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M3BoA: Y paay ce aHann3upajy passujeHocT 1 uarpah)eHocT Kpowwu cTadana u kuxosa edu-
KacHOCT 3a NPOU3BOAHbY 3anpemmnHe KPyrnHor ApBeTa Ha NpUMepy jefiHe YncTe cacTojuHe de-
nor jacexa, ctapoctv 35 roguHa. NMonasehu of uHTepakuumje uamehy enemeHata cTpykType
KpOLWHM U enemeHaTa pacTta ctadana U cacTojuHa carnefaHa je eKoHOMUYHOCT Kopuwherba
npocTopa 3a pacT u gedrHUCaHa ONTUMANHA CACTOjJUHCKA M3rpaheHoCT, WTo je S0 OCHOBHU
un/b oBor pasa. Ctabna ca BUTKMjUM KpoLUkbama, YyNpKoc dos/bem 04HOCY NOBpPLUMHE OMOTa-
4a 1 3anpemuHe KpoLHe, MPOM3BOAE Makby 3anpemuHy ApBeTa (HefoBo/bHO passujeHe). Ca
Zpyre cTpaHe, Kafia ce Npov3BeseHa 3anpemuHa ctadana nocmaTpa no jefMHMLM NpocTopa 3a
pacT youeHo je Aa LWTO je Marbe NpocTopa 3a pacT To ra cTabno edpuKacHuje KOPUCTU 3a Npo-
AyKuujy apseta. To ykasyje Ha nocrtojarbe ogpeheHor ontumyma nsmehy usrpaheHoctu kpo-
WM M Npov3BeeHe 3anpemMuHe cactojuHe. ONTUMANHO CAaCTOJUHCKO CTakbe Ca acnekrTa us-
rpaheHoCT KpoLw K, XKesbeHor dpoja cTadana M 3anpemuHe cactojuHe yTepheHo je Ha dasu
ofiHoca uamehy KoeduLmjeHTa ekoHoMMYHOCTH Kopuwwhetrba NpocTopa 3a pacT 1 3anpemuHe
cradana og 3acTpTe NOBpPLUMHE.

K/byyHe peumn: eKOHOMMYHOCT Kopuwhera npocTopa 3a pacT, ePpMKACHOCT KPOLUkbUM, ONTU-
Ma/iHO CTatbe, 3anpemunHa ctadna u cactojuHe, denu jaceH

YBOA

Benwu jaceH (Fraxinus excelsior L.) je jeaHa og,
NpVBPeSHO-eKOHOMCKMN 1 eKOOLWKM Haj3HavajHu-
jux BpcTa nnemeHuTux nuwhapa. Bucoka speps-
HOCT ApBeTa, dp3 NOPacT y MAaZ0CTM U NOCTU3akbe
3HaYajHUX AMMEH3Mja Y PeNaTUBHO KPaTKOM Npo-
OYKLMOHOM nepuoay YCI0BUAW Cy NojayaHo MHTe-
pecoBatbe 3a 0BOM BpcTom apseha (Staji¢ 2003).
Hajuewhe pacTe Kao npumellaHa BPCTa U PeTKo
dopmupa uucte cactojuHe. benun jaceH cBojum
npucycTBom goaaTtHo odorahyje LWymcke ekocu-

cTeme, anv npeAacTas/ba BpCTy ApBeha Koja cnaga
Y KaTeropujy peTkux u yrpoXKeHux, KOjoj je HyXKHO
nocBeTUTN NocedHy Nakkby Npu NaaHckom opcu-
pakby eKONOLWKMX, COLMjANTHUX U EKOHOMCKUX LiK-
JbeBa raszosarba Wymama (Bankovic et al. 2009).

Heke on Hepoymuue Be3aHe 3a rasgoBakbe
oBOM BpcTom Apseha cy 3HayajHUm agenom oT-
KNOHEHE pesynTaTuma SPOjHUX UCTPaKMBatba,
CnpoBefeHnx nocnegknx geueHuja wmpom Espo-
ne. To ce NpeBacxo4HO OAHOCKM Ha casHaka O
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pacTy 1 npupacty ctadana 1 cacTojuHa y 3aBUCHO-
CTW opf, cTaHMWHMX ycnoBa (Cluzeau et. al., 1994;
Ottorini et. al., 1996; Kerr, Cahalan, 2004; Le Goff
et. al., 2004; Vuckovic et al., 2001; Stajic, 2010) n
moryhHOCT NpMpoAHOr MAW BeLTayKor ycrnocTa-
B/batba YNCTUX U MELLIOBUTMX CacTOjMHA OBe BpCTE
(Kerr, 1995). Pe3yntaT 0BMX UCTpaKkuMBatba, anu
n gpyrux (Stajic, 2004; Juodvalkis et al., 2005
UTA.), LONPUHENM CY CTULAaY HU3a BaNIMAHMX UH-
dopmaumja og 3Havaja 3a cnposohere oarosa-
pajyhux rasaguHCKUX MHTEPBEHLMja Y CBPXY ONTK-
MM3aLnje CacTOJMHCKOT CTakba Yy CacTojuHama vy
Kojuma je benu jaceH gomuHupajyha Bpcta. Y
Haueny, pesyntaTte SPOjHUX UCTPAXKMBAHbA KapakK-
TEPUCTMKA pacTa U npupacta ctadana denor jace-
Ha Ha Pas/IMYNTUM CTaHULITUMA NPUANYHO Je-
Ta/bHO cy cymupanu Staji¢ (2003), Hein (2004),
Kadunc (2004) v Dobrowolska et al. (2011).
OBfZie NpoBeeHa UCTPaKMBarba 00aB/beHa Cy
Ha nogpyyjy HactasHe dase Lymapckor dakynTe-
Ta y uctoyHoj Cpdujun, nokanuter MajgaHneyka
[OoMeHa. HaBegeHu nokanuteT oaunKyje ce Benun-
Kum yyewhem maagux cactojuHa denor jaceHa,
CacTojuMHaA NUNe, MELOBUTUX cacTojuHa denor ja-
CeHa v niMne, 3aTUM MELIOBUTUX CacTojuHa denor
jaceHa, nune u gpyrux Bpcta apseha (mneua,
rOpPCKOr jaBopa, Tpele, Speknbe, XpacTa KuT-
tbaKa) uta. Ha oBom npocTopy je Ao casa BpLeHo
BULLE UCTPAXKMBaHba KapaKTEPUCTUKA CTPYKTYpe U
pacTa denor jaceHa (Miscevic, Stamenkovi¢ 1972,
1976; Vuckovic¢ et. al., 2001; Staji¢, 2003;
Janjatovié, 2012), WwTo UCTOBPEMEHO NpeacTaB/ba
NoANory U ycmepere 3a Aa/bl HayYHO-UCTPaXKK-
Bayku pag. Mehytum, nopepn npenosHaTtor pa-
3BOjHO-NPOU3BOAHOT U SMOEKONOLIKOT NMOTEeHLM-
jana, KapakTep M 06MM UHTepecoBara gomahe
LIyMapcKe CTpyKe npema oBoj BpcTu apseha jow
YBEK je Ha He,0BO/bHOM HMBOY. OBaKBa UCTPAXKU-
Batkba Cy of, noceSHOr foAaTHOT 3Hayaja, umajyhu
Yy BUAY YOUEHO U CBE WHTEH3WBHUje Cyllerbe U
oaymupare denor jaceHa y 3agte ABe AeleHuje
y 6pojHum EBponckum 3emsbama (Halmschlager,
Kirisits 2008; Kraj et al., 2012). MNojaBa cylwera
benor jaceHa je Takohe yoyeHa M Ha TepuUTOpUju
Cpduije (Keca, 2017). Y Ty CBpXY, pe3yntaTv HOBUX
MCTpakMBakba pacTta U NpuMpacTta, Kao Aeo odu-
MHOT U C/IOXKEHOr 3aaTKa — KOMMIEKCHUX, WH-
TEPAMCUMNANHAPHUX NpOoyYaBatba duoekonoruje
M eKOHOMCKO-MPOU3BOAHMX KapaKTepucTmKa nie-
meHuTUMX nnwhapa, omoryhaBajy nodujare Kea-
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NIUTETHUX MHPOPMaLMja of 3Havaja 3a edUKacHO
LymapcKo npuspehuBarbe v cTBaparbe Aena He-
ONXOA4HWUX NpeaycnoBa 33 eBEHTYa/IHO 3HavajHuje
Bpahare oBe BpcTa Apseha y Wymckn GoHL Ha-
wmnx npocropa (Stajié, 2003).

JepaH o OCHOBHUMX NapameTapa 3a OuUeHy HU-
BOa QOTOCMHTETUYKOT YYMHKa cTadana, a TMMe u
npousBeseHor npupacta crtadana v cTeneHa
ocTBapera NPOU3BOAHE U HU3a eKONOLWKUX PYHK-
umja, jecte Kpowrba ctadna. Kako Kpowre cna-
[ajy Y OHAj enemeHT CTPYKType cacTojuHe Ha Koje
LIYMapCKM onepaTMBaL, MOXKe CBOjMM 3axBaTUMa
BUAHO 1 epMKACHO AeN0BaTH, Ca3Hara Be3aHa 3a
cneundUyYHOCTU ogHOCa M3rpaheHoCTU KpoLku
M OCTaZNX enemeHaTa pacta NpeacTaB/bajy MH-
dbopmaumje oa 3Havaja 3a CTPYUHY M HayyHy LIy-
MapcKy jaBHoCT. YTBphMBarbe napameTapa Kpo-
WHW Kao MoKasaTe/ba 33 OLEHYy npupacHor
noteHuujana cradana u cactojuHa je Beh Buwe
JeleHunja jeAHO of, BEOMA Ba*KHUX MUTaka pa-
3BOjHO-NPOU3BOAHUX WUCTpaxkmBarba y EBponu
(Burger, 1939; Sommer, 1961; Schépfer, 1986,
Spiecker, 1983, 1991, Vuckovi¢ 1994, Pretzsch,
Schiitze 2005, Wyckoff, Clark 2005; Hein, Spiecker
2008; Pretzsch 2014 wta,). Pasmatpajyhu nutare
CTPYKTYpe CacTOjUHEe U eNleMeHTe KOjWu je YuHe,
Milin (1965) je vn3rpaheHOCT KpowHK CBPCTao y
“cnopegHe’”’ enemeHTe CTPyKType. Ha camyaH Ha-
ymH Dubravac (1997) KoHcTaTyje Aa je no3HaBarbe
CTPYKTYpe KPOLUHW CaCTOjUHE BaKHO 3a rasfosa-
Hbe, jep o, 0Be CTPYKType 3aBUCe KBAHTUTATUBHM
M KBa/NMTATMBHM MpupacT ctadana u came cacTo-
juHe. MogenoBatbe Bese u3mehy pasnnunTmx
efnemeHaTta pacTa ¥ napameTapa Kpollkbn MOXKe,
npema Bozic¢ et al. (2008), nocny»KWUTW 1 Kao OCHO-
Ba 3a yTBphMBatbe enemeHaTa HOPMasHOCTK ca-
cTojuHa (Hopmana).

MpaKTUyHM 3HaYaj pesyaTaTa oBae nposese-
HUX UCTPa)KMBakba OAHOCK ce Ha Jodujarbe UH-
dbopmaumja 0 TPEHYTHOM CTakby CacCTojuHe y no-
rnegy e@puUKacHOCTM KpowmKu cTadana, wWTO
npeAcTaB/ba OCHOB 3a NpoBohere oarosapajyhunx
Mepa Here y CBpXy foBohera cacTojuHa y onTu-
MasiHO CcTakbe. Popmupatbe U oaprKaBakbe ONTu-
MaNIHOT CTakba CACTOjUHE NpeaycnoB je HeHor
npaBWIHOr pPa3Boja, CTabUAHOCTH, BUTAIHOCTU U
ePUKacHOCTM y UCNyHaBaky NPOU3BOLHUX, EKO-
JIOWKMX U coumjanHux dyHKumja wyme (Vuckovic
et al., 2008). Ctora, un/b OBOr UCTPaXkMBatba jecTe
yTBphuBarbe eGMKacCHOCTU KPOLWHWU Ha Noapyyjy
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MajoaHneuke nomeHe v geduHUCabe onTUMAn-

HOT CaCTOjJMHCKOT CTakba Ca acneKTa pa3BujeHoCTH

KpOLUHUM M paLmoHanHor Kopuwhera npoactopa

33 pacT y aHaNM3MpPaHOj CTapocTh. Y Ty CBpXy je

duUno HyKHo ypaauTu cnegehe:

1. yTBPAUTM U PA3MOTPUTU BEIMYMHE OCHOBHMX
efiemeHara pacta ctadana denor jaceHa y uc-
TPaXMBaHOj CaCTOjUHN,

2. oApeauTV W aHa/NM3UPaTH MoKasaTesbe 0d/u-
Ka M pa3BMjEHOCTU KpoLlkbM cTadana,

3. peTepMMHMCATM ONMTUMaAjHE OAHOCEe Be3aHe
3a nokasaTtesbe ePUMKACHOCTU KPOLUHM U KO-
puwhere npoctopa 3a pacTt u

4. w3BpWUTK eBanyaumjy fodujeHnx pesyntata

MATEPHUJAA 1 METOA PAAA

MpeameT MUCTpaXKMBaka je YncTa CacTojuHa
denor jaceHa Ha nogpydjy UctouHe Cpduje. Ca-
CTOjMHa ce Hanase Ha noapy4jy MajaaHneuke Jo-
meHe, y I ,LlpHa Peka“ y okBupy HactaBHe 6ase
LUymapckor dakynteta y edenom Jlyry. Hanasm
Ceé Ha CTAaHWWTY KUTHaKa u rpada (Querco-
-Carpinetum moesiacum Rudski (40) 1945) Ha ey-
TPUYHO cMehMM 3eM/bULITMMA HA aHAE3UT-aMbu-
S0NUTCKUM WKpusbLMMa. Harnd TtepeHa je 7°, a
eKkcnosuumja je jyr-jyrosanag. Mpemep je oda-
B/beH noyetkom nponeha 2013 roguHe, npu cTa-
pocTn cactojuHe of 35 rogmHa.

Y 0BOj CaCTOjUHM MOCTaB/bEHO je ornegHo
nosbe BenunumHe 930 m?. Ha ornegHoj NOBPLLUMHM
ce Hanasum ykynHo 172 crtadana benor jaceHa
(1850/ha), TemesbHUua nsHocu 22,2 m?/ha, a 3a-
npemuHa 187 m3/ha Mopen denor jaceHa, 3acTy-
M/bEHO je M HEeKONMKO cTabana Apyrux BpCTa.
OrnepgHa NoBpLUMHA, KaO M OCTaje CacTojuHe M
CTaNHe orneaHe NOBPLUMHE M34BOjeHe Ha AaTOM
JIOKaNUTETY, HacTase Cy Noc/e YUCTUX ceya Yy CTa-
pvM 1 AeBUTann3oBaHUm SyKosum, SYKOBO-xpa-
CTOBMM LIyMaMa W LWyMamMa KUTHaka u rpada.
JaceH ce y oBMM cacTojuHama yriaBHOM Npupoa-
HO 06HOBMO, @ Ha MecTMMa rae NpUpoaHa odHoBa
HWje y NOTMYHOCTK ycrena U3BPLLEHO je HAaKHAgHOo
nonyrasatoe.

3a peanusauujy 3afaTaka UCTPaXKMBakba KOpU-
wheHe cy caBpemeHe MeToAe U UHCTPYMEHTU 33
mepere MnojeAuHUX enemeHata pacta crtadana,
Kojum pacrionake JlabopaTopuja 3a UCTParKMBaHLE
npupacta n dnomoHuTopumHr LLlymapckor dakynte-

Ta y beorpagy. CeBum ctabnmma je mepeH odum
(TauHoct 0,1 cm). Ha HewTo mare og 100 cTadana
(97) mepeHe cy BucuHe cTadana M Haj3HaYajHUjK
napamMeTpu KojuMa ce KapaKTepuLly pa3BujeHoCTH
1 unsrpaheHocT Kpowmn ctadana. YtrepheHu cy
cnepehn enemeHTU: NOAYNPeUYHUUM KpoLkbe y
npaBLy raBHUX 1 CNOPeaHMX CTpaHa ceeTa (r,, I,
o Ty Taw Tsw Tsp Tye) h — BMCKMHE NoYeTKa Kpo-
Wwibe. BucHa noveTKa Kpolukbe ctadna je o3Have-
Ha Kao BMCMHa Ha Aedny rae nounkbe NpBsa XKuBa
rpaHa Ymju BpX AONUPE A0 BUCUHE Hajlumper aena
Kpouwtbe. LLMprHa uam npeyvHuK Kpowme (b) us-
payyHaTV Cy Kao A4BOCTPYKa BPeAHOCT KBaJpaTHe
cpeaAvHe U3MEPEHUX MOMYNPEYHMKA KPOLLHE:

Ay*nHa kpowtbe (/) nspadyHata je ogysuma-
HEM BUCUHE MOYETKa KPOLHe 0f YKYMNHE BUCUHE
ctabna:

l.=h-h,

PenatnsHa ayxuHa kpowtbe (I /h) nspadyHarta
je U3 ogHoca anconyTHe AyXKUHe KpOollhe U BU-
CUHe cTadna.

BucuHcka KpuBa je gedrHMCaHA HAKOH TecTu-
patba HeKoNMKo Hajuyewhe ynoTpeds/baBaHuUXx
dyHKUMja 33 u3paBHaBake BUCKHa (h) y 3aBUCHO-
CTW o4, NpeyHuKa (d), npu Yyemy ce Kao Hajnoroa-
HUWja nokasana MNpoaaHoBa ¢yHKUMja:

dZ

h=1,3+ >
a,+a,-d+a,-d

3a ogpehusarbe Bese usmehy /, v d, Kao u
Be3e mamehy 3anpemuHe ctadana (v) u d Kopwu-
wheH je NoAMHOM Apyror cTeneHa:

y=c-d?’+b-d+a

3a oppehuBatbe 3anpemuHe ctadana (v) Kopu-
wheH je cnegehun mogen (Alberti et al., 2005):

v=0,404-d-h

Y uwmy nopeherba pesynTtaTa, 3anpemuHe
ctabana Genor jaceHa (v) ogpeheHe cy u 3anpe-
MUWHCKMM MOZENoM, Koju Pantic¢ (1996) npenopy-
yyje 3a NOJbCKU jaceH:

V= 0,16166 . d1,78003 . h1,115947
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3asucHoctu | /h og d npeacTas/beHa je nnHe-

apHoMm dyHKLMjoM:
Ik/lI=b-d+a

MoBpLMHA BEPTUKANHE NpPOjeKuMje KpoLhe
Ha XOPWM3OHTaNIHY paBaH — 3acTpTa MOBPLUMHA,
NoBpLIMHA 3acTUpakba (Zp) padyHaTa je Kao nosp-
LWKWHA KPYra, YMju je NpOoCeYHN MOJIYNPEYHUK jea-
HaK M3HOCY KBaZpaTHe cpeauHe NosynpeyHuKa
KPOLLIHE MEPEHUX Y OCaM MNpaBLa:

Zp, =rm
3aBUCHOCT Zp of, d NpuKasaHa je EeKCMOHEeH-
LMoHanHOM yHKUMjom:
Zp,
3a M3payvyHaBakbe 3anpemmHa KpoLw K Kopu-

wheHa je dopmyna Koja npeacTas/ba 3anpemmnHy
napadonounga (Nuflein, 1995):

w=1/2-mrt-

=q - e
r

rae je V, — 3anpemuHa Kpowme [m’], r - nony-
NPeYHuK Kpowwrse [m], a |, — Ay)uHa Kpowrse [m].

OpHoc V, v d npuKasaH je eKcnoHeHuuoHan-
HOM dYHKUMjOM:

vV, =a-e"”
r

MosplmHa oMmoTaua Kpowtbe (S, ), uspadyHa-
Ta je opmMyan0OM 33 MNOBPLLMHY OMOTa4a napadosno-
naa (Nuflein, 1995):

{(a-r)sr) e

Kako &u WwTo noysgaHuje aHanusmpanu sesy
usmehy Zp, v usrpaheHoctn kpowtbe, aednHmuca-
He Kpo3 OAHOC HeHEe MOBPLIMHE OMOTa4ya U 3a-
npemuHe (S, / V, ), ynotpebmeHa je creneHa
dyHKUMja:

kr
6P,

Skr/ Vkr =a- Zpkrb

3anpemuHe ctadana (v) y ogHocy Ha usrpahe-
HOCT Kpollku (S, / V, ) n3pasHaTe cy noraputam-
CKOM OYHKUMjoM:

v=b-In(S_/V,)+a

3anpemuHa cTadna no NOBPLUMHU 3acTMpakba
Kpowrse (v/Zp, - epUKaCHOCT Kpouwtbe) y 3aBu-
CHOCTW 0, M3rpaheHoCTM KpoLUkbe NPeaCcTaB/beHa
je "MHeapHoOM QyHKLMjoM:

V/Zpkr= b- (Skr/vkr) ta
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PE3YATATH NCTPAJKMBAIbA

CTpYKTypa cacTojuHe

Pe3ynTtaTu KapaKTepUCTUKA AeO/bUHCKE CTPYK-
Type cacTojuHe MOKa3yjy Aa MPeyYHUK HajTakber
ctadna nsHock 6.1 cm, a Hajaedsmwer 20.7 cm (Ta-
6ena 1). ApUTMETUYKM CpeatbU NPEYHUK U3HOCK
11.9 cm. YousbuBo je, Takohe, Aa KoeduumjeHT
acumeTpuje naHock 0.30, WTO HABOAM Ha 3aK/by-
YyaK aa je kog anctpudyumje ctabana no Aed/buH-
CKMM CTeneHmma npucyTHa cpefrba NO3UTUMBHA
acumetpuja. KoedunumjeHT cn/bOWTEHOCTU U3HO-
cn -1.01. ApUTMETUYKM cpeatbn NPEeYHUK No no-
BPLUWHKU npeceka (dg) W cpentbu NpevyHuK AoMU-
HaHTHMX cTadana (Dg) usHoce 12.5cmwu 17.7 cm.
HaseaeHe BpeaHoCTM (dg, Dg) HUCY NPUKa3aHu y
Tabenu 1.

Tadena 1. OCHOBHM CTAaTUCTUYKKU NOKaslaTes/bU Ae-
O/bUHCKE, BUCMHCKE M 3anpeMMUHCKe CTPYKType ca-
CTOjuHe.

d [em] h [m] v [m’]

ApUTMETUYKKN cpeamnHa 11,9 15,66 0,10
MegaunjaHa 11,5 16 0,08

Mog, 17,3 17,28 0,02
CraHgapaHa aesujaumja 3,85 1,48 0,07
BapwujaHca 14,8 2,18 0,01
KoeduumjeHt cnwowTteHoctn -1,05 -0,46 -0,61
KoeduumnjeHt acumetpuje 0,30 -0,69 0,72
MwuHMManHa BpeaHoOCT 6,1 11,66 0,01
MaKcmanHa BpeaHocT 20,7 17,55 0,27

Pe3yntatu aHann3e BUCUMHCKE CTPYKTYpe TaKo-
hHe cy npukasaHu y Tabenu 1. Cpearba BUCUHA
ctadana je 15,7 m, [OK MMHUMaNHA U MaKCUMan-
Ha BUCMHA n3Hoce 11,7 m, ogHocHo 17,6 m. Koe-
duumjeHT acumeTpuje nsHocu -0,69, Ha ocHoBy
yera ce MorKe KOHCTaToBaTK Aa je Kog auctpudy-
umje ctabana no BUCMHCKMM CTeNeHMMa NpUcyTHa
jaKo M3parkeHa HeraTMBHa acumeTpwuja. Hajsehu
6poj ctadana (39%) 3acTyn/beH je y BUCMHCKOM
cTeneHy cpegmHe 17 m, OOK je y CTeNeHnma cpe-
avHe 12 m 1 18 m 3actynsbeHo ceera 3% crtadana.
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JepaH oA HajBarKHMjUX eleMeHaTa CTPYKType
cacTojuHe je pacnogena cradana no M3HocMMa
3anpemuHe. ApUTMETUYKN cpearba 3anpemuHa
cradana nsHocu 0,10 m?, makcumanHa 0,27 m?, a
MWHMMaHa 3anpemuHa ctadana 0,01 m? (tadena
1). EBMAEHTHO je aa ckopo 70% cTtadana y cacTto-
juHM Mma 3anpemuHy mamy og 0,15 m?, nok cse-
ra 3% crabana nma 3anpemuHy sehy og 0,25 m>.
KoeduumjeHT acumetpuje je nosmtusaH (0,72 -
jaka acumeTpuja), 3a pasnuKy og KoeduumjeHTa
CN/bOLITEHOCTH, KOjU je HeraTMBHe BpeaHOCTH (Ta-
6ena 1). YKynHa 3anpemMunHa cacTojuHe oAHOCHO
cBux ctadana denor jaceHa usHocu 187 m3/ha.

M3rpaheHocT n epUKacHOCT KpoLwrbu
Senor jaceHa

BUCMHCKa KpUBa, KPMBa BUCUHE MOYETKa Kpo-
WM M AyXMHa Kpowre (Kao npoctop mamehy
[iBe HaBeJeHe KpuBe), NpuKasaHu cy Ha rpaduko-
Hy 1. NpumeTHO je aa ca noseharbem npeyHuKa
(d) “pacte” BucuHa ctadna (h) n BUCMHA noveTka
Kpouwrun ctadana (hpk), C TOM Pas/IMKOM LWITO je
h,-KpvBa HeWTO NONOXKeHMja y OAHOCY Ha BUCUH-
CKy Kpusy. Camum Tum, ca noseharbem npedHmnka
ctadna nosehaea ce 1 Ay*KMHa Kpolkbe, Npe cBe-
ra, 3axaasbyjyhu MHTEH3UBHMjEM BUCMHCKOM MpK-

pacty crtadana jaumx npeyHuka. Hajsehu dpoj
ctabdana (ckopo 50%) MMa noyeTak KpoLlHe Koju
ce Hanasu usmehy 10. u 11. m BUCKHE, a camo
Kof 8% cTadana nouyeTak KpowmM je ucnog 10 m
(rpadmKkoH 1). ApUTMETUYKM Cpeftba BUCKMHA Mo-
yeTKa Kpowmu nsHocm 10,8 m, makCMManHu ms-
Hoc je 11,4 m, a MuHMManHu 9,5 m. fotoso 50%
oA, ykynHor dpoja ctabana MMa AyKUHY KpOLUHbe
nsmehy 5,5 n 6,5 m, a camo 5% cradana nsmehy
2,51n3,5m.

PenatusHa ayxuHa Kpowrn (I, /h) je 3a pa-
3/IMKY 0, BUCMHE MOYEeTKa KPOLUHU U BUCUHE CTa-
bana y NMHeapHoj Be3n ca NPCHUM NpeyvyHuLMMa
ctabana (rpadukoH 2). MNpasa Kojom ce M3paBHa-
Bajy OBe Be/IMYMHE je MO3UTUBHOI CMepa, LWTOo
3Hauu Aa ce ca noBeharbemM penaTUBHUX AyXKKUHa
Kpowryn nosehasajy n npedHnun. Hajsehun 6poj
ctadana (41%) nma penaTuBHY AYXKUHY KPOLIHbMU
npudAnKHO jeaHakoj TpehnHM BUCKHE cTadna, a
camo 2% ucnog, jegHe 4eTBpTUHE BUCUHE cTadna.

Mpeko 60% ctadana denor jaceHa Mma nosp-
WKHy 3acTuparba (Zp, ) A0 5 m? [oK camo nap
cradana 3actmpe oko 20 m?. lMpoceyHa BeNMYMHA
Zp,, y cacTojuHu usHocu 4,86 m’. Besa usmehy d v
Zp,, je excnoHeHumjanHor obamnka (rpaduKoH 2a).

Jow jesaH Bpno duTaH NokasaTesb NpupacHor
noteHumMjana crtadbna Koju, Takohe CToju y YCKOj
Be3M ca NPeYHnKoM cTadna, jecte Herosa LWMPUHA
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paduKoH 1. BUCMHCKa KpuBaA - h U KpUMBA BUCUHA NMOYETKA Kpoluke — hk, (a) n 3aBucHoCT penatusHe

AYXUHe Kpowtbh - | /h op npeynuka ctabana — d (6).
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Kpowtbe (b, ). Hajsehun 6poj ctabana (34%) uma b,
namehy 1 n 2 m, a camo 1% cradana sehe og 5 m.
AputmeTndka cpeguHa b, usHocw 2,23 m. Benu-
umMHe b, 'y 3aBMCHOCTM OA d NpUKasaHe Cy Ha rpa-
¢duKoHy 25. YouaBa ce Aa je Be3a KOjoM ce U3pas-
HaBajy OBe BE/IMUYMHE eKCMOHEeHUMjaHOr 0bnKa.

Moseharbem npeyHuKa crtadana pacte M 3a-
npemunHa Kpowrm — V, (rpadmkoH 2u). Hajsehn
npoueHat crtadana (ckopo 60%) Mma Kpolrbe
mane 3anpemuHe (go 10 m?). Camo 2% ctadana je
ca KpowHama 3anpemuHe nsmehy 50 m* n 60 m°.
Npoceuna BennumHa V, usHocm 12,4 m?.

3aBUCHOCT MOBPLUMHE OMOTaYa Kpollre (Skr)
o/, NPCHOT NpeyHuKa (d) npukasaHa je Ha rpadu-
KOHY 24. YoueHy 3aBMCHOCT Hajdosbe penpeseH-
Tyje cTeneHa ¢pyHKuMja. Oko 55% og ykynHor &po-
ja crabana nma BesnumHe S, Ao 25 m’. NsyseTHo
BeNuKe Sk,, npeko 45 m?, nma camo 8% cradana.
lMpoceyHa BesMumHa S, n3Hocwu 24,2 m?.

3a cTMLaHe OCHOBHUX KapaKTepuCTUKa nrpa-
HEHOCTU KpoLUbe U eHe acumuiaumoHe epuka-
CHOCTW, aNN U HUBOA KOHKYPEHTCKMX YCN0BA Nof,

Kojum je oapeheHo cTadno pacsio, MmoxKe nocay-
KWUTW O4HOC MNOBPLUMHE OMOTaua KPOLLUHE U HeHe
sanpemune (S, /V, ). Besa usmehy Zp, n 'S, /V,,
npuKasaHa Ha rpaduKoHy 3, Nokasyje Aa ca nose-
harbem Zp, onapa ogHoc S, /V,, ¢ TUm Aa cy npo-
MeHe y MoYeTKy Har/e, a KacHuje cse cnaduje
nspakeHe. lMpoceyHa BeANUYMHA KoeduULMjeHTa
S,./V,, nsHocu 3,23 m*/m>.

Penauuja nsmehy npovsseneHe 3anpemuHe
ctabna (v) n ogHoca S, /V, , Kojum je y oBom cay-
Yajy oKapaKTepucaHa M3rpaheHoCT KpoLlkbK CTa-
bana, npukasaHa je Ha rpadukoHy 4a. MpumeTHO
je Oa je oncer pactypara eMnupujcKMX nogartaka
BE/IMKW U [,@ U3paKeHWja 3aBUCHOCT HUje YOou/bu-
Ba. OapeheHu cTeneH Bese NpeacTaB/beH je fo-
rapuTamckom GyHKUMjOM, YMju je KoepuumjeHT
JeTepMUHaLmje Beoma HU3aK. OnwTK oduK pe-
naumje yKasyje aa cy 3anpemuHe ctadana marbe
KOZ, BUTKMjUX KPOLLHbM.

Ca ppyre cTpaHe, 086/1MK 3aBUCHOCTM 3anpe-
MuHe cTabna no NoBpLMHK 3acTuparba (V/Zp) on,
n3rpaheHoCcTn Kpoltbe, OKapaKkTepucaHe OfHO-
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FpaduKoH 2. 3aBMCHOCT NOBPLIMHE 3acTupakba (Zp, ), wWrpuHe Kpowkse (b, ), 3anpemute (V, ) n omoTaua

Kpowkbe (S, ) oa npcHor npeyHuka (d).

104



EOVKACHOCT KOPULUREHA MPOCTOPA 3A PACT BE/IOT JACEHA (Fraxinus excelsior L.) CA TTOAPYYJA ...

87 SV, =4,7502*2p, "
77 R’=0,9973

1 %
2 %*x
e 3 XXk X

11 o

0 . . . .
0 5 10 15 20 25

zp,, [m]

FpadumkoH 3. 3aBucrocT koeduumjenta S, /V, on
BEJIMUUHE Zp.

com Sk,/Vk,, yKasyje Ha JIMHeapaH o4HOC Npome-
HMBUX (rpaduKoH 48), y3 BUCOK KoebuumjeHT ae-
TepmuHaumje (R?=0,59). Koa Hajmatbux BesM4YMHa
S, /V,, n3Hocn v/Zp cy manu. Kako ce nosehasa

koeduumjeHT S, /V, Tako pacTy u usHocu v/Zp.

AMCKYCHJA

OodunjeHn pesyntaTn nokasanau cy ga je Tpe-
HYTHO CaCTOjUHCKO CTake aHa/IM3npaHe cacToju-
He denor jaceHa, NeT rogMHa HaKoH NpBe npope-
4e, ca BulWe acnekata He3agoBosbasajyhe.
HajBaxHuja KapaKTepuCTMKa Aed/bUHCKE CTPYKTY-
pe ogHOCK ce Ha penaTuBHO Maso yyewhe crada-
na jaumx ped/bUHCKMX cTeneHa, jep ceera 1% cra-
6ana uma msHag 20 cm, fOK Hajsehu npoueHat
ctadana nma npeyHunke namehy 7 u 11 cm. Pasnor
33 OBaKO Masie M3HOCe NpeyHuKa ctadana denor
jaceHa, Koju ce cmaTpa dp3opactyhom BpcTom
Apseha ca penaTMBHO KpaTKMM onxoarama (4o
80 roguHa), jecte M M30CTaHaK Ha Bpeme npoBe-
AeHux nNpBux npopega. Ycnen Tora, NpUcyTaH je
BennK dpoj ctadana no jeAMHMLM NOBPLUMHE, WITO
je ycnoBuno jaky MHTpacneunjcky KOHKypeHUmjy.
Takohe, UnrbeHULa Aa je cpefrby NPEeYHUK AOMU-
HaHTHUX cTabana no Temes/bHULM Ha OBOj MOBp-
LWMHK 33 oKo 30% Behu of, cpestber CaCTojUHCKOT
npeyHnKa No TemesbHULM, OOAATHO YyKasyje Ha
NPUAWYHY Y3rojHY 3anyLTEeHOCT CacTOjMHe M Ha
BE/IMKM 3Hauaj noTpedHor n3sohera npasospe-
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MpaduKoH 4. 3aBUCHOCT 3anpemuHe cTadna (v) M npousseaeHe 3anpemuHe cTadna no jeauHULM NoBpLIN-
He 3acTuparba Kpoluke (v/Zp, ) op BennumnHe koeduupjenta S, /V,
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MEHUX U afleKBAaTHUX Y3rojHUX mepa. Takas npu-
CTyn pesynTupao du CTPYKTYpPOM Yy Kojoj &du gu-
meH3nje Beher Opoja crtabana morne &utu
HecymrmBo Behe. C 003MpoOM Ha NO3HaTy 3aKo-
HUTOCT pa3Boja Aeb/bMHCKe CTPYKTYpe jeaHon06-
HWMX CaCTOjUHa MOXKe ce npeTnocTaBuTh fda he ce
KOHCTaTOBaHa MO3WTMBHA aCUMETPUYHOCT Au-
cTpubyumje pacnogena crtadana no nNpeyHULMMa
cBe BULLe NpudMKaBaTM HOPMa/IHOj pacnofenu
Wy fa/bem TOKY pa3Boja CacTOjMHe MocTeneHo
npehu y HeraTMBaH acMMeTpuUYaH pacnopep,
CTPYKType. Y 0BOj pa3BojHOj hasu HeraTMBHA acu-
METPUYHOCT Kog, AUCTpudyLmje BUCUHA je HOp-
Ma/iHa MojaBa W pPe3ynTaT je NPUCYTHOr npoLeca
nspaxkeHunjer gudepeHumparba cradana u duoe-
KOMIOLWKMX 0coduHa denor jaceHa. MpucycTBo Be-
her &poja HWKMX cTadana npunucyje ce y3rojHoj
3anywTeHoCcTH, aam u cnocodHowhy jaceHa aa
nof, 3aCeHOM Yy MIaA0CTV OCTaHe W jedHy Aele-
HWjy (RGhrig, 1966, untnpaHo y Stajic, 2003). fa
ce cacCTojuHa Hanasu y NpoLecy uspaxeHujer gu-
dbepeHuMpatba y pacTy nokasyje n odauk pedu-
HUCaHe BUCUHCKe KpuBe, Npu vyemy cy yTepheHe
3HayajHe pasnuKe y BUCMHaMa M3mehy Tarbux U
nebsbux ctabana. Ha ocHOBY nMo3HaTUX Agocaga-
WHWX Ca3Harba, Pa3BOj BUCUHCKE CTPYKType CTa-
bana Tpedao 6u ce ,"KkpeTaTn" y NnpasLy Aa ce U3
yTBpheHe HeraTMBHe acMMeTpuje, NPeKo cume-
TpUYHe BUCUHCKe "gohe" 4o no3uTuBHE acume-
TpWje y BUIMM CTapoCTUMa.

JepaH op OCHOBHMX MOKasaTes/ba TPEHYTHOT
acMMUAAUMOHOr MoTeHUMjana ctabana, passuje-
HOCTW HoUXOBE KPOLLHE U KOHKYPEHTCKUX 0A4HOCa
Kojuma cy ctadna duna m3noxeHa y npoLwnocTu
npeacTaB/ba AyKMHA KpoLle (anconyTHa U pe-
NatMBHa). Marba ancosyTHa AYKMHA Kpollbe
YKasyje Ha Matbe NPUCYCTBO AMPEKTHE CBET/IOCTH
y oBOM aeny ctabna, ogHocHo Behy 3aceHy aaTor
ctabna op, cTpaHe HEroBMX HeMoCPeaHUX KOHKY-
peHaTa. YKnarbarbemM KOHKypeHaTa, nyTem OAro-
Bapajyhux y3rojHUX WHTepBeHUMja, A0/asu A0
Beher npuanea cBeTNOCTU Ka AOHMM rpaHama
ctabna, Koje TMMe ycneBajy Aa oaprKe cBojy ¢u-
3MONOLLKY aKTUBHOCT M aKTUBHO Y4ecTByjy y nNpo-
uecy ¢otocuHTese. Pe3yntatv oBae NpoBeseHUX
UCTPaxMBakba NoKasanu cy ga namehy npevyHuka
W anconyTHe AyXKMHe Kpolhe cTadana nocroju
HennHeapHa 3asucHocT. Mayhu oa marbux Ka Be-
hum npeyHuumma ctadana, anconyTHa AyKWHA
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KpOLlHe ce Hajnpe nonako nosehasa, a 3aTum
Harno y jauum ged/bMHCKMM cTeneHmMma. To je u
0OYeKMBaHO, ¢ 0d3npom ga ctadbna y Tawbum ge-
O/bMHCKMM CTeneHMMa MMajy JafeKo Makby npu-
JIUB CBETNIOCTM 0 CTadana y jaumm, na je cammm
TUM ogymMuparbe AOHMUX rpaHa ctadana Jower
cnpaTa Aaseko UHTEH3UBHMje Hero Kog, ctadana
ropkber cnpata. MHTepecaHTHO je Aa ce BMUCMHA
NMoYeTKa Kpolutbe cTadana He pasnKyje MHOro no
Aed/buHCKUM cTeneHmMma. To je y carnacjy ca um-
HEHULOM "... ga je y suwe marbe jegHogoOHUM
YUCWUM CACUIOjUHAMA BUCUHA UOYeWKa KpoWHe
Yeculo He3asucHa og SUO/OWKOI tonoxaja cuia-
béana..." (Sterba, 1991). HenvHeapHa 3aBUCHOCT
KOHCTATOBaHa je M NPUAMKOM carnefaBarba npu-
poae Bese uamehy LIMPUHE KpOLWHHEe U NPCHOT
npeyHuka. Hacynpot Tome, Beh paHuje BuLle nyTa
KOHCTAaTOBaHO MPUCYCTBO /IMHEapHe 3aBUCHOCTU
n3mehy penaTmBHe AyKUHE KPOLHe U NPeYHNKa
ctadana y jeaHoLodHMM cacTojuHama BpcTa cBe-
Tnoctu (Stamenkovié, Vuckovi¢ 1988, Vuckovic¢
1989, Staji¢ 2003) noTBpheHo je u pesynTatuma
oBAe NpoBeAeHUX UCTparkMBakba. MHaue, jaka,
CKOpPO NMHeapHa Be3a usmehy npupacra u pena-
TUBHE AyXXMHE KPOLIHbe KOHCTAaTOBaHA je U y uc-
TpaXuBarbMMma pacTa U npupacrta y npedupHum
wymama (Spiecker, 1986).

AyXXMHa M WKnprHa KpowmKu npeacrTas/bajy
BE/IMYMHE KOje Ce AMPEKTHO Mepe Ha TEPEHY U
KBaHTMOUMKOBatbe Be3a M3mehy 0BMX eflemeHaTa
pasBujeHOCTN Kpowre U Aed/bUHCKOT, BUCKH-
CKOT MW 3anpeMMHCKOr npupacTa ctadna je of
3Hayvaja 3a yTBphMBare acMMMIALMOHO-NpUpa-
CHOT noTeHUMjana KpowrK ctadana. Mehytum,
nopes, tuX NOCTOjU HWU3 U3BEAEHUX BeNYMHA
jOW 3HaYajHMjMUX y NOCTYNKY OLLeHe HUBOA Pa3Bu-
jeHOCTM 1 M3rpaheHoCTM KpolwrK U NpUpacHor
noteHuujana ctradna. Y Te BeanumMHe cnagajy: no-
BPLWHA 3aCTVparba Kpowrbama (Zp, ), nospinHa
omoTaya Kpourbe (S, ), 3anpemmnHa kpowbe (V, )
n ogHoc (S, /V, ).

MoBpWwKMHA 3acTUparba KpoLwHama (Zpkr) je
BE/IMYMHA M3BEAEHA M3 NPOCeYHe LWMPUHE Kpo-
WHe 1 NpeacTaB/ba Mepy epUKacHOCTU U eKOHO-
MWYHOCTM Kopuwhera npocTopa 3a pacT nojeau-
HayHMX cTadana, ann W uUene cacTojuHe, C
0631poMm aa ce oBe BEIMYMHE MOTY U3PA3UTU Kao
04HOC OCTBApPEHOr 3aMpPeMUHCKOr Npupacta uau
3anpemuHe ctadna UKW cactojuHe No jeAnHUUM
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3acTpTe NoBpLlKMHe cTabna uam cactojuHe. Y Ha-
LWOj LWYMAPCKOj HAayuM U CTPYLM OBaj MapameTap
je noBoheH y ofHOC ca Apyrum efiemeHTUMa pac-
Ta (G, Y v/Zp) n KopuwheH 33 geduHUCarba
OMNTUMAJIHOT CTakba Ca acMeKTa Pa3BUjeHOCTU Kpo-
WM M noTpedHor dpoja ctabana 3a KOHKpeTHe
cacTtojuHe (Stamenkovic, Vuckovic, 1988, Vuckovic,
Stamenkovic, 1990, Vuckovi¢ 1994, Vuckovic et al.
2003, Vuckovié, Stajic 2003, Staji¢ 2003, Vuckovic¢
et al. 2008, Staji¢, Vuckovi¢ 2016). Takohe, mHOTK
MHOCTpaHU uUcTpaxunsaun, Thren (1987) 3a dop,
Spiecker (1991) 3a xpacr, Klddke (1993) 3a cmpuy
n Wickel (1991) 3a ayrnaswjy, Kopuctnam cy Zp, ,
OZHOCHO CTaja/svLLIHY NOBPLUMHY, KAao NapameTap
3a yTBphHMBarbe ONTMMAZIHOT KOHLLENTa UHTEH3U-
TeTa M jauMHe 3axBaTa npopena v gedpuHucare
onTumanHor dpoja ctadana. OBae AodujeHn pe-
3yNTaTV NOTBPAMAW CYy PaHMja Mo3HaTa casHarba
Aa cTadna ca HajjauMm npeyHuuMma noceayjy
Hajjaye, Tj. HajlMpe KpOoLHbe, Koje NCTOBPEMEHO
3acTupy Hajsehy nospLwmMHy 3embuiiTa. CTora cy
TakBa cTadsia 3aysena W HajBuLie MpocTopa 3a
pacT. MehyTum, cTadna Koja pacnonaxy npesenu-
KMM MPOCTOPOM 3a PacT HUCY HUTK ca Y3rojHor-
-TEXHUYKOT HATW NPOAYKLMOHOT CTaHOBMLUTA "Ke-
JbeHU uum", jep cmamyjy KBanuteT aebna u
yMakbyjy HUBO MpoAyKUMje ycaen npucycrTsa He-
[oBosbHOr dpoja ctadana No jeaMHULM NoBpLIK-
He. Mopen paHujux KoHcTaTauuja, Tpeda noasyhu
Aa obnwnk ytephere 3asucHocTn Zp, u b, op d
foaatHo ynyhyje Ha y3rojHy 3anywTeHOCT cacTo-
juHe, jep namehy ctadana Hajcnadujux u cpesrux
OVMMEH3Mja HeMa 3Ha4vajHuje pas/IvKe y Bennyun-
HaMa OBWX MOKa3aTes/ba Pa3BUjEHOCTU KPOLUHbE,
3a PasnKy 04 AOMMUHAHTHUX cTabana.

Y uun/by oueHe acMMUIALMOHE CNOCcodHOCTU
KpOLW M CTadana v HbMUXOBOT KanauuTteta 3a npo-
M3BOAHbY NPMPACTa aHANU3MPAHU CYy M 3anpemu-
Ha KpowrsK (V, ) 1 NoBpWMHA OMOTa4a KpowW i
(S,) v rbuxoBa Besa 3a NojeAMHUM eeMeHTUMA
pacta ctadana. HauenHo, V, wurpa sHauajHy yaory
y oapehuBatby eKOHOMUYHOCTH Kopulhetrba nNpo-
cTopa 3a pact ctadana, jep y £odpoj mepu moxe
[a anpokcumupa KonuunHy anwha, Kojy ucra ca-
APXKM, Ma CaMUM TUM U NPUPACHY CHary nojeam-
HauHor ctadna (Assmann, 1970; Biging, Dobbertin,
1992; Ottorini et. al., 1996). YTBpheHn eKCnoHeH-
UMjanHM 08IMK 3aBUCHOCTM 3anpemuHe KpoLlkbe
(V,) oA npcHor npeyHuka (d) ykasyje Ha camyaH

obnuk Bese Kao y npumepy sesa d-Zp, n d-b, un
CXOAHO TOME Ha C/IMYHO 3aK/byuuBare. Mnak,
npumeHa V, Kao penpeseHTa NPMpacHOr noTeH-
uuvjana ctabna nosesaHa je ca U3BECHUM OrpaHu-
yerwuMMma. Haume, koa sehuHe Bpcta gpseha, nu-
whe Koje ce Hanasu Ha nepudepHUM AeNoBMMA
KpOLlHbe AaneKko BULLE yyecTByje y NpoayKuuju
opraHcke maTepuje og nvwha Koje ce Hanasu y
YHYTPaLWHOCTU Kpolwme (Stamenkovic, Vuckovic
1988, Ottorini et. al. 1996). 36or ose "maHe", S,
je yewhe KopuwheHU NokasaTe/b NPUPAcHOr no-
TeHuwujana ctabana og V, , nocedHo y cnydajesu-
Ma Kag V, cagpsku 3HauajHo ydewhe jesrpa Kpo-
WHe Koje je npoayKumoHo, "nacnsHo". Kao ny
HM3y NPEeTXOAHWX NpuMepa, 3aBuUCHOCT S, o d
HWje IMHeapHOr 006/1IMKa, ann 08/INK Be3e je TaKas
[a je HecnopHo Aa ctadna jaunx AumeHsuja uma-
jy sehe BennunHe S, To ynyhyje Ha npeanmuHap-
HO 3aK/byuMBarbe fa cy jaya ctadna u ca sehum
aCMMUNALMOHO-NPUPACHUM NOTEHLMjANIOM, LWTO
je Beh 3HaHa uureHUUa. Takohe, nopeherbem
ctadana u3 KaTeropuje ctabana Koja ce y cpehe-
HOM HM3y NO 3anpemMuHu Hanase Ha 40% op cTa-
bna ca HajmarOM 3anpemMmnHom 1 ctadana Koja ce
y cpeheHoM HM3y Mo 3anpeMuHn Hanase Ha 80%
og ctabna ca HajmarboM 3anpemuHom yTepheHo
je pa java crtadna nmajy 75-100% Behy cnocod-
HOCT ancopnuuje ceetioctu u 25-30% sehy edu-
KacHocT Kopuwhera csetnoctu (Binkley et al.,
2013). IHTepecaHTHO je anocTpodupaTi 1 Npucy-
CTBO NOjaBe XeTepoCKeAaCTUHHOCTU Y MOAENNMA,
OAHOCHO MojaBy Aa ce ca noBeharbem d nosehasa
W Bapuparbe BesiunHa Zp, , b, , V, n'S, .

Jow mnycTtpatMBHMja Bapmjadna of 3Havaja 3a
CTMLAHe OCHOBHUX KapaKTepucTuka usrpaheHo-
CTU KpOLWHbe U HeHe acumunalmoHe eduKacHo-
CTW, aAn U HMBOA KOHKYPEHTCKMX YCnoBa Mnof
Kojum je ogpeheHo cTadno pacno, npeacras/ba
04HOC MOBPLUMHE OMOTaYa KpPOLHe U HeHe 3a-
npemuHe (S, /V, ). OBaj koepuupnjeHT KapakTe-
puwe 00AMK KpolWwre (BUTKE WAM 3aenacrte
KpOLWHbE) 1 NO NpaBUy, BUTKE KpoLlkbe cy "Mpu-
pacHo" eduKacHMje of, 34enacTux Kpowru. Me-
HyTvm, NOTNYHO cnarake ca NPeTXo4HUM pPe3oHO-
Batbem He &y OMNO METOAO/NOWKM [AOBO/BHO
KOPEeKTHO, jep &1 ce y TOM cayyajy moro pehu ga
CYy KpOlWHe ca MakbMM WnprHama eduKacHuje y
CTBapakby NpupacTta of, WMPUX KPOoLLHbM, LWITO Ye-
CTO Y CTBAPHOCTU HUje cayyaj. Y CBpXy nojalrbe-
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Ha penaumja nsmehy HaBeZeHWMX MapameTapa
Kpolwtbe M pacTa cTadana NpPUKAALHO je CTaBUTU
oAHOC Skr/Vkry 3aBMCHOCT Of, BE/IMYMHE NMOBPLUM-
He Kojy Kpouwme ctadana 3actupy. Besa nsmehy
Skr/Vkr n Zp, nokasyje Aa ca noseharbem Zp, ona-
ba ogHoC Skr/Vkr' C TUM 43 Cy NPOMEHE Y NOYeTKy
Harne, a KacHuje cee cnaduje mspaxeHe. MNMpema
Tome, Kpollre Sefor jaceHa Koje 3acTupy matkby
NOBPLUMHY CY Y OBOM C/y4ajy "npupacHo" edpuka-
CHUje o4, KpoLWbM Koje 3acTupy Behy noBpLUMHY.

3a pgasby Ayo/by aHanusy edUKaACHOCTU KpPo-
Whu ctadana denor jaceHa KOPUCHO je UCTParku-
TM KaKo m3rpaheHocT Kpowmn ctadna ytuue Ha
BE/IMYMHY NpousBegeHe 3anpemuHe ctadna. Ha-
yenHo, edukacHOCT Kopuwhera npocTopa 3a
pacT ce TPaAMLMOHANHO KapaKTepuLle NpekKo 3a-
npemMmuHe MAKM nNpupacta 3anpemmHe ctadna no
jeaAnHMUM noBpLlMHe 3acTupakba (Assmann, 1961;
Sterba, Amateis 1998). Ctora je BP0 UAyCTpaTUB-
HO aHanM3MpaTn ogHoc S, /V, , Kao MokasaTe/ba
n3rpaheHoCTn KpoLW MU, ca jefHe CTpaHe U Npou-
3BegeHe 3anpemuHe (v), ca apyre ctpaHe. 36or
3Havaja TayHor yTBphKMBatba M3HOCA 3anpemuHe
cTtabana 3a nojalHere yoYeHMX 3aBUCHOCTH, Be-
IMYnHe 3anpemuHe ctabana, nopes jegHor Haun-
Ha, M3payyHaTe cy 1 Ha 6a3m apyror mogena (rpa-
duKoH 5). PesyntaTn nopeherba nokasyjy Aa
NMocToju BMCOK CTeneH Kopenauuje (R?=0,99) us-
mehy M3Hoca 3anpemuHa cTadana denor jaceHa
nodujeHe mogenuma Alberti et al. (2005) wn
Pantiéa (1996). MuHumanHe pasnuke nsmehy se-
JIMYMHA 3anpeMnHa Npema NpeasioXKeHUM Moge-
JIMa yo4vaBajy ce A0 NPCHOT MpeYHrKa og oko 11
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padukoH 5. Kopenauuja 3anpemuHa cradana
denor jaceHa podujeHnx ynotpedom aBa
pa3nnynTa moaena.
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cm (Behu umsHocu Kog mopena Alberti et al.
(2005)), Koje HaKoH Tora HecTajy. CUrHUPUKaHT-
HOCT YOYEHMUX Pas/IMKa TecTUpaHa je t-TecTom.
Hodunjenn pesyntatm (p<0,001) nokasanu cy ga He
MocToje CTaTUCTUYKM 3HAYajHE pPas/IvKe Y U3HOCK-
Ma 3anpemuHa.

HakoH Tora, aHanusMpaHa je npupoga pena-
umnja namehy msrpaheHocT Kpolwru ctadna m
BE/IMYMHU NpousBeneHe 3anpemuHe ctadna. Y
HayenNy, acMMWIAUMOHO-NPUpPAcHa CnocodHoCT
KpoLWHM MojeaMHayYHUX ctadana ce y BENUKO]
MepU pasfiMKyje y 3aBUCHOCTU Of, Tora Aa /n ce
OoCTBapeHa 3anpemuHa NocmaTpa y ancosyTHOM
WN penaTMBHOM ogHocy. YTBpheHe penauuje ns-
mehy npousseaeHe 3anpemuHe ctadana (v) n oa-
Hoca S, /V, , KOjuMm je y 0BOM cnydajy OKapakTe-
pucaHa narpaheHocT KpollkbKu cTabana, Nokasyjy
[a je oncer pacTypakba eMnuUpPMjCKUX noaaTtaka
BE/IMKM M [,@a U3paKeHWja 3aBUCHOCT HUje YOou/bu-
Ba. Mnak, onwTn odAuMK penauuje ykasyje ga cy
3anpeMuHe ctadasna Marbe Ko BUTKUjUX Kpo-
wru. Ca Apyre cTpaHe, Kafia ce NocmaTtpa 3aBu-
CHOCT npowv3BefeHe 3anpemuHe ctadna no jeau-
HULM NOBPLUMHE 3acTMparba Kpowre - V/Zp
(nokasatesb edUKacHOCT Kpollkbe) U KoeduumjeH-
Ta S, /V, (nokasaTess usrpaheHocT Kpollkbe)
youaBa ce JiMHeapaH 04HOC NPOMerUBUX (rpadm-
KOH 5), y3 BMCOK KoeduLMjeHT geTepmuHaLlmje
(R*=0,59), WTO HAaBOAM Ha 3aK/byyMBakbe Aa LWTO
je noBo/bHUjU oaHOC n3mehy S, 1V, 7o jen epun-
KaCHOCT KpOLLUH€e Y NPOU3BOAHM 3anpemuHe ap-
BETa Mo jeAuHUUM nosplmHe Beha.

Mogaen onTumanHe cacTojuHCKe
u3rpaheHocTu ca acneKkTa pasBujeHOCTH
KpoLW U U onTMManHor kopuwhera
npocropa 3a pact

BennunHa 1 06auK Kpowwkby ctadana pesyntat
cy AejctBa daKTopa cpeAnHe M KanaumTeTta ctada-
Na A2 KOpWCTe pacnonoxuee pecypce (CBeTIocCT,
XpaH/bMBe MmaTepuje, Boay, HajKBaNUTETHUje ae-
NoBe MeS0MIOLWKOr cyncTpaTa UTA.) oA, 3Hayaja 3a
HMXOB HEOMETAH W ycrewaH pacT 1 pa3Boj. 3a
ctadna Koja pacTy y WYMCKMM cacTojuHama, fo-
CTYNHOCT HaBeAeHUX paKTopa pacTa NPousBoL je
MHTPa- (Y YUCTUM CacTOjMHaMa) UK UHTepCNeuuj-
cKe (Y MeLoBUTUM cacTojuHama) KOHKypeHLuje.
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Kao npuknagaH napamertap, KOju MOKe MOCNYKK-
TW Kao /laKlle mMep/bMBa BE/IMYMHA U MPaKTUYHA
3aMeHa 3a "pacnonaratbe pecypcuma”, moke no-
CNYXXUTU MOBPLUMHA Koja je AoCTynHa cTadnuma
3a pacT AW T3B. NPOCTOP 3a pacT (Pretzsch, 2009).
YnpaBo cTora, NpocTop 3a pacT ctadana ce, y Haj-
LIMPEM CMUCAY, MOXKE OLHOCUTU Ha AOCTYMHOCT
CBWX PACMO/IOKMBUX PECYPCA HEOMXOAHUX 33 pacT
M OncTaHaK Hekor cTadna y JaTMM CTaHULLHUM
ycnosuma (O’'Hara, 1988; Foli et al., 2003). Y
MPAKTUYHOM CMUCAY, MPOCTOP 3a PacT jefHOr CTa-
ON1a je orpaHuWYeH, ca AOHE CTpaHe, MOBPLUMHOM
3eM/buMLLITA (aKO HE NOCMATPaMO HeJ0BO/bHO UC-
TpakeHe OA4HOCe UCMOZ NOBPLUMHE 3eMJ/be) UK
C/10jeM 3eMJ/bULUITA UIN FEO/IOLLKOM MOAJI0OTOM A0
Koje AoMupy KOpPEeHOBE rpaHe W rpaHuuue), ca
S0YHe CTpaHe KpolHama HajdNIMKUX cycegHuUx
ctadana, a ca ropre cTpaHe Kpolwrama ctadana
(y cnyyajy npekprBEHOCTM KpoLlHama OKOHMX
ctadana) mam HeorpaHudeH (Assmann, 1961;
Stamenkovic, Vuckovié, 1988). Ha cnvyaH HauuH,
NpoCTop 3a pacT ctadna M3Hag, NoBpLIHE 3eMJ/bU-
wTa Stajic v Vuckovi¢ (2016) onucyjy Kao peo
npoCcTopa OorpaHn4YeH BUCMHOM cTadna v KpoLlHba-
Ma cycegHux cTadana.

Y Ty CBPXY, Y UM/by CTBapaka 00jeKTUBHUX
KpUTepWjyma v jeAMHCTBEHMX CTPYYHMX NOCTyna-
Ka 3a 0de3dehmBatrbe ycoBa 3a pa3Boj BUTASIHUX
cTadana BUCOKOT KBA/IMTETA U KE/bEHWUX OUMEH-
34ja M paumoHanHo Kopuwhere NpounsBoaHOT
noTeHLMjana n Apyrux pecypca (/byacku paa, me-
XaHW3aumja, GUHAHCKjCKA CPELCTBA...) HEOMXOAHO
je neduHUcaTK cTpaTernjy perynucarba npocrtopa
3a pacTt (Vuckovié, 1994). 3a npumeHy y onepaTtu-
BW, @M M 3a Pas/vunUTe HayyHe CBPXe, OCHOBA
NMOMeHyTe CTpaTernje cagpkaHa je y HEOMNXoLHO-
CTU KBaHTMUKOBaka NOTpedHe BeNnYnHe npo-
CTOpa 3a pacT Koje cBakom ctadny Tpeda ctojatn
Ha pacronararby 3a HEroB ycrelaH pacT. To KoH-
KpPeTHO 3Hauu Aa je notpebHO Hahu oHy onTu-
MasiHy BEIMYUHY Kpolbe, Koja he npounssoanTu
MaKCUMAJIHY KOZIMUYMHY 3anpemuHe Mo jeguHuum
NoBpLUMHE cacTojuHe. HaBegeHU ONTMMYM Hajye-
whe ce Hanasu ce uamehy NpeLOMUHAHTHUX U
KOAOMMHaHTHMX cTadana, ¢ 0d3mMpom ga nps.a
HUCY yBeK "onTumanHo" edurKacHa y Kopuwherby
[LOCTYMHUX pecypca, AOK Apyra Hemajy A0BO/bHO
[OCTUTHYTE IMMEH3Mje KPOLUkbM, Kako du ucte Te
pecypce UCKOpUCTMAA Yy NpousBoatbu Behe 3a-
npemuHe. JeaaH og, moryhux HaumHa 3a yTBphu-

Batbe "HM BenuKe HM mane", Beh onTMmanHo mus-
rpaheHe Kpolbe, NpesoyeH je Ha rpaduKoHy 6.
Ha nomeHyToM rpadmKoHy MUaycTposaHa je "Kpu-
Ba ONTMMyMa", KOja MpuKasyje 3aBUCHOCT OCTBa-
peHe 3anpemuHe cTadana No NOBPLUMHU 3acTUpa-
Ha of, U3rpaheHoCTn KpoLbe, UCKa3aHe MPeKo
Zp. OgHOC ocTBapeHe 3anpemuHe ctadna no no-
BpWwMHM 3actupara (v/Zp) Vuckovié w Staji¢
(2003) Ha3uBajy KOAUYHUKOM €KOHOMUYHOCUIU
Kopuwhera Gpocuiopa 3a pacu.
Ha ocHoBYy HajnoBos/bHMjer ogHoca

v/2Zp
Zp

yTBPNHEHO je Aa Y UCTPAXKMBAHO] CAaCTOjUHM ONTH-
Ma/iHa NOBPLUMHA 3acTMpPatba je4HOr JOMUHAHT-
Hor ctabna nsHocu 9,1 m? (rpadukoH 6a), ogHo-
CHO aa cTabna ca Kpoluama Koje MMajy KpoLlbe
wupe og 3,4 m HepaLMOHaNHO KOpUCTE NPOCTOP
3a pact. Konunko 6u passujeHocT 1 usrpaheHoct
Kpolwru cTadana, a ca TUM BEpOBATHO MOBe3aHe
M KapaKTepucTuKe npupacta, morie dutu no-
BOJ/bHMje MPW OBAKO NPOjeKTOBAHOM OMTUMYMY,
jacHoO je BMA/BMBO M3 UMHbEHULE Aa 3aTeyeHa
npoceyHa Be/INYMHA LUMPUHE KPOLUHE U3HOCK
cBUX cTadna usHocu 2,23 m, a ctabana us rop-
wer cnpata 2,90 m. [la ce pagu 0 HECyMHUBO
cnabo pasBujeHUMM Kpollrama ctabana us rop-
Her cnpaTta yo4/bMBO je M aKo ce ynopeae osae
yTBpheHe Be/MUYMHE KpOLWHW ca pesyntatuma
APYrUX CAWMYHUX WUCTpaxkuBaka. Ha npumep,
Sperlich (2010), Hasoan aa Kog denor jaceHa,
ctapoctu 20 rogmMHa, NpoceYHa WUpUHE KpOoLlHe
ctadana dyayhHoct MsHock 3,2 m!

OBako yTBphHeHOj ONTUMANHO] BENUYUHUN KPO-
WHe, y3 npocevyaH KoeduUMjeHT 3acTUparba Ha
HMBOY cacTojuHe (85%), oarosapa 934 crtadna no
1 ha y roprtbem cnpaty. lMpu oBako nNpojekToBa-
Hom &pojy ctadana camo y ropswem cnpaty 3anpe-
MWHa cacTojuHe msHocuna 6u 173 m? wro je
nNpudNMKHO jeaHaKo yTBphHeHo] 3anpemuHu ose
cacTojuHe, cauntbeHoj of ctadana csux duosno-
WKKMX nonoaja (187 m3). Mehytum, ykynHa on-
TUMasHa 3anpemunHa cactojuHe (csa cradna) duna
O6u curypHo Beha 1 ako ce yame camo nocrtojehu
opHoOC 3anpemunHe ctadana ropker cnparta — 60%
Hajjaumx ctadana v 3anpemuHe ocTanor gena ca-
cTojuHe — 40% octanux ctadana (79% : 21%), na
61 Ha Taj HauuH ogpeheHa yKymnHa onTUManHa
3anpemmuHa morna usHocutv u ao 212 m/ha.
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Kako je Beh HasHauyeHO, TPEHYTHW MOKasaTe-
JbW CaCTOJMHCKOT CTarba M MOCTUTHYTUX BENNYMHA
eflemeHaTa pacta AesIoM cy pe3yaTaT U nposese-
He jake npopeae, n3BplieHe 5 roamMHa npe osae
npe3eHTOBaHWUX pesynTaTa (y cTapocTu cacTojuHe
opg, oko 30 rogmHa). Ha ocHOBY OKynapHO n3BpLue-
He aHanuse AMHAMUKE LUMPEeHa KPOLLHU U FbUMa
NPeKPUBEHOT YKYMHO Pacno/IoXMBOr NPOCTOPa 3a
pacT y npoTeknux 5 roamHa v nopeherem ca cra-
HeM HermocpeaHo Mpe npopeae, MOXe ce, He-
CMOPHO, YOUUTU NpuAnYHo cnado noseharbe Kpo-
WM K cnop “onopasak’ denor jaceHa y AaTom
nepuogy. To 3Haun aa ctadna Koja cy y cacTojuHu
npeocTasa HaKoH NpoBeAeHe Npopeae, HUCY joLu
[0BO/BHO yBehana cBoje Kpolkbe M Ha Taj HauuH
Yy NOTNYHOCTM UCKOPUCTUAA NYH “MPOCTOPHU Mo-
TeHumjan” y npomssoaku 3anpemuHe. Crora ce
Mmorke pehu fa je 3aTeyeHa 3anpemuHa mMoria
ouTn HewTo 1 Beha og ytBpheHe, umajyhu y suay
[a ce paguio 0 HemoTMyHO CK/IOM/bEeHOj CacToju-
HU. Umajyhu y BUAYy NpeTxoaHo, MOXKe ce U3BecTu
3aK/byyaK [a je TPeHyTHa 3anpemMuHa cacTojuHe
focta dnucka fgedpuHMUCaHO] ONTUMaANHOj 04, OKO
212 m? n pa he ce 4O MOMeHTa MOTNyHE CK/O-
N/bEHOCTU KPOLWHM cTadana jow Buwe npudau-
XKUTK TOM n3Hocy. MehyTum, eBeHTyanHo "npucy-
cTBO" npojekToBaHOr ontMmanHor dpoja cradana

13 ropkber crnpaTa yMecTo 3aTe4eHor nmano ou 3a
nocneauLy 3HaTHO 60Jby CTPYKTYpYy OBMX cTadana
no gebsmbuHu. Havme, Kaga 61 ymecto caga npu-
cyTHMx 1110 ctadana m3 ropmer cnpata xunore-
THYKKM duno 934 ctabna no ha, cpegrby NPEYHUK
cTtabana U3 ropker cnparta y Tom c/yyajy U3HOCUO
6u 16,2 cm, 3a pasnuKy og 3aTeyeHor — 14,4 cm
(rpadumKoH 6b).

3AKAYIIH

Ospae podujeHun pesyntaTv Ha dasm nocmarpa-
Ha OHOCA NOBPLUMHE OMOTa4a KPOoLLHsK Mo jean-
HULM HMXOBE 3aNpPeMMUHE Cy NMOKas3aau Aa je Mo-
ryhe fOHeTM OCHOBHEe Ha3Hake O epUKACHOCTU
Kopuwhera npocTopa 3a pact ctadana denor ja-
CeHa W HauMHy Kopuwhera JOCTYNHE CBETNOCTU
no jeguMHULM 3anpeMmnHe Kpolhama 3ay3eTor
npocTtopa. Beha nosplumMHa omoTaya no jeanHuum
3anpeMmnHe Kpolre, 04HOCHO Behu M3HOC Koe-
duunjenTa Skr/Vkr, 3Haun 1 Behy M3noXeHoCT
KpOLWHEe ANPEKTHO] CBETNIOCTU U Mame yyewhe
jesrpa Kpowre y YKYMNHOj 3aNpeMMHN KPOLLHE.
CTora, Kaga ce onTMMasnHa usrpaheHocT cactoju-
He nocmaTpa ca acneKkTa usrpaheHoCcTU KpoLlHK
ctabana, uckasaHe npeko S, /V, , oHAa ce Hage-
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lpadmKoH 6. 3aBMCHOCT KoedULMjeHTa EKOHOMUYHOCTM Kopuiwherba npocTopa 3a pact (v/zp) u
3anpemuHe cradana (v) of 3acTpTe nosplunHe (Zp) n npcHor npedHuka (d) cradana.
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OEHU ONTUMYM O4YeKyje Koh OHMX cTadana rae je
Taj 0AHOC NOBO/bHUjU. C TUM Y BE3U, eBUAEHTHO
je [a Kpolwre Koje 3acTUpy Matby MOBPLUMHY
(BMTKe Kpolltbe) MMajy NMOBO/bHMjU OZHOC MOBP-
LWMHE OMOTaya M 3anpeMmnHe KpPoLiHbe Of, OHUX
34,enacTux.

MehyTum, y un/by AaBakba reHepasHux npe-
nopyka o epukacHocTu Kopuwhera npoctopa 3a
pacT denor jaceHa y 0BOj CaCTOjUHN HEOMXOAHO je
carnefaTv Kako pasBujeHOCT U u3rpaheHocT Kpo-
WK ctadana mognduKyjy HUBO Mpou3BeseHe
3anpemuHe, Kako nojeaMHayHux ctadana, Tako u
3anpemMuHy cactojuHe. Moe ce 3aK/by4yuTu aa cy
3anpemunHe ctadana Marbe Kog BUTKMjUX KpPO-
WK, C 003MPOM [a Ce UCTe Haslase y HenmoBO/b-
HOM OKpY»Kerby M Kao TaKBe, yrnpKoc dosbem of-
HOCY NOBPLUMHE M 3aNpeMmnHe OMOTaya KpoLUbe,
npoun3Bofe mMakby 3anpemuHy ctadna. Anv Kaga
ce npov3BeaeHa 3anpemuHa ctadna nocmatpa no
jeaMHMLM nNpocTopa 3a pacT Koje To cTtadno 3ay-
3MMa y cacTojuHu, yTBpHEHo je Aa Kpolrbe cTa-
bana denor jaceHa Koje 3acTUpy Makby NOBPLINHY
Cy y OBOM cny4yajy “npupacHo’ edpukacHuje of
KpoLWHK Koje 3acTupy Behy nospmHy. Jpyrum
peunma, LWITO je Marbe MPOCTopa 3a PacT HeKkor
ctadna TO ra oHO, y OBOM cay4ajy, eduKacHuje
KOPUCTK 33 NpoayKuujy ApseTa. [lakne, ako ce
nocmatpa npoussesieHa 3anpemmHa Ha HUBOY Ca-
CTOjMHe, OHAA Ce MOXe 3aKk/byuntn aa he cacro-
juHa umaTtn Behy 3anpemMuHy No XeKTapy ako cy y
nuTakby cTadna ca BUTKMjUM Kpollrbama. Ca apy-
re cTpaHe, Mopa Ce Ha3HauYMTW Ja Kpolre He
cmejy dutn HM “npemane”’, kako du obesdeaunne
[OBOJbHY KOMMYMHY vwha U TUMEe eKOHOMUYHO
Kopuwhere NpocTopa 3a pacT cacTojuHe. To 3Ha-
4YM Aa ce Kao MOy3aaH NnokasaTesb acMMMAALMO-
HO-MPUPACHOr NOTeHLUMjaNa KpolwrWu He mory
CMATpaTU CaMo HaBeaeHU Skr/vkr O[HOC U Hberose
penauuje ca Npov3BeAHOM 3anpeMUHOM Nojeau-
HauHux cTadana, 6e3 uctoBpemeHor yenaa y Be-
JINYMHY KpOLUHbe, SUONOLWKM NONOKaj cTadna yHy-
Tap cacTojuHe U HUXOBOT NOCMaTpakba Ha HUBOY
cacTojuHe. To yKasyje Ha nocrtojare oapeheHor
onTMMyma msmehy npousseseHe 3anpemuHe Mo
XeKTapy v narpaheHocT Kpowru. Ha ocHoBy pe-
naumja nsmehy npovsseseHe 3anpemmHe no xek-
Tapy v u3rpaheHocTV KpoLlkbK KOHCTATOBaHO je
[a, HaKoH 5 rogmHa oa nposefeHe npopesae, No
NnUTakby NOCTUrHYTE 3anpemuHe K dpoja ctadbna
M3 ropber cnpaTa 3aTevyeHo CTakbe Huje npesulle

"yaasbeHo" og, onTumanHor. MehyTtum, Ha ycno-
CTaB/bakbe OBAKO MPOjEKTOBAHOI ONTUMYyMa 3Ha-
YajHO ce 3aKacHW/O, LITO MMa HeraTuBHe KOHce-
KBEeHLe Ha u3rpaheHoCT KpowrK U BelndYnHe
eflemeHTa pacTa ctadana. Ma Tako, XMNOTETUYKM
peyeHo, y cayyajy Aa Kag 6u ctadna u3 roproer
cnpaTa y 0BOj CTapOCTU MMana HeLWTO pa3BujeHu-
je Kpouwbe (onTMManHe) o4, EMMUPUjCKUX, MpaK-
TUYaH pesynTaT du duna jacHO NOBOJbHUjA CTPYK-
Typa ctadana no NpeyHuKy, ca y Npoceky cKopo 2
cm gedsbum ctabnmmal

Mimajyhu cBe npeTxofHO y BUAY, Mopa ce noa-
Byhu, Aa je npocTop 3a pacT, y3 yc/i0oBe cTaHUWTA
M FTEHETCKY KOHCTUTYUM]y cTadna, OCHOBHU daKTop
Koju ogpehyje Herosy BUTANIHOCT M nNpupact. CTo-
ra je pasym/bMBO Za ycnewHo (pauuoHanHo) ra-
340Bakbe MNpeTnoctaB/ba M3d0p HajnoBo/bHUjer
npocTopa 3a pacT 3a HocMoLue NpoAayKuuje - cTa-
6na dyayhHoctn u cTtabna u3 ropmer cnparta y
cBaKoj da3u pas3Boja cacTojuHe. 3a MPaKTUYHY
NPUMeEHY, LIYMapCKOoj onepaTUBM je HeonxoaaH
jeAMHCTBEH MOCTYNaK Npu peryavcarby npocTopa
3a pact ctadana, 6asupaH Ha HYMepUYKUM yny-
CTBMMA M HE3aBMCaH O TOra Ko ra y CTBapHOCTU
13BoAW. YNpaBo y OBOM pajy NpUMeEHEHU MOCTY-
nak ytephuBarba €KOHOMUYHOCTU Kopuwhera
npocTopa 3a PacT KOPUCTU HU3 KpUTepujyma, 3a-
xBasbyjyhu umjoj jacHohu u jegmMHCTBEHO] NpUMe-
HU, je moryhe peanHo carnenaTv NuUTakbe ONTU-
Ma/sIHOT pacnonaraka MNPOCTOPOM 33 pacT
nojeauHavHux ctadana u cactojuHe. Tpeda Hano-
MeHYTM fa oBae fodujeHn pesynTaTv npeacra-
B/bajy A0 “cneKkTpa pe3ynTtaTta’ HacTainx NpoBo-
hHerwem cneumduyHor noctynka geduHucama
onTMMasnHe usrpaheHocTn cacTojuHa Ha nNpocTo-
puma Penydnuke Cpduje, Koju He noapasymesa
[yropoyHa UCTpaXKMBarba 3a Aodujarbe NpUMeH-
JoUBUX pesynTaTta. MocTynak je npoussog, BuLLe-
JeLeHuWjcKor paZia NoC/IeHNKa pacta U NpousBosa-
HoCTM Wwyma ca LLymapckor dakynTeTta y beorpaay,
Ynju Jocajalibyn pesynTaTn Tpeda Aa nocayke
[a ce HayesnHa onwTa casHarba o notpedHoj Be-
JIMYMHU “HU MAnUX HU BEAUKUX Kpolwrk'’ cTada-
Na pasnuunTmx BpcTta Apeeha KOHKpPeTusyjy Kpos
jacHo pgeduHMcaHe Hopme. Ha Taj HaumMH du ce
ancTPaKTHO Hayeno o HacTojaky Aa ce ode3dene
Hajdo/bM yCNOBM 32 MAaKCUMaHY NPOAYKUM]jy CTa-
bana u cacTojuHa ca KBaHTUTATUBHOI U KBaaWUTa-
TUBHOT acneKkTa TpaHchOpMMCano y peanHy Hop-
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My, KOjom ce geduHUWE KOAMKM NpocTop 3a
pact je notpedaH ga 6u ce npousseo oapehern
npupact! CywT1Ha je Aa ce npu TOM yBEK 3HA
380r Yera 1 3a KONMKO ce oapeheHn KpuTepujym

MoKe unmn Tpeda meratu, WTo omoryhyje passu-
jarbe pasAnunTUX cueHapuja ynpas/bakba nNpupa-
cTom ctadana, v HapaBHO, WITO je jow 3HavajHuje,
NPUPaCcTOM Ha HMBOY CaCTOjUHeE.
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Abstract: This paper reports on the size and completeness of tree crowns and their effective-
ness for the production of wood volumes in the case of a pure 35-years European ash stand.
Starting from the interaction between the elements of the crowns structure and elements
of the tree and stand growth the economical use of growing space was perceived and the
optimal stand state was also defined, what were the main objectives of this paper. The trees
with slender crowns, despite their better ratio of the surface area/volume of the crown, pro-
duced lower wood volume (undeveloped crowns). On the other hand, when the produced
stem volume was analyzed per unit growing space it was observed that the less space for tree
growth the more effectively it was used for the production of wood volume. This indicated the
existence of a certain optimum between the crowns and produced volume stands. The optimal
stand state in terms of crown structure, the desired number of trees and stand volume was de-
termined based on the relationship between the coefficient of the economy of growing space
utilization and volume of trees and crown projection area.

Key words: economical use of growing space, crowns efficiency, optimal stand state, stem and

stand volume, European ash

INTRODUCTION

European ash (Fraxinus excelsior L.) is one of
the economically and ecologically most important
species of noble broadleaved trees. High value
wood, rapid growth increase in youth and achiev-
ing useful dimensions in a relatively short growth
period caused the increased interest in this type
of trees (Staji¢ 2003). Most often it grows in ad-
mixture with beech and oaks and rarely form
pure stands. With its presence European ash fur-
ther enriches forest ecosystems, but it belongs to
the category of rare and endangered tree species.
So, it is necessary to pay special attention during
a promotion of environmental, social and eco-
nomic goals of forest management planning
(Bankovi¢ et al. 2009).
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Some of the uncertainties related to this tree
species management are significantly remedied
by the extensive research conducted in recent
decades throughout Europe. This primarily refers
to the knowledge of the growth and increment of
trees and stands, depending on site conditions
(Cluzeau et. al., 1994; Ottorini et. al., 1996; Kerr,
Cahalan, 2004; Le Goff et. al., 2004, Vuckovic¢ et
al., 2001; Staji¢, 2010) and the possibility of nat-
ural or artificial establishment of pure and mixed
stands of this tree species (Kerr, 1995). The re-
sults of these studies as well as other (Stajic,
2004; Juodvalkis et al., 2005, etc.) have contrib-
uted to the acquisition of a series of valid infor-
mation relevant to the implementation of appro-
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priate management interventions in stands in
which European ash is the most dominant tree
species. In principle, the results of numerous
studies of the growth and increment characteris-
tics of European ash in different sites conditions
are summarized in quite a lot of detail by Stajic¢
(2003), Hein (2004), Kadunc (2004) and Do-
brow-olska et al. (2011). This study was per-
formed in the area of Belgrade Faculty of Forest-
ry’s Teaching Base positioned in Eastern Serbia,
Majdanpecka domain location. The aforemen-
tioned locality is characterized by a large share of
young pure European ash and lime tree stands as
well as the mixed stands of European ash, lime
and other tree species (Norway maple, sycamore,
Wild cherry, Wild service tree, sessile oak etc.). In
this area, some studies on the structure and
growth of European ash stands are still being con-
ducted (Miscevic, Stamenkovic¢ 1972, 1976; Vuck-
ovic¢ et. al., 2001; Staji¢, 2003; Janjatovic¢, 2012),
which is both a foundation and direction for fur-
ther scientific work. However, despite the recog-
nized production and bio-ecological potential,
character and extent of interests of our forestry
profession regarding this tree species is still at an
insufficient level. Such studies are of particular
additional importance, given the observed and
more intense drying of European ash in the last
two decades in many European countries (Halm-
schlager, Kirisits 2008; Kraj et al., 2012; Puspure
et al. 2017). The appearance of European ash dy-
ing was also observed in Serbia (Keca, 2017).
Tree crown represents a fundamental param-
eter for the estimation of the level of photosyn-
thetic activities, and hence the produced incre-
ment and the degree of achievement of
production and ecological functions. As crowns
belong to the element of stand structure in which
forestry operative interventions can be visible and
efficient to operate, the findings relating to infor-
mation between the crowns and other elements
of growth are the knowledge of particular impor-
tance for professional and scientific forestry pub-
lic. For this reason, determining the parameters
of the crown as an indicator for assessing the
trees and stand increment potential have been
for decades one of the most important issues in
forest growth researches in Europe (Burger, 1939;
Sommer, 1961; Schépfer, 1986, Spiecker, 1983,

1991, Vuckovi¢ 1994, Pretzsch, Schiitze 2005, Wy-
ckoff, Clark 2005; Hein, Spiecker 2008; Pretzsch
2014 etc.). Considering the issue of stand struc-
ture and the elements that comprise it, Mi-
lin (1965) classification of crown structure as the
"collateral” stand structure parameters. Similarly,
Dubravac (1997) noted that knowledge of tree
crown structure is important for forest manage-
ment, because the quantitative and qualitative
increment of trees and stands depend on this
structure. Modelling of a connection between
various elements of growth and crown parame-
ters, according to BoZi¢ et al. (2008) can serve as
the basis for determining the normality of stand
elements (normals).

The practical significance of the research con-
ducted here refers to obtaining information about
the current stand situation in terms of efficiency
of European ash tree crowns, which is the basis
for the implementation of appropriate silvicultur-
al measures for the purpose of bringing’” of the
studied stand close to the optimal state. General-
ly, establishing and maintaining the optimal state
of stands is a prerequisite for their proper devel-
opment, stability, vitality and efficiency of the
fulfilling of production, environmental and social
functions of forests (Vuckovic et al., 2008). Hence,
the aim of this study is to determine the efficien-
cy of European ash crowns in the Majdanpecka
domena area and define the optimal stand state
in terms of crown dimensions and rational use of
growing space in the analyzed age. For this pur-
pose it was necessary to do the following:

1. identify and consider the values of the basic
growth elements of ash trees in the investi-
gated stand,

2. determine and analyze indicators of form and
size of tree crowns,

3. define the optimal relationships-related indi-
cators of the efficiency of crown and use of
growing space,

4. evaluate the obtained results.

MATERIAL AND METHOD

The subject of this research is pure Europea
ash stand (age of 35) in Eastern Serbia. The stand
is positioned in the area of Majdanpecka Dome-
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na, in MU “Crna Reka” within the Faculty of For-
estry’s Teaching bases. Natural vegetation would
be a Querco-Carpinetum moesiacum Rudski (40)
1945, on eutric-brown soils on andesite-amphib-
olite schists. Slope and exposure are 7°and south-
ern-southern west, respectively.

In this stand the sample plot of size of 930 m?
was set up. Stand density was 1850 ashes/ha (172
trees on the plot), stand basal area averaged to
22.2 m?/ha and the total stand volume was 187
m?3/ha. In addition to European ash, several stems
of other tree species are also represented. The
sample plot as the other stands and the perma-
nent sample plots allocated to a given locality,
were formed after the clear cutting of the old and
devitalized stands of beech, oak-beech and sessile
oak-hornbeam. Ash was in the stands mostly nat-
urally regenerated and in areas where natural
regeneration is not fully succeeded the additional
planting was performed.

For the realization of the planed research
tasks modern methods and instruments for meas-
uring the individual elements of tree and stand
growth were used, in possession of the Laborato-
ry for increment and biomonitoring from the
Faculty of Forestry in Belgrade. Circumference of
all trees was measured with the accuracy of 0.1
cm. For slightly less than 100 trees (97) tree
heights (h) and the most important parameters
characterizing the form and size of tree crowns
were measured. The following tree crown ele-
ments were identified: crown radius (8 crown ra-
dii per tree - N, NE, ...SW) and crown base height
(hpk). Crown base height was marked as the point
on a stem where the first living branch whose
peak reaches the height of the widest part of the
crown is positioned. Calculation for the crowns
width or crowns diameter (b) is based on the
guadratic mean radius:

2 2 2 2
beo.Fay. |Putrstritr,
4

Crown length (/) was determining using the
formula:

l=h-h

pk

The relative crown length (/, /h) is calculated
from the ratio of crown length to tree height.
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Height curve was determined after testing
several most commonly used functions for the
fitting of tree heights (h) in relation to diameters
(d), wherein as the most suitable Prodan function
was finally applied:

dZ

. .2
a,+a,-d+a,-d

h=13+

For the determination of relationship between
I, and d, and between the volume of trees (v) and
d a polynomial of the second degree was used:

y=c-d?’+b-d+a

To determine v the following allometric func-
tion was applied (Alberti et al., 2005):

v=0.404-d* h

In order to compare the results, the volume
of white ash trees (v) is determined additionally
after the Panti¢ (1996) volume model recom-
mended for narrow-leafed ash:

v =0.16166 - d"7%% -

h1.115947

The surface of vertical crown projection on
the horizontal plane— crown projection area (Zp, )
is calculated as the area of a circle whose radius
is equal to the average root mean square radius
of the crown measured in 8 directions:

Zp = r’n

The dependence of Zp on d was presented
using the exponential function:

Zp =a - e

For calculating the tree crown volume (V, ) we
used a formula that represents the volume of the
paraboloid (Nuflein, 1995):

=1/2-mr -,
The relationship between V, and d was illus-
trated using the exponential function:

V. =a-e"
r

Crown surface area (Sk,), was calculated as the
surface area of paraboloid (Nuflein, 1995):
1,5
{la-r)er)=r

ter

kr
6P,
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Power function was applied for the most reli-
able representation of the relationship between
Zp, (CPA - crown projection area) and crown de-
velopment defined through the ratio between
crown surface area and crown volume (Skr/Vkr):

Skr/vkr:a.zpb

The dependence between stem volume (v)
and crown development characteristic (S, /V, )
was modelled by logarithm function:

v=b-In(S_/V)+a

The ratio between stem volume and crown
projection area (v/Zp - crown efficiency) was fit-
ted by the linear model in dependence to crown
development characteristic (S, /V,, ):

v/Zp=b-(5 /V, )+a

RESULTS

Stand structure

The results of stand diameter structure show
that minimum and maximum values of stem di-
ameters are 6.1 cm and 20.7 cm, respectively (Ta-
ble 1). Arithmetic mean diameter amounts to
11.9 cm. The coefficient of asymmetry is 0.3 indi-
cating that diameter distribution has positive
skewness. A kurtosis coefficient of diameter dis-
tribution is 1.01. Quadratic mean diameter (dg)
and quadratic mean diameter of dominant trees
(Dg) are 12.5 and 17.7 cm, respectively.

Table 1. Summary statistics of the main stand
structure parameters.

d[ecm] h[m] v [m?]

Arithmetic mean 119 1566 0.10
Median 11.5 16 0.08
Modus 17.3 17.28 0.02
Standard deviation 3.85 1.48 0.07
Variance 14.8 2.18 0.01
Kurtosis -1.05 -0.46 -0.61
Skewness 0.30 -0.69 0.72
Minimum value 6.1 11.66 0.01
Maximum value 20.7 1755 0.27

Characteristics of height stand structure are
also presented in Table 1. The measured trees are
distributed in one meter height classes. Arithmetic
mean stand height is 15.7 m, while minimum and
maximum tree heights amount to 11.7 and 17.6 m,
respectively. The largest number of trees (39%) has
heights between 16.6 m and 17.5 m (17 m height
class), while only 3% of trees are located in the
height classes of 12 m and 18 m.

Stand volume and its distribution per trees
are quite important structural characteristics of
a stand. The average, maximal and minimal stem
volumes are 0.10 m?, 0.27 m?and 0.01 m>, re-
spectively (Table 1). It is evident that almost 70%
of trees in the stand have volumes lower than
0.15 m?, while only 3% of trees have volumes
higher than 0.25 m?. The whole stand volume
(volume of all ash trees) is equal to 187 m*/ha.

Crown development and efficiency of
white ash

Stand height-diameter curve, height to crown
base and crown length curves (as area between
these curves) are shown in Figure 1. It is evident
that with larger diameters the greater are tree
heights (h) and heights to crown base (hpk), with
the difference, that curve of crown base (h, ) is
less steeper than the height-diameter curve (h).
Accordingly, with larger diameter, crown length
increasing first of all owing to very intensive
height increment. In the largest number of trees
(almost 50%) crown base is located between 10
and 11 meters and only 8% of trees have the
height of crown base below 10 meters (Figure 1).
Arithmetic mean of crown base heights is 10.8 m,
maximum and minimum is 11.4 and 9.5 meters
respectively. Almost 50% of trees have crown
lengths between 5.5 and 6.5 meters, and only 5%
of trees between 2.5 and 3.5 meters.

Opposite to tree heights and crown base
heights, relative crown length shows positive linear
relationship to diameter (Figure 1a.). The largest
number of trees (41%) has relative crown length
approximately equal to one-third, while only 2% of
trees have below one-fourth of tree height.

More than 60% of white ash trees have crown
projection area up to 5 m?, while only a few trees
have crown projection area near 20 m?. Average



Branko Staji¢, Ksenija Vuki¢, Zivan Janjatovi¢, Marko Kazimirovi¢

stand crown projection area (Zp,) amounts
4.86 m’. The relationship between d and Zp, has
exponential form (Figure 2a).

Crown width (b, ) is another important repre-
sentative of tree growth potential, being in very
close relation to stem diameter. The largest num-

a) b)
20 0.60
. h I,/ h=0.087 +0.019¢h.5
R o S .
% e ° . *
15- e & 0.45+ oo o
o . N4
—_ s h, - * :,'-':. .
E 10 < 0.30- e
= - G &
h=1.3+d2%.;/(3.3488 - 0.2428d.; + 0.066d%.5)
5] 0.15
h, =1.3 +d?*.5/(0.756 - 0.0242d1.5 + 0.1061d?.5)
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Figure 1. Dependence of height, height of crown base (a) and relative crown length (b) on breast height

diameter.
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Figure 2. The relationship between stem diameter (d) and some tree crown characteristics (crown
projection area-Zp, , crown width-b,_, crown volume- V, and crown surface area-S, ).
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Figure 3. Dependance of S, /V, ratio on Zp, .

ber of trees (34%) b, range between 1 m and 2
m, and only 1% of trees have crown width greater
than 5 m. The arithmetic mean of b, amounts to
2.23 m. The exponential form of the relationship
between b, and d is presented graphically in Fig-
ure 2b.

With the largest diameters tree crowns vol-
ume (V, ) increase too (Figure 2c). The greatest

portion of trees (almost 60%) has crowns of small
volume (up to 10 m3). Only 2% of trees have the
crown volume between 50 m? and 60 m°. The av-
erage stand crown volume of trees is 12.4 m3.
The dependence of crown surface area (S, )
on stem diameter (d) is presented in Figure 2d.
This relationship was represented by the power
function. Approximately 55% of trees in a stand
have S, up to 25 m’. Very large values of S _
(above 45 m?) have only 8% of trees. Average
stand crown surface area amounts to 24.2 m°.
To gain the basic knowledge about crown size
and their assimilation efficiency, the information
on the ratio between crown surface area and
crown volume (S, /V, ) could be very helpful. Re-
lations between Zp, and S, /V, , presented in Fig-
ure 3, show the reverse direction with the excep-
tion that for smaller Zp, values the determined
changes are more evident than for larger ones.
The average value of S, /V, ratio is 3.23 m’/m’.
Figure 4a shows the relationship between
produced stem volume (v) and S, /V, ratio, which
in this case represent the required crowns char-
acteristic. The presence of great scattering of em-
pirical data may be noted around the regression
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Figure 4. Dependance of stem volume (v) and stem volume per crown projection area (v/Zpkr) on Skr/Vkr ratio
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line and consequently very weak dependences
between these variables. In spite of that, a cer-
tain degree of dependence can be presented by
the logarithm function with a very low coefficient
of determination. The general course of this rela-
tion indicates lower stem volume with a greater
s,/V,, ratio.

On the other hand, there is strong linear
relationship between v/Zp, and S, /V, ratio
(Figure 4b), with a high coefficient of
determination (R?=0,59). Tree volume per crown
projection area (v/Zp) is lower for trees with
slender crowns, viz. with a lower Sk,/Vk, value.
The increase in S, /V, leads to large v/Zp values.

DISCUSSION

The obtained results show that stand structure
characteristics, five years after thinning are unsat-
isfactory from different aspects. The most impor-
tant feature of diameter structure is represented
by a relatively small share of larger trees (only 1%
of all trees have a diameter above 20 cm), mostly
in the range between 7 cm and 11 cm. The main
reasons for the pronounced small diameters of
ash, that is considered as a fast growing tree spe-
cies with a relatively short rotation period (ap-
proximately 80 years), is the inappropriate past
thinning regime in an early period of stand. As a
consequence, there is a large number of trees
with very strong intraspecies competition. Addi-
tionally, the fact that quadratic mean diameter of
dominant trees is by about 30% higher than the
guadratic mean diameter of all trees indicates
"silvicultural disrepair” of the stand and therefore
points to a great importance of adequate silvicul-
tural measures. In addition, the observed larger
number of trees is partly the result of the capac-
ity of young European ash to sustain in a shad-
owed environment for almost one decade (R6h-
rig, 1966, citt. in Staji¢, 2003). Undoubtedly,
adequate silvicultural approach would lead to
larger diameters and better diameter structure of
a stand.

Crown length (absolute and relative) is one of
the main indicators of the current assimilation
potential of trees, size of their crowns and com-
petition to what trees were exposed in the past.
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The shorter absolute length of crown indicates
less presence of direct light in this part of the tree
and the stronger overshadowing by neighbouring
competitors. The removal of surrounding compet-
itors by thinning provides better light environ-
ment, especially, for lower branches which are
then capable of maintaining their vigour and ac-
tively participating in the photosynthetic process.
The here obtained results pointed to non-linear
relationship between tree diameter and absolute
crown length. Going from thin trees to thick trees
we can notice gradual changes in crown length,
which are much more pronounced for larger trees
than for weaker ones. That could be expected,
because trees in smaller diameter classes grew
under more limited light conditions than resulting
in reduced crown vigour than for trees in the up-
per canopy layer. Interestingly, crown base height
was almost the same for all diameter classes.
That is in accordance with fact that “...in even-
aged pure stands, crown base height is independ-
ent from tree social position.....”” (Sterba, 1991).
Non-linear relationship is also present between
the tree diameter and crown-width values. On
the contrary, linear relationship between crown
width and tree diameter in even-aged stands of
light-demand species is once again confirmed as
suggested by earlier studies (Stamenkovié, Vuck-
ovi¢ 1988, Vuckovi¢ 1989, Staji¢ 2003). Strong,
almost linear relationship between tree incre-
ment and crown width was also observed in se-
lection forests (Spiecker, 1986).

Crown width and crown length are variables
directly measurable in the field and beside them
there are some additional variables important for
the quantification of crown development and pro-
duction potential of a tree. Some of them are the
following: crown projection area (Zp, ), crown
surface area (S, ), crown volume (V, ) and ratio
between last two variables (S, /V, ).

Crown projection area (Zp, ) is derived from
the average tree crown width and represents a
measure of efficiency and growing space utiliza-
tion both for tree and the whole stand, given that
these measures can be expressed as the ratio be-
tween current volume or volume increment per
crown projection area of a tree or a whole stand.
In forest growth science Zp, has very often been
associated with other growth elements (G, ig, i
v/Zp) and used for the assessment of optimal
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stand state in the sense of crowns size and the
"required”’- target stem number of a given stand
(Stamenkovic, Vuckovié, 1988, Vuckovic, Stamen-
kovic, 1990; Vuckovi¢ 1994, Vuckovic et al. 2003,
Vuckovié, Staji¢c 2003, Staji¢ 2003, Vuckovic et al.
2008, Stajic, Vuckovi¢ 2016). In addition, many
reserachers as Thren (1987) for pine, Spiecker
(1991) for oak, Klddke (1993) for spruce and Wick-
el (1991) for Douglas-fir used crown projection
area or available growing space for assessing op-
timal thinning regimes, cycle and intensity, and
for the assessment of optimal tree number in a
given stand. These results confirmed earlier inves-
tigation that the thickest trees possess the biggest
- widest crowns covering the large part of stand
area and growing space. However, trees which
occupy a large part of growing space are not fully
desirable neither from silvicultural (lower stem
quality) nor production goals (to small number of
trees per stand area). In addition to earlier con-
clusions, it should be emphasized that the shape
of the relationship between Zp, (b, ) and d indi-
cate the lack of silvicultural measures, because
there is no significant difference between the sup-
pressed and the codominant trees in regard to
crown parameters compared to dominant trees.

In order to assess assimilation and production
capacity of tree crowns, crown volume (V, ) and
crown surface area (S,) are related to some
growth elements. Generally, V, plays an impor-
tant role in the determination of economical
space utilization because it could very well ap-
proximate the quantity crown leaves, viz. produc-
tion capacity of individual trees (Assmann, 1970;
Biging, Dobbertin, 1992; Ottorini et. al., 1996).
The obtained exponential shape of crown volume
(V,,) - tree diameter (d) relationship is similar to
the shape between d-Zp, and d-b, , causing simi-
lar conclusions. On the other hand, the use of V,_
as a surrogate of tree production potential has
some limitations. Namely, for most tree species,
especially light-demand ones, foliage located at
the perifery of tree crowns contributes much
more to the production of organic matter than
foliage located at the centre of tree crown (Sta-
menkovié, Vuckovi¢ 1988, Ottorini et. al. 1996).
Because of this fact, S, has been more often used
as an indicator of tree production potential than
V,, especially in the case when crown contains a

large part of “productive passive’ core. As in ear-
lier examples, the dependence of S, on d is also
not linear but the shape of this dependence is
such that thicker trees have a larger S,. This
might lead to a preliminary conclusion that larger
trees produced more volume in the absolute
sense, which is already a well-known fact. In ad-
dition, comparing trees from two different cate-
gories formed on basis of tree-volume percentile
(40 and 80 percentile), it was concluded that
there are significant differences between them in
the absorption capacity by 75-100% and light use
efficiency by 25-30% (Binkley et al., 2013). It
should emphasize presence of the heteroscedas-
ticity of empirical data in the calculated models
between d and the analysed crown parameters
(Zp,, b,, V, and S, ).

The ratio between crown surface area and
crown volume (S, /V, ) represents another illustra-
tive variable of great importance for crown devel-
opment characterization, assimilation efficiency
and past competition level of trees. This coeffi-
cient describes crown shape (slender or wide-
spread crowns) and slender crowns are, as a rule,
more "increment effective’” in comparison to
widespread crowns. However, full acceptance of
the previous statement is not methodologically
absolutely correct, because it means that the
slender crowns produce always more volume in-
crement than widespread crowns, which is often
not the case in reality. To clarify the relation be-
tween crown shape parameters and tree growth,
it is much more convenient to use the relation
between S, /V, and Zp, . The determined depend-
ence between Skr/Vk, and Zp, showed that the
higher crown projection area the lower S _/V,
ratio, provided that the changes are abrupt at first
and then less and less pronounced. Accordingly,
white ash trees with smaller Zp, are more incre-
ment effective than trees with larger Zp, .

In order to analyse European ash crown effi-
ciency more deeply and carefully it is necessary
to study how tree crowns size and development
affect stem volume. Commonly, the efficiency of
growing space utilization has been described both
through tree volume or tree volume increment
per crown projection area (Assmann, 1961; Ster-
ba, Amateis 1998). For this purpose, the relation-
ship between S, /V, and tree volume (v) could be
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very illustrative. Because of the importance of the
mentioned relationship, tree volume was calculat-
ed on the basis of two various models (Figure 5).
The results of comparison point to a high degree
of correlation (R?=0.99) between tree volume cal-
culated on bases of these two models, Alberti et
al. (2005) for white ash and Panti¢ (1996) for nar-
row-leaved ash. Minimal differences according the
proposed models are observed up to 11 cm diam-
eter (larger tree volume of Alberti et.al. model),
which are later to disappear. The results of the
applied t-test showed that there was no statistical
difference (p<0.001) between the calculated vol-
umes of these two models.

After that, the “nature’” of relation between
crowns and trees volume was analysed. In princi-
ple, assimilation-increment ability of tree crowns
can differ widely depending on whether generat-
ed tree volume is analyzed as an absolute or a
relative measure. The determined relation be-
tween tree volume (v) and S, /V, ratio showed
the scattering of empirical data around regression
line and, accordingly, not too recognizable de-
pendence between them. In spite of that, gener-
al course of relation indicates lower stem volume
of trees with slender crowns. On the other hand,
when dependency between tree volume pro-
duced per unit of crown projection area - v/Zp,,
(as an indicator of crown efficiency) and S, /V,,
coefficient was observed in linear relationship
and high coefficient of determination (R*=0.59)
can be detected. That means that higher Sk,/Vkr
ratio leads to a higher tree volume per crown pro-
jection area, viz. higher crown efficiency.
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Figure 5. Correlation between tree volumes
according to Alberti et al. (2005) and Panti¢ (1996)
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Model of optimal stand development
based on crown development parameters
and optimal growing space utilization

The size and shape of tree crowns are the re-
sult of environmental impacts and tree capacity
to use available resources (light, water, nutrients,
soil) of importance for an undisturbed growth
and development. In closed canopy stands, the
availability of growth factors depends on intra-
(pure stands) and inter-species (mixed stands)
competition. Tree growing space serves as a con-
venient parameter which is a practical replace-
ment for trees “available resources” and addi-
tionally it is easily measurable in the field
(Pretzsch, 2009). In accordance with that, growing
space in the broadest sense refers to all available
resources necessary for the growth and survival
of a tree in a given environment (O'Hara, 1988;
Foli et al., 2003). In practical sense, the growing
space of a tree is limited, from below (root sys-
tem) by forest soil or parent soil, from above un-
restricted or restricted by taller trees and lateraly
restricted by the crowns of neighboring trees (As-
smann, 1961; Stamenkovic¢, Vuckovic, 1988). In a
similar way, Staji¢c and Vuckovi¢ (2016) define
growing space above ground surface area as a
space limited by tree height and crowns of neigh-
boring trees.

In order to create objective criteria and
unique procedures that will ensure conditions
both for the development of high quality vigour
trees with target dimensions and for rational uti-
lization of production and other resources, it is
necessary to define a development of growing
space strategy (Vuckovic, 1994). For practical ap-
plication as well as different scientific purposes
the basis of the mentioned strategy refers to
growing space quantification required for success-
ful and undisturbed growth of trees. This involves
optimal crown size calculation to produce maxi-
mal tree volume per growing space. This opti-
mum is mainly located between predominant and
codominant trees, given that predominant trees
are not always “optimally” efficient in the utiliza-
tion of available resources, while on the other
hand, codominant trees have not sufficiently de-
veloped crowns to use resources for higher tree
volume production. One of the possible ways for
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the assessment of “neither too big nor too smal
but “optimal” dimensions of crown is presented
in Figure 6. The presented graph shows “optimal
curve” which represents the relationship between
tree volume per crown projection area and crown
development parameter, in this case Zp, . The ra-
tio between tree volume and crown projection
area (v/Zp) Vuckovi¢ and Staji¢ (2003) named as
quotient of economical growing space utilization.
On the basis of the best possible
v/2Zp
Zp
ratio, it was found that the optimal crown projec-
tion area of one dominant tree amounts 9,1 m?
(Figure 6a), which means that trees with crown
widths larger than 3.4 m irrationally exploit the
available growing space. Based on the identified,
it is clear that the situation regarding the crowns
could be much better, because the current aver-
age crown width of all trees and trees from the
upper floors amount to 2.23 m 2.90 m, respec-
tively. Undoubtedly a poorly developed crown of
trees from the upper floors is fully obvious if one
compares this determined size of the crown with
the results of other similar studies. For example
Sperlich (2010) stated that one average crown

width of 20 years old white ash future crop trees
was 3.2 m.

Here the determined optimal size of the tree
crown, with an average coefficient of covering at
the level of the stand (85%), corresponded to 934
trees per 1 ha in the upper floor. With this tree
number in the upper canopy layer, stand volume
would amount to 173 m3/ha, close to current vol-
ume of all trees in a stand (187 m3/ha). However,
taking into account the current proportion of
trees, volume in the upper and lower canopy lay-
er (79% : 21%), optimal stand volume, which in-
clude all trees of all social positions in a stand,
would be much higher, approximately 212 m?/ha
(upper canopy contain 60% thickest trees, lower
canopy contains the remaining 40% of thinnest
trees).

As stated, current stand indicators and growth
elements are partially the result of heavy thinning
from above applied 5 years before the measure-
ment, at the stand age of 30. Based on dynamics
of crown expansion and growing space coverage
in the last 5 years, very weak lateral spreading of
tree crowns and slow recovery of white ash can
be noticed in the previous period. Therefore, the
remaining trees after thinning have not increased
their crowns enough for a full utilization of the

v/zp [m¥m?] a) vm]
™ S
e @
o v o

— v/zZp :
oy / o
< o -
=) o
™ o
s [
o o
=) o
o L O
o T T T T o

0 5 10 15

zp [m’]

v/zp [m*/m?] b) v [m
[a2) o
=] 5]
o ¥ o

—V/zp
[V o
< Y]
S (=]
— o
(=R .
o o
(=) o
< : i
o T T T o T — O

0 5 10 15 20 25

d [ecm]

Figure 6. Dependence of quotient of economical growing space utilization (v/zp) and tree volume (v) on
the crown projection area (Zp) and the tree diameter (d).
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growing space potential to produce higher vol-
ume. With this in mind, it can be said that the cur-
rent stand volume might undoubtedly be slightly
higher, because of incomplete stand closure. Given
that, it could be concluded that the current state
of stand volume is close enough to the optimal
state (212 m3/ha), which should be expected in
close future after a stand reaches full crown cov-
erage. However, the current stem number in a
stand resulted in smaller diameter dimensions in
comparison to stem number calculated on the ba-
sis of a presented model. In this case, that means
higher average stand diameter (16.2 cm) instead of
current average stand diameter (14.4 cm) with
fewer trees (934) in comparison to the current
stem number (1100) in the upper canopy layer
(Figure 6b).

CONCLUSION

The obtained results showed that the primary
indication of the efficiency of European ash grow-
ing space using and how trees use the available
light per unit by crowns occupied space could be
made on the basis of the crown surface area/
crown volume (S, /V, ) ratio. Larger crown surface
area per crown volume (higher S, /V, value)
means both higher direct sunlight exposure and
a lower proportion of crown core per crown vol-
ume. Therefore, considering the optimal stand
state from the view of tree crowns structure, a
favourable stand structure could be expected
with trees having the average S, /V,, values. In
relation to previous, it is evident that crowns
which cover a smaller aboveground area (slender
crowns) have larger S, /V, ratio in comparison to
crowns with larger crown fullness.

However, with the aim to submit general ref-
erences related to European ash efficiency of
growing space utilization, it is important to esti-
mate how crown development modifies a level of
the produced volume of individual trees as well
as the whole stand. It can be concluded, that
slender crowns in spite of higher S, /V, ratio pro-
duce a lower tree volume because of the unfa-
vourable environmental conditions. Unlike that,
when the produced tree volume was placed in
relation to growing space unit it was then evident
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that trees having a lower crown projection area
are more efficient in regard to produced tree vol-
ume. In other words, the lower is growing space
of a tree - the more efficiently it is used! Consid-
ering stand volume, it can be concluded that
higher stand volume per hectare is more likely to
expect with a larger number of trees with slender
crowns. On the other hand, it also has to be high-
lighted that tree crowns must not be “too small”
in order to ensure a sufficient amount of leaves
and the appropriate production of wood volume.

This means that the Sk,/Vk, ratio cannot be
considered the only reliable indicator of assimila-
tion-increment potential of tree crowns and its
relation to the produced volume at tree level,
without a simultaneous insight into crown size, a
biological position of the tree within the stand
and the observation at the stand level! This indi-
cates the presence of an optimum between the
produced stand volume and crown parameters.
Based on the relation between stand volume and
crown parameters, it is evident that the current
state is “not far” from the optimum in relation to
stem number and produced tree volume of the
upper canopy layer. However, this “optimal state”
was not carried out on time resulting in negative
consequences on crowns size parameters and the
values of other growth elements. In the case of
optimal crown parameters, hypothetically dis-
cussed, the average diameter of dominant trees
would be 2 cm higher than the current diameter
causing better stand diameter structure.

Taking into account all previous, it should be
underlined that the growing space of a tree, in
addition to environmental conditions and tree
genetic predisposition represents a basic factor
influencing tree vigour and wood volume produc-
tion. It is therefore obvious that successful man-
agement should assume the best possible esti-
mate of growing space, mainly for future crop
trees and other trees from the upper canopy
layer at each growth stage. For practical purpose,
an operative management requires a unique pro-
cedure necessary for stand density management,
based on numerical directives and independent
of who actually performed this procedure!

In this paper the applied method for econom-
ical stand density and growing space manage-
ment have been used, as well as a range of par-
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ticular criteria thanks to whose clarity and
uniform application it is possible to realistically
consider the issue of the optimal growing space
disposition of individual trees and a stand. It
should be noted that the results obtained here
are part of “a spectrum of results generated by
implementing the specific procedure to define
the optimal stand structure in Serbia that does
not involve long-term researches to get applicable
results. The method is the product of decades of
work by forest growth and productivity research-
ers from the Faculty of Forestry in Belgrade,
whose recent results should serve as a basis for
principle general knowledge regarding the re-
quired size "neither small nor large” crowns of
trees have to be concretized through clearly de-
fined standards. In this way, an abstract principle
of an effort to provide the best conditions for
maximum production trees and stands from the
guantitative and qualitative aspects will be trans-
formed into a real standard, which defines how
large growing space should be required for a
certain amount of wood volume production! The
essence is that, according to the presented pro-
cedure, it can always be known why and how
certain criteria can or should be applied or
changed, allowing the development of different
scenarios for managing the increment of trees,
and of course, more importantly, the increment
at the stand level.
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