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U3BoA: MpeameT 0BUX UCTpaXKMBatba Ousie Cy MeLoBUTe LWYMEe CMPYe U jene Ha NpocTopy
HM KonaoHuK, Koje npunagajy 3ajegHuum cmpue u jene - Abieti-Piceetum abietis Misic¢ et
Popovié, 1978. OcHOB 3a Npoy4YaBatbe CTPYKTypHe U3rpaheHoCTn 1 Npom3BOA4HOT NOTEHLM]a-
Nla OBUX LUYMa NpeAacTaB/bajy nogaum ca 12 ctaumMoHapHUX OrleAHUX NOBPLIMHA, NPoCceyHe
BenmumHe 0,18 ha. Y ogHOCY Ha LLEHOEKONOLWKY NPUNagHOCT CBa OrieAHa Nosba nNpunagajy
rpynu eKONOLWKUX jeanHNLa - Lwyme cmpue v jene (Abieti-Piceetum abietis, Misi¢ et Popovic,
1978) Ha kucenum cmehum n cmehum nogsonacTMm 3embUWITUMA, OAHOCHO AndepeHUn-
pajy ce y 5 ekonolwkux jeanuuua: Abieti-Piceetum abietis oxalidetosum Ha cmehem noaso-
nactom 3emsmuwty, Abieti-Piceetum abietis oxalidetosum Ha Kucenom cmehem 3em/buLITY,
Abieti-Piceetum abietis vaccinietosum Ha cmehem nogsonactom 3emsbuLLTy, Abieti-Piceetum
abietis typicum Ha cmehem noasonactom 3emmbuwTy U Abieti-Piceetum abietis drymetosum
Ha cmehem NoA301acTOM 3eM/BULLTY. Y CTPYKTYPHOM CMUC/TY, OBE LUYME KapaKTepuLle nspa-
YKEHa Pa3HO/IMKOCT CTPYKTYPHUX 0O/IMKa, o4, CTPYKType daucke jeaHOA08HUM cacTojuHama,
[0 TUNUYHKX BULLECNPATHMX, pa3Hogo0dHMX cacTojuHa. OOMK cymapHUX IMHKja pacnogena
ctadana y sBehuHu cnyyajesa ycnossbaBa cMpya Kao JOMMHAHTHA BpcTa. Mpu ToM, JOMUHM-
pajy TaHKa u cTadna cpearbe AedbUHe, Ca MUHMMAZHUM NPUCYCTBOM CTadana jakux AUMeH-
3uja. MpoceyHa 3anpemmnHa oBUX Wyma nsHocu 777 m*-ha™, ca pasmepom cmece 0,7:0,3 y
KopucT cmpue. MpoceyHa BpesHocT Tekyher 3anpemuHckor npupacta usHocn 14 m*ha™, ca
yhewhem cmpue 68% u jene 32%. MpoueHat npupacTa ce kpehe oa 1,6% A0 2,5% vy cBum
orneaHnm nosbMma HelwTo je Behu Kog, jene. CTaHUWHM NOTEHLMjan, CaCTOjMHCKE KapaKTe-
pucTuke M mehycodHU oaHOCHM BpcTa Apseha yHyTap WX, Pe3yaTUpPanun cy CTPYKTYpHOM
cnoxeHolwhy, BUCOKOM nNpounsBogHOWhY W eKosoWwKom cTadunHowhy oBMX LWyma, Tako Aa
y dyayhem rasposaty Tpeda n3deraBatu pagukanHuje mepe M 3axaaTe Koju OM Hapywwmnm
ycnocTtaB/beHe 04HOCe U AUHAMUYKe npoLiece.

KmbyuHe peun: KonaoHUK, LWyme cMpUe U jenie, CTPYKTYpHa U3rpaheHocT, NponM3BogHOCT
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YBOA

Y oAHOCY Ha YKyMNHYy NoBpLIKHY wyma y Cpbu-
jn, melwoBMTe cacTojuHe (He3aBUCHO 04, NOPEKNa)
3ay3umajy 728.800 ha (32,3%). Opg, Tora, 129.600
ha (17,8%) 4nMHe BUCOKe MpPUpOAHE MeLloBUTE
cacTojuHe, Koje cy odyxsaheHe ca Tpu KaTeropuje
MEeLLIOBMTOCTU - MeLloBUTE cacTojuHe nuwhapa
(70,7%), mewoBuTe cactojuHe nuwhapa n 4eTu-
Hapa (22,2%) u meloBUTE CacTojUHe YeTUHapa
Koje ce npoctupy Ha ceera 9.200 ha (7,1%)
(Bankovi¢ et al., 2009). MewosuTe cacTojuHe ye-
TUHapa, YINaBHOM jefie U CMpYe, UMajy BUCOKY
NPON3BOAHOCT Ca MPOCEYHOM 3aNpPeMUHOM Of,
336 m3-ha™, Tekyhum 3anpemUHCKMM NpupacTom
oa 9,4 m3ha™ n npoueHTom npupacra og 2,8%.

Mpema Medarevic et al. (2002), y ap*aBHUM
wymama Cpduje mewwiosute Wyme cmpye 1 jene
(Abieti-Picetum serbicum, Misi¢ et Popovi¢, 1978.
sin. Abieti-Piceetum abietis, Misi¢ et Popovic,
1978.) Ha XyMyCHUM Kucennmm cmehmum m cmehum
NnoA30/1acTUM 3eM/bULLTMMA MOKPMBAjy NOBPLUK-
Hy o4, 5.173 ha, ca Haj3Ha4ajHMjuM HanasuwTUMa
Ha 3naTapy, flonnju, Mokpoj fopn n KonaoHuky.

LLlyme cmpye 1 jene Hajuewhe ce jaB/bajy Kao
KAMMapervoHasHe Ha npenasy usmehy meLiosu-
TUX TPOAOMUHAHTHUX LWyMa cMpuye, jene u dykse
W YUCTUX CMPYEBMX LIyMa. Y OBMM LUYMama nog-
jeAHaKo cy 3acTynsbeHe BpcTe NpusemHe diope
1 13 SyKOBO-jeNoBKX U U3 cMpyeBux Wyma (Tomic,
2004). 3ajegHunua cmpye v jene y Cpduju, Abieti-
-Piceetum abietis Misi¢ et Popovi¢, 1978. npuna-
ha cBe3n auuaodunHux wyma cmpye Vaccinio-
-Piceion (Pawlowski et al., 1928) Br.-Bl. in Br.-BI.
et al., 1939, ogHocHO noacsesu Abieti-Piceenion
Br.-Bl. in Br.-Bl. et al., 1939, Koja 0byxBaTa meLo-
BUTE LUYMeE CMpYe-jenie, cmpye-jene-6yKse 1 Mo-
HOAOMMHAHTHE LUYMe CMpYe MakbUX HaAMOPCKMUX
BMcMHA og 1.000 po 1.600 m (Tomié, Rakonjac,
2013). OBa 3ajeaHuua je onncaHa Ha KomaoHWKy
(Misi¢, Popovic¢, 1954), Ctapoj nnaHuun (Misi¢ et
al., 1978), 3natapy (Misi¢ et al., 1985; Obratov,
1992) v Ha gpyrum NaaHUMHama.

Y OKBMpY LEHOEKO/IOWKe MpUNagHoOCTK
(Bankovi¢, Medarevi¢, 2009), mewoBuTe wWyme
CMpYe U jene Hanase cey:

e Komnnekcy (nojacy) mesopunHux Sykosux u

6YKOBO-YETUHAPCKUX TUMOBA Wyma (Kog 4),
® LIeHOEKO/OLLKOj rpyny TUMNOBA LWyma cMmpue,

jene n dykse (Abieti-Piceenion, Br. -Bl.,1939)
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Ha XyYMYCHO-CUIMKAaTHUM 3€M/bULLTUMA, PeHA-
3MHaMa, LpHULAMa, eyTPUYHUM U AUCTPUY-
HUM cmehum 3emsbuwITUMA, cmehum 1 unm-
MepPU30BaHMM 3eM/bULITUMA Ha KpeyrbaKy Y
KOHTaKTYy Kpeurbaka M CUIMKATHUX CTEHA W Ha
cmehem nogzonoactom semmbuwty! (kog 47).
Y OKBWpPY HaBeAeHe LEeHOEeKo/oWkKe rpyne

TMnoBa wyma y HIM KonaoHuK wyme cmpye u jene

cy obyxsaheHe ca ABe rpyne eKO/NOLWKUX jeau-

Huua (ekonowkux Tunosa) (KneZevic, Cvjeticanin,

2003):

1. wyme cmpue u jene (Abieti-Piceetum abietis,
Misic¢ et Popovic¢, 1978) Ha eyTPUYHUM XyMy-
CHO-CU/IMKAaTHUM 3eM/bULLITUMA U eYTPUYHUM
cMehHum 3emM/bULLITUMA,

2. wyme cmpye u jene (Abieti-Piceetum abietis,
Misic¢ et Popovic¢, 1978) Ha kKuceamm cmehum
M cmehum Noa3onacTMm 3eM/bULLTUMA.
KonaoHuK npunaga rpynu peTkux naaHuHa y

CpOuju Ha Kojoj ce MoXKe youuTu M3y3eTHa npa-

BUIHOCT CMehMBakba BereTalmje y BepTUKaIHOM

npoduny. Y suwmm penosuma KomaoHuka, Ha

npenasy OyKOBOr y CMpyeB BMCUMHCKWU Mojac, no-
pes MewoBUTUX NUIWHAaPCKO-YETUHAPCKUX WYyMa

OyKBse-jene, dykBe-jenie-cmpye M cmpye-Oykse ja-

B/bajy CE U MELIOBUTE CMPYEBO-je/IoBe LWyMe Ha

nospwuHu og 536,10 ha, wrto npeacrasmwa 7,6%

Wwymom odpacsie nosplumHe osor HI. Y norneay

npoun3BoAHOCTU, SPOjHM ayTopw CBPCTaBajy me-

LwoBMuTe Wyme cMmpye U jene mehy HajnpounsBoa-

Huje wyme (Matic, 1959; Stamenkovic et al., 1990;

Matovié, 2006; Sljukic, 2015). Ocum BUCOKe Mpo-

M3BOZHOCTU, OBE LYME UMAjy U U3PaXKEHY eKos0o-

LWKY U GYHKLMOHANHY BPeAHOCTU U CTadUHOCT.
CaBpeMeHO Nnoumatbe 3Hauaja 1 yaore wyme

npuopuTeT Aaje NPUPOLSHUM U XETePOreHUM ca-

CTOjUHCKMM dOopMama Yy CTPYKTYPHOM, crneuuj-

! LleHoeKo/IOWKa rpyna TWUMOBa LWyma Cmpye, jene u
Obykse (Abieti-Piceenion, Br.- Bl. 1939) Ha XymycHuM,
Kucenum (auctpmyHum) cmehum semmuiutuma, Terra
fusci v n3desmweHoj Terra fusci (kog 47), CTpaskmMBarbu-
Ma BereTaumje 1 3em/buLLTa CNPOBEAEHUM Y nepuoay
2002/2003 rogmHe y OKBMPY pefoBHOr umkayca ypehu-
Batba wyma y HIM KonmaoHwuk, geduHucaHa je Kao -
LLyme cmpue, jene n dykse (Abieti-Piceenion, Br. - Bl.
1939) Ha XyMYCHO-CUIMKATHUM 3eM/bULLITUMA, PEHA3U-
Hama, UpHMLAMa, eyTPUYHUM U OUCTPUYHUM cmehum
3eM/bULITUMA, CMEHUM U UAUMEPU30BAHUM 3EM/bU-
LWITMMA Ha KpeyrbaKy Yy KOHTaKTy KpeyrbaKa U CUAMKaT-
HWX CTeHa U Ha cmehem NoA30/10acTOM 3eM/bULLTY.
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CKOM UM npocTopHOoM nornegy. CmaTtpa ce a Takse
Wwyme Npoaykyjy Behy KOnMumHy gpsBeTa, reHe-
panHo duomace, Aa ce y tbiMma AenoHyjy sehe
KO/IMYMHE YI/beHUKa, Aa MMajy Behy ctadbunHocT,
€KOMIOWKY U OYHKUMOHANHY BpeaHOCT. Y ToOm
CMUCNY, MELIOBUTE WYMe, NocedHO MelloBuTe
wyme Anwhapa M YeTMHapa M MeLloBUTe Lyme
YeTWHapa, NpeacTaB/bajy NOXKesbaH Y3rojH odaunK
caBpeMeHor wymapcTtea. Bucoke mewosuTte
Wwyme YyeTuHapa (yrnaBHOM Ccy TO Wyme CMpye U
jene) 3aysumajy ceera 0,4% nosplunHe wyma Cp-
Ouje, na je HUXOBO o4yyBarbe M noseharbe NoBp-
WMHA jefiaH of AYropoYHUX CTpaTeLKMX Un/besa
rasgosatba. OBa UCTparkmMBara, Kao ¢asa y no-
CTU3atby HaBeAEHOT LW/ba, YCMEpeHa Cy Ha Npo-
y4yaBatbe CTPYKTypHe M3rpaheHocTu 1 NpousBos-
HOCTU LWYyMa CMp4Yye M jene Ha KOHKPEeTHOM
NIOKANNTETY, KAo 3HaYajHMjUX enemeHaTa 3a ge-
duHUCare mepa y3rojHe u ypehajHe npupoge y
npouecy rasgoBarba OBMM LyMama.

MATEPHUJAA 1 METOAE

OdjeKar UcTpaxkusara

McTpaxumBatrba cy CnpoBeAeHa y ra3amMHCKUM
jeamHnuama “TodesbcKa peka” m “CamoKoBCKa
peka”, Koje cy cactaBHu geo HIM KonaoHwuK. Mo-
cTaB/beHo je 12 ornegHux nosba (OM) BeanumHe
og 0,12 oo 0,32 ha, y npoceky 0,18 ha.

I “lobesmcka peka” ce npocTtupe usmehy
20°44’ n 20°51’ ucToyHe reorpadcke AyKUHE U
43°19’ n 43°23’ ceBepHe reorpadcke WUpuUHe y
CIMBHOM noapyYjy fodesbcke peke U HeHUX Npu-
TOKa. HajHuKa kota ose [J je 720 m, a HajBuwa
1.934 m H.B., WITO yKa3yje Ha 3HaYajHe pas3nunke y
nornesy ycioBa 3a ycrneBarbe NojeAuHUX BPCTa
ApBeha 1 Ha YKynHe eKo/IoLKe pa3nnKke SpAcKuX,
HUCKOMMIAaHWUHCKUX U BUCOKOMAAHUHCKUX CTaHU-
WITa M WYMCKUX CTaHMLWITA Koja ux npate. Onwra
€KCMOHMPAHOCT TrasfauHCKe jeAuMHULE je npema
ceBepy, Maga ce 360r pa3BujeHor pesbeda jaB/ba-
jy M UCTOYHE M 3aMmagHe eKkcnosnumje, Kao 1 dpoj-
He mehyekcnosuumje. OCHOBHU TUMNOBU 3eM/bU-
WwTa odpa3oBaHM Ha CUAMKATHUM CTeHama cy
Kuceno cmehe 3emsbuiTe (AUCTPUYHU Kamdu-
con), cmehe NoA30aacTo 3eM/bULLTE, MPU YeMy ce
Kuceno cmehe semsbuwiTe, y ogHocy Ha cmehe
NnofA30/1acTo, jaB/ba HA Makb0j MOBPLUMHMU.

Il “CamoKoBCKa peka” ce npoctupe usmehy
20°43’ 1 20°49’ uctouHe reorpadcKe OyKUHE U
43°16’ n 43°22’ ceBepHe reorpadcke WupuHe y
C/IMBHOM NOAPYYjy UCTOMMEHE peKe U orpaHunye-
Ha je theHUM BogoaenHuLama. Hagmopcke BUcu-
He cy og 680 m go 2.170 m H.B.. OnwTa eKkcno-
HMPAHOCT NPOCTOpa je Mpema cesepy, maja ce
360r nspasute gudepeHumMpaHocTn pesmpeda ja-
B/bajy W CBe ocTase eKkcnosuumje. Hajsehn geo
npoctopa ose [ je dnaror 4O ymepeHo cTpmor
Harnbda, a Marby feo CTPMOT [0 BP/IeTHOT Harmda.

Mpuankom KanmaTtcke pejoHusaunje Cpduje,
Rakicevic¢ (1980) je nsaBojuo kao nocedaH Kona-
OHWYKM KAMMATCKM PejoH, Ca HajXNafHujum u
HajayKmMm 3umama y Cpduju (HeraTUBHUM mecey-
HUM TemnepaTypama og geuemdpa fo anpuna),
HajHUKOM cpefHOM roAuLIFKBOM TeMnepaTypom
BasAyxa W AyrMMm NPOCEYHUM TpajatbeM CHEXHOr
nokpuBaya. Ha AOH0j rpaHNLLM BEPTUKAIHE LIYM-
cKe 30He Ha KonaoHuKy (750-1.950 m) npoceyHa
rogviikba TemnepaTtypa Basgyxa Kpehe ce og
6,8°C Ha jykHUM ekcnosuumjama go 7,1°C Ha ce-
BEPHUM eKcrnosuuMjama (y BeretaLMoHoOM nepu-
oay je oko 13°C), a Ha ropr0j rpaHMLM OHa je
1,8°C. MNpoceyHa roguwrba KoAMYMHA NagaBuHa
Ha OOH0j rpaHuLLe 30He je ucnog 776 mm Ha jy-
HUM ekcno3unumjama, 861 mm je Ha ceBepHUM
eKcnosunumjama, AOK je Ha ropHO0j rpaHnLLKM oBe
BUCUHCKe 30He M3Hag 955 mm. Knacudukaumja
Knume npema Thornthwaite nokasyje ga ce y Ha-
BeAEeHOj BUCMHCKO] LWYMCKOj 30HM jaBsbajy cnepe-
"M KAMMATCKM TUNOBK: YMepeHo BiaxkHa (b1) Ha
[0 0j TPaHuLM, U3y3eTHO BnaxHa (b4) Ha BucK-
Hama y pacnoHy og 1.500 go 1.700 m v nepxy-
muaHa (A) K1Mma Ha BUCMHama u3Hag, 1.700 m
(Krsti¢ et al., 2014). Jyro3anag U ceBepoUCTOK
rNaBHW Cy NpaBuUM AyBakba BeTposa Ha KonaoHu-
Ky (Smailagi¢, 1995).

CBe orneaHe MoOBpLIMHE Npunagajy rpynu
EKOJIOWKNX jeauHuLa (EKONOWKUX TUMOBA) -
wyme cmpuye u jene (Abieti-Piceetum abietis,
Misi¢ et Popovi¢ 1978) Ha kucenum cmehum u
cmehum noa3onacTm 3eM/bULITUMA, @ Haslase ce
Ha JIOKaUTETUMa KojuMa ce pefloBHO rasayje y
OKBMPY OCHOBHMX HaMeHa: Npeaeo U3y3eTHUX Oa-
JINKA M NPOM3BOAHO 3aLUTUTHE Wwyme y pexumy Il
cTeneHa 3awTute (2009). U3y3eTaK je orneaHa
nospwuHa y 104 opesmwervy [ “Todesbcka peka”
Koja je y pe3epBaTy npupoge “Byyak”, ca peru-
mom | cteneHa 3awTtuTe.
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Y T ,lobesbcka peka” uctpaxkuparbmma cy
odnxsaheHe Tpu eKoNoLWKe jeanHULE:

1. Lyme cmpye v jene ca 3eunjom couom (Abieti-
-Piceetum abietis oxalidetosum) Ha cmehem
nozsonactom semsbuwTy - net OMN y ogerve-
wuma 78, 88, 102 n 107;

2. Lyme cmpuye U jene ca 3eunjom couom (Abieti-
-Piceetum abietis oxalidetosum) Ha Kucenom
cmehem 3emmuwTy - Tpu OMN y ogebersuma
104 v 106;

3. Wyme cmpue u jene ca Bujykom (Abieti-
-Piceetum abietis drymetosum) Ha cmehem
noa30/1acTom 3emsbMwTy — jeaHo O y ope-
Jbewy 109.

Y ') “CamoKOBCKa peKa” aHa/nM3MpaHe cy Ase
€KOJIoLLKe jeamHumLe:

1. Wyma cmpue u jene ca doposHuLom (Abieti-
-Piceetum abietis vaccinietosum) Ha cmehem
noAsonacTtom 3emsbuWTy — g8a OMN (9 1 10) y
ofermery 7;

2. UWyme cmpue u jene (Abieti-Piceetum abietis
typicum) Ha cmehem Noa301acTOM 3eM/bULLTY
— jeaHo OM (11) y ogesvery 7.

MpocTtopHe 1 eKkonolwKe Kapaktepuctuke OIl
npukasaHe cy y Tabenu 1.

Mpukyn/bakbe  0dpaga nogataka

Ha HaBegeHUM NOKanutTeTMma paHuje cy ums-
BpLUEHA NefosioWKa U GUTOLEHOOLLKA UCTPAXKU-
Bakba HAa OCHOBY YMjUX pe3ynaTaTa cy gedpuHucaHe
€KOJIOLWKe jeguHuLe. Y 0BUM eKONOLIKUM jegUHU-
Lama, y YCN0BMMA 04yBaHOCTU, Aodpe ckaonsbe-
HOCTW M KBa/ZMTeTa CacTojuMHa NocTaB/beHa je 12
Ol 33 oBa mucTpTaxkmeBarba. Ha ceakom Ol cBum
CTadnMma M3HaA TaKCcauMOHe rpaHuLLe MepeHu cy
YHaKPCHU MPeYHULN Ha MPCHOj BUCUHWN U BUCUHE.

MpuKy/beHn nogaumn cy odpaheHn KomoduHo-
Batbem KomepuujanHux codteepa (Excel wu
Statgraphics). 3a mogenoBarbe BUCMHCKE Kpuse
TectupaHe cy pasnuuute dyHKuuMje, a u3dop du-
Ha/NHOT MoZena BPLUEH je Ha OCHOBY KBa/uTeTa
CTAaTUCTUYKMX MapameTapa perpecuoHe 1 Kopena-
LMOHEe aHaNun3e, Kao U Ha OCHOBY CTeMNeHa KOMH-
LMAnparba M3paBaHTUX U eMMUPUjCKMX NoaaTaka.

Ta6ena 1. OCHOBHE NPOCTOPHE M EKOJIOLKE KAapaKTePUCTUKE OrIeAHUX NO/ba

Haamopcka
on P(ha) Il Opemerwe Bucuma (m) E
1 016 A 78/8 1480-1500 NE
2 020 A 88/6 1510-1530 N
3 020 A 102/8 1580-1600 SwW
4 032 A 102/8 1570-1580 SW
5 012 A 107/a 1390-1410 S
6 017 A 104/a 1540-1550 SwW
7 024 A 106/a 1395-1400 SwW
8 018 A 106/8 1405-1415 W-SW
9 014 b 7/a 1415-1425 SwW
10 0,16 b 7/a 1425-1435 SW
11 0,12 b 7/a 1420-1435 NW
12 015 A 109/a 1470-1500 N

Haru6 Feonowka
3emsbuwite
(¢) nognora
20 rpaHoavopuT Cmehe nopgzonacto
15 rpaHogmMopuT Cmehe noazonacto
10-15 rpaHoavopuT Cmehe nopgzonacto
15 rpaHoguMopuT Cmehe noaszonacto
10-15 rpaHnT1 1 Cmehe nogzonacrto
rPaHUTMOHLOHUTH
5-10 rPanuTi Kuceno cmehe
rPaHUTMOHLOHUTH
5-10 rpaHnT1 v Kuceno cmehe
rPaHUTMOHLOHUTH
10-15 rpanmTi Kuceno cmehe
rPAaHUTMOHLOHUTH
15 rpaHoaMopuT Cmehe nogzonacto
15 rpaHoaMopUT Cmehe nopgzonacto
15-20 rpaHoAMopuT Cmehe nogsonacrto
5-10 rPaHnT 1 Cmehe nogzonacto
rPAaHUTMOHLOHUTH

NereHnpa: ) A - ,lobescKa peka“. [ — b ,,CamokoBcKa peka“, E - Ekcnosumumja
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MeTog, 3anpemMuHcKux Tadnuua je kopuwheH 3a
0dpayyH 3anpemuHe, Npu Yemy Cy 3a jeny 1 cmp-
4y KopuwheHe NOKanHe, ABOyNa3He 3anpeMuH-
cke Tadnuue (Bankovic et al., 2003, 2003a). Teky-
huv 3anpeMUHCKM NpupacTt yTepheH je no metoay
npoLueHTa NpMpacra, Npu Yemy je npoLeHat npu-
pacta godujeH Ha OCHOBY perpecuoHux mogena
KOjM M3parkaBajy HeroBy 3aBUCHOCT og dpoja cTa-
bana Ha jegMHuLM NoBpLIKHe, yyewha KOHKpeTHe
BpcTe ApBehe y cMecu, NPeyHnKa U BUCUHe cpes-
Hber cacTojuHCKor ctadna no npeceky (Bankovic et
al., 2002). 3amepeHe 1 padyyHCKM AodunjeHe Hyme-
pWYKe BPeQHOCTM rpynucaHe cy no Aed/bUHCKUM
cTeneHMMa — Aed/bUHCKa CTPYKTYpa, ANCTPUOYLM-
ja Teme/bHULE M 3anpeMnHe, OL4HOCHO MO BUCKH-
CKMM CTENEHUMA — BUCUHCKA CTPYKTYpa, YNMme je
omoryheHa KBa/WTETHWja aHanu3a CTPYKTypHe
nsrpaheHocT oBUX LWyMma.

PE3YATATU

Hy)KHa nMpeTnocTaBKa KBa/JIMTETHON NAAHUpPa-
tba ras3goBakba Ha CaCTOjMHCKOM HMBOY, Mopej,
OCTasInx, jecte v NocTojakbe NoysaaHux MHbopma-
Uuja O CTarby WYMa M NEPMAHEHTaH MOHUTOPUHT
CTarba. Y TOM CMUCAY, aHa/IM3e CTAaHULIHUX Kapak-
TEPUCTUKA, 34PABCTBEHOr CTakba, CTPYKTYpHE W3-
rpaheHocTH, uHTepakumje Bpcta apseha n oueHa
NPOU3BOAHOCTU WMMajy NpBOpaspesaH 3Hauaj.
KBasMTeT 0BMX aHanM3a, Kao MU camor ogayyvsa-
tba y Mpouecy nnaHuparba, nosehasa ce komna-

paTMBHUM aHa/M3ama CTarba Y AYKEeM BpeMeH-
CKOM nepuogy (MpUHLMN ANHAMUYKE MHBEHTYpE)
n yTBphMBarbem cTeneHa gucnponopumnje nsehy
3aTeyeHor 1 uu/baHor (ONTMMAsIHOT) CTakba.

BpojHuW ayTopu cy nctuuanmn 3Hayaj npoyyasa-
Hba 1 No3HaBaka CTPYKType (YHyTpalukbe nsrpahe-
HOCTM) M NpoM3BOAHOCTU cacTojuHa (Miletic, 1930;
Klepac, 1956; Pretzsch, 1997; Kint et al., 2004;
Govedar, 2005; Medarevic, 2006; Stojanovic et al.,
2008; Staji¢, 2010; Pantic¢ et al., 2011; Matovic,
2012; Cavlovié, 2013) 3a gepuHUCarE HUXOBOT
cTakba, U3d0p HajnoBO/bHUjEr HaUMHA ra340Bakba,
aHanu3y edekata peann3oBaHUX U MAaHUparbe
Oyayhux rasgmMHCKMX mepa, 3a yTBphHuBarbe 1 ouy-
Barbe dnoamBep3nTeTa, a TMME U OAPMKMBO rasao-
Bakbe LyMaMa M LWYMCKMM ekocuctemmma. Kako
je JaHac jegaH oA Haj3HavajHUX OMWTUX Uu/beBa
€BpONCKOr WymapcTsa nosehare MeLoBUTOCTU U
CTPYKTYPHE Pa3HOBPCHOCTU LUYMCKUX CaCTOjUHa,
rno3HaBarbe CTPYKType foduja jow BuULLE Ha 3Ha-
Yajy. OBa KOHCTaTaumja y MNOTNYHOCTU BaXKWU UM 3a
wyme cmpye u jene y Cpdujn, c 063Mpom Ha Hu-
XOBY Masny NOBPLUHCKY 3aTyN/beHOCT, HEAOBO/bHY
UCTparkeHocT, notpedy ouyBarba M €BEHTyaHor
nosehara yyewha y WwWymckom GpoHay.

Bpoj cTadana je enemeHT Koju nokasyje xopu-
30HTaNHy marpaheHocT cactojuHe. Hajsapujadun-
HUjU je enemeHaT yHyTpalwre usraheHoctu ca-
CTOjMHa U Y 3aBUCHOCTM oA, SOHUTETA CTaHMLITA U
NPUMEHEHMUX Y3rOjHUX Mepa Y MELIOBUTUM LLY-
MamMa cmpye U jene Ha KonaoHuky Kpehe ce y
BP/IO LUIMPOKOM pacnoHy (rpadukoH 1 un 2).
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Pacnogena cradana no BUCUHM (rpadmKoH 3)
ctabunHuja je Hero pacnogena no Aed/buHU U
Nnoy3ZaHuju je MHOMKATOP 3a CTPYKTYpHO aedu-
HUCakbe cacTojuHa.

CTOXaCTUYKM OAHOC BUCMHA M NpPeYHMKa CTa-
6ana mogenyje ce BUCMHCKOM KpMBOM (rpadumko-
HUW 4 1 5), Koja je NnpeTnocTaska 3a M3pavyHaBarba
3anpemuHe 1 3anpemMrHCKOr NpupacTta cacTojuHe.
Ocum TOra, BUCMHCKE KpuBE CBOjUM NOOXKAjeM Y
KOOPAMHATHOM cucTemy (Mpema X ocu) yKasyjy Ha
OHOC AIMHAMUKe pacTa y BUCUHY M GoHWTEeTa CTa-
HULWTa, Kao K Ha mefycodHM oaHoc BpcTa Apseha
Y MELOBUTUM M BULLECOjHUM CACTOjUHaAMa.

YKynHO npou3BegeHa 3anpemuHa u 3anpe-
MWHCKM NPUPACT, Ka0 KBAHTUTATUBHU (Hymepuy-
K1) M3pasu NpoM3BOLHOCTYM LIYMA, Pe3y/TaHTa cy
yTUUaja KOMMIeKca CTaHWUWHMX daKTopa, yHyTap
CACTOjJMHCKMX OA4HOCA, Peann30BaHNX rAa3ANHCKUX
Mepa U HUXOBUX UHTepakuuja. MpoceyHe Bpea-
HOCTW OBUX U APYTUX aHAIM3NPAHNX enemeHaTa y
UCTPa*KMBaHMM cacTojuHama gate cy y Tabenu 2.

AU CKYCHJA

Bpoj cradana n gedsbUHCKa CTpyKTypa

Y UCTpaxunBarbMma CMpPYEBO-je/IOBUX LIYMA
3natapa, Matovic (2016) 3atnye Spoj ctadana o
390 po 987 kom-ha™, Stojanovic et al. (2008) 565
kom-ha™, a Govedar (2005) y melwoBuTUM LIyma-
Ma CMpyYe W jene Ha pasIMYUTUM CTaHULWTUMMA
Penydnuke Cpricke og, 386 o 727 kom-ha™. Cu-
kovi¢ (2005) y pa3Hopob6HMM, ABOCNPATHUM Ca-
CTOjMHama cMpuye U jene Ha noKanutety MNayHoBsw-
ua (FJ. "UBpuxka", BuX) KoHcTaTyje 6poj ctadana
oa,401 kom-ha™. Y uctpaxkusarsuma Stamenkovic,
et al. (1990) cnpoBefeHNMm Ha 3naTapy y pasHo-
[06HOj CacTojuHN cMmpye U jene, ca AOMUHALMjOM
jene on 80%, ytBpheH je &poj ctadana oa 802
kom-ha™, a Ha Tapu y CTPYKTypHO jeaHoA00HO],
MELLOBUTO]j LYMU jesie U CMpYe, Ca JOMUHALUjOM
jene op 91%, ytepheH je dpoj cradana 763
kom-ha™.

Ha KonaoHwuKy, y MEWOoBUTUM LLymamMa cmpye
n jene, 6poj ctabana ce kpehe og 440 kom-ha™,
KONMKO je pernctposaHo Ha OMN12 po 931
kom-ha™y OM1, npoceyHo 645 kom-ha™ (Tadena
2). OBakaB 6poj ctabana npeacras/ba Aodpy 06-
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Tabena 2. EnemeHTN NPON3BOAHOCTU

Bpcra apseha N G dg hg dg__. hg_. \' v P,
on kom-ha™®  m?*ha™ cm m cm m m*ha?  m*ha %
Jena 412,5 12,5 19,6 17,5 288 21,3 129,1 3,4 2,7
Cmpua 518,8 28,1 26,3 20,9 36,7 23,9 319,7 7,8 2,4
1 931,3 40,6 448,8 11,2 2,5
Jena 45,0 1,5 20,8 17,4 29,5 24,0 16,4 0,4 2,5
Cmpua 765,0 40,7 26,0 21,6 35,3 25,2 479,5 11,7 2,5
2 810,0 42,2 495,9 12,1 2,4
Jena 195,0 11,4 27,3 21,2 40,1 29,0 138,6 2,9 2,1
Cmpua 415,0 44,8 37,1 27,7 47,3 31,6 607 11,1 1,8
3 610,0 56,2 745,7 14,0 1,9
Jena 275,0 13,3 24,8 18,5 39,2 26,4 146,5 3,3 2,3
Cmpuya 346,9 35,3 36,0 25,6 51,0 32,1 461,3 8,9 1,9
4 621,9 48,5 607,8 12,1 2,0
Jena 125,0 6,5 25,8 19,3 44,2 26,3 71,4 1,5 2,1
Cmpua 408,3 69,9 46,7 30,7 53,7 32,4 973,9 14,9 1,5
5 533,3 76,5 1043,3 16,4 1,6
Jena 347,1 21,0 27,8 24,1 46,5 32,0 275,4 5,7 2,1
Cmpua 264,7 34,7 40,9 29,7 66,6 35,9 487,8 8,2 1,7
6 611,8 55,7 763,2 13,9 1,8
Jena 404,2 27,1 29,2 26,2 42,0 31,7 372,1 7,4 2,0
Cmpua 216,7 20,0 34,3 29,3 44,9 32,6 289,5 54 1,9
7 620,8 47,0 661,6 12,8 1,9
Jena 383,3 31,2 32,2 26,9 44,7 30,7 425,0 7,9 1,9
Cmpua 238,9 26,0 37,2 30,4 51,1 33,9 369,4 6,4 1,7
8 622,2 57,2 794,4 14,3 1,8
Jena 521,4 59,9 38,2 26,6 59,3 31,8 771,2 12,7 1,7
Cmpua 392,9 44,0 37,8 26,2 53,0 31,1 567,5 9,2 1,6
9 914,3 103,9 1338,7 21,9 1,6
Jena 162,5 15,9 35,3 24,8 57,7 30,2 195,1 3,5 1,8
Cmpua 350,0 30,6 33,4 25,8 46,5 30,3 397,3 7,9 2,0
10 512,5 46,5 592,5 11,4 1,9
Jena 125,0 12,1 35,1 30,3 44,4 34,3 180,7 3,1 1,7
Cmpua 383,3 60,1 44,7 32,1 53,7 35,2 888,5 13,7 1,6
11 508,3 72,2 1069,2 16,8 1,6
Jena 106,7 11,2 36,6 24,1 53,9 32,1 139,9 2,4 1,7
Cmpua 333,3 43,5 40,8 28,4 55,6 36,0 619,6 10,8 1,7
12 440,0 54,7 759,4 13,2 1,7
Jena 258,6 18,6 29,4 23,1 44,2 29,2 238,5 4,5 2,0
Cmpua 386,2 39,8 36,8 27,4 49,6 31,7 538,4 9,7 1,9
Mpocek 644,7 58,4 776,9 14,2 1,9

NereHpa: N - 6poj ctadana; G - TemesbHMLA; dg - NPeYHUK cpeatber cacTojUHCKOr cTadna no npeceky;
dgmax - cpearbym npeyHnk 20% Hajaebsbux cradana y cactojuHu; hg, hgmax - BUCMHE Koje ogrosapajy
HaBeAEeHMM CpearUM MpPeYyHUUnma; V - 3anpemMunHa; Iv - Tekyhr 3anpeMmnHCKM NpupacT; piv - NpoueHar
3anpeMMHCKOr npupacTa
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pPacnoCT UCTPAKMBAHMUX CACTOjUHA U UHAMLMPA
HMXOBY BUCOKY CTaOUNHOCT U MyNTUDYHKLMOHAN-
HOCT (EKO/IOLLKY, 3aLUTUTHY U COLLMO-EKOHOMCKY
BpegHocT). Y BehuHu ON (ocum OM 6-9) cmpua
OOMUHUPa Yy yKynHom dpojy ctadana (rpadmKoH
1). OBa BpcTa y npoceky yyecTsyje ca 59,9% (oa
34,9% y ON7 po 94,4% y ON2), fLOK je NpoCceyHo
yyewhe jene y ykynHom dpojy ctadana 40,1% (op,
5,6% y OMN2 po 65,1% y ON7).

JeguHo Ha OMN9 1 OM10 (camo npeyHnumn) jena
noctuke HewTo Behe gumeHsuje ctabana vy
OHOCY Ha CMpYY. Y CBUM OCTa/IMM UCTPAXKMBAHUM
cuTyaumjama usmepeHe cy sehe (4ecto v 3Haua-
jHO) BpeaHOCTM MpevyHWKa U BUCUHA CMPYEBUX
ctabana. Kog jene dg ce kpehy y nHtepsany 19,6-
38,2 cm, a Kog, cmpye y uHTepsany 26,0-46,7 cm,
ca ogrosapajyhum sucuHama 17,4-30,3 m, ogHo-
cHo 20,9-30,7 m. Y ogHocy Ha jeny, dg cmpue
Behu je 3a 7,4 cm, a hg 3a 4,3 m. lumeH3snoHa
CynepuvopHOCT CMpYe yoyaBa ce U Kaga ce no-
cMaTpajy npeyHuum u sucuHe 20% Hajaebrmsux
crabana y cactojunu. Kog jene dg__ n3Hocw 28,8-
59,3 cm, a kog cmpue 35,3-66,6 cm. BucuHe
oprosapajyhe oBMM npeyHuUMMa Kog jene cy
21,3-34,3 m, kog cmpye 23,9-36,0 m. Y ogHocy
Ha jeny, dg__ cmpuye Behu je 3a 5,4 cm, a hg _ 3a
2,5 m. Kako cy cpearba crtabna CTaTUCTUYUKK
penpe3eHTH cactojuHe, moryhe je KOHcTaToBaTH
OMMEH3MOHY [OMUHAUM)y CMpYe Yy OAHOCY Ha
jeny, Benvke BapujaLMoHe LWNPUHE NPEYHUKA U
BMCWHa cTabana, 0AHOCHO U3PaXKeHW AMMEH3NOHM
avsep3uTeT Koa obe BpcTe gpseha y oBum
MEeLIOBUTUM LyMamMa KonaoHuKa.

Mpema ned/bUHCKOj CTPYKTYpU (rpadmKoH 2),
MCTpaXKMBaHMe CaCTOjUHE KapaKTepulle BenuKa
Pa3HONMKOCT CTPYKTYPHUX 0O/IMKa, o4, CTPYKTYype
dnncke jeaHogodHMM cactojuHama (OM 1, 2,3 m
7), asocnpatHum (ON 5, 8, 9 1 10) O TUNUYHUX
BULLECNPATHUX, Pa3HOLOOHUX cacTojuHa (OM 4, 6,
11 n 12). Tok cymapHuWX iMHKja pacnogene y Be-
AWHW cnyyajeBa YCNIOB/bEH je CTPYKTYPOM cMmpye
Koja 4oMMHMpa y yKynHom Spojy ctadana. Uspa-
YKEHa CTPYKTYpHa XeTeporeHocCT 3HayajaH je ene-
MEHT BPeAHOCTU MELIOBUTUX LYMa CMpYe U jene
Ha KonaoHwuky. Y pacnogenv LOMUHUPAjy TaHKa
n ctadna cpegre aed/buHe, y3 MUHUMAHO yye-
whe ctadana jakux anmeHsuja. Y gedrbUHCKUM
cteneHnma o 30 cm Hanasu ce 47,1% ykynHor
Opoja crabana. [ledb/buHCKM cteneHn 31-50 cm
yuecTtByjy ce 44,6%, npn Yyemy Kog, cMpye 0Ba Ka-
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Teropwuja ctadana yyectsyje ca 66,4%, a Kop jene
33,6%. Y Hajjaunm cteneHnma (npeko 50 cm) Ha-
nasu ce 8,3% ykynHor dpoja ctabana. Cmpua je u
y OBOM Jefly MHBEeHTapa 3acTyrnsbeHuja (78,1%) y
oaHocy Ha jeny (21,9%).

BUCUHCKa CTPYKTYpa U BUCUHCKE KpUBse

CymapHe NnMHKuje BUCUHCKE CTPYKTYpe y UcTpa-
KMBaHWM cacTojuHama (rpadmkoH 3) KapaKTepu-
Ly ce HenpaBWIHUM TOKOM, Ca jeHUM, ABa Un
BMLUIE MAaKCMMyMa 3acTyn/beHocT dpoja ctadana
Y BUCMHCKUM cTeneHuma. BucnHcke ctpyktype Ofl
1, 2, 7 n 8 3BOHOAMKOT Cy 08/IMKa, AECHO (Makbe
WU BULLE) aCUMETPUYHE, CA jaCHO U3PAXKEHUM
MaKcMmym y cteneHy 22,5 m (OM1 v OMN2), oaHo-
CHO y cTeneHy 28,5 m (ON7 n ON8). MNo3nuuja
MaKCMMyMa M OCHOBHM TOK 38MpHe SinHuje pac-
nofene nocneamua cy, npe ceera, guctpudyumje
CMpye MO BUCUMHCKMM cTeneHMma. BucuHcky
cTpyKTypy ON 3, 4, 5, 6,9, 10, 11 n 12 Kapakre-
pyiLLe BULLECTPYKA Ha3yO/bEHOCT CYMapHUX INHU-
ja pacnogene dpoja ctabana u M3parkeHa Bapuja-
LMOHA LWWPUHA, LWTO KOA4 OBWUX CaCTOjMHA
noTtephyje HUX0OBY CTPYKTYPHY pPa3HOAOOHOCT.
MojaBa gBa MaKCMMyMa U TO Y BUCMHCKUM CTene-
HMMa 7,5 m (10,5 m) un uspaxenujer y 31,5 m
(28,5 m) y oBUM orneaHUM No/bMMa jaCHO YKasy-
je Ha OOMWMHAUMjy HUCKUX [0 cpefHbe BUCOKUX
ctadana (Kopenaumja ca Aed/bMHCKOM CTPYKTY-
POM-AOMMHALIMJOM TaHKUX U cpefrbe Aedenux
ctabana). N BUCMHCKa CTpPYyKTypa KBanudwukyje
MeLLoBUTE Wyme cmpye 1 jene Ha KonaoHMKy Kao
CTPYKTYPHO XeTeporeHe 1 TO y LUMPOKOM orcery
nojaBHMX 0b6aKnKa — opf, jeAHOA0OHUX A0 pa3Ho-
[0OHMX cacTojuHa (y HajMpem cMUCay pasHo-
nobHoctn). C acnekta MynTUPYHKLMOHANTHOCTY U
€KOoJIoLKe CTadWMNHOCTU U BPEAHOCTH, TO je 3Ha-
YajaH BPEAHOCHN eneMeHT OBUX LUYMa.

BUCKHHCKe KpuBe cmpye u jene (rpadmKoH 4 n
5) Ha OM 1 v 2 cy 3HATHO NoNoXKeHuje n cnadujer
cTeneHa nerbatkba y 04HOCY Ha Kpuse octanux Of,
WTO je nocneauua MmHUmanHor yyewha cradana
cpeare jakux AMMEeH3Wja, NOTAyHOr 0oACYyCTBa
cTtadana jakux gumeHsnja u oapeheHnx guHammy-
KMx nopemehaja y oBe aBe cacTojuHe. Y ocTanmm
cacTojuHama Kpuse ode Bpcte apseha cy rpynu-
CaHe, Ca M3Pa*KeHUM CTerneHOM Merbakba, LITO
yKasyje Ha pobap pacT y BUCMHY M MO3UTUBAH
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KOHKYPEHTCKM OAHOC CMpPYE U jene Ha OBUM CTa-
HULWTKMMA. HewTo ,cTpMMje” BUCUHCKe KpuBse jene
Yy OZHOCY Ha CMpYy jacHO YKasyjy Ha pasanyut
OZHOC OBWX BPCTa Npema CBET0CTU.

MpoussoaHOCT Wyma

Kao nocneanua nodpe odpacnoctv v 3Hauaj-
Hor yyewha ctadana cpearbe jaknx NpeyvHuKa,
NpoCeYyHa BPeAHOCT TEME/bHULLE Y LyMama CMp-
ye u jene (Tadena 2) nsHocu 58,4 m>-ha™, ca yue-
whem cmpye og 68,1% u jene og 31,9%. 3anpe-
MUHe Yy uHTepBany 450-1.340 m3-ha™
WMHAMUMPAjy BUCOKY NPOWM3BOAHOCT UCTPAXKMBa-
HWUX CacTojuHa, NPY Yemy NPOCeYHa 3anpemuHa
nsHocu 776,9 m3-ha™, ca pasamepom cmece cmp-
ya:jena = 69,3%:30,7%. Tekyhu 3anpemuHCKM
npupact ce kpehe og 11,2 go 21,9 m3*-ha™, ca
npocekom og 14,2 m3-ha™, a weros Hajsehun geo
(68,1%) npunaga cmpyu, AOK jenn npunaga
31,9% BpegHOCTM OBOr enemeHTta. ANconyTHa
BpeAHOCT Tekyher 3anpeMMHCKOr npupacTa, Kao
M NpoLeHaT npupacTta Koju ce kpehe oa 1,6% po
2,5% (npocek 1,9%) u npu Tom je y CBMM cacTo-
juHama HewTo Behu Kog, jene, notephyjy Beh ns-
HEeTy KOHCTaTauujy O BMCOKO] NMPOW3BOLHOCTU
OBMX LUYMA. Y MELIOBUTUM LUYMaMa CMpYe 1 jene
ca npumecom denor dopa Ha 3anartapy, Stojanovic
et al. (2008) 3aTuuy NpoceyHy 3anpemMuHy og,
470,5 m3-ha™, Tekyhu 3anpemuHCcKM npwupact
13,9 m3*ha™ v npoueHat npupacta og 2,95%. Y
ucTparkmsartbnma y Penydanum Cpnckoj (Govedar,
2005), roe oBe WymMe 3ay3MMajy 3Ha4ajHe NpocTo-
pe, yCTaHOB/bEHEe BpeaHOCTM Tekyher 3anpemuH-
cKor npupacTa ce Kpehy og 8,9 fo 16,6 m*-ha?y
pa3HOLOOHMM ABOCMPATHUM cacTojuHama (Kog,
npoceyHe 3anpemuHe 389,0-716,3 m*ha™) u og
10,9 no 11,8 m*-ha™ y BMwecnpaTHMM pa3HOA00-
HUM cacTojuHama (Kog, MpoceyHe 3anpemuHe
440-507 m3-ha™). Y pasHO40OHMM, MEWOBUTUM
WyMama CMp4Ye W jene y UCTOMHUM Annuma y
UTanunju (pernoH BeHeTo) nMpoceyHun roauilmbu
npupact nsHocu 6,0 m3-ha™, koa npoceuHe 3a-
npemuHe og 350 m3-ha™ (Bagnaresi et al., 2002;
Grassi et al., 2003).

Y LUenuHM nocmaTpaHo, CBe NpoyvaBaHe ca-
CTOjUHE KapaKTepULLy ce eKOMOLWKOM cTaduaHo-
why 1 BuTanHowhy, WTO je y3 CTaHWLWIHMW NOTEH-

uujan pesyntupano BMCOKOM npousBoaHowhy.
BUCUHCKM nonoxaj ctaHuwTa (1.390-1.600 m
H.B.) Y FbeTOBE KPaKTEPUCTUKE, OMMUCAHE Y Norna-
B/by 2.1., noroayjy pa3sojy ode spcte Apseha Kao
TUNWYHKX cumoduTa. foprba rpaHMLA pacnpocTu-
para jenie U CHa*KHWjKU aHTPOMOreHn yTuuaj Ha
oBy BpcTy gpseha Kpo3 rasguHcke NocTnyke y
NpOLW/IOCTH, YTULAMM CYy Ha TO A3 je cmpya Tpe-
HYTHW HOCWAAL, MPOM3BOAHOCTM OBMUX LLUYMA.

3AKAYYIIH

MelwwoBuTe WwWyme cMmpye 1 jene cy Hajuewhe
KAMMapernoHanHe Wyme Koje ce Hasiase Ha npe-
nasy namehy meLwoBUTUX TPOAOMUHAHTHUX LLIYMa
cMpye, jene M dyKBe M UUCTUX CMPUEBUX LUYMA.
MaKo CKPOMHO 3acTyrnsbeHe y Wymckom GoHAay
Cpduje, 360r BUCOKE NPOU3BOAHOCTU, EKOJOLLKE
CTadWMNHOCTU 1 CTPYKTYPHE CI0KEHOCTH, NpeacTa-
B/bajy Heros 3HayvajaH Aeo. [peTnocTaBKa 3a Hu-
XOBO O4yBakbe, mopes ocTajor, jecte nodpo
no3HaBake CTPYKTYPHUX U NPOU3BOAHUX KapaK-
TEpPUCTUKa, UHTepakuuje BpcTa apseha-mehycod-
He 1 ca CTaHuLTeM, Ha Yemy ce Sasmpa ucnpaBaH
NNIAHCKM U KaCHWUjW Fra3gMHCKU NPUCTYN OBUM LLIY-
mama. To je 610 1 OCHOBHU MOTUB OBUX UCTPANKM-
Bakba, KOjUMa ce gowno Ao cneagehux 3ak/bydaka:
1. O6pacnoct oBuX Wyma je Aobpa, a cMmpuya

AOMUHMpPA Y YyKynHom 6pojy ctabana ca

59,9%, nok je yyewhe jene 40,1%;

2. OomuHupajy TaHka M cTabna cpepme
neb/wuHe, y3 MMHMManHo yyewhe cradana
jaknx AMMeH3unja, a NPUCYTHA je AMMEH3MOHA
cynepuopHocT cmpye. Takohe, obe BpcTe
NOKasyjy U3parKeH AMMEH3NOHU ANBEP3UTET;

3. MewwoBuTe Wyme cCMpYe U jesie KapakTepuiue
BE/IMKA PA3HO/IMKOCT CTPYKTYPHUX 06/1MKa, of,
CTPYKTYpe 6/11cKe jeaHOoA06HMM cacTojuHama,
ABOCNPATHUM A0 TUMUYHWUX BULIECNPATHUX,
pa3sHoA06HMX CacTojuHa;

4. TlpoceyHa 3anpemuHa og 776,9 m*ha’, ca
pasmepom cmece cmpuyaijena = 69,3%:30,7%,
npoceyHa BpeAHOCT Tekyher 3anpeMnHCKOK
npupacta og 14,2 mi-ha, Te npoueHar
npupacrta y uHtepsany 1,6% - 2,5% (npocek
1,9%) yKasyjy Ha BUCOKY NMPOU3BOAHOCT OBUX
Lyma;
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Kao nocneamua jayer aHTponoreHor NpUTUCKa
Ha jeny y MpowiocTu (MpumapHU passnor) u
UMHbEHWLLE [a je OHa Ha UCTPaXKMBAHWUM CTa-
HUWTUMA KonaoHuKa 6113y ropre rpaHuue
CBOI BEPTUKA/IHOT PacnpoCTparberba, CMpYa je
TPEHYTHM HOCUANAL, MPOU3BOAHOCTU OBMUX
wyma;

Jena ce 36or ckpomHor yyewha y LWymMcKOm
doHay Cpbuje moxke cmaTpaTh PETKOM U Bp/IO
BpesHOM BpcTom apseha, Koja cBojum npu-
CYCTBOM OMJieMetrbyje TUMoBe LWyMa Yy KOjuma

CTpatbetrba, WTO NpeAcTaB/ba AyropoyaH 3aja-
TaK ras3goBakba OBMM LUYMaMa;

OCHOBHM 3ajauM AyropoyHOr Kapaktepa y
rasfloBarby MeLOBUTUM LUyMama CMpye U
jene Ha KonaoHuKy jecy: oyyBatbe CTPYKTypHe
Pa3HOBPCHOTU M CTabUIHOCTU, OYyBarbe A0-
6pe obpacsocTn N MelwoBUTOCTU U yBehatbe
yyewha jene y noctojehem wymckom ¢oHAy
(kop, nonyrasara paspeheHux aenosa oBUX
Wwyma npuoputet Tpeba aatu jenn).

HanomeHa: 3axBasbyjemo ce MuHuctapcTay npo-

ce cpehe v yKasyje Ha 04yBaHOCT NPUPOAHOT
noTeHuMjana y LenuHu, nocebHo Kag cy y
nuTaky PesvKTHe 3ajegHuue. CTora ce nuctuye
notpeba nosehara yyewha, oyyBara M 3a-
WITUTE jesie y rpaHMLama cajallkbar pacnpo-

cBeTe, HayKe W TexXHONOLWKOr pa3soja Penybauke
Cpbuje Koje je GMHAHCMjCKM Mogp»Kano oBa UCTpa-
UBatba Y OKBUPY MpojekTa “OapKMBO rasgosatbe
YKYMHUM NoTeHUMjannuma wyma y Penydanum Cpdu-
jn”- EBBP 37008.
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Abstract: The subject of this research are mixed forests of spruce and fir in the area of NP Kopaonik, which
belong to the community of spruce and fir - Abieti-Piceetum abietis Misi¢ et Popovi¢, 1978. The basis for the
study of the structural development and production potential of these forests are data from 12 sample plots,
with the average size of 0.18 ha. In terms of coenoecological affiliation all the sample plots belong to the group
of ecological units — forests of spruce and fir (Abieti-Piceetum abietis, Misi¢ et Popovi¢, 1978) on acid brown
and brown podzolic soils, which are differentiated into 5 ecological units: Abieti-Piceetum abietis oxalidetosum
on brown podzolic soil, Abieti-Piceetum abietis oxalidetosum on acid brown soil, Abieti-Piceetum abietis vac-
cinietosum on brown podzolic soil, Abieti-Piceetum abietis typicum on brown podzolic soil and Abieti-Piceetum
abietis Drymetosum on brown pozolic soil. In structural terms, these forests are characterized by very diverse
structural forms, ranging from the structure of even-aged stands to typical multi-storey, unevenaged-aged
stands. The form of cumulative curves of tree distribution is in most cases determined by spruce as the domi-
nant species. At the same time, thin and medium-thick trees dominate, while the presence of stems with large
dimensions is minimal. The average volume of these forestse is 777 m*-ha™, with a mixture ratio of 0.7: 0.3 in
favor of spruce. The average value of the current volume increment is 14 m*-ha™!, with a 68% share of spruce
and 32% of fir. The percentage of increment ranges from 1.6% to 2.5% in all sample plots and is somewhat
higher for fir. The site potential, stand characteristics and relations among the tree species have resulted in
structural complexity, high productivity and ecological stability of these forests. Therefore, future forest man-
agement should avoid radical measures and procedures that would violate the established relationships and
dynamic processes.
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INTRODUCTION

Mixed stands (regardless of their of origin)
occupy 728.800 ha (32.3%) of the total forest
area in Serbia. Of these, 129.600 ha (17.8%) are
high natural mixed stands, which include three
mixture categories — mixed broadleaf stands
(70.7%), mixed broadleaf and conifer stands
(22.2%) and mixed conifer stands which cover an
area of only 9.200 ha (7.1%) (Bankovic et al.,
2009). Mixed conifer stands, mainly of fir and
spruce, have high productivity with an average
volume of 336 m3-ha™, the current volume incre-
ment of 9,4 m3-ha™ and the icrement percentage
of 2.8%.

According to Medarevic¢ et al. (2002), the
mixed forests of spruce and fir on humic acid and
brown podzolic soils (Abieti-Picetum serbicum,
Misi¢ et Popovic, 1978. sin. Abieti-Piceetum abie-
tis, Misi¢ et Popovic, 1978.) cover an area of 5,173
ha in publicly owned forests in Serbia with the
most significant sites on Mt. Zlatar, Mt. Golija, Mt.
Mokra Gora and Mt. Kopaonik.

Spruce and fir forests most commonly occur
as climate regional forests at the junction be-
tween mixed forests of spruce, pine and beech
and pure spruce forests. In these forests are
equally represented the species of ground flora
from both beech-fir forests and spruce forests
(Tomié, 2004). The community of spruce and fir in
Serbia, Abieti-Piceetum abietis Misi¢ et Popovié,
1978. belongs to the alliance of acidophilous
spruce forests Vaccinio-Piceion (Pawlowski et al.,
1928) Br.-Bl. in Br.-Bl. et al., 1939, i.e. the suballi-
ance Abieti-Piceenion Br.-Bl. in Br.-Bl. et al., 1939,
which includes mixed forests of spruce and fir,
spruce-fir-beech forests and monodominant
spruce forests at lower altitudes ranging from
1,000 to 1,600 m (Tomic, Rakonjac, 2013). This
community was described on Mt. Kopaonik
(Misi¢, Popovic, 1954), Mt. Stara Planina (Misic et
al., 1978), Mt. Zlatar (Misi¢ et al., 1985; Obratov,
1992) and on other mountains.

In terms of coenoecological affiliation (Bank-
ovi¢, Medarevié, 2009), mixed forests of spruce
and fir belong to:

e the complex (belt) of mesophilic beech and

beech-conifer forest types (at 4),

e coenoecological group of spruce, fir and
beech forest types (Abieti-Piceenion, Br.
-Bl.,1939) on humus-sillicate soils, rendzinas,
black soils, eutric and dystric brown soils,
brown and illimerised soils on limestone in
the contact of limestone and silicate rocks and
on brown podzolic soils* (at 47).

In the context of the present coenoecological
groups of forest types in NP Kopaonik spruce and
fir forests are represented by two groups of eco-
logical units (ecotypes) (KneZevi¢ Cvjeticanin,
2003):

1. spruce and fir forests (Abieti-Piceetum abietis,
Misi¢ et Popovi¢, 1978) on eutric humus-sili-
cate soils and eutric brown soils,

2. spruce and fir forests (Abieti-Piceetum abietis,
Misi¢ et Popovi¢, 1978) on acid brown and
brown podzolic soils.

Mt. Kopaonik belongs to the few mountains
in Serbia where remarkable regularity of vegeta-
tion change can be observed in the vertical pro-
file. In the upper parts of Mt.Kopaonik, at the
transition from the beech belt to the spruce alti-
tudinal belt, in addition to the mixed broadleaved
and coniferous forests of beech and fir, beech-fir-
spruce forests and spruce-beech forests, mixed
forests of spruce and fir also occur on an area of
536.10 ha, which accounts for 7.6% of the forest
area in this NP. In terms of yield, a number of
authors have classified mixed forests of spruce
and fir among the most productive forests (Matic,
1959; Stamenkovic¢ et al., 1990; Matovié, 2006;
Sljuki¢, 2015). In addition to high productivity,
these forests have expressed environmental and
functional values and stability.

Modern understanding of the importance and
role of forests gives priority to natural and heter-
ogeneous stand forms in structural, species and
spatial terms. It is believed that such forests pro-

1 In the research of vegetation and soil conducted in the
period 2002/2003 in the course of regular maintenance
of forests in NP Kopaonik, the coenoecological group of
forest types of spruce, fir and beech (Abieti-Piceenion,
Br.- Bl. 1939) on humus, acid (dystric) brown soils Terra
fusci and bleached Terra fusci (at 47) was defined as
— forests of spruce, fir and beech (Abieti Piceenion, Br.
- Bl. 1939) on humus-silicate soils, rendzinas, black soils,
eutric and dystric brown soils, brown and illimerised
soils on limestone in the contact of limestone and sili-
cate rocks and on brown podzolic soils.
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duce a larger amount of wood and biomass in
general, that larger amounts of carbon are depos-
ited in them, that they have higher stability, and
environmental and functional value. In this re-
gard, mixed forest, and especially mixed forests of
broadleaved and coniferous trees and mixed for-
ests of conifers, represent a preferred silvicultural
form in modern forestry. High mixed coniferous
forests (mainly spruce and fir forests) occupy only
0.4% of forests in Serbia. Therefore, their conser-
vation and increase of their areas is one of the
long-term strategic goals of forest management.
These studies, as a phase in the achievement of
the stated objective, are focused on the study of
the structural development and the productivity
of spruce and fir forests at a particular site, as
elements that are significant for defining the sil-
vicultural and forest management measures in
the process of forest management.

MATERIALS AND METHODS

Research object

The research was conducted in the manage-
ment units “Gobeljska Reka” and “Samokovska
Reka”, which are an integral part of NP Kopaonik.
A total of 12 sample plots (SP) were established,
and their areas ranged from 0.12 to 0.32 ha, i.e.
on average 0.18 ha.

FMU “Gobeljska Reka” is located between
20°44’ and 20°51’ east longitude and 43°19’ and
43°23’ north latitude in the catchment area of the
Gobeljska River and its tributaries. The lowest
ground level of this FMU is 720 m, and the high-
est 1,934 m above sea level, which indicates a
significant difference in terms of conditions for
the growth of certain tree species and the overall
ecological differences of hilly, low-mountain and
high-mountain sites and the accompanying forest
sites. The general exposure of the management
unit is northern, although due to the developed
relief both eastern and western exposures occur,
as well as numerous interexposures. The main
types of soils formed on silicate rocks are acid
brown soils (dystric cambisol) and brown podzol-
ic soils. Acid brown soils occur on a smaller sur-
face than brown podzolic soils.
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The FMU “Samokovska Reka” is located be-
tween 20°43’ and 20°49’ east longitude and
43°16’ and 43°22’ north latitude in the catchment
area of the Samokovska River, which is limited
with its watersheds. The altitude ranges from 680
m to 2,170 m above sea level. The general expo-
sure of the area is northern, although due to the
exceptional relief differentiation all other expo-
sures also occur. The largest part of the area of
this FMU is mild to moderately steep slope, and
a small part is steep to rocky mountain slope.

When climatic zoning of Serbia is concerned,
Rakicevi¢ (1980) singled out the areas of Mt.
Kopaonik as a special climate region, character-
ized by the coldest and longest winters in Serbia
(with negative monthly temperatures from De-
cember to April), the lowest average annual air
temperature and long average duration of snow
cover. At the lowest border of the vertical forest
zone on Mt. Kopaonik (750-1,950 m) the average
annual air temperature ranges from 6.8°C in
southern exposures to 7.1°C in northern expo-
sures (in the vegetation period it is around 13 °C)
and at the upper border it is 1.8°C. The average
annual rainfall at the lower border of the zone is
below 776 mm in southern exposures, 861 mm in
northern exposures, while at the upper border of
the zone it is above 955 mm. Climate classifica-
tion according to Thornthwaite shows that the
following climate types occur in the above altitu-
dinal forest zone: moderately himid (B1) at the
lower limit excessively humid climate type (B4),
at altitudes in the range from 1,500 to 1,700 m
and perhumid (A) climate at altitudes above
1,700 m (Krsti¢ et al., 2014). The main wind direc-
tions on Mt. Kopaonik are southwest and north-
east (Smailagic, 1995).

All the sample plots belong to the group of
ecological units (ecotypes) - spruce and fir forests
(Abieti-Piceetum abietis, Misi¢ et Popovi¢ 1978)
on acid brown and podzolic brown soils, and are
located at locations which are regularly managed
for basic purposes: landscape of exceptional value
and productive-protective forests under the 2
degree of protection (2009). The exception is the
sample plot of compartment 104 in FMU “Gobel-
jska Reka”, which is located in the nature reserve
“Vucak” under the 1% degree protection regime.
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Three ecological units from the FMU “Gobel-
jska Reka” are included in this research:
1. Forests of spruce and fir with wood sorrel
(Abieti-Piceetum abietis oxalidetosum) on
brown podzolic soil = 5 SPs in compartments
78, 88, 102 and 107;
Forests of spruce and fir with wood sorrel
(Abieti-Piceetum abietis oxalidetosum) on acid
brown soil — 3 SPs in compartments 104 and
106;
The forest of spruce and fir with fescue
(Abieti-Piceetum abietis Drymetosum) on
brown podzolic soil — one SP in compartment
109.
Two ecological units were analyzed in the
FMU “Samokovska Reka”:

1. The forest of spruce and fir with blueberry
(Abieti-Piceetum abietis vaccinietosum) on
brown podzolic soil - 2 SPs (9 and 10) in
compartment 7;

2. The forests of spruce and fir (Abieti-Piceetum

abietis typicum) on brown podzolic soil - one
SP (11) in compartment 7.

Spatial and ecological characteristics of SPs
are shown in Table 1.

Data collection and processing

Pedological and phytocoenological research
was previously conducted in the above sites and
ecological units were defined on the basis of that
research. In these ecological units, in preserved
places with good canopy closure and stand qual-
ity 12 SPs were established for the purpose of this
research. In each SP diameters at breast height
and heights were measured for all trees over the
forest measurement border.

The collected data were processed by combin-
ing commercial software (Excel and Statgraphics).
A variety of functions were tested for the mode-
ling of height curves, and the selection of the fi-
nal model was carried out based on the quality of
statistical parameters of the regression and corre-
lation analysis, and based on the degree of coin-
cidence of fitted and empirical data. The method

Table 1. Basic spatial and ecological characteristics of the sample plots

A Altitude

Slope

SP (ha) FMU Compartment ) E ©) Parent rock Soil

1 0.16 A 78/6 1480-1500 NE 20 grandiorite Brown podzolic

2 0.20 A 88/6 1510-1530 N 15 grandiorite Brown podzolic

3 0.20 A 102/6 1580-1600 SW  10-15 grandiorite Brown podzolic

4 032 A 102/& 1570-1580 SW 15 grandiorite Brown podzolic

5 012 A 107/a 1390-1410 s 10-15 Srenitesandgranite o o olic
monocytes

6 017 A 104/a 15401550 sw 5.1 Granitesandgranite 4o
monocytes

7 024 A 106/a 13951400 sw 5.1 Srnitesanderanite Lo
monocytes

8 018 A 106/6 14051415 W-sw 10-15 Sranitesandgranite 4 o
monocytes

9 0.14 b 7/a 1415-1425 SW 1i5) grandiorite Brown podzolic

10 0.16 b 7/a 1425-1435 SW 15 grandiorite Brown podzolic

11 0.12 b 7/a 1420-1435 NW  15-20 grandiorite Brown podzolic

12 015 A 109/a 14701500 N 50 Slntesandenanite g0 slic

monocytes

Legend: FMU A - ,Gobeljska Reka“. FMU — B ,Samokovska Reka“, E - Exposure
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of volume tables is used for calculating the vol-
ume, and double-entry volume tables were used
for the fir and spruce (Bankovic¢ et al., 2003,
2003a). Current volume increment was deter-
mined according to the increment percentage,
and the increment percentage was obtained on
the basis of the regression models that express its
dependence on the number of trees per area
unit, the share of specific species in the mixture,
the diameter and height of the mean stand tree
by cross section (Bankovic et al., 2002). The meas-
ured and calculated numerical values were
grouped into diameter classes - diameter struc-
ture, distribution of basal area and volume, i.e.
into height classes — height structure, which ena-
bles a better analysis of the structure of these
forests.

RESULTS

A necessary prerequisite of quality manage-
ment planning at the stand level, among others,
is the existence of reliable information on the
state of forests and permanent monitoring of the
situation. In this regard, the analysis of site char-
acteristics, health status, structural development,
species interactions and evaluation of productivi-
ty are of critical importance. The quality of anal-
ysis and decision-making in the planning process
are improved with long-term comparative analy-

ses (the principle of dynamic inventory) and by
determining the degree of disproportion between
the current and targeted (optimal) situation.

Numerous authors emphasized the impor-
tance of study and knowledge of structure (inter-
nal structure) and productivity of stands (Miletic,
1930; Klepac, 1956; Pretzsch, 1997; Kint et al.,
2004; Govedar, 2005; Medarevic, 2006; Stojanovic¢
et al., 2008; Staji¢, 2010; Pantic¢ et al., 2011; Ma-
tovi¢, 2012; Cavlovié, 2013) in order to define
their condition, select the best ways of manage-
ment, analyze the effects and plan future man-
agement measures for the establishment and
preservation of biodiversity, and thus sustainable
management of forests and forest ecosystems.
Since today one of the most important general
objectives of European forestry is increase in the
mixture and structural diversity of forest stands,
the knowledge of structure becomes even more
important. This statement is completely true for
spruce and fir forests in Serbia, due to their small
area, lack of research, the need for preservation
and possible increase of their share in the grow-
ing stock.

The number of trees is the element that
shows horizontal stand structure. The most vari-
able element is the internal structure of stands,
depending on the site quality and applied silvicul-
tural measures, and in mixed forests of spruce
and fir on Mt. Kopaonik it varies in a very wide
range (Figures 1 and 2).
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Fig. 1. The ratio of the number of spruce and fir trees
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Fig. 2. Diameter structure



TRUCTURE AND PRODUCTIVITY OF MIXED SPRUCE AND FIR FORESTS ON MT. KOPAONIK

Height distribution of trees (Figure 3) is more
stable than in their diameter distribution, and is
a more reliable indicator for the structural defini-
tion of the stands.

The stochastic ratio of height to diameter of
trees is modeled as a height curve (Figures 4 and
5), which is a prerequisite for calculating the vol-
ume and volume increment of a stand. In addi-
tion, the position in the coordinate system (in
relation to the axis) of the height curves indicates
the ratio of height growth dynamics to the site
quality as well as the relations among the tree
species in mixed and multi-storey stands.

The total produced volume and volume incre-
ment, as quantitative (numerical) parameters of
forest productivity are the result of the impact of
a complex of site factors, within stand relations,
implemented management measures and their
interactions. The average values of these and oth-
er analyzed parameters of the study stands are
given in Table 2.

DISCUSSION

Number of trees and diameter structure

In the study of spruce and fir forests on Mt.
Zlatar Matovi¢ (2016) found that the number of
trees ranged from 390 to 987 pieces-ha™, and
Stojanovic¢ et al. (2008) 565 pcs-ha™. In mixed
spruce and fir forests in different sites of the Re-
public of Srpska Govedar (2005) found from 386
to 727 pcs-ha™. In uneven-aged, two-storeyed
spruce and fir stands at the site Paunovica (FMU
“Cvrcka”, BiH) Cukovi¢ (2005) found that the num-
ber of trees was 401 pcs-ha™. The research Sta-
menkovic et al. (1990) conducted on Mt. Zlatar in
uneven-aged spruce and fir stands, with an 80%
share of fir found the number of trees was 802
pcs-ha™ and on Mt. Tara in structurally even-aged
mixed forest of fir and spruce with a 91 % share
of fir, the determined number of trees was 763
pcs-ha™.

In mixed forests of spruce and fir on Mt.
Kopaonik, the number of stems ranges from 440
pcs-ha™as has been registered in SP12 to 931
pcs-ha™ pieces in SP1, i.e. an average of 645
pcs-ha™ (Table 2). Such a number of trees means
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Table 2. Elements of productivity

Tree species N G dg hg dg . hg, . \' Iv P,
SP pcs-ha™ m?ha cm m cm m m*ha?  m*ha’ %
Fir 412.5 12.5 19.6 17.5 28.8 21.3 129.1 3.4 2.7

Spruce 518.8 28.1 26.3 20.9 36.7 23.9 319.7 7.8 2.4
1 931.3 40.6 448.8 11.2 2.5
Fir 45.0 1.5 20.8 17.4 29.5 24.0 16.4 0.4 2.5
Spruce 765.0 40.7 26.0 21.6 35.3 25.2 479.5 11.7 2.5
2 810.0 42.2 495.9 12.1 2.4
Fir 195.0 11.4 27.3 21.2 40.1 29.0 138.6 2.9 2.1
Spruce 415.0 44.8 37.1 27.7 47.3 31.6 607 11.1 1.8
3 610.0 56.2 745.7 14.0 1.9
Fir 275.0 11838 24.8 18.5 39.2 26.4 146.5 3.3 2.3
Spruce 346.9 35.3 36.0 25.6 51.0 32.1 461.3 8.9 1.9
4 621.9 48.5 607.8 12.1 2.0
Fir 125.0 6.5 25.8 19.3 44.2 26.3 71.4 1.5 2.1
Spruce 408.3 69.9 46.7 30.7 53.7 324 973.9 14.9 1.5
5 533.3 76.5 1,043.3 16.4 1.6
Fir 347.1 21.0 27.8 24.1 46.5 32.0 275.4 5.7 2.1
Spruce 264.7 34.7 40.9 29.7 66.6 35.9 487.8 8.2 1.7
6 611.8 55.7 763.2 13.9 1.8
Fir 404.2 27.1 29.2 26.2 42.0 31.7 372.1 7.4 2.0
Spruce 216.7 20.0 34.3 29.3 44.9 32.6 289.5 5.4 1.9
7 620.8 47.0 661.6 12.8 1.9
Fir 383.3 31.2 32.2 26.9 44.7 30.7 425.0 7.9 1.9
Spruce 238.9 26.0 37.2 304 51.1 33.9 369.4 6.4 1.7
8 622.2 57.2 794.4 14.3 1.8
Fir 521.4 59.9 38.2 26.6 59.3 31.8 771.2 12.7 1.7
Spruce 392.9 44.0 37.8 26.2 53.0 31.1 567.5 9.2 1.6
9 914.3 103.9 1,338.7 21.9 1.6
Fir 162.5 15.9 35.3 24.8 57.7 30.2 195.1 3.5 1.8
Spruce 350.0 30.6 33.4 258 46.5 30.3 397.3 7.9 2.0
10 512.5 46.5 592.5 11.4 1.9
Fir 125.0 12.1 35.1 30.3 44.4 34.3 180.7 3.1 1.7
Spruce 383.3 60.1 44.7 32.1 53.7 35.2 888.5 13.7 1.6
11 508.3 72.2 1,069.2 16.8 1.6
Fir 106.7 11.2 36.6 24.1 53.9 32.1 139.9 2.4 1.7
Spruce B88A3 43.5 40.8 28.4 55.6 36.0 619.6 10.8 1.7
12 440.0 54.7 759.4 13.2 1.7
Fir 258.6 18.6 29.4 23.1 44.2 29.2 238.5 4.5 2.0
Spruce 386.2 39.8 36.8 27.4 49.6 31.7 538.4 9.7 1.9
Average 644.7 58.4 776.9 14.2 1.9

Legend: N — number of trees; G — basal area; dg — diameter of mean stand tree at the cross section; dgmax
— mean diamater of the 20% thickest stems in the stand; hg, hg__ — heights corresponding with the listed
mean diameters; V - volume; Iv — current volume increment; p, — percentage of volume increment
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high forest cover percentage of the study stands
indicating their high stability and multifunctional-
ity (ecological, protective and socio-economic val-
ue). Most of the SPs (other than SP 6-9) are dom-
inated by spruce in the total number of trees
(Figure 1). The average share of this species ac-
counted for 59.9% (from 34.9% in SP7 to 94.4%
to in SP2), while the average share in the total
number of fir trees is 40.1% (from 5.6% in SP2 to
65.1% in SP7).

Only in SP9 and SP10 (diameters only) fir
achieves slightly larger tree dimensions compared
to spruce. In all other investigated cases larger
dimensions (often significantly) of diameter and
height were measured for spruce trees. The dg of
fir ranges in the interval from 19.6 to 38.2 cm,
and for spruce in the interval from 26.0 to 46.7
cm, with corresponding heights ranging from 17.4
to 30.3 m and from 20.9 to 30.7 m, respectively.
In comparison to fir, the dg of spruce is bigger by
7.4 cm and hg by 4.3 m. Dimensional superiority
of spruce can also be seen in diameters and
heights of 20% of the thickest trees in the stand.
The dg__ of fir is 28.8-59.3 cm, and of spruce
35.3-66.6 cm. The corresponding heights for
these diameters are from 21.3 to 34.3 m fir, and
for spruce 23.9 to 36.0 m. In comparison to fir,
dg,, of spruce is by 5.4 cm longer, and hg__ by
2.5 m. As mean trees are statistically representa-
tive of stands, it is possible to conclude that
spruce is dominant in comparison to fir in terms
of dimensions. It can also be concluded that the
variation in diameter and height, i.e. dimensional
diversity is high for both tree species in their
mixed forests on Mt. Kopaonik.

In terms of diameter structure (Figure 2) the
investigated stands are characterized by a great
variety of structural forms, ranging from struc-
tures associated with even-aged stands (SPs 2, 3
and 7) and two-storey stands (SPs 5, 8, 9 and 10)
to typical multi-storey, uneven-aged stands (SPs
4, 6, 11 and 12). The flow of cummulative curves
of distribution is in most cases caused by the
structure of spruce, which dominates in the total
number of trees. Marked structural heterogeneity
is an important element of the value of mixed
forests of spruce and fir on Mt.Kopaonik. The dis-
tribution is dominated by thin and medium thick
trees, with a minimum participation of trees with

large dimensions. A 47.1% share of the total num-
ber of trees are in diameter classes of up to 30
cm. The 31-50 cm diameter classes account for
44.6%, while for spruce trees this category ac-
counts for 66.4%, and 33.6% for fir. The share of
8.3% of the total number of trees are in the larg-
est classes (over 50 cm). In this part of the inven-
tory spruce is also prevalent (78.1%) compared to
fir (21.9%).

Height structure and height curves

The cumulative curves of height structure in
the study stands (Figure 3) are characterized by
an irregular flow with one, two or more maxi-
mums of the number of trees represented at dif-
ferent height classes. The height structure of SPs
1, 2, 7 and 8 are flared in shape, (more or less)
asymmetrical to the right, with a clear peak at the
class of 22,5 m (SP1 and SP2), and in the class of
28.5 m (SP7 and SP8).

The position of the maximum and basic flow
of the cumulative curve of distribution are pri-
marily the consequence of spruce distribution
into height classes. The height structure of SPs 3,
4,5,6,9, 10, 11 and 12 is characterized by mul-
tiple notching of the curves of distribution of
trees and marked variation width, which confirms
their uneven-aged structure. The appearance of
two peaks in the height classes of 7.5 m (10.5 m)
and a more pronounced peak at 31.5 m (28.5 m)
in these sample plots clearly indicate the domi-
nance of short to medium-high trees (correlation
with the diameter structure- domination of thin
and medium thick trees). The height structure of
mixed forests of spruce on Mt. Kopaonik classifies
them into structurally heterogeneous forests with
a wide range of forms — from even-aged to une-
ven-aged stands (in the broadest sense). In terms
of multi-functionality, and ecological stability and
value, this is an important element of the value
of these forests.

The height curves of spruce and fir (Figures 4
and 5) in SPs 1 and 2 were much flatter and less
steep than the curves of other SPs, which is the
result of the minimum share of trees with medi-
um-large dimensions, a complete lack of trees of
large dimensions and certain dynamic disturbanc-
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es in these two stands. In the other stands, the
curves of both tree species are grouped, with
marked steepness indicating good growth in
height and a positive competitive ratio of spruce
and fir in these sites. Slightly steeper height
curves of fir compared to spruce clearly indicate
a different dependance of this species on light.

Forest productivity

As a consequence of a high forest cover per-
centage and significant share of trees with medi-
um-large diameter dimensions, the average value
of basal area in spruce and fir forests (Table 2) is
58.4 m?-ha™, with a 68.1% share of spruce and
31.9% share of fir. The volumes are in the range
from 450 to 1,340 m*ha™and indicate high pro-
ductivity of the study stands, with the average
volume of 776.9 m3*hatand the spruce: fir mix-
ture ratio of 69.3%: 30.7%. The current volume
increment ranges from 11.2 to 21.9 m*ha™, with
an average of 14.2 m3-ha™, and its major part
(68.1%) belongs to spruce, while fir accounts for
31.9 % of the value of this element. The absolute
value of the current volume increment and the
percentage increment ranging from 1.6% to 2.5%
(on average 1.9%) are slightly higher in fir, which
confirms the already stated high productivity of
these forests. In mixed forests of spruce and fir
with a small share of white pine on Mt.Zlatar, Sto-
janovic et al. (2008) found an average volume of
470.5 m3-ha™, a current volume increment of 13.9
m?3-ha™, and the increment percentage of 2.95%.
In the research (Govedar, 2005) in the Republic of
Srpska, where these forests occupy significant ar-
eas, the values of current volume increment
range from 8.9 to 16.6 m*-ha™ in uneven-aged
two-storey stands (with an average volume 389.0-
716.3 m3*-ha™) and from 10.9 to 11.8 m*ha? in
uneven-aged multi-storey stands (average volume
of 440-507 m3-ha™). In the uneven-aged, mixed
forests of spruce and fir in the eastern Alps in
Italy (Veneto region) the average annual incre-
ment is 6.0 m3-ha™* and an average volume is 350
m?3-ha™ (Bagnaresi et al., 2002; Grassi et al.,
2003).

On the whole, all the study stands are charac-
terized by ecological stability and vitality, which,
tohether with the site potentials resulted in high
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productivity. The altitude of the site (1,390-1,600
m above sea level) and its features described in
chapter 2.1. are suitable for the growth of both
these species of trees as typical sciofita. The up-
per limit of fir distribution and powerful anthro-
pogenic impacts on this type of trees exercised
through past management procedures influenced
spruce as the current holder of the productivity
of these forests.

CONCLUSIONS

Mixed spruce and fir forests are most com-
monly climate regional forests located at the tran-
sition between mixed three-dominant forests of
spruce, pine and beech, and pure spruce forests.
Although their share in forest resources Serbia is
modest, because of the high productivity, envi-
ronmental stability and structural complexity,
they represent its significant part. A prerequisite
for the conservation of these forests, among oth-
er things, is good knowledge of their structural
and production characteristics, tree species-inter-
actions among themselves and with the site,
which serves as the basis for correct planning and
subsequent approach to the management of
these forests. That was the main motive of these
studies, that reached the following conclusions:
1. The forest cover percentage of these forests

is high, and the spruce dominates in the total

number of stems with 59.9%, while the share

of fir is 40.1%;

2. Thin and medium-thick trees dominate, with
minimal involvement of large dimension trees,
and dimensional superiority of spruce. In ad-
dition, both species showed pronounced di-
mensional diversity;

3. Mixed forests of spruce and fir are character-
ized by a great variety of structural forms,
from structures associated with even-aged
stands to two-storey and typical multi-storey
uneven-aged stands;

4. The average volume of 776.9 m*-ha™ and the
mixture ratio spruce: fir = 69.3%: 30.7%. The
average value of the current volume incre-
ment is 14.2 m3-ha™, and the increment per-
centage ranges in the interval 1.6% - 2.5%
(1.9% on average), which indicates high pro-
ductivity of these forests;
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5. As a consequence of strong anthropogenic
pressures on fir in the past (the primary
cause), and the fact that in the studied sites
on Mt. Kopaonik it is near its upper limit of
vertical distribution, spruce is the current
holder of productivity in these forests;

6. Because of its small share in the growing
stock of Serbia, spruce can be considered a
very rare and valuable tree species, which en-
riches forest types with its presence and indi-
cates the preservation of natural potentials in
general, especially in the case of relict com-
munities. Therefore, the need to increase the
share, conservation and protection of fir
among the borders of its current distribution
is emphasised, which represents a long-term
task of management in these forests;

7. The main long-term tasks in the management
of spruce and fir forests on Mt.Kopaonik are
as follows: the conservation of structural vari-
ety and stability, the maintenance of good
forest cover percentage and mixture, and in-
crease in the share of fir in the existing grow-
ing stock (when filling gaps in these forests fir
should be the priority species).

Acknowledgment: We thank the Ministry of
Education, Science and Technological Develop-
ment of Republic of Serbia, which financially sup-
ported this research within the project “Sustain-
able management of the overall resources of
forests in the Republic of Serbia” — EVNO. 37008.

ANTEPATYPA / REFERENCES

Bagnaresi U., Giannini R., Grassi G., Minotta G.,
Paffetti D., Pini Prato E., Proietti Placidi A.M.
(2002): Stand structure and biodiversity in
mixed, uneven-eged coniferous forests in
eastern Alps, Forestry 75 (4): (357-364)

Bankovi¢ S., Medarevi¢ M., Panti¢ D. (2002): Regre-
sioni modeli procenta zapreminskog prirasta
u najzastupljenijim sastojinama Cetinarskih
vrsta Drveéa u Srbiji, Glasnik Sumarskog fa-
kulteta 85, Univerzitet u Beogradu-Sumarski
fakultet, Beograd (25-35)

Bankovi¢ S., Medarevi¢ M., Panti¢ D., Filipovi¢ M.
(2003): Zapreminske tablice za jelu na poDr.
u¢ju Nacionalnog parka Kopaonik, Sumarstvo
1-2, USITS, Beograd (27-34)

Bankovi¢ S., Medarevi¢ M., Panti¢ D., Filipovi¢c M.
(2003a): Zapreminske tablice za smr€u na
poDr.u¢ju Nacionalnog parka Kopaonik,
Sumarstvo 2-3, USITS, Beograd (51-60)

Bankovic¢ S., Medarevi¢ M. (2009): Kodni prirucnik za
informacioni sistem o Sumama Republike
Srbije, Univerzitet u Beogradu-Sumarski
fakultet, Beograd

Bankovi¢ S., Medarevi¢ M., Panti¢ D., Petrovi¢ N.,
Sljuki¢, B., Obradovi¢ S. (2009): Sumski fond
republike Srbije—stanje i problemi, Glasnik
Sumarskog fakulteteta 100, Univerzitet u
Beogradu-Sumarski fakultet, Beograd (7-29)

Govedar Z. (2005): Nacini prirodnog obnavljanja
mesovitih Suma jele i smrée (Abieti-Piceetum
illuricum) na poDr.u¢ju zapadnog dela
Republike Srpske, doktorska disertacija u
rukopisu, Univerzitet u Beogradu, Sumarski
fakultet, Beograd

Grassi G., Minotta G., Giannin, R., Bagnaresi U.
(2003): The structural dynamics of managed
uneven-aged conifer stands in the Italian
eastern Alps, Forest Ecology and Manage-
ment 185 (3): (225-237)

Kint V., Robert DW., Noel L. (2004): Evaluation of
sampling methods for the estimation of
structural indices in forest stands, Ecological
Modelling 180 (4): (461-476)

Klepac D. (1956): Upotreba frekvencijskih krivulja
broja stabala pri “Opisu sastojina”, Sumarski
list 11-12, Glasilo Sumarskog Dr.ustva NR Hr-
vatske, Zagreb (357-369)

KneZevi¢ M., Cvjeticanin R. (2003): Ekoloski tipovi
Suma Kopaonika (GJ “Brzecka reka”, GJ “Bar-
ska reka”, GJ “Samokovska reka”, GJ “Gobelj-
ska reka”), Rukopis, Sumarski fakultet Beo-
gradu, Beograd

Krsti¢ M., Cvjeticanin R., Smailagi¢ J., Govedar Z.
(2014): Climate-vegetation characteristics of
Kopaonik mountain in Serbia, Carpathian
Journal of Earth and Environmental Sciences
9 (3): (135-145)

Mati¢ V. (1959): Taksacioni elementi prebirnih Suma
jele, smrce i bukve na poDr.ucju Bosne, Ra-
dovi Sumarskog fakulteta i Instituta za $umar-
stvo i Dr.vnu industriju, God. Il br.4, Sarajevo

Matovic B. (2006): Karakteristike mesovitih sastojina
jele i smrce praSumskog porekla na Zlataru,
Medunarodna naucna konferencija “Gazdo-
vanje Sumskim ekosistemima nacionalnih
parkova i Dr.ugih zasti¢enih poDr.u¢ja”, Jaho-



Biljana Sljuki¢, Damjan Panti¢, Milan Medarevi¢, Sne7ana Obradovi¢, Dragan Borota, Dusko Cukovi¢

rina-NP Sutjeska, 05-08 jul 2006, Zbornik
radova (579-587)

Matovi¢, B. (2012): Odnosi strukture, specijskog i
ekosistemskog diverziteta visokih bukovih
Suma Srbije, Doktorska disertacija, Univerzi-
tet u Beogradu-Bioloski fakultet, Beograd

Matovi¢ B. (2016): Uticaj meSovitosti na proizvod-
nost $uma jele i smrée na Zlataru, Sumarstvo
1-2, USITS, Beograd (27-38)

Medarevi¢ M., Bankovi¢ S., Panti¢ D., Petrovi¢ N.
(2002): Distribution, conditions and managa-
ment policy in mixed fir forest in Serbia, X
Internationallen Jufro-Tannen Simposium am
16-20 Sept. 2002, Trippstadt (201-208)

Medarevi¢ M. (2006): Planiranje gazdovanja Suma-
ma, Univerzitet u Beogradu Sumarski fakul-
tet,. Beograd

Mileti¢ Z. (1930): IstraZivanja o strukturi bukovih sa-
stojina karaktera pre$ume, Sumarski list 1,
Zagreb (2-9)

Misi¢ V., Popovi¢ M. (1954): Bukove i smréeve Sume
Kopaonika, Arhiv bioloskih nauka 6: (1-2): (5-
24)

Misi¢ V., Jovanovi¢ - Dunji¢ R., Popovi¢ M., Borisa-
vljevi¢ LJ., Anti¢ M., Dini¢ A., Danon J., Bla-
jendi¢ Z. (1978): Biljne zajednice i stanista
Stare planine, SANU, Pos.izd. knjiga DXI,
Odelj.prir-mat. Nauka, knjiga 49, Beograd
(1-389)

Misi¢ V., Popovi¢ M., Dini¢ A. (1985): Sume jele i
smrée (Abieti-Piceetum serbicum typicum)
na Kopaoniku i Zlataru u Srbiji, Glasnik Pri-
rodnjackog muzeja u Beogradu B40: (67-73)

Obratov D. (1992): Flora i vegetacija planine Zlatar,
Doktorska disertacija, Bioloski fakultet, Beo-
grad

Panti¢ D., Medarevi¢ M., Bankovié¢ S., Obradovi¢ S.,
Sljuki¢ B., Pesi¢ B. (2011): Structural, produc-
tion and dynamic characteristics of the strict
forest reserve “Racanska Sljivovica“ on Mt.
Tara, Glasnik Sumarskog fakulteta 103, Uni-
verzitet u Beogradu-Sumarski fakultet, Beo-
grad (93-114)

Pretzsch H. (1997): Analysis and modeling of spatial
stand structures. Methodological considera-
tions based on mixed beech-larch stands in

Lower Saxony, Forest Ecology and Manage-
ment 97, (237-253)

Rakicevi¢ T. (1980): Klimatsko rejoniranje SR Srbije,
Zbornik radova Geografskog instituta PMF
27, Beograd (29-42)

Smajilagic¢ J. (1995): Klima Kopaonika, RHMZ Cpbuje,
Beograd

Staji¢ B. (2010): Karakteristike strukture sastojina i
rasta stabala u meSovitim sastojinama bukve
i plemenitih lis¢ara na poDr.ucju Nacionalnog
parka “Derdap”, Doktorska disertacija, Uni-
verzitet u Beogradu Sumarski fakultet

Stamenkovi¢ V., Vuckovi¢ M., Petkovi¢ J. (1990): Pro-
izvodnost prirodnih sastojina jele i smrce na
poDr.ucju regiona Titovo Uzice. Unaprediva-
nje Suma i Sumarstva regiona Titovo UZice 2
- rezultati istraZivanja u periodu 1985 - 1989.
Univerzitet u Beogradu Sumarski fakultet,
Beograd

Stojanovi¢ L., Krsti¢ M., Medarevi¢ M., Bjelenovic I.
(2008): Prebirno gazdovanje u mesovitim Su-
mama jele, smrée i bukve na Zlataru, Sumar-
stvo 3, USITS, Beograd (31-52)

Sljuki¢ B. (2015): Tipovi suma Kopaonika kao ekoloski
osnov realnog planiranja gazdovanja - oDr.
Zivog upravljanja Sumskim ekosistemima,
Doktorska disertacija, Univerzitet u Beogradu
Sumarski fakultet, Beograd

Tomi¢ Z. (2004): Sumarska fitocenologija, Univerzite-
ta u Beogradu-Sumarski fakultet, Beograd

Tomi¢ Z., Rakonjac LJ. (2013): Sumske fitocenoze Sr-
bije, Priru¢nik za Sumare, ekologe i biologe,
Univerzitet Singidunum, Fakultet za prime-
njenu ekologiju Futura i Institut za Sumarstvo
Beograd, Beograd

Cavlovi¢ J. (2013): Osnove uredivanja $uma, Sveuci-
liste u Zagrebu Sumarski fakultet, Zagreb

Cukovié¢ D. (2005): Izbor optimalnog metoda uredaj-
ne/sastojinske inventure u raznodobnim i
prebirnim Sumama u Republici Srpskoj, Ma-
gistarski rad, Univerzitet u Beogradu, Sumar-
ski fakultet, Beograd

(2009): Prostorni plan podrucja posebne name-
ne Nacionalnog parka Kopaonik, Sluzbe-
ni glasnik Republike Srbije broj 95/2009

© 2017 Authors. Published by the University of Belgrade, Faculty of Forestry. This article is an
open access article distributed under the terms and conditions of the Creative Commons
Attribution 4.0 International license (https://creativecommons.org/licenses/by/4.0/)




