7. Koje npuKasyjy npomeny
$aKTopa NOBPLUMHCKE aHM30TpONuje Nno paaujycy
M BUCMHM cTadana Koja NoTMYy M3 NPUPOAHMUX Ca-
CTOjuHa omopuKe (nokanutetn Ctonay, 1, Ctonay, 2
n focTn/ba), pesynTaTn cy HewTo apyraynju. Ha
nokanutety Ctonay, 1 ce youaBa KOHCTAaHTHO CMa-
HUBatbe 0BOr GAKTOPA 04, CPXKM Npema Kopu, 40K
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Cnuka 3. NpomeHa $paKkTopa NOBPLUMHCKE aHU30TPO-
nuje No BUCUHU U paaujycy ctadna 3a nokanutet [y-
OpaBa

Cnuka 5. NpomeHa ¢paKkTopa NOBPLUMHCKE aHU3OTPO-
nuje No BUCUHU U pagujycy ctadna 3a nokanutet CTo-
nay 1
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Cnuka 4. NpomeHa $paKkTopa NOBPLUMHCKE aHU30TPO-
nuje nNo BUCUHM M paamjycy ctadna 3a nokanutet Cpe-
SpeHunua
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nay, 2
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Cnuka 7. NNpomeHa ¢paKkTopa NOBPLUMHCKE aHU30TPO-
nuje No BUCUHM M pagmjycy ctadna 3a nokanuter lo-
CTU/ba

Ha noKanutetuma loctumwa u Ctonay, 2 npomeHe
$aKTOpa NOBPLUMHCKE aHU30TPOMKje NO pagmjycy
HUCY MUCTe Ha CBMM BMCMHama. OBa pa3anka y npo-
MeHM haKTopa NOBPLLUMHCKE aHM30TpOoNKje no pa-
AMjycy Yy 3aBUCHOCTM 0Z, IOKanMTeTa ce Moxe 0d-
jAaCHUTK nNpe cBera CacCTOjUHCKUM yCA0BUMA Y
Kojuma cy ctabna pacna.

Kaga nocmatpamo npomeHy ¢akTopa nosp-
LUMHCKe aHM30TPOoNMje No BUCMHM cTada no oKa-
nutetrma (Cnumka 8), MoXemo Aa NpUmMeTMmMmo Aa
je cnmyHa 3a cse nokanuTeTe. PaKTop NOBPLUNH-
CKe aHM30Tponuje pacTe ca NOPacToM BUCUHE 0f,
0,3 po 1,3 m, ga/bMM NOPACTOM BUCUHE Y AOHEM
aeny cradna je yrnaBHOM KOHCTaHTaH, a 3aTum
onagay ropkem geny ctadna.

Y Tadenu 3. cy npuKasaHe npoceyHe BpegHo-
CTU WMPMHA NPCTEHA NpUpacTa U NPOCEYHO yye-
whe KacHor gpseTa 3a ogpeheH dpoj ncnutaHmnx

Tabena 3. LnpuHa npcteHoBa NpupacTa, yyelwha KacHor ApBeTa v ryCTUHA Y ancoNyTHO CYBOM CTakby BNAKHOCTU

Spp ukd P,
Jlokanutet As SD As SD As SD
N N N
mm % g/cm?
ay 81 3,79 1,32 81 11,25 3,85 545 0,430 0,036
CcP 80 3,69 1,26 80 11,69 4,18 295 0,406 0,037
KY 161 3,74 1,29 161 11,47 4,01 840 0,422 0,038
C1 80 1,68 0,55 80 17,53 3,71 859 0,502 0,040
Cc2 85 1,65 0,38 85 16,78 2,58 737 0,476 0,031
ro 80 1,74 0,64 80 17,82 3,57 662 0,477 0,029
nc 245 1,69 0,53 245 17,36 3,33 2258 0,487 0,036

Nerenga: N - 5poj UcNUTaHMX enpyBeTa; Spp - WWpMHa NpcTeHoBa npupacta; ukd - yyewhe KacHor apBseTa;
p,_TYCTMHA APBETa Y anco/NyTHO CYBOM CTatby BIAXKHOCTY; As - apUTMETUYKA CpesinHa; SD - cTaHaapaHa fesu-
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Cnuka 8. lNpomeHa paKkTopa NOBPLUMHCKE aHU30TPOMNMje NO BUCMHM cTadaa Nno SioKaauTeTnma
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enpyBseTa, Kao 1 nNpocevyHe BPeAHOCTU ryCTUHe
OpBeTa y ancosyTHO CYBOM CTakby 3a CBE UCNUTAHEe
enpyseTe Nno JIoKaAnTeTuma.

Cradna omopuKe ca /IoKanuTeTa Ha Kojuma ce
Hanase kynType (Qydpasa n CpedpeHuua) umajy
Behy npoceyvy WUPKUHY NPCTeHa NPUpPacTa, Makbe
yyewhe KacHOr ApBeTa U Makby NMPOCEYHY IYCTUHY
y anconyTHO CyBOM CTakby Yy oAHOCYy Ha cTadna 13
NpUPOAHMX cacTojuHa (nokanutetn Cronay 1, Cto-
nay, 2 v foctusba). Mpema Stajic¢u (2010) cacTo-
JUHCKM yCNOBK Cy Nopes reHeTCKUX KapaKTepucTu-
Ka U CTaHWWHMX PaKTopa, rpyna dakTopa Koja
yTuye Ha Aed/bMHCKM npupact ctadana, o 4AHOCHO
Ha WKWPUHY NpCcTeHoBa npupacTa. Kyatype Kao jea-
HOZO0He cacTojuHe y NoYyeTHoj ¢pas3mn pacta umajy
Behe WKpKUHe npcTeHoBa npupacta (Maunaga,
2012), 33 pa3nnKy o4, pasHogo0dHMX, OAHOCHO npe-
OOpPHMX cacTojuHa Koje MMajy Apyrayuunju Tok ae-
S/bUHCKOT NpupacTa. [pomeHa WrpuHe NpcTeHo-
Ba NpupacTta Koj YeTuHapa 40BOAMN A0 NpOMeHe
oapeheHnx GU3UUYKUX U MEeXaHUUYKUX CBOjCTBA
npseTa (Sodki¢ uPopovié, 2002).

MpumeHa t-Tecta je nokasana ga usmehy ryn-
Typa ¥ NPUPOAHMX CACTOjMHA NOCTOjWN CTAaTUCTUYKM
3HayYajHa pa3/ivKa 3a cBa TPU UCNUTaHa NnapameTpa
(Tabena 4).

Tabena 4. TecTupatrbe pasnnKa y LMPUHU NPCTEHOBA
npupacta, yyewhy KacHor gpBeTa U ryCTUHW Y anco-
NIYTHO CYBOM CTakby BA@aXKHOCTU uamehy Kyatypa u
NPUPOAHMX cacTojuHa (t-TecT)

t p
$pp 22,24 0,00
ukd -16,18 0,00
P, -43,74 0,00

Behe wupmrHe npcTeHoBa NpMPacTa, 04HOCHO
Matbe yyewhe KacHOr ApBeTa Ha y30pLUMMa Koju
MoTWUYY U3 KyITypa Ce 0A4Pa3sn0 U Ha HUXOBY Ty-
CTUHY KOja je Makba y OAHOCY Ha NYCTMHY y30paka
KOjU MOTMYY M3 NpUPOAHMX cacTojuHa. Lukié-
-Simonovi¢ (1970) je y cBOjUM UCTparkMBatbUMa
NPUPOAHUX CacTOjMHA OMOPUKE AOLWA A0 pesyn-
TaTa ga ce ca noseharem WIMPUHE NPCTEHOBA
npupacrta cMakbyje ryctTuHa. Kao pasnor tome Ha-
BOAM ce Makbe yyelwhe KacHoOr ApBeTa y NpCTeHy
npupacTa Koje AMPEKTO yTUYE Ha camy ryCcTUHy. To
noTephyjy 1 0Ba UCTpaxkmBakba rae ctadna us Kyn-
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Typa ca Behom npoce4yHOM LWMPUHOM NPCTEHOBA
npupacrta umajy marbe npoceyHo yyewhe KacHor
[pBeTa, a CaMMM TUM U Makby F'YCTUHY of, cTabana
13 NPUPOAHMX CACTOjUHA.

Rafsanjani et al. (2015) cy ucnutyjyhu aHu-
3o0Tponunjy dydperba Ha HMBOY NpCTEHa NpuUpacTa
cMpye JOLWAN A0 3aK/byvKa Aa ce paHo ApBO ca
CBOjUM LUMPOKMUM IYMEHUMA U TAHKUM 3MA0BMMA
NoHalla Kao jako aHM30TPONaH maTepujan, Aok je
KaCHO ApBO ca Aedennm 3ngoBuma 1 YCKUM yme-
HMMa CKOpo wu3oTponHo. MMpema Sodkicu i
Popovicu (2002) yT1uaj XMrpoCcKonHe BAaXKHO-
CTV Ha NPOMeHy AMMeH3nja apBeTa je sehu Kog
KaCHOr ApBeTa, C TUM LITO je pa3avKa y pagujan-
HOM W TaHreHUUWjaIHOM yTe3akby KacHOr ApBeTa
jako mana, JOK je Koz paHor ApBeTa paaunjanHo
yTesare [a/ieko Makbe of TaHreHuujanHor. Ca-
MUM TUM GaKTOP NOBPLUMHCKE aHU30Tponuje pa-
Hor ApBeTa je Behu of, OHOr 33 KacHO ApBO.

Kako ce WrprHa paHOr 1 KacHor ApBeTa Meha
ca noseharbem WMpPKHE NPCTeHa NpUpacTa Moxe-
Mo BuAeTH ca caunke 9. C 063mpom aa je wupmHa
KaCHOr ApBeTa penaTMBHO KOHCTaHTa, nosehare
LWMpPUHEe NpcTeHa NpupacTa je YCKO NOBe3aHo ca
noseharem WKWpPUHe paHor apseTa. Mosusajyhu
Cce Ha npeaxo4HO MOMEHyTa MUCTpaXKuBakba
(Rafsanjani et al., 2015; Soski¢ i Popovi¢, 2002)
ouekyje ce aa he ca noseharbem WKpUHe NpcTeHa
npupacTa gohu o noseharba pakTopa NOBPLUMH-
CKe aHu3oTponuje. [la je TaKo U Yy OBOM UCTPAXKMK-
Bakby BUAMMO ca Camke 10. Usmehy wnpurHe np-
cTeHa npupacta v ¢GakTopa MOBPLIMHCKe
aHW30TpOMNMje NoCcToju NO3UTUBHA INHEAPHA KO-
penayuja. KoeduumjeHT Kopenaumje nsHocu 0,44,
a jeaHauMHa perpecuje je obauka:

f=0,1321 x spp + 1,9556

YTuuaj yyewha KacHor gpseTa Ha dakTop no-
BPLUMHCKE aHM30TPONMje NpPMKasaH je Ha Canuum
11. U3mehy oBa fBa NapameTpa NOCTOju HEraTmB-
Ha Kopenauuja, koeduunjeHT Kopenauuje n3Hocu
0,40, a jegHaumnHa perpecuje je odanka:

f=-0,0351 x ukd + 2,813

[a aHu3oTponuja TpaHchepsanHor ytesakba
onaaa ca noseharbem rycTmHe gpBeTa Mokasyjy
pasHa ucTpaxkmBarba (Morath, 1932; Kollmann
i Coté, 1968; Soski¢ et al., 2007). Lukié-
-Simonovi¢ (1970) je ucnutyjyhun ytnuaj ryctuHe
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Ha GaKTOp MOBPLUMHCKE aHW30Tponuje ApBeTa
OMOpUKe AoLNa A0 3aK/byyKa [a ce ca NopacTom
rycTMHe oBaj GaKkTop cMmatbyje M Aa je TO CMatberbe
3HaTHO jauye npu Behoj ryctuHm apseTta. Ty Untbe-
HUUy nNoTBphyjy 1 0Ba UCTpaxmBatba rae perpecu-
OHa aHa/In3a NoKasyje Aa ce ca NopPacToOM rycTuHe
ApseTa GaKToOp NOBPLUMHCKE aHU3O0TpONUje cma-
ryje. KoednumjeHT Kopenaunje nsHocun 0,52, a
jepHaumHa perpecuje je odauka:

f=-5,2456 x P, +4,6921

3AKMAYYAK

AHannsom ¢akTopa NOBPLUMHCKE aHN30TPOMNMK-
je apseTta MNaHumMheBe omopwmKe M3 KyTypa v npu-
poaHux cactojuHa y Penybaunum Cpnckoj godujeHn
cy cnegehu pesyntatu:

3a ctabna Koja cy pacna y KynTypama npocey-
Ha BpeaHoOCT haKTopa NOBPLUMHCKE aHU30Tponunje
M3HocK 2,67, AOK je eroBo Bapupame 19,32%. 3a
ctabna pacna y npUpoaHUM cacTojuHama npocey-
HU PaKTOpP NOBPLUMHCKE aHMU30TPONKUje U3HOCHK
2,07, ook je Bapuparbe 15,56%. CTaTUCTUYKa aHa-
nn3a (t-Tect) dakTopa NOBPLUMHCKE aHU30TPOMNNje
je nokasana ga usmehy Kyntypa v NpUpoAHUX ca-
CTOjMHa NOCTOjM CTAaTUCTMYKM 3HAYAjHa pa3nmnKa.

daKTOp NOBPLUMHCKE aHM30TpoNuMje pacTe ca
nopactom sucuHe og 0,3 go 1,3 m, ga/bum nopa-
CTOM BUCUHE Y AOHeM Aesly cTadna je yriaBHOM
KOHCTaHTaH, a 3aTUm onazaa y ropkem geny ctadna.

Behe wwupuHe npcTeHoBa NpupacTa, 04HOCHO
marbe yyewhe KacHOr ApBeTa Ha y30pLyMma Koju
NnoTUYy M3 Ky/ATypa Ce OAPa3nIo U Ha HUXOBY ry-
CTMHY KOja je Makba y OHOCY Ha FyCTUHY y30paka
KOjW MOTMYy M3 NpMPOAHUX cacTojuHa. Ca nopa-
CTOM LUMPUMHE NPCTEHOBA NpupacTa pacTe u dak-
TOp NoBPLUMHCKe aHu3oTponuje (R=0,44), LOK U3-
mehy yuyewha KacHor gpseTa u ¢daKTopa
NOBPLUMHCKE aHWU30TPOMUje NOCTOjU HeraTMBHa
NMHeapHa Kopenauuja (R=0,40). PerpecroHa aHa-
N13a je Takohe nokasana ga ce GaKkTop NOBPLUNH-
CKe aHM30TPONKje CMakbyje ca MopPacToM rycTuHe
ApBeTa y anconyTHO CYBOM CTakby BJIaXKHOCTU
(R=0,52).

C 0631pom ga apBeo 13 KynTypa uma sehu dak-
TOpP NOBPLUMHCKE aHWU30TPONUje oA ApBeTa U3 Npu-
POAHMX CACTOjMHA, MOXKEMO o4yekuBaTu aa he
APBO U3 KyNTypa nokasaTtu Behy CKNOHOCT Ka ae-
dopmaumjama npu cylwerby, WTO Aasbe BOAM Ka
orpaHuyeHoj ynotpedu Tor gpseTa.

3 —a,

®daKTOp NOBPLUMHCKE aHU30oTponuje

03 0,35 0,4 0,45

0,5 0,55 0,6 0,65

TycTMHa apBeTa y anconyTHO cyBom cTarby (g/cm?)

Cnuka 12. 3aBMCHOCT GpaKkTopa NOBPLUMHCKE aHU30TPOMNMje 04 NYCTUHE APBETa Yy ancoayTHO CYBOM CTakby BAa-

XHOCTHN
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Abstract: The paper presents the results of analysis of anisotropy of transverse swelling of the
Serbian spruce wood. The analysis included six trees that come from plantations and nine trees
from natural stands of Serbian spruce, and a total of 3098 samples were tested. The results
show a change in transversal anisotropy at the height of the tree, as well as its change in radius.
The dependence of this property on the growth rings width, the participation of late wood and
the density of wood was determined by regression analysis.

Key words: Picea omorika, anisotropy of transversal swelling, plantations, natural stands

INTRODUCTION

Changing the content of hygroscopic water
leads to a change in the dimensions of wood.
These changes are the most pronounced in the
tangential direction, somewhat less in the radial,
and the least in the axial direction. According to
Soski¢ and Popovié (2002), the average value of
the total weight of a normal tree in the tangential
direction is 8.5%, in radial 4% and in the axial 0.3%.

Many authors have explored what factors in-
fluence the different dimension changes in differ-
ent directions. Some authors state that the varia-
tion of the cellular structure in the growth ring
with early and late wood is responsible for the
anisotropy of swelling (Boutelje, 1962;
Watanabe et al., 2000). According to others, it is
also the angle of the microfibril structure (Frey-
Wyssling, 1940; Skaar, 1988; Rafsanjani et
al., 2014), while some authors state that wood
rays have a major impact on swelling anisotropy
(MclIntosh, 1954; Usta and Guray, 2000).

The ratio of tangential shrinkage or swelling to
radial shrinkage or swelling is the anisotropy coef-
ficient and it is used for the evaluation of the di-
mensional stability and usability of wood (So§ki¢
et al., 2007). It shows the tendency of a particular
species to a greater or lesser deformation. Accord-
ingto Christoforo etal. (2016), anisotropy coef-

ficient is an important parameter that indicates
the quality of wood drying, and therefore the best
option for its application.

This paper presents the results of an examina-
tion of the transversal anisotropy of Serbian
spruce wood that comes from plantations and nat-
ural stands. Since today we have more and more
trees coming from planted forests, where trees
grow in completely different conditions, dimen-
sional stability and deformation are the main con-
cern when drying and using wood from these
stands (Wang et al., 2008).

MATERIAL AND METHODS

The research material was taken from five
sites. In the locality of Dubrava (DU) and the local-
ity of Srebrenica (SR), there are plantations of Ser-
bian spruce, while in the sites Stolac 1 (S1), Stolac
2 (S2) and Gostilja (GO) there are natural stands.
The location of Dubrava is near Banja Luka, and it
is managed by SJC “Industrial Plantations”, Banja
Luka. Its altitude is 310 m, and the total area is
0.33 ha. The location of Srebrenica is located near
Srebrenica and it belongs to FE “Drina” - Srebreni-
ca. Its altitude is 880 m, and the total area of the
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plantation is 0.6 ha. All three natural stands are
located near Visegrad and are managed by FE “Pa-
nos” - Visegrad. The location of Stolac 1 is located
at 1200 m above sea level, and Stolac 2 at 960 m
above sea level, while the total area of the stands
is 29.5 ha. The location Gostilja is at 1130 m above
sea level, and the total area of this stand is 25.8 ha.

From each site, three trees (total of fifteen),
with the same diameter class from 20 to 30 cm,
were selected. The average age of the analyzed
trees from plantations (PL) at a height of 0.3 mis
36 years, while the average diameter at breast
height is 25.8 cm and the average heightis 17.8 m.
The analyzed trees from natural stands (NS) have

Figure 2. Prepared samples for scanning
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an average diameter at breast height of 30.0 cm
and an average height of 25.4 m, while the aver-
age age at the height of 0.3 m is 124 years. Discs
with a thickness of 5 cm were cut from each tree
at different heights starting from 0.3 m, 1.3 m, and
then at every two meters of height (Figure 1). Af-
ter two months drying and sanding from the dried
discs, samples measuring 20x20x30 mm were cut
out, which were used for the analysis of the phys-
ical properties of wood. All the samples were
marked so that their position in the disc or the
trunk itself was known. A total of 3098 samples
were cut and measured. The samples were first
measured for dimensions in the axial, radial and
tangential directions in the air dry state. The mass
of the tube was measured on a scale of accuracy
to 0.01 g. The samples (Figure 2) were scanned at
a cross-section in order to determine the average
growth ring width and the average percentage of
late wood, using CDendro 7.6 and CooRecorder
7.6. After the scanning, the samples were dried to
the oven dry state. After cooling in a desiccator,
the dimensions were determined at the same
place where they were measured before drying, in
all three directions. After drying, the samples were
immersed in the water where they reached a raw
state of humidity. Again, dimensional measure-
ments were made in the same places in all three
directions.

On the basis of the obtained data, the swelling
in the radial and tangential direction was calculat-
ed, and then the anisotropy coefficient was calcu-
lated according to the equation:

Bt
" B
Bt- swelling in the tangential direction (%)
Br- swelling in the radial direction (%)

RESULTS AND DISCUSSION

The results of the statistical analysis of the an-
isotropy coefficient by locations are shown in Ta-
ble 1. The average values of this coefficient for
trees from plantations and natural stands are also
shown. The smallest average anisotropy coeffi-
cient has trees from the location Stolac 1 and it is
2.05 with a coefficient of variation of 16.06%,
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while the largest has tree from the location Dubra-
va - 2.84 with a coefficient of variation of 17.57%.
The other two locations of natural stands of Serbi-
an spruce, Stolac 2 and Gostilja have an average
anisotropy coefficient of 2.08, or 2.09, respective-
ly, while for the location of Srebrenica it is 2.37.

The average value of the anisotropy coefficient
for trees from plantations is 2.67, with a minimum
value of 0.83 and a maximum of 4.64. The coeffi-
cient of variation is 19.32%. For trees from natural
stands the determined anisotropy coefficient is
2.07, while the variation is 15.56%. The minimum
measured value is 1.06, and the maximum is 5.19.

The analysis of variance of the anisotropy co-
efficient by locations showed that there is a statis-
tically significant difference between the locations.
The applied Duncan test showed that three homo-
geneous groups were formed (Table 2). In one ho-
mogeneous group are the locations of natural
stands (Stolac 1, Stolac 2 and Gostilja), while the
locations of plantations are separated into two ho-
mogeneous groups.

The application of the t-test in the analysis of
the anisotropy coefficient showed that there was
a statistically significant difference between the
plantations and natural stands (t = 39.00, p = 0.00).

Table 1. Anisotropy coefficient

Examining the anisotropy coefficient of Serbi-
an spruce wood from natural stands, Luki¢-Simon-
ovi¢ (1970) concluded that it is in the interval from
1.27 to 4.11, while its average value is 2.14, which
is approximately the results for natural stands ob-
tained in this paper.

How the anisotropy coefficient changes in
height and the radius of the tree according to the
locality, it is shown in Figures 3 - 7. From Figure 3
we can notice that in location Dubrava, the aniso-
tropy coefficient increases from the bark to the
interior and then again decreases towards the
core. From Figure 4, it can be seen that at the lo-
cation Srebrenica the trend of changing this coef-
ficient along the radius is the same, except for a
slight deviation at the height of 5.3 m.

Figures 5, 6, and 7 show the change in the an-
isotropy coefficient by the height and radius of the
trees from the natural stands of Serbian spruce
(locations Stolac 1, Stolac 2 and Gostilja). At the
location Stolac 1, there is a constant decrease of
this coefficient from the core to the bark, while at
the locations Gostilja and Stolac 2 changes of the
anisotropy coefficient along the radius are not the
same at all heights. This difference in the change
of the anisotropy coefficient along the radius, de-

Location N As -95 +95 Min Max SD CV (%)
DU 545 2.84 2.80 2.88 0.83 4.64 0.50 17.57
SR 295 2.37 2.32 2.41 1.31 3.44 0.39 16.58
PL 840 2.67 2.64 2.71 0.83 4.64 0.52 19.32
S1 859 2.05 2.02 2.07 1.16 3.49 0.33 16.06
S2 737 2.08 2.06 2.10 1.06 4.57 0.31 14.82
GO 662 2.09 2.06 2.11 1.19 5.19 0.33 15.64
NS 2258 2.07 2.05 2.08 1.06 5.19 0.32 15.56

Legend: N - number of tested samples; As - arithmetic mean; -95 - the lower boundary of the estimation
interval with a probability of 95%; +95 - upper boundary of the estimated interval with a probability of 95%;
Min - minimum value; Max - maximum value; SD - standard deviation; CV - coefficient of variation

Table 2. Analysis of variance of the anisotropy coefficient by locations

Location
DU SR S1 S2
f 2.84¢ 2.37° 2.05° 2.08°

ANOVA
GO F p Post-hoc!
2.09° 502.2 0.00 3

! Number of homogeneous groups by Duncan's test; a, b, c —homogeneous groups
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Figure 3. Change of the anisotropy coefficient by the
height and radius of the tree for the location Dubrava
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Figure 4. Change of the anisotropy coefficient by the
height and radius of the tree for the location Srebrenica

pending on the site, can be explained above all by
the stand conditions in which the trees grew.

When we observe a change of the anisotropy
coefficient by the height of the tree (Figure 8), we
can notice that it is similar to all locations. The
anisotropy coefficient increases with an increase
of 0.3 to 1.3 m in height, with further rise in the
height of the lower part of the tree is mostly
constant, and then decreases in the upper part of
the tree.

Table 3 shows the average values of the growth
ring width and the average percentage of the late
wood for a certain number of tested samples, as
well as the average values of oven dry wood
density for all tested samples by locations.

Stolac 2
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Distance from the bark (cm)
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Figure 6. Change of the anisotropy coefficient by the
height and radius of the tree for the location Stolac 2
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Gostilja
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Figure 5. Change of the anisotropy coefficient by the
height and radius of the tree for the location Stolac 1
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Figure 7. Change of the anisotropy coefficient by the
height and radius of the tree for the location Gostilja



ANISOTROPY OF TRANSVERSAL SWELLING OF SERBIAN SPRUCE WOOD (Picea omorika (Panci¢) Purkyné)

3,50

Anisotropy coefficient

0 5 10

Height of the tree (m)

3,00
» mf

2,00 .v\o"ﬁk“o'—“-"\w o \ O

—o— Dubrava
Srebrenica
Stolac 1
Stolac 2

Gostilja
15 20

Figure 8. Change in the anisotropy coefficient by the height of the tree by location

Serbian spruce trees from the locations of
Dubrava and Srebrenica (plantations) have higher
average values of growth ring width, a lower per-
centage of late wood and lower average values of
oven dry density compared to trees from natural
stands (localities Stolac 1, Stolac 2 and Gostilja).
According to Staji¢ (2010), the stand conditions are
in addition to the genetic characteristics and hab-
itat factors, the group of factors that influence di-
ameter increment, that is, the growth ring width.
Plantations as even-aged stands at the initial stage
of growth have higher growth ring widths (Maun-
aga, 2012), unlike uneven-aged stands with a dif-
ferent flow of diameter increment. The change of
growth ring width in conifers leads to a change in
certain physical and mechanical properties of the
wood (Soski¢ and Popovi¢, 2002).

The application of t-test showed that between
the plantations and natural stands there is a statis-
tically significant difference for all three parame-
ters tested (Table 4).

Table 4. Testing differences in the growth ring width,
the percentage of late wood and oven dry wood
density between plantations and natural stands
(t-test)

t P
grw 22,24 0,00
plw -16,18 0,00
P, -43,74 0,00

Table 3. Growth ring width, percentage of the late wood and oven dry wood density

grw plw P,
Location As SD N As SD As SD
N mm % N g/cm?
DU 81 3.79 1.32 81 11.25 3.85 545 0.430 0.036
SR 80 3.69 1.26 80 11.69 4.18 295 0.406 0.037
PL 161 3.74 1.29 161 11.47 4.01 840 0.422 0.038
S1 80 1.68 0.55 80 17.53 3.71 859 0.502 0.040
S2 85 1.65 0.38 85 16.78 2.58 737 0.476 0.031
GO 80 1.74 0.64 80 17.82 3.57 662 0.477 0.029
NS 245 1.69 0.53 245 17.36 3.33 2258 0.487 0.036

Legend: grw - growth ring width; plw - percentage of late wood; p, — oven dry wood density; N - number of
tested samples; As - arithmetic mean; SD - standard deviation
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The greater growth ring width, that is, the
smaller percentage of late wood on the samples
from the plantations also has a reflection on their
density, which is smaller than the density of the
samples from natural stands. Luki¢-Simonovic
(1970), in her research of the natural stands of
Serbian spruce, came to the conclusion that with
the increase of growth ring width, the density de-
creases. This is due to the lower share of late
wood in the growth ring, which directly affects the
density itself. This is confirmed by these studies
where trees from plantations with a higher aver-
age value of growth ring width, have less average
value of percentage of late wood and consequent-
ly lower density than trees from natural stands.

Rafsanjani et al. (2015) examined the aniso-
tropy of swelling of spruce at the level of the

growth ring, concluded that early wood with its
wide lumens and thin walls behaves as strongly
anisotropic material, while late wood with thick
walls and narrow lumen is almost isotropic. Ac-
cording to Soski¢ and Popovié (2002), the influ-
ence of hygroscopic moisture on the change in
wood dimensions is greater in late wood, with the
very small difference in radial and tangential
shrinkage, while in the early wood radial shrinkage
is far less than the tangential. Therefore, the ani-
sotropy coefficient of early wood is greater than
the anisotropy coefficient of late wood.

Since the width of the early and late wood
changes with the increase of the growth ring
width, the change can be seen from Figure 9. Since
the width of the late wood is relatively constant,
the increase of the growth ring width is closely re-

B
E s early
< wood
T 5 .
3 width
B 4
)
H late
2 3
= wood
£ )
T width
©
> 1
5
0
0 1 2 3 4 5 6 7
Growth ring width (mm)
Figure 9. Change of early and late wood width with an increasing growth ring width
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Figure 10. Dependence of the anisotropy coefficient on the growth ring width
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Figure 11. Dependence of the anisotropy coefficient on the percentage of late wood

lated to the increase of early wood width. Refer-
ring to the previously mentioned researchs (Raf-
sanjani et al., 2015; Soski¢ and Popovi¢,
2002), it is expected that with an increasing ring
width, the anisotropy coefficient will increase.
That is so in this study, we see from Figure 10.
There is a positive linear correlation between the
growth ring width and the anisotropy coefficient.
The correlation coefficient is 0.44, and the equa-
tion of regression is:

f=0,1321 x grw + 1,9556

The influence of late wood percentage on the
anisotropy coefficient is shown in Figure 11. Be-

tween these two parameters there is a negative
correlation, the coefficient of correlation is 0.40,
and the equation of regression is:

f=-0,0351 x plw + 2,813

Various studies show that the anisotropy of
transversal shrinkage decreases with an increasing
wood density (Mo6rath, 1932; Kollmann and
Coté, 1968; Soskic et al., 2007). Lukié-Simon-
ovic¢ (1970) examining the influence of density on
the anisotropy coefficient of Serbian spruce wood
has come to the conclusion that with the increase
in density, this coefficient decreases, and that the
reduction is significantly stronger at the higher den-

Anisotropy coefficient
w

0,3 0,35 0,4 0,45

Oven dry wood density (g/cm?)

0,5 0,55 0,6 0,65

Figure 12. Dependence of the anisotropy coefficient on the oven dry density of wood
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sity of wood. This fact is confirmed by this study,
where the regression analysis shows that with the
increase in wood density the anisotropy coefficient
decreases (Figure 12). The correlation coefficient is
0.52, and the equation of regression is:

f=-52456xp, +4,6921

CONCLUSION

Based on the analysis of the anisotropy coeffi-
cient of the Serbian spruce wood from the planta-
tions and natural stands in the Republic of Srpska,
the following results were obtained:

For trees that grew in plantations, the average
value of the anisotropy coefficient is 2.67, while its
variation is 19.32%. For trees grown in natural
stands, the average anisotropy coefficient is 2.07,
while the variation is 15.56%. The statistical analy-
sis (t-test) of the anisotropy coefficient has shown
that there is a statistically significant difference
between the plantations and natural stands.

The anisotropy coefficient increases with an
increase of 0.3 to 1.3 m in height, with a further
rise in the height of the lower part of the tree
which is mostly constant, and then decreases in
the upper part of the tree.

The greater growth rings width, i.e. the smaller
percentage of late wood in the samples that origi-
nate from plantations is also reflected in their den-
sity, which is smaller than the density of the sam-
ples originating from natural stands. With the
increase of growth ring width, the anisotropy co-
efficient is also growing (R = 0.44), while there is a
negative linear correlation between the percent-
age of late wood and the anisotropy coefficient (R
= 0.40). The regression analysis also showed that
the anisotropy coefficient decreases with the in-
crease in oven dry wood density (R = 0.52).

Since the wood from plantations has a higher
anisotropy coefficient than the wood from natural
stands, we can expect that the wood from the
plantations will show a greater tendency toward
deformation during drying, which further leads to
a limited use of that wood.
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