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ITPOYYABAILE CTPYKTYPE CACTOJUHA BATPEMA U AMEPUYKOT
KOIIPUBUKAY CYBOTHUYIKO-XOPTOMIKO]J ITENMYAPHU U ITPEAAOT
Y3IOJHUX MEPA'Y ITUAY YHAIIPEREILA IbUXOBOI CTAILA

Ap Cunnma Auapamies, BUIIN HAyYHH CapapHMK, YausepsuteT y HoBom Capy, MHCTHTYT 32 HE3HjCKO

ITyMapCTBO M XKHBOTHY CPEAUHY

Ap Mapruu Bo6unan, pepoau npodecop, Yuusepsurer y Beorpaay, Illymapcku pakyarer
MSc Hukoaa H_Iynmh, UCTPaXKMBaY-CapaAHHK, YHUBepauTeT y beorpasy, MIHCTUTYT 32 MyATMAHCIMTIAMHAPHA

HCTPpa’XMBakbha

UsBopa: Y pasy ce aHannsupajy enemeHTu CTPYKType 1 Aaje Npeasior y3rojHux mepa 3a yHa-
npehere cTara y cactojuHun barpema (Robinia pseudoacacia L.) n amepuykor konpusumha
(Celtis occidentalis L.) ctapocTn 28 rognHa y Cyb6oTn4Ko-Xoprowkoj newwyapu. Mctparkusarba cy
BpLUEHa Ha TpW TpajHe orneaHe NOBPLUMHE HA KOjUMa je Ha ABe NOBPLUMHE eKCNePUMEHTANIHO
n3BpLUEHa cenekTMBHa npopeda (T1 u T2), Aok je jeaHa nospLlunHa KoHTposHa (K). MoyeTHo
je kaHanposaHo 528 ctabana 3a Hery No XeKTapy y NpoyyaBaHoj CTapocCTu, o4 yera je Ha T1
nsasojeHo 448 ctabana 6arpema n 80 ctabana amepuukor Konpusuha no xektapy, a Ha T2 320
ctabana 6arpema n 208 ctabana amepuykor konpusmuha no xektapy. Ha nospwmrHama T1 n T2
cBaKoMm cTabny 3a Hery NoceyeH je HajMmarbe jeflaH KOHKYPEHT, a YKYMHO je noceyeHo 912 u
1.072 ctabana no xeKkTapy ca yKynHom 3anpemmHom 53-55 m*-ha. Ha oBaj HauuH cTBOpeHa je
OCHOBA 3a OLEHY NpuMpacHe peakuuje ctabana Ha CeNeKTUBHY NPopeay Y HapeAHOM Nepuoay.

K/byuHe peuu: ceniekTMBHa npopesa, cTabna 3a Hery, anoxToHe BpcTe apseha, cybcnoHTaHo

WMpere amepuyKkor Konpusnha

YBOA

Mogpyyje CyboTUUYKO-XOProLKe newwdape Ha
TepuTopmjn onwTtuHe CyboTMLA, KapaKTepully
jeANHCTBEHE eKONOLLKe NpUAnKe. YCNOBU NecKo-
BUTE reosiolWKe nogsore 3atasacaHor AMHCKOr
pe/beda, pa3HOBPCHUX 3emM/buLlITa U nocebHor
pexuma nog3emMHuX BoAa, KOju YyC/NOoB/baBajy
cneumdUUaH MO3anK eKoCUcTeMa M CTaHMULUTA, Y3
BWCOK CTeneH pasHOBPCHOCTU BU/bHUX 3ajeaHNLa,
Kao v 3HayajHo HoraTcTBO dpayHe, 0BOM Nogpyyjy
JAaje n3yseTHe npeneoHe oanuvke. Hajgsehu geo
KOMMNMEKCca WyMa je HacTao noj, HenocpeaHum
aHTPOMOreHMM yTuuajem TOKOM nocnefra ABa

BEKa Kao Mepa 3alTuTe CTaHOBHWKA U o0bpaau-
BOI 3eM/bMLUTA OBOT MOAPYYja OA, €0/ICKe epo3uje
(Pavic¢evié¢, Stankevié, 1962, Sijak, 1980).
MecKkoBMTO 3eM/buLLTE CMaja Yy HecTabuaHo, a yc-
nocTaB/batbem BU/BHOT MOKPUBAYA Of, PA3INUYUTUX
BpcTa gpseha nocturHyTta je werosa ogpeheHa
cTabunHoct. MehyTum, camo ycrnocTaB/bakbem
TPajHUX LUYMCKUX eKocuctema y nyHoj mepu he
ce 3a/10BO/bUTM OCTBAPMBaHbe HUXOBE 3aLUTUTHE,
coumjanHe v nponssogHe GyHKuUmje.

Kpajem XVIII Beka 3anouyeTtu cy pagosBm Ha
Be3uBatkby Mecka ca Bpctama apseha Koje nmajy
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6p3 pacT, Kao WTo cy: Bpbe, Tonose, anne, barpem
M Kuceno peo. NoYeTHO OCHUBAHE LYMCKUX cac-
TOjMHA BPLUEHO je ca Matbm unm sBehrum ycnexom,
360r HeageKkBaTHOr usbopa BpcTe apseha nam He-
oarosapajyhe TexHVWKe OCHMBatba, @ NPEKPETHULLY
npepcTtas/ba 1870. roavHa Kaga ce 3anoyeso ca
yHoWerem 6arpema y3 npeTxogHO pUronoBare
TepeHa yr1aBHOM Ha CMBO-}XYTOM MNECKY, rae ce
HUje oAprKana HujeaHa KopuwheHa BpcTa Ap-
Beha. Mocne MpBor cBeTcKor pata NocTeneHo je
npUopuUTET Yy NOLIYM/baBakby AAT LpHOM 6opy
(Perunici¢, 1956).

Y 1969. roguHu b6arpem je 61o HajsacTyn/be-
HWja BpcTa Apseha Ha npocTtopy Cyb6oTnuKo-Xop-
rowke newyape, 3ayammajyhm nospLumnHy og, 2.450
ha (75%) og, oko 3.500 ha wyma 1 WyMCKUX KyATy-
pa. Op octanux BpcTa bune cy 3acTyn/beHe Tonone
Ha 470 ha v upHM 60p Ha oko 500 ha, 3aTum xpacT
(ny*krbak v uep) Ha 42 ha v octann nnwhapu Ha
oko 140 ha (Sijak, 1980).

Y [OCTyNHOj AnTEpaTypu He NOMMHbE Ce NAaH-
CKO, BELUTAYKO YHOLLEeHe aMmepuyKor Konpusuha
Ha npocTtop CyboTnUKo-XoproLiKke newdyape. Ame-
puukm konpusuh (Celtis occidentalis L.) je anoxTo-
Ha BpcTa AgpseTa y Cpbuju, Koja BOAM NOPEKIO U3
CesepHe AmepuKe. Bpcra je yHeTa y EBpony 1636.
roauHe, a Ha npocTtop MaHOHCKe HU3Mje, npeT-
nocTae/ba Ce Aa je yHeTa y NpBOj NonoBuHM XIX
BEKa, NPBO Kao NMapKOBCKa BPCTa Y Hace/beHa mec-
Ta. AMepuuku Konpusuh ce y noctojbuHu Bpio
pPeTKo Hafasu y YNCTUM CcacTojuHama, Hajuewhe
Ha MarbMM NOBpLIMHAMA, @ 06MYHO ce Hanasu
Kao NpumeLlaHa BpCTa, y CTabAMMUYHUM UK Tpy-
NMMMUYHUM CMeLlama ca Apyrum BpcTtama gpseeha,
ca Juglans nigra L., Populus deltoides Marshall,
Fraxinus pennsylvanica Marshall u agpyrum
(Burns, 1983). He nocTtoje peneBaHTHM NogaLm o
rajerby, OAHOCHO ra3oBakby OBOM BPCTOM Y Hbe-
Hoj nocToj6uHn (Krajicek, Williams, 1990). Mo-
yeTKoM XX BeKa aMepuyku Konpusmh ce Kopuctu
33 NOWyM/baBakba y WMpPEM NoApyYjy AaHallkbe
Mahapcke (Bartha, Csiszar, 2008). Umajyhu y
Buay Aa je npoctop Cyb6oTnUKo-Xoprowke newwu-
Yyape go noyeTka XX Beka npunagao Mahapckoj
(AycTpo-Yrapckoj), To ce moxKe NpeTnocTaBuUTH
Ja je KopuwheH K1 3a nowymsbasaka y Mewwyapuy,
c 063MpoM Ja ce NOKa3ao Kao BPJ/IO OTNOPaH Ha
cywy (Tiborcz et al., 2011). U3BaH nogpyuyja Cy-
60TUUKO-XOproLuKe newyape amepuyku kornpusuh
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je npeTexHo rajeH y Cpbuju Kao NapKoBCKa BPCTa
1y apsopeanma (Combop, CyboTtunua, Hosu Caga,
KukunHpa), Kao u y uenoj Esponu.

CybCnoHTaHO WKperbe aMepuyKor Konpw-
Buha Ha noapyyjy CyboTnyko-Xoprolke newyape
je KoHcTaToBaHO Ha OCHOBY HaBoAa BuLLUEe ayTopa
y paHujem nepuogy (Gaji¢, 1984, Perunicic,
1956, Pavicevié, Stankevi¢, 1962, Sijak,
1980) # Ha OCHOBY MHBEHTapu3auuje wWyma y
nperxoaHux 20 roguHa (1999, 2009, 2019). Mnak-
CKMM JOKYMEHTMMA, NPOUCTEKIUM Ha OCHOBY
MHBEHTapu3aLumje Wyma Ha NoApYyYjy rasguHcKe
jeanHuue ,,Cybotmyke wyme”, ytepheHo je aa je
1999. roguHe amepuykn Konpusuh eBUaeHTUPaH
Ha npeko 500 ha, a 'y 2009. roguHu yTBpheHo je
NpM1CcycTBO amepwmyKor Konpusuha y cactojuHama
Ha nospLwurHu 1.277 ha. CacTojuHe ca 4OMUHAHT-
HUM yyewhem amepuykor Konpusuha no 6pojy
ctabana (npeko 50%) y 1999. roanHu 3aysmmane
cy nospwmHy 101 ha, a y 2009. rogmuun 271 ha,
[JOK Cy YMCTe cacTojuHe amepuykor Konpusuha
(yuewhe amepuukor konpusuha sehe og 90% no
6pojy cTabana) 3ayaumane noBpwuHy og 15 ha 'y
1999. rogmuu, a 'y 2009. rogmHmM 3ay3nMmajy nosp-
WKHy o4 29 ha. UHBeHTapu3aumjom 2019. rogmHe
3a [, Cybotmuke wyme” (2019), y nepuoay oa 10
roguHa, ytpheH je, TpeHa, ABOCTpyKor nosehara
NoBpLUMHA Noj aMepUyKMm Konpusuhem y oaHo-
cy Ha npeTxoaHu nepuog, (Andrasev et al., 2020).

CybCrnoHTaHO Wwupeke amepuykor konpusuha
Ha noapyyjy M ,Cyb6oTnyke wyme”, Kao jeauH-
CTBEHW NpUMepP MHBa3UBHOT npoueca y EBponu
KOju je 3abenexkeH y Be3n ca OBOM a/lIOXTOHOM
BPCTOM LWyMcKor apseha, Hanaxe pellera 3a
nofpyaBarbe yCnocTaB/beHOr TPeHAa Wnpema, a
y npouecy Gopmmnparba OAPHKMUBUX CACTOjMHA, Koje
npeysumajy 3alWTUTHe, coumjasiHe U NPOU3BOAHE
¢dyHKumje (Andrasev et al., 2016, 2020). Ta pe-
LWeHa cy y3rojHe npupoae U Mory ce noABecTu
nog, notpeby aednHncara npunaroheHe TexHUKe
rajerba Wyma, Kojom 6U ce cagprKajHuje ocTBapu-
Ba/IN TPEHYTHU U AYTOPOYHM ra3gUHCKU U ApYyrU
LM/bEBM Y CACTOjUHaMa y Kojuma npuaonasun ame-
puykmn konpusuh. TakaB NpuUcTyn npeacTas/ba
npesasHo pellerbe Y YCNOCTaB/bakby LWYMCKOT Mno-
KpuBaya Ha NoBpLUMHAMAa, Ha Koje ce CybCcrnoHTaHo
LIMPU amepur4KmM Konpusuh, Kao gobpo aganTtupa-
Ha BPCTa Yy aHTPONOreHO U3MeteHUM YC0BUMA
CTaHMLUTA Y NeLYapy U CBe U3PAXKEHU]UM KAUMAT-
CKMM NPOMeHama.
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Lunsb paga je aa ce carnea rasgMHCKM 3HaYaj
cybcnoHTaHoOr Wwupera amepuykor Konpusuha
Ha Npumepy jeaHe ao3pesajyhe melwosuTe cac-
TojuHe barpema, y oKBUpY aedUHUCAHE NNaHCKe
onxoarse oa 30 roamHa, y Kojoj je amepuykn Kon-
pvBuh NMpucyTaH y CBUM CNPaTOBMMA Y CTPYKTYpH
cacTojuHe. Ha OoCHOBY aHanu3e KBanuTaTWUBHE
CTPYKTYpe U GYHKLMOHANHUX KapaKTepUCTUKa
ctabana 6arpema 1 amepuykor Konpusuha mc-
Tpa)keHa je MoryhHOCT HbMXOBOT rajerba y AyKoj
ONXOAtbM 0f, NNAHCKM oppeheHe y3 npumeHy
CeNeKTUBHe npopese, a y Uu/by NoAprKaBarba
CybCMOHTAHOT WKpera amepuyKor konpusuha
M ybp3ara pacta obe Bpcte apseha. Mpu Tome
Ce aHaNu3Mpajy TPU KOHUENTa Y UCTPaAXKMBAHO],
no3pesajyhoj cactojunu: (1) 3aaprkaBakbe goca-
Jalltber HauMHa rasgoBarba (KOHTPO/IHA MoBp-
LUMHA) Koju NnogpasymeBa 06HOBY CACTOjUHE Npu-
MEHOM 4YMCTe ceye Moc/ie HaBpLeHe ONXoAHe
6arpema 30 roguHa; (2) npumeHy cenekTuBHe
npopeze y3 n3bop ctabana 3a Hery Kojum bu ce y
oapeheHom nepuoay, Nocne HaBpLUEeHe ONXoaHe
6arpema (30 roamHa), 3aapKao 3aTeyeHn oaHOC
3acTyn/beHux BpcTa Apseha, barpema n amepuu-
Kor Konpusuha, y HaactojHom cnpaty; (3) npu-
MEHY Ce/IeKTUBHe npopeae y3 nsbop crabana 3a
Hery Kojum 6u ce nocne HaBpLUeHe onxoahe bHa-
rpema 30 roguHa nocteneHo cMarbuBano yyewhe
barpema, ogHocHo nosehasasno yyewhe ctabana
amepwuykor Konpusuha y oaHocy Ha barpem y 3a-
TEYEHOM CTakby.

OBJEKAT UCTPA’KHBAFA 1
METOA PAAA

UcTpaxkuBarba cy 0baB/beHa y cacTojuHu ba-
rpema u amepuykor konpusuha y [ ,,CyboTnuke
wyme”, ogesbere 59, Koja npeacTas/ba yobuyaje-
HO CaCTOjUHCKO CTakbe y HaBeAeHoj ¢pa3m pas3Boja
cacTojuHa b6arpema n amepuykor Konpusuha Ha
Cyb0TNUYKO-XOProLKOj Newwyapu, rae cy cactojuHe
aHTponoreHor nopekna. Y jeceH 2014. roguHe y
cacTojuHu b6arpema u amepuykor Konpusuha, cta-
poj 28 roanHa, OCHOBaHe Cy TpW TpajHe ornegHe
NoBpLUMHe, CBaKa BennyunHe 25 x 25 m, mehycob-
HO oABOjeHe pybHUM nojacom wupuHe 5-10 m.
CacTojuHa je opmmpaHa Noc/e YncTe ceve y Npo-
Lecy pegoBHOr ragoBatkea U barpem je y cactoju-

HUW NpeTeXXHO M34aHaYKor NopeKna, a cybcnoHTa-
HO palIMpeH amepuyku Konpusuh npeTexHo je
cemeHor nopekna. NpoyyaBaHa cacTojuHa je ca
nocebHOM HaMeHOM 1 MMa NPUOPUTETHY PYHK-
LMjy 3aWTMTE 3eMsbmLuTa | cTeneHa, jep ce Hanasu
Ha CTaHMLWTY Koje je NoANO0XKHO epo3unju. Y goca-
JalkbeM nepuoay y CacTojuHU je u3BefeHa camo
mepa ynwhera y ctapoct go 10 rognHa.

Ha orneaHum nospwuHama cea ctabna ca
NPeYHMKOM Ha NPCHOj BUCMHM NpeKo 5 cm cy Tpaj-
HO obenexeHa M U3IMeEPEH UM je NPCHU NPeYHUK
YHaKpCHo ca TayHowhy og, 1 mm. BucuHe cy mepe-
He Ha y30pKy cTabana BucMHomepom Tuna Vertex
IV (Haglof, Sweden) Tako ga je y cBakom aeb/bUH-
CKOM CTeneHy, WnpuHe 5 cm, mepeHo Hajmare 5
BUCUHa cTabana. CBakom CTabny je ouereH b1o-
JIOLWKKM NOMOXKaj N0 MOANPUKOBAHO] TPOCTEMNEHO]
knacuomkaumjm (Assmann, 1970): (1) HaacTojHO,
(2) mehycTojehe u (3) noactojHo. CBakom cTabay y
HaACTOjHOM CMpaTy (4OMUHAHTHA cTabna) oueHeH
je kBanutet aebna no cneapehoj Knacudukaumjm:
(I) kBanuTeTHO, NpaBo Aeb10 ca Hajmarbe jeAHOM
TpehuHom ay*KuHe uncTe og rpaHa; (I1) aebno koje
ycaep MakbMx HeocTaTaka He npunaza nNpBoj KBa-
NINTATUBHO]j KNacK; Koje HMje CaCBMM NPaBo U Ynjn
je KkBanuTeT nHdepMopaH ycaes npucycrTea 4o Tpu
TaHKe rpaHe unu jegHe aebsbe y aowoj Tpehu-
HU ayxuHe aebna; Koje Mma Apyre HegocTaTKe
KOjW yMatbyjy KBA/IMTET; 3aKpUB/bEHO Aebso, anu
ynoTpeb/bMBO Koje ce MoKe cmaTpaTyu 3a Aebso
cpeatber kBanuteTa; (Ill) aebno Koje je caBujeHo
WUN YBUjEHO MM MMa NpeBuLLEe rpaHa ca 036ub-
HUM TEXHUYKMM HEeAOCTaLMMA.

Crabna 3a Hery cy, npumapHo, bupaHa y Haa-
CTOjHOM cnpaTy U3 KaTeropuje Hajaebsbux cTaba-
Na, ca npaBuaHO dopmupaHum febaom u Kpo-
WHoM, 6e3 3HaKoBa 060/bere naun owTtehera n
Ca paBHOMEPHMM pacnopesom Mo NMOBPLUNHW.

MpemepeHn NPeyYHULM U BUCUHE CYy NOCAay-
KWMIN 33 KOHCTPYKLMjY BUCUHCKMX KpuBa (Mogen:
h =1,3 + a-e™®h, h - BucuHa, dbh - npcHn npey-
HUK, a, b - napameTpu Mozena) 3a CBaKy orneaHy
noBpLUNHY. BUCMHCKe KpMBe Cy NoCayKue 3a f0o-
bujarbe BUCKMHA cTabana Koja HUCY MepeHa BUCK-
HOomepoM, a 3a noTpebe yTBphHMBatba 3anpemuHe.
3anpemuHa ctabana 6arpema je gobujeHa Ko-
puwherem ABOYNA3HUX 3aNPeMUHCKUX Tabanua
3a barpem no Cestar, Kovacic (1982), a 3anpe-
MWHa amepuyKor Konpusrha U3 N1oKanHUx 3anpe-
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MWHCKUX Tabamua, 06MjeHUX Ha OCHOBY Npemepa
ctabana noceyeHUxX y Npopean Ha UCTPaXKMBaAHUM
nospLnHama.

Y uns/by cTBapakba OCHOBE 3a NpPOojeKLmjy ras-
AMHCKOT MOCTYMNKa ca MeLoBUTUM cacTojuHama
6arpema 1 amepuukor Konpmsrha Ha nogpyyjy Cy-
60THMYKO-XOProLKe neLyape, a Koju nogpasymesa
rajetbe H6arpema 1 amepuykor Konpusuha y ayxoj
onxoau of npeasuheHe y NIaHCKUM LOKYMETH-
Ma y3 MOoCTeNeHo UCK/byunBatbe barpema us cac-
TOjUHCKe CTPYKType, Ha CBaKOj OrneAHoj NoBpLUn-
HU M3BpPLLEHa je NpoLeHa BoHWUTETa CTaHULWTaA U Y
CKnagy ca kum bpoj ctabana no xekTapy Ha Kpajy
nnaHupaHe onxoAre 3a barpem ynopeheH je ca
pacnonoxunsmum b6pojem ctabana y HaACTOjHOM
cnpaty. OueHa 6oHUTeTa CTaHMWTa 3a Harpem Ha
CBaKOM Or/IeJHOM MOJbY je U3BPLUEHA Ha OCHOBY
nopeherba cpearbnx BucuHa no JSlopajy (h,) ca mo-
Aenvma pacTta cpefux BUcuHa no Redei et al.
(2014) 3a HeroBaHe (MoaenHe) cactojuHe barpe-
ma y Mahapckoj. Mo HaBeaeHUM efleMeHTMMa Ha
Kpajy onxogke, 6poj ctabana no xektapy je 6uo
OCHOB [a Ce Y UCTPa*KMBAHO] CacTojuHM n3abepy
ctabna 3a Hery Koja he 6UTK NpegMmeT Here y npea-
JIO}KEHOM KOHLLENTY NPOAYKEHA ONXOAHE Y LU/by
yHanpeherba NpUpPoAHO-OAPKMBOT NpoLieca cyb-
CMOHTaHOT LWMpeHa amepuyKor Konpusuha.

Y ums/by noaprkaBakba CybCNOHTAHOr WMpeHba
amepuykor konpusuha u carnegasatba moryh-
HOCTM ybp3atba pacTa 3acTyn/beHux spcTa apseha
paAy HbUXOBOT rajerba y Ay»K0j ONXOAHM Of, NNaH-
CKM oapeheHe Ha ABe TpajHe oriefHe NospLInHe
M3BpLUEHA je CenekTUBHa npopesa, NpUMapHoO
yCMepeHa Ha MHTeH3MBUpatbe pacTta cTabasna 3a
Hery n pasnnuuTo yyewhe barpema n amepuykor
konpusmha y AommMHaHTHOM cnpaTy (T1 n T2) npe-
Ma HMXOBOM 3aTeyeHOM yyewhy y HagCTOjHOM
cnparty, AOK je jeaHa NoBpLUMHA BMUNa KOHTPOHA
(TpetmaH K).

Ha ekcnepvmeHTanHum nospwmnHama T1 mn T2
CBaKOM M34BOjeHOM cTab/y 3a Hery noceyeH je
HajMmatrbe jefaH KOHKYPEHT, @ Y CACTOjUHU CY YK-
NOHEHA CYBa, CyXxoBpxa 1 owTeheHa cTtabna.

Ob6paga nogaTaka yK/byuymBana je McKa3usarbe
efemeHaTa pacTa ctabana — cpefrbu U gOMU-
HAHTHU MPEYHULM U BUCUHE, KAa0 U TeEME/bHULA
M 3aNpeMmnHa MCKasaHa CYMapHO MO XeKTapy Ha
OCHOBY KOPEKLMOHOTr GpaKTopa NoBpLUMHE Ornes-
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HUWX Nosba. YKYMHO 3a CBaKy TpajHy orneaHy nosp-
LUMHY M pasnnumnTe KoNeKkTnee ctabana (no Bpctu
apseha, No 6MONOLIKOM NONOXKajy U KBANUTETY
Aebna, Kao 1 3a pa3nnunTe y3rojHe KaTeropmje cTa-
6ana), u3padyHaTu cy MapameTpy AeCKPUNTUBHE
CTAaTUCTUKE KOjWU UCKa3yjy HYMepUuUKe noKasaTtesbe
Aeb6/bMHCKe CTPYKTYpe: apuUTMETUYKA CPeamHa,
CTaHAApAHa AeBujaunja, koeduunjeHT Bapwuja-
unje, KoepuumjeHT acumeTpuje, KoedbUUNjeHT
CN/boLTEeHOCTH. [ToKasaTes/bn AECKPUNTUBHE CTa-
TUCTUKe f06MjeHN cy Mo No3HATUM bopmynama m3
Teopuje ctatuctuke (Field et al., 2012).

Y umn/by nckasmBarba BepoBaTHohe yKnarbarba
cTabana npopefom y OAHOCY HA HUXOB MPCHU
npeyYyHuK, cBakom ctabny je goaesbeH 6poj 1 ako
je oHo yKnoreHo npopenom u 6poj 0 ako je npe-
OCTa/fI0 Y CACTOjUHM HaKOH ceye. KopuwheHa je
nornctmuka perpecuja (Kleinbaum, Klein, 2010)
[a ce NpuKaxKe ogHOC HaBeaeHor BUHapHoOr ckopa
cTtabna v HeroBor NPCHOT NPeYHNKa Kao Hesasuc-
HO NMPOMEH/bUBE:

X

e
p=1+ex
n
x=logit(p)=ln[1fp]=a+b-DBH

rae cy DBH npcHW npeyHuK ctabna v a n b napa-
MeTpu mogena.

CBe CTaTUCTMYKe aHanu3e cy mssBpuweHe y R
nporpamckom jesuky, ver. 4.0.0, (R Core Team,
2022), a cBu rpaduKoHmM nspaheHun kopuwherem
ggplot2 naketay R okpysetrby (Wickham, 2016).

PE3YATATH NCTPAJKHUBAIbA

OCHOBHU eleMeHTU CTPYKType

Ha ornegHum nospwuHama yTeBpheHo je
3.152-4.080 ctabana no xeKkTapy NPCHUX NPEeYHU-
Ka npeKko 5 cm, ca TemesbHULOM 27,2-30,7 m?-ha™
1 3anpemuHom 165-202 m*-ha™. Cpearoyn npcHU
npeyHnum cy 6mnm y pacnony 9,8-10,5 cm, po-
MMWHAHTHWU npedyHmum 19,3-21,4 cm, a cpeptba u
OOMWHAHTHA BUCUHA Bune cy y pacnoHy 11,8-13
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Ta6ena 1. OCHOBHY eNeMeHTU CTPYKType

% Bpcra dg Y "
2 [em] [em]  [m]
barpem 9,7 12,88
K amepuyku konpusuh 10,2 13,42
YKYMHO 9,8 20,1 12,99
barpem 10,4 12,69
Tl amepuuku konpusmnh 11,0 13,50
YKYNHO 10,5 21,4 12,85
barpem 9,5 11,50
T2  amepwyku konpusuh 12,2 12,91
YKYMHO 10,0 19,3 11,84

NereHpa: dg — cpeAtbyu KBaApaTHU NpeyHuK; D
— cpegtba BUCKUHA no Jlopajy; H

100

100

— cpefbU KBagpaTHU NMPeYHMK JOMUHAHTHUX cTabana; h
— cpeatba BUCUHA AOMMHAHTHUX cTabana; N — 6poj ctabana no xekTapy;

Hop N G v

[m]  [ha'] [%] [m*ha?] [%] [m*ha?] [%]
3344 82,0 2471 804 161,22 79,7
736 180 604 196 41,00 203

16,42 4.080 100,0 30,74 100,0 202,22 100,0
2592 822 21,91 80,5 140,90 79,6
560 178 530 195 3620 204

1536 3.152 100,0 27,21 100,0 177,10 100,0
2944 840 20,99 763 122,56 74,2
560 160 651 237 42,60 258

1465 3.504 100,0 27,50 100,0 165,16 100,0

L

G — TemesbHMLA MO XeKTapy; V — 3anpemmnHa no xektapy

m, ogHocHo 14,6-16,4 m (Tabena 1). Y cacTojuHu
AOMUHUpa barpem ca 82—-84% no 6pojy cTabana,
76,3-80,5% no temesbHMumM 1 74,2-79,7% no 3a-
npemuHu. AMepuyku konpmeuh je NoCcTUrao HewTo
Behe cpegibe npcHe NpeyYyHuKe 1 BUCUHE Y OfHOCY
Ha 6arpem Ha CBUM OrnegHMM noBpLiMHama. ok
cy yTBpheHe pasnuke nsmehy barpema n amepumy-
Kor Konpusuha y cpetrbMm NpeyHuLMma U Bu-
CMHama Ha nospwuHama K n T1, mare og 1 cm
1M 1 m, Ha noBpWKUHM T2 amepunyKkn Konpusuh je

nocTurao 3a 2,7 cm sehu cperby NPCHU NPeyYHmK
1 3a 1,4 m sehy cpegty BUCUHY y nopehetby ca
b6arpemom.

Ha cBe Tpu ucTpaxunsaHe ornegHe NoBpLUMHE
HYMEPWYKM NOKasaTes/bu Aeb/bUHCKE CTPYKType
cBMX cTabana noKasyjy M3parkeHy Bapwujabun-
HocT of, 35,7-39,5%, usparkeHy AecHy acume-
TPUjy 1 NenTOKYPTUYHY crisbolTeHoCT (Tabena 2).
[eb/bUHCKa CTPYKTYpa HEMa TUMUYHY YHUMOZan-
Hy pacnogeny (fpadukoH 3) 360r ycBojeHe Tak-

Tabena 2. HymepuukK Nokasatesbu Aeb/bUHCKE CTPYKTYpe (MOYETHO CTakbe)

TpetmaH Bpcta n mean
6arpem 209 9,1

K amepuyKku Konpusmnh 46 9,3
YKYMHO 255 9,2

barpem 162 9,8

T1 amepuyKku Konpusmuh 35 9,7
YKYMHO 197 9,8

barpem 184 9,1

T2 amepuyKkn Konpusuh 35 11,1
YKYNHO 219 9,4

min max Sy c, skew kurt

51 20,7 3,34 36,7 1,055 0,857
5,1 24,8 425 456 1,727 3,232
51 24,8 3,51 38,4 1,278 1,831
5,1 22,6 3,52 36,1 1,006 1,115
5,1 28,9 5,20 53,6 1,874 4,207
51 28,9 3,85 39,5 1,380 2,998
51 16,9 2,84 31,2 0,779 -0,031
5,2 21,8 5,05 45,5 0,636 -0,626
5,1 21,8 3,36 35,7 1,097 1,162

NereHaa: n — 6poj mepeHux ctabana Ha Nosby; mean — apuTMeETUYKa CpeanHa; Min — MUHUMYM; Max — MaKcu-
MyM; s, — CTaHAapAHa Aesujaumja; ¢, — koeduupmjeHT Bapujauuje (%); skew — MpcoHos KoednumjeHT acume-

Tpuje; kurt — MupcoHoB KoedULMjeHT CN/bOLITEHOCTH
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BpcTa gpBeTa: |:| barpem D amepunyku Konpmusuh

padumkoH 1. YkynaH 6poj ctabana no xektapy no 6MoN0WKOM NOAOKajy M BpCcTU apseTa (LLpadupaHo cy

obenexxeHa ctabna 3a Hery)

caumnoHe rpaHuue og 5 cm. Amepuykm Konpusuh
je 3acTyn/beH y cBUM feb/bUHCKMM CTeneHuma,
a nojeamHayHa ctabna MMajy makcMmanHe npc-
He npeyHuKe Behe o H6arpema. BapujabunHoct
neb/bUMHCKe CTPYKType cTabana amepuykor Kon-
pusuha je Beha y oaHocy Ha cTtabna barpema.
EnemeHTV fecKpMNTUBHE CTaTUCTUKe aeb/buHCKe
CTPYKType cTabana 6arpema v amepuyKor Konpu-
Buha Ha oreaHuMM nosplinHama K n T1 cy canyHe,
a Ha ornegHoj nospwmHKM T2 je cnabuje nsparkeHa
OEeCHa acMMeTpUja U MMa Me30KypTUYHY (barpem)
WY MNATUKYPTUYHY (amepuryukm Konpusuh) pacno-
aeny pebrbuHCcKe CTPYKType.

Buonowkn nonoxKaj crabana

Bpoj ctabana no xeKkTapy y HagCTOjHOM cripaTy
(BM-1) nsHocm 1.008-1.360, WTO y YKyNnHOM 6pojy
cTabana nsHocu 25-39%. PenatmsHo yyewhe
mehyctojehux crabana (bM-2) je yjegHauyeHuje
Ha orfegHMM NOBPLUMHAMA M U3HOCKU 25-28%, a
yyewhe notuwTeHux ctabana (bM-3) Bapupa og 33
80 49% (MpadukoH 1).

HaactojHa ctabna vmajy NpcHe NpeyHuKke y
pacnoHy oa 6,8-28,9 cm, npoceyHo 12,2-13,8 cm,
BapujabunHoct oa 24,2—-26,9%, pecHy acumetpujy
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M NenTOKYPTUYHY crnsbowTeHocT. MehycTojeha
cTabna vmajy npcHe nMpeyHWKe y PacnoHy of
5,8-14,4 cm, npoceyHo 8,9-9,3 cm v Bapujabun-
HocT o, 17,0-18,7%. NMoacTojHa ctabna cy NPCHUX
npeyHuKa y pacnoHy og 5,1-17,0 cm, npoceyHo
6,4—6,9 cm, BapujabunHoct og 16,0-24,8%, fnecHy
ACMMeTpPUjy 1 CN/bOLUTEHOCT KOja Bapupa y 3aBuUC-
HOCTM O, oriegHe NOBPLUMHE U He MOKasyje jacHe
TeHAeHuwmje (Tabena 3).

Bpoj ctabana 6arpema no xekTapy y AOMWU-
HaHTHOM cnpaTy u3Hocu 832-1.120, nan 25—
39,5% ykynHor 6poja ctabana 6arpema 1 Hajmarbu
je Ha noBpwmHu K. Ctabna amepwmykor konpusuha
ce Hanfase y JOMMHAHTHOM crpaTy y 6pojy oa
112-240 ctabana no xeKTapy, oAHocHo og,20-43%
YKynHor 6poja ctabana amepwuykor konpusuha
(fpadmkoH 1).

Crabna 6arpema unHe 82,4-90,1% ykynHor
6poja ctabana HaaCTOjHOr cNpaTa U UMajy NpcHe
npeyHuKe y pacnoHy og 6,8-22,6 cm, NnpoceyHo
11,4-13,5 cm, BapujabunHocT og 22,0-23,5% u
AecHy acumeTpujy. Ctabna amepuykor Konpw-
BMha HaACTOjHOr cnpaTa MMajy NPCHe NpeyYyHuKe y
pacnoHy opa 8,8-28,9 cm, npoceyHo 15,1-17,4 cm,
BapujabuaHocT og 24,6-32,8% un Takohe agecHy
acumetpujy (Tabena 3).
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Ta6ena 3. Hymepunuku nokasatesbu aeb/bUHCKe CTPYKType cTabana pasimumntux 6GUONOLLIKUX NONONKaja

TpeTmaH BpcTa B n mean min max 8, c, skew kurt

1 52 135 68 207 2,97 220 0241 -0,019

6arpem 2 53 90 59 125 159 17,7 -023  -0,641

3 104 70 51 104 159 228 048  -0,986

1 11 151 88 248 465 308 0689 0,322

K AMEPUIKM 14 87 70 109 123 142 0433 -0,756
Konpusuh

3 21 67 51 11,1 1,74 260 1,573 1,939

1 63 138 68 248 334 242 0619 0835

yKYMHO 2 67 89 59 125 152 170 -0,12  -0,646

3 125 69 51 11,1 161 232 0663 -0,611

1 64 130 88 226 305 235 1079 1,307

6arpem 2 39 93 61 135 145 157 0421 1,278

3 59 66 5,1 98 121 183 0,804 0,076

1 7 174 11,3 289 569 328 1571 3,081

1 AMEPUIM 5 10 94 62 144 238 255 0929 0,978
konpusuh

3 18 69 51 170 271 390 3,316 12,446

1 71 134 88 289 359 268 1617 4,202

YKYMHO 2 49 93 61 144 165 178 0693 1,435

3 77 67 51 170 166 248 335 18411

1 70 11,4 68 169 2,559 22,7 0454 -0,728

6arpem 2 52 92 58 13,4 168 183 0,703 0,052

3 6 64 51 94 09 149 1,307 1,963

1 15 157 103 21,8 3,86 246 0,181 -1,441

2 AMEPUIM 5 10 94 61 13,4 201 213 0476 0,75

konpusuh

3 10 60 5,2 97 135 227 2721 7,822

1 8 122 68 21,8 327 269 0848 0373

YKYMHO 2 &2 92 58 13,4 1,72 187 0,653 0,055

3 72 64 51 97 102 160 1441 2201

NereHpa: n — 6poj mepeHux cTabana Ha NoJby; Mean — apUTMETUYKA CPeAUHA; Min — MUHUMYM; Max — MaKcu-
MyM; s, — CTaHAapAHa AeBujaumja; ¢, — koepuLmjeHT Bapujauyje (%); skew — MupcoHoOB KoeduULMjeHT acume-
Tpuje; kurt — MnupcoHoB KoedUUMNjEHT CN/bOLUTEHOCTHU

(176-224 crabana no xekTapy), 40K je ydewhe
amepuyKor Konpusrha gBOCTPYKO MU TPOCTPYKO
matbe (48—128 cTabana no xekTapy). Hajsuwe cy
3acTynsbeHa ctabna Il keanuteta gebna, 560-688

Keanutet aebna HagcTojHUX ctabana

Bpoj ctabana no xeKTapy y HaACTOjHOM cnpa-
Ty (BM-1), Koja Umajy | kBanuTeT aebna nsHocu

224-352, 0AHOCHO HMXx0BO yyelwhe je 22-28% op,
yKynHor 6poja ctabana HaacTojHor cnpaTta. Mehy
HajKBa/IUTETHUjUM CTabIMMa, Ha CBUM OFIeAHUM
nospLlwmHama Hajsehe yyewhe 3aysnma barpem

ctabana no xektapy unam 49-60%, ook crabana
IIl KBanuTETa, KOjUX HEMA Mehy cTabamma ame-
puykor konpusuha, uma 17,5-23,5% opf, yKynHor
6poja ctabana HagcTojHor cnpaTa (MpaduKoH 2).

33



CuHuwa AHapawes, MapTnH bobuHau, Hukona Wywwuh

Konektusu ctabana konpueunha y HaactojHoM  HewTo Behux aumeHsuja (1-4 cm) of ynopeamsmx
cnpaTy ca kBanutetom gebna | v Il cy no npasuny  Konektusa cTabana 6arpema (Tabena 4).

32
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BpcTa apserta: |:| barpem Damepmqkm konpusuh

MpaduKoH 2. bpoj cTabana no xeKkTapy y HagcTojHom cnpaty (BM-1) no cteneHMma KBanuTteta febna v Bpctama
apseta (LWpadupaHo cy obeneskeHa ctabna 3a Hery)

Ta6ena 4. Hymepunuku nokasatesby aeb/bUHCKe CTPYKType cTabana pasnvuntux keaauteTa gebna HaacTojHoOr
cnpara

TpetmaH Bpcta KA n mean min max SH c, skew kurt
1 11 13,3 6,8 18,3 3,63 27,4 -0,363  -0,680
barpem 2 30 13,9 9,0 20,7 3,16 22,8 0,306 -0,366
3 11 12,8 10,5 16,0 1,38 10,8 0,977 2,586
1 3 16,3 12,1 19,2 3,71 22,8 -1,420
i"o"s;:'::; 2 147 88 248 511 349 1,084 1241
3
1 14 13,9 6,8 19,2 3,73 26,8 -0,366  -0,708
YKYMHO 2 38 14,0 8,8 24,8 3,59 25,6 0,753 0,840
3 11 12,8 10,5 16,0 1,38 10,8 0,977 2,586
1 13 14,3 10,0 22,6 3,63 25,3 0,849 0,630
6arpem 2 35 12,9 8,8 22,3 3,04 23,6 1,115 1,554
3 16 12,1 9,4 15,7 2,22 18,4 0,430 -1,448
1 7 17,4 11,3 28,9 5,69 32,8 1,571 3,081
1 amepudkn
Konpusuh
3
1 20 15,4 10,0 28,9 4,55 29,6 1,444 2,917
YKYNHO 2 35 12,9 8,8 22,3 3,04 23,6 1,115 1,554
3 16 12,1 9,4 15,7 2,22 18,4 0,430 -1,448
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TpeTmaH BpcTa K4, n mean min max S c, skew kurt
1 14 13,1 7,9 16,9 2,73 20,9 -0,488  -0,698
barpem 2 36 11,3 8,0 16,8 2,52 22,4 0,678 -0,678
3 20 10,5 6,8 16,0 2,16 20,6 0,489 1,143
1 8 17,1 11,4 21,8 3,61 21,1 -0,403  -0,995
T2 AMePMMKM, 7 141 103 209 373 265 1,123 0581
Konpusuh
3
1 22 14,5 7,9 21,8 3,58 24,6 0,174 -0,339
YKYMHO 2 43 11,7 8,0 20,9 2,89 24,7 1,010 0,893
3 20 10,5 6,8 16,0 2,16 20,6 0,489 1,143

NereHaa: n — 6poj mepeHunx cTabana Ha Nosby; mean — apUTMETUYKA CPpeaMHa; Min — MUHUMYM; Max — MaKcu-
MyM; s, — CTaHAapAHa AeBujaumja; ¢ — koepuumjeHT Bapujauuje (%); skew — MupcoHoB KoeduLMjeHT acume-
Tpuje; kurt — MUpcoHOB KoePUUMNjEHT CN/bOLLITEHOCTHU

Y3rojHe Kateropuje ctabana

Cwabna 3a Hely

Ha ornegHum nospwmnHama msabpaHo je 528
ctabana 3a Hery No xeKTapy, yKynHe TemesbHuULe
8,43-9,93 m?-ha™ v yKkynHe 3anpemuHe 56-72
m?-ha™ (Tabena 5).

Ctabna 3a Hery cy bupaHa y OKBUPY HAACTOj-
Hor cnparta (MpadukoH 1) n npuopuTeTHO ca | KBa-
nutetom aebna (MpadukoH 2). Mehytum, nmajyhu
y BUAY HefoBo/baH H6poj ctabana no xektapy | cte-
neHa kBasnuTeTa gebna, ctabna 3a Hery cy 6upaHa
My OKBUPY cTeneHa |l KBanuteta aebna.

Crabna 3a Hery umasna cy pacrnoH NpcHUX npey-
HuKa 8,1-28,9 cm, npoceyHo 13,9-14,9 cm, a Ba-
pujabunHoct je nsHocuna 23,7-27,7%. NebrouH-
CKa CTPYyKTypa ctabana 3a Hery uma maparkeHy

Ta6ena 5. EnemeHTU pacTta ctabana 3a Hery rno xekTapy

d h
TpeTmaH Bpcra g -
[em]  [m]
barpem 14,6 14,19
T1 amepuyKkn Konpusmh 19,8 15,22
YKYMHO
6arpem 13,0 12,64
T2 amepuyKkn Konpusuh 16,0 13,74
YKYMHO

OeCHY acMMTepujy, AOK je CN/boWTeHOCT Ha T1
M3PaXKeHO NENTOKYPTMYHA, @ Ha T2 Me30KypTUYHA
(Tabena 6, MpadpukoH 3).

Ha nospwwuHu T1 nsagojeHo je 448 (84,8%)
ctabana 3a Hery 6arpema n 80 (15,2%) cTabana
amepuyKor Konpuseuha, a Ha nospwunHu T2 320
(60,6%) cTtabana 6arpema n 208 (39,4%) ctabana
amepuukor Konpusuha no xektapy. Ctabna 3a Hery
amepwukor konpmsmuha 6una cy pebsba og ctabana
6arpema 3a 3-5 cm v BMwa 3a 1 m (Tabena 5).

Ctabna 6arpema 3a Hery cy buna y pacno-
HY NPCHUX NpeyHuKa oa 8,1-22,6 cm, NpoceyHo
12,7-14,2 cm, a BapnjabuaHocT je nsHocuna 20,1—
23,8%. Ctabna amepuykom Konpmeuha 3a Hery cy
6una y pacnoHy NPCHUX NpeYyHuKa og 11,4-28,9
cm, npoceyHo 15,7-19,1 cm, a BapwnjabuaHocT je
n3Hocuna 22,8-30,2% (Tabena 6, MpaduKoH 3).

N G v
ha']  [%] [m*ha’]  [%] [m*ha™]  [%]
448 84,8 7,47 752 53,57 73,9

80 1522 2,47 248 18,95 26,1
528 100,0 9,93 1000 72,52  100,0
320 60,6 4,22 50,1 27,04 481
208 39,4 4,21 49,9 2924 519
528 100,0 843 1000 56,28 100,0

NereHpa: d_ — cpeAtbu KBaAPaTHU NpeyHuk; h, — cpeatba BucrHa no Jlopajy; N — 6poj crabana no xekrapy;
G — TemesbHMLLA MO XeKTapy; V — 3anpemunHa no xektapy

35



CuHuwa AHapawes, MapTnH bobuHau, Hukona Wywwuh

K T1 T2
3000 2864
4

2000

‘&

=,

= 2864
1000 896

[z
=8 240
=

2,5 75 125 17,5 225 27,5 32,5[cm] 25 75 12,5

Y3rojHa KaTeropwuja: D ctabna 3a Hery
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D noceyeHa crabna

padukoH 3. [leb/bMHCKa CTpyKTypa cTabana no y3rojHUm KaTteropujama (ctabna 3a Hery, uHgMbepeHTHa
ctabna v noceyeHa ctabna) (LLpadupaHo cy obeneskeHa ctabna amepuykor konpusuha)

MoceyveHa cuiabna 'y tpopegu

Ha nospwwuHK T1 noceyeHo je yKynHo 912
cTabana no xekTapy, yKynHe TemesbHuue 8,23
m?-ha™ n ykynHe 3anpemuHe 53,11 m3-ha™.
CpeZtbU NPeYHMK noceveHunx ctabana je UsSHOCUo
10,7 cm v 6uo je 2% Behu opf cpearber NpeyHu-
Ka npe npopepje, a cpefra BucuHa oa 12,7 m je
6una 1% mara og cpeare BUcuHe ctabana npe
npopeae. Ha nospwuHM T2 nocevyeHo je yKynHo
1.072 ctabana no xeKTapy, yKynHe TemesbHuLe
9,07 m?-ha™ n ykynHe 3anpemuHe 54,72 m3-ha™.
CpeZtbU NMPeyYHnK noceveHnx ctabana je UsSHOCHo
10,4 cm vnn 4% Buwe of, cpearer NpevyHunKa npe
npopese, a cpefra BUCUHa og 11,9 m je 6una
CKOPO MAEHTUYHA Ca cpearoM BUCMHOM cTabana
npe npopese (Tabena 7).

MoceuyeHa cTabna Ha nosBpwmHM Tl cy Bunay
pPacnoHy NPCHUX NpPeYHmKa og 5,1-19,2 cm, npo-
ceyHo 10,3 c¢cm, a BapujabUAHOCT je n3Hocuna
30,6%. MoceyeHa cTabna Ha eKCNepUMEHTA/HO]
NoBPLWMHKN T2 cy Buaa y pacnoHy NPCHUX npey-
HuKa og, 5,8-20,9 cm, npoceyHo 9,9 cm, a Bapuja-
6unHOCT je nsHocuna 31,0% (Tabena 8, MpadpuKoH
3). Mogen norucTmyke perpecuje nokasyje ga cy
cTabna yknoreHa y cBuM geb/bmMHamMa v aa Bepo-
BaTHoha yKnarbarba cTabana nocreneHo pacre ca
nosehakbem NPCHUX NPEeYHUKa, UHTEHMUBHMjE Ha
T2 y nopeherby ca T1 (MpadpukoH 4).

Mpopenom Ha nospwmHama T1 n T2 je noce-
yeHo 29-31% noyeTHor 6poja cTtabana, 30—-33%
YKYMNHe TeMe/bHULE U 3anpemmrHe, Te Cy No UHTEH-
3UTETy CMPOBEAEHE jake Npopese, a No KapaKkTepy
BMCOKe npopege.

Tabena 6. HymepuukmM Nnokasatesbyu Aeb/bUHCKe CTPYKType cTabana 3a Hery

TpeTmaH BpcTa n mean
barpem 28 14,2

T1 amepuyKkn Konpusuh 5 19,1
YKYMHO 33 14,9

6arpem 20 12,7

T2 amepuyKku Konpusuh 13 15,7
YKYMHO 33 13,9

min max Sy c, skew kurt

9,5 22,6 3,38 23,8 0,921 0,705
14,4 28,9 5,78 30,2 1,615 2,873
9,5 28,9 4,13 27,7 1,413 2,9

8,1 16,9 2,56 20,1 -0,087 -1,16
11,4 21,8 3,57 228 0,29 -1,257
8,1 21,8 3,29 23,7 0,505 -0,158

JNlereHpa: n — 6poj mepeHux ctabana Ha Nosby; mean — apuUTMETUYKA CpeanHa; Min — MUHUMYM; Max — MaKcu-
MyM; s, — CTaHAapAHa Aesujaumja; ¢ — koeduuumjeHT Bapujauuje (%); skew — NMupcoHos KoednumjeHT acume-

Tpuje; kurt — MMpcoHOB KoedULUMjEHT CN/bOLITEHOCTH
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Ta6ena 7. EnemeHTH pacta noceyeHux crabana no xexkrapy

d h N G Vv
TpetmaH Bpcra g t

[em] [m] [ha'] [%] [m*ha’] [%] [m*ha'] [%]

barpem 10,8 12,76 864 94,7 7,88 95,8 50,95 95,9

T1 amepuykm Konpusuh 9,6 12,28 48 5,3 0,35 4,2 2,17 4,1
YKYMHO 10,7 12,74 912 100,0 8,23 100,0 53,11 100,0

6arpem 10,1 11,71 1.008 94,0 8,08 89,1 48,01 87,7

T2 amepuyKkm Konpusmh 14,1 13,35 64 6,0 0,99 10,9 6,71 12,3
YKYMNHO 10,4 11,89 1.072 100,0 9,07 100,0 54,72 100,0

NereHpa: d_ — cpeAtbu KBaApaTHU NpeyHuk; h, — cpeatba BucuHa no Jlopajy; N — 6poj crabana no xekTapy;
G — Teme/bHMLLA MO XeKTapy; V — 3anpemmnHa no xektapy

Tabena 8. HymepuukmM nokasaTesbu Aeb/bUHCKE CTPYKType noceyeHux ctabana

TpetmaH BpcTa n mean min max 4 c, skew kurt
barpem 54 10,3 5,1 19,2 3,18 30,8 0,266  -0,05
T1 amepuyKku Konpusuh 3 9,4 6,3 11,3 2,71 29,0 -1,603
YKYMHO 57 10,3 5,1 19,2 3,14 30,6 0,271 -0,013
6arpem 63 9,7 5,8 16,8 2,81 28,9 0,753 -0,15
T2 amepuyKku Konpusuh 4 13,2 8,5 20,9 5,46 41,2 1,252 1,32
YKYMHO 67 9,9 5,8 20,9 3,08 31,0 1,087 1,319

NereHpa: n — 6poj mepeHux ctabana Ha Nosby; mMean — apuTMETUYKA CpeanHa; Min — MMHUMYM; Max — MaKCcu-
MyMm; s, — CTaHAapAHa AeBujaumja; ¢, — KoeduupnjeHT Bapujaumje (%); skew — MupcoHos koednumjeHT acume-
Tpuje; kurt — MnupcoHoB KoedUUMNjEHT CN/bOLUTEHOCTHU

1.004 B e + +
0.754
o 0.504 v
0.25- et
0.00 4 A R H R . +
T T T T
0 10 20 30
d [cm]
Tpetman: —— T1 -+ T2

lpaduKkoH 4. Moaen normcTuyKe perpecuje 3aBUCHOCTM BeposaTHohe yKknatbatba ctabana Nnpopesom of, hu-
XOBMX MPCHUX NPeYHUKa
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Ta6ena 9. OCHOBHM NoAaLLM Ha KOHTPO/IHOj NOBPLUWHM U NpopeheHnM NoBpLIMHaMa

§ d, Dy h  Hg N G v

5 BpcTa

e [em] [em] [m] [m] [ha'] [%] [m*ha'] [%] [m*ha'] [%]
barpem 9,7 12,88 3.344 82,0 24,71 80,4 161,22 79,7

K amepuuku konpusuh 10,2 13,42 736 18,0 6,04 19,6 41,00 20,3
YKYMHO 9,8 20,1 12,99 16,42 4.080 100,0 30,74 100,0 202,22 100,0
barpem 10,2 12,65 1.728 77,1 14,03 73,9 89,95 72,5

T1 amepwuyku konpusuh 11,1 13,58 512 22,9 4,95 26,1 34,04 27,5
YKYMHO 10,4 21,2 12,90 15,34 2.240 100,0 18,98 100,0 123,99 100,0
6arpem 9,2 11,37 1.936 79,6 12,91 700 7455 67,5

T2 amepwuyku konpusuh 11,9 12,83 49 20,4 5,52 30,0 3588 32,5
YKYMHO 98 18,7 11,81 14,39 2.432 100,0 18,43 100,0 110,44 100,0

Nerenpa: dg — Cpeftby KBALPaTHW NpeyHuk; D, o

— CpeAtba BucvHa o Jlopajy; H,

Y npopegHom eTaTy Ha nosplwuHama Tl um
T2 cTtabna 6arpema cy umana yyewhe 94-94,7%
no 6pojy ctabana, 89,1-95,8% no Temes/bHULM U
87,7-95,9 no 3anpemuHu (Tabena 7).

Crarbe nocne npopepge

MNpopenom Ha ekcnepMMeHTaIHUM NOBPLUMHA-
Ma T1 1 T2 cmatbeH je 6poj cTabana no xekTapy Ha
2.240-2.430, a yKynHa TemesbHMUa Ha 18,4-19,0
m?-ha™ v ykynHa 3anpemuHa Ha 110-124 m*-ha™.
MowTo je cpeam NPEYHUK U BUCUHA AO3HAYEHUX
ctabana 6mna cKOpo MAEHTUYHA NOYETHUM BENU-

— cpeaby KBaApaTHU NPEYHUK AOMUHAHTHUX cTabana; h
— cpefitba BUCMHA AOMUHAHTHUX cTabana; N — 6poj ctabana no xektapy;
G — Teme/bHMLA MO XeKTapy; V — 3anpemMunHa no xektapy

L

YMHAMA, TO Ce T eNIeMEHTM pacTa HUCY 3HaYajHuje
M3MEeHUIN Nocne CNpoBeAeHMX Npopeaa Ha eKc-
nepumeHTasHMM nosplunMHama T1 n T2 (Tabena 9).

Yyewhe 6arpema Ha eKcnepMMeHTasIHUM
nospwunHama Tl n T2 je cmarbeHo 3a oko 5% no
6pojy ctabana, 6,3—6,6% N0 YKYyNHOj TEME/bHULM
n 6,7-7,1% no yKynHoj 3anpeMunHu y ogHOCYy Ha
CTakbe npe npopeje.

MpopeaHu eTaT Ha noBpwmHama T1 n T2 obyx-
BaTMO je cTabna barpema 1 amepuyKkor Konpueuha
Y CBUM Ae6/bUHCKMM CTENEHMMA, LUITO je YC0BUIO
Masie npomeHe aeb/bUHCKe CTPYKType y oaHOCY
Ha cTakbe npe npopegae (Tabena 10).

Tabena 10. HymepuuKkKM NokasaTe/bu Aeb/bUHCKE CTPYKTYPE Ha KOHTPO/IHOj NOBPLUMHM M NpopeheHrum nosp-

LWMHama
TpeTmaH Bpcta n mean
barpem 209 9,1
K amepuyKkn Konpusmh 46 9,3
YKYNHO 255 9,2
barpem 108 9,5
T1 amepuyKkn Konpusmh 32 9,7
YKYMHO 140 9,6
barpem 121 8,8
T2 amepuyKkm Konpusmuh 31 10,8
YKYNHO 152 9,2

min max Sy c, skew kurt

5,1 20,7 3,34 36,7 1,055 0,857
5,1 24,8 4,25 45,6 1,727 3,232
51 24,8 3,51 38,4 1,278 1,831
51 22,6 3,66 38,6 1,323 1,807
5,1 28,9 5,4 55,4 1,833 3,81

Sl 28,9 4,1 429 1,636 3,523
51 16,9 2,81 32,0 0,844 0,122
5,2 21,8 5,02 46,4 0,655 -0,614
5,1 21,8 3,46 37,6 1,164 1,265

JNlereHpa: n — 6poj mepeHux cTabana Ha NoJby; Mean — apUTMETUYKA CPeAUHA; Min — MUHUMYM; Max — MaKcu-
MyMm; S, — CTaHAapAHa AeBujaumja; ¢, — KoeduupmjeHT Bapujaumje (%); skew — MupcoHos koedunumjeHT acume-

Tpuje; kurt — MnupcoHoB KoedUUMNjEHT CN/bOLUTEHOCTHU
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ANCKYCHJA 1 3AKAYIITNA

AHanu3a CTPYKType UCTPaKMBaHe cacTojuHe
barpema ca amepuykum Konpusuhem y ctapoctu
28 rogMHa Ha nogpyyjy CyboTuyKo-Xoprouwke
nelwyape, Koja ce y cknafy ca naaHcku geduHu-
caHom onxoghom barpema (30 rogmHa) moxke
cmaTpaTu gospesajyhom cactojuHom, omoryhasa
carnefaBarbe enemeHara 3a npeanor pasanynTux
onpeaes/bera y NpoLecy ra3goBatba, Y O4HOCY Ha
nocrojeha. EnemeHTU CTPYKType Ccy yKa3aau Ha no-
TeHuMjanHe MoryhHOCTM 3a NPUMEHY PasNNYnUTUX
KOHLLenaTa rasfloBatba, a Koju 3a pasnunky o Aoca-
Jallkber NpucTyna uma y Buay npotec cybenoHTa-
HOT WKWpera amepuykor konpusuha.

Cyb6cnoHTaHo Wwupere amepuykor konpusuha
je AJOMMHaHTaH npouec wto notephyjy naaHcKu
OOKYMeHTH 3a nogpydje CyboTuyko-Xoprowke
newyape, jep je y npoceky nospLlnHa wyma y
KOjoj je eBUAEHTUPAH amepuykmn Konpmusuh gyn-
nAunpaHa ceakmx 10 roguHa. Y cknagy ca Tum, ao-
MWHAHTHUM NPOLLECOM, NOTPebHO je pasmaTtpaTtu
M YCMEPUTU UCTPAXKMBaAYKe aKTUBHOCTU Ka aedu-
HUCakby enemeHaTta 3a NpojekLnjy mepa rajera
Wwyma y umsby yHanpehera n ybp3sara oBOr npu-
POLHO-OAPKMBOT MpoLeca.

Y UCTpaXKMBaHO] CAaCTOjUHMU, HA OCHOBY Mnpe-
mepa cBUX cTabana, amepuyku Konpmsuh nma
npoceyHo yyewhe 33% (Andrasev et al., 2016) n
npeacTas/ba peanaH NoTeHUMjan 3a LOMUHALN]Y Y
CacCTOjUHK y CBa TpY pa3maTpaHa cueHapuja (K, T1,
T2) y oBOM pagay.

Ca cTaHOBMLWTA pa3maTpaka cueHapuja Tl un
T2 y UCTparKMBaHO] CaCTOjMHM CTPYKTypa cTabana
(>5 cm) no bruonowKoM NonoKajy nocneguua je
6MONOWKNX MOTEHLMjaNa aHANM3UPaAHUX BPCTa
[a nofHoce KOHKypeHLMjy cyceaHux cTabana, a
Be3aHa je 3a AMMeH3nje 1 cTapocT ctabana. O6p-
HYTO NPOMOPLIMOHa/IHA 3aBUCHOCT bpoja cTabana
Mo XeKTapy y HafCTOjHOM ChpaTy ca AOMMUHAHT-
HOM BMCWHOM, NOTBphyje oacycTBO mepa Here y
CacCTOjUHU U MOXKe fa byae noysgaHa OCHOBA 3a
OLEeHY MOTeHLUMjana AOMUHaHTHe BpcTe (barpe-
Ma) o makcumanom 6pojy ctabana no xektapy
Kao nocneguum andbepeHumnparsa ctabana ycnes
KOMMEeTULMjCKMX yTuLaja cTabana y cactojunun. Y
HaZCTOjHOM cnpaTy 3ateyeHo je og 1.000-1.350
cTabana no xeKTapy y CTapocTu 28 roamHa LWTo je
33 40-50% Buwe y nopehery ca Lu/bHUM bpojem

cTabana 6arpema no xeKTapy 3a NAaHUpPaHy on-
xoamy og, 30 roguHa Ha V-VI 6oHuTeTy no mahap-
CKuM Tabnmuama npuHoca v npupacrta (Redei et
al., 2014). Mehytum, ctabna HagcTojHOr cnpaTa
MMajy U3paXKeH BapunjabunmTet NpCcHUX NpevyHmKa
(24-27%), n3paxkeHy OecHy acMMeTpujy u nen-
TOKYPTUYHOCT pacnopesa y3 WUPOK pacnoH npc-
HUX NPeYHUKa, cBera 22—28% ctabana HaACTOjHOr
cnpaTa uma | kBanuTeT gebna, ca noTeHUUjaaHO
BPEAHMjUM COPTUMEHTMMA, Na CE MOXKe 3aK/by4u-
TW 4@ HEMA MHOTO0 NPOCTopa 3a yHanpehete 3aTe-
YeHOor CTakba CacTOjMHE Ca YrojHOr acnekKTa.

MN360p cTabana 3a Hery 3acHMBao Cce Ha ocCT-
BapeHWM cpeabUM U AOMUHAHTHUM BUMCUMHAMA
cTabana y UCTpaXkKMBaHOj CacToOjUHU U Tabanuama
npuHOCa 1 NpupacTta cactojuHa barpema y Mahap-
cKkoj (Redei et al., 2014). Mpema HaBeaeHUM Tab-
iMLama UCTpaXkMBaHa cacTojuHa barpema ca ame-
puukum konpusuhem npunaga V-VI 6oHuTeTy 3a
barpem, roe 6poj ctabana y cTapocTv NnaHupaHe
onxoarbe (30 roamHa) usHocn 732—907 ctabana
no xektapy. Lu/bHu 6poj ctabana 3a UcTparkmBa-
HY CacTojuHY je ogpeheH Ha OCHOBY HaBeaEeHMX
Tabnnua npuHoca v npupacta U npeasuhery
cTapocT 45 roguHa, u usHocn 580-720 ctabana
no XeKktapy, umajyhu y Bugy npojekumjy rajerba
LWYMa Y AY¥Oj ONXOAHM O, NAAHCKN AedUHUCa-
He 3a 6arpem 30 roguHa. Ha TpajHum ornegHum
nospLUMHama 1u3abpaHo je 528 ctabana 3a Hery no
XEKTapy ca 3HayajHMM BapujabunuteTom y norne-
Ay NPCHUX NPeYHUKa, y pacnoHy og 8,1-28,9 cm
1 KoeduunjeHTOM Bapujabunuteta 23,7-27,7%.
Ctabna | KBanuTeTa gebna cy AOMUHAHTHO Buna
YK/byuyeHa y Konektuns cTabana 3a Hery, anu ycnep,
HEeMnoBOJbHE KBA/NIUTETHE CTPYKTYpe Buna cy yK/by-
yeHa u ctabna Il kBanuteta pebna.

Mako je Ha ornegHum nospwmnHama T1 n T2
yTBpheHo 560 cTtabana amepuykor konpusuha
no XeKTapy, NpcHMUX npevyHuka sehux og 5 cm,
HbUX0Ba AUCTpUbyuMja 6una je pasnmumTa. Ha
orneaHoj nospwuHu T1 ytBpheH je Behu pacnoH
npcHuUxX npevHuka (5,1-28,9 cm) y nopehervy ca
pacnoHom Ha nospwuHu T2 (5,1-21,8 cm), ann
Cy NPCHU NpeYHULM amepuykor konpusuha 6uam
y npoceky Behu 3a 1,4 cm, ca NNaTUKYPTUYHOM,
cnabo M3parkeHoM AeCHOM acMMeTpujomM y no-
pehetby ca T1, rae je oHa 6una NeNTOKYpPTUYHA U
M3paxKeHo AecHa acumeTpuja. HaBegeHo ykasyje
[0a je Ha NoBpLWMHKM T2 Buao BULe cTabana ame-
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puukor Konpusuha ca Behum NpcHUM NpeyvHuL M-
Ma 1 Behum BUCMHaMa, y 04HOCY Ha MOBPLUMHY
T1. Ycnepn pasnuka y 3aTeyeHoj CTPYKTYPU Ha or-
nepgHum nospwmHama T1 n T2 geduHUcaHm cy Ko-
NeKTUBM cTabana 3a Hery, ca pasInunTUM yaeaom
cTabana 6arpema u amepwuykor konpusuha. Ha
nospwmHama T1 n T2 pedurHucaHo je 528 ctabana
3a Hery, of, yera je ctabana amepuykor konpmsuha
Ha T1 6uno 80 no xekTapy unu 15%, a Ha T2 208
ctabana no xektapy uam 40% ykynHor 6poja cTa-
6ana 3a Hery.

Ha oBaj HauuH cy mnaemeHTUpaHa y3rojHa
pelera paunMoHanM3oBaHe TEXHUKE Here Wyma
3a ybp3arbe NpUpoaHO-OAPKMBOT NpoLeca cyb-
CMOHTaHOT LWMpeHa amepuyKor Konpusuha y cac-
TOjMHaAMa KOju YK/bydyje: 3aZpKaBare 3aTe4eHor
pasnuuumTor yyewha amepuykor konpusuha y me-
LLIOBWUTOj CAaCTOjMHU ca barpemom y npouecy Here u
oyeKkmBaHo noseharbe terosor yyewha y ogHocy
Ha barpem, y ckaagy ca focajalltbMM TPEHAOM
wupera. Oba HaBeseHa MOJANUTETA YK/by4yjy
npojekuujy rajerba 6arpema n konpmsuha y ayoj
OMNXOAHM 0f, NPOjeKTOBaHE ONXOAHE 3a CacTojuHe
6arpema (30 rogunHa). Takas NpUCTyN NPeACcTaB/ba
npefiasHo pellerbe Yy YCnocTaB/bakby LUIYMCKOT
NOKpMBaya Ha aHTPOMOreHO YTULAHMUM NOBPLUU-
HaMa, Koje je yCI0B/beHO MHTEH3UTETOM CybHCMOoH-
TaHOT WKpera amepuykor konpmsuha u Koje je
[06p0 afanTMPaHO aHTPOMOTeHO U3MEHEHUM YC-
NIOBMMa CTaHMLLTA Y NEeLIYapy 1 CBE U3PAXKEHUUM
KMMATCKUM NpoMeHaMa.

OueKyje ce oa ysohere paLmoHann3oBaHe 1
npunaroheHe TEXHWUKe rajerba LWyma y cacTojuHe
ca cybCnoHTaHUM LIMpPEeHeM amMmepUyKor Konpu-
Buha, NpMMapHO 3aCHOBaHe Ha CesIeKTUBHOj NPo-
peau, n ycknahusame NpUCTyna rajera Wyma ca
NPUPOAHMM NpPOLLeCMMa Ha UCTPA*KMBAHOM MOA-
pyyjy gonpuHece yHanpehery rasgoBarba Ly-
MaMa, a TMUMe 1 FbUXOBOT EKOCUCTEMCKOT yTHLLaja
3a yHanpehete KMBOTHE CpeanHe Ha noapydjy
Cyb6oTtunuko-Xoproluke newyape. lNpumeHa npuna-
roheHe TexHUKe rajerba Wyma cybcnoHTaHOM LUK-
pery amepuyKor konpusuha npeacraB/ba UHTEH-
3UBHW U PaLLMOHANN30BaHM NPUCTYN rajerba Wyma,
LWITO je y 3HAYajHO] Mepu AMBEpPreHTaH NpuUCTyn
CaCTOjMHCKOM ra3foBatby 3aCHOBAaHOM Ha YMCTOj
ceyu y cactojuHama barpema Ha UCTParkKMBaHOM
noapyyjy. 36or eBUAEHTUPAHOT WMperba Pasinym-
TUX MHBA3UBHUX BPCTa Y CTPYKTYPHO HecTabuiHe
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M aHTPOMOreHoO HapyLleHe cacTojuHe, npunarohe-
Ha TexXHWKa rajera Wyma MMma pasanyuTe Bugose
npumere (Bobinac et al., 2020, 2021), ca UHTEH-
umjom oapeheHe nHTerpaLmje MHBa3MBHMX BPCTa
y npenasHom nepuogy Ao dopmupatrba CTabuaHmx
CaCTOjMHa y CKNagy ca NPUPOAHMM NOTEHUMjanu-
Ma CTaHuLWTa. AMepnyKn Konpusuh, Kao MHBa3MB-
Ha BpcTa y 3awTtnheHom noapyujy CyboTmnuko-Xop-
rolwkKke newdape, nopes b6arpema npeacras/ba
jeanHcTBeH npumep moryhe 1 oapXKuBe UHTerpa-
Luje y npoLecy rasgosara LWymama.

[asbu pasBoj ctabana 3a Hery y cacTojuHu nog,
yTuLajeM cenekTuBHe npopeae Tpeba ga omoryhu
eflemeHTe 3a NoTBpAY HaBeAeHOor KoHLenTa.

OueKnBaHU edeKkTN NpumereHe npuaarohe-
He TexHWKe rajerba Wyma cybCMnOHTAHOM LWK-
pery amepuyKkor konpusuha maHubecTosanm
61 ce y BMAY nocTeneHe pesBuTanusaumje cac-
TOjuHa, yHanpeherwy CTPYKType u cTabuaHocTu
YCNOCTaB/bEHOT LUYMCKOT NMOKPMBaya Ha neluyap-
CKOM CTaHWULWITY U TUMe b6u ce yHanpeaune u 6poj-
He dyHKUMje Wwyma Ha noapyyjy CyboTuuko-Xop-
roike netwyape y 6yayhHocrtu.

Mpopepne cy 6bune BUCOKe, Ca jaKUM UHTEH-
3UTETOM, @ OCTBapeH eTaT je nsHocmo og 50-55
m?3-ha™ v Hanasu ce y KaTeropuju orpesHor apse-
Ta. JobujeHn pesyntatn omoryhasajy objekTmBm-
3Mparbe casHakba O NMOTEHLUMja/IHOM eTaTy U He-
roBOj CTPYKTYPM, KOj CQ EKOHOMCKOT CTAHOBULUTA
omoryhasa maTepujasiHy OCHOBY CEKTOPY LWyMap-
CTBa 3a NpoLec peBMTanM3aLmje cacTojuHama.

AKo 61 ce noTBpAMNa HaBeAeHa OYeKMBaHbA
npeasoKeHor NpucTyna y rajerwy wyma 1o 6m
3HauMno Aa 6u amepuykmn Konpusmh fobuo ras-
OMHCKM 3Hayaj, WTo 61 610 NpBM HAy4YHO 3acHO-
BaH pe3ynTaT o ra3foBatby ca Konpusuhem y Lwy-
MCKMM CacTOjMHaMa M eKOCUCTEMMMA Y Kojuma
ce cybcnoHTaHo wupu y EBponu. Ha Taj HauuH
6u1 ce otBOpMAE MOryhHOCTM 32 MPUMEHY HOBUX
M PALMOHANIM30BAHMX TEXHONOLWKNX peLleta Y
dbopmuparby cacTojuHa y Kojuma cybcnoHTaHo
npuaonasu. MpupoaHa spegHocT nogpydja Cybo-
TUYKO-XOProLlUKe nelyape je ycioB/beHa Kapak-
Tepom 1 mosanyHowhy ctaHuwTa, mehy Kojuma
neLwyapcKa, CTencka U MoYBapHa, Aajy OCHOBHMU
neyaT BUCOKOM CTeMeHy eKocucTeMcKor buoau-
Bep3uTeTa, a NPMPOAHa WyMCKa Beretauuja je
ouyyBaHa y pparmeHTMMa M 3HaYajHO aHTponore-
HO M3MerbeHa. MNogpkaBarbe cybCnoOHTaHOr LWK-
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perba amepuyKor Konpusmha, Kao JOMUHAHTHOT
npoueca Ha noapydjy CyboTnUKo-XoproLuke neLu-
Yape, 1 Npojekumja rajerba Wyma 6e3 yncre ceve
M ca onxoArOoM Hrp. 80 1 BMLIe roanHa 3a ame-
puukmn konpueuh npeacrtas/ba moryhu npunas Ha
yCrnocTaB/bakby CTabuaHwmjer, npenasHor, LWymcKor
NMOKpPMBaya Ha NeLWYapCcKOM CTaHULLTY Y OAHOCY Ha
€KCTEH3MBHO rajerbe cacTojuHa 6arpema y npojek-
ToBaHOj onxoau (30 roanHa).

HanomeHa: Papg je peanun3oBaH y OKBUpPY
npojekara [451-03-68/2022-14/200197; 451-03-
9/2022-14/200169; 451-03-68/2022-14/200053]
bUHaHCcUpaHux og, cTpaHe MuHUCTapcTBa Npocse-
Te, HayKe TeXHONOLWKOr pa3Boja.

RESEARCH OF BLACKLOCUST AND COMMON HACKBERRY STANDS’
STRUCTURE IN SUBOTICA-HORGOS SANDS AND PROPOSED
SILVICULTURAL MEASURES AIMED AT THEIR IMPROVEMENT

Dr. Sini$a Andraev, Senior Research Associate, University of Novi Sad, Institute of Lowland Forestry and Environment
Dr. Martin Bobinac, Full Professor, University of Belgrade - Faculty of Forestry
MSc Nikola Susi¢, Research Assistant, University of Belgrade, Institute for Multidisciplinary Research

Abstract: The paper analyzes the elements of the stand structure and proposes silvicultural
measures to improve conditions in the stand of black locust (Robinia pseudoacacia L.) and
common hackberry (Celtis occidentalis L.) aged 28 years in Subotica-Horgos sands. The research
was performed on three permanent experimental plots on which selective thinning (T1 and T2)
was performed experimentally in two plots, while one was left as a control plot (C). Initially,
528 trees for tending per hectare were selected in the studied age, of which 448 black locust
and 80 common hackberry trees per hectare were selected on T1, and 320 black locust and
208 common hackberry trees per hectare on T2. In experimental plots T1 and T2 at least one
competing tree was cut down to each tree for tending, and a total of 912 and 1072 trees were
cut down per hectare with a total volume of 53-55 m3-ha™. In this way, a basis was created for
the assessment of the growth response of trees to selective thinning in the upcoming period.

Keywords: selective thinning, trees for tending, non-native tree species, subspontaneous

spread of common hackberry

INTRODUCTION

The area of Subotica-Horgos sands, in the ter-
ritory of Subotica municipality, is characterized by
unique ecological conditions. The sandy bedrock,
wavy dunne relief, a variety of soil types and a
specific underground water regime, which are the
main causes of high biodiversity in terms of plant
communities and fauna, so it represents an out-
standing natural landscape. The largest part of for-
est complex originated after direct anthropogenic
influence aimed at protecting the inhabitants and

arable land of this area from Aeolian erosion dur-
ing the last two centuries (Pavicevic, Stankevic
1962, Sijak 1980). Sandy soil is considered unsta-
ble, so it is stabilized only after the use of a plant
cover. However, only when climax vegetation is
established, the protective, social and productive
functions of forests will be fulfilled.

The work on the stabilization of moving sands
using the fast-growing tree species such as wil-
lows, poplars, limes, black locust and tree-of-heav-
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en started at the end of 18" century. The initial
establishment of the stands was carried out more
or less successfully because of the inadequate
selection of tree species and establishment tech-
niques. The turning point was 1870 when black
locust was used after deep tillage mostly on grey-
ish-yellow sand where other tree species hadn't
survived. After World War |, the advantage was
given to Austrian pine in the afforestation of the
sands (Perunicié¢, 1956).

In 1969, black locust was the most represented
tree species in the area of Subotica-Horgos sands
and covered the area of 2450 ha out of 3500 ha
of forests and forest cultures. Other tree species
included poplars (470 ha), Austrian pine (around
500 ha), pedunculate and Turkey oak (42 ha) and
other broadleaves on 140 ha (Sijak, 1980).

According to the available literature, there is
no data about planned introduction of common
hackberry in the area of Subotica-Horgos sands.
Common hackberry (Celtis occidentalis L.) is a
non-native tree species in Serbia that comes from
North America. The tree species was introduced
to Europe in 1636 and presumably in the first
half of the 19th century in the area of the Pan-
nonian Basin (Hungary), primarily as a park tree
species for settlements. In the natural range of
the species, it is usually found in mixtures with
Juglans nigra L., Populus deltoides Bartr. ex Mar-
hsall, Fraxinus pennsylvanica Marsh. and other
tree species are only rarely found in pure stands
in small areas (Burns, 1983). To our knowledge,
there are no relevant data about silviculture and
management of this species in its natural range
(Krajicek, Williams, 1990). At the beginning of
the 20th century, common hackberry was wide-
ly used for afforestation in present-day Hungary
(Bartha, Csiszar, 2008). Having in mind that
the area of Subotica-Horgos sands belonged to
Hungary (Austro-Hungarian Empire) at the begin-
ning of the 20th century, it can be presumed that
common hackberry was used for afforestation in
the sands as well, given that the species was quite
drought-tolerant (Tiborcz et al., 2011). Outside
Subotica-Horgos sands, common hackberry was
mostly cultivated in Serbia as a park tree species
and in tree alleys (Sombor, Subotica, Novi Sad,
Kikinda), as well as in the whole of Europe.
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Subspontaneous spread of common hackber-
ry in the area of Subotica-Horgos sands was not-
ed on the basis of citations of several authors in
the earlier period (Perunici¢, 1956, Pavicevic,
Stankevié, 1962, Sijak, 1980, Gaji¢, 1984) as
well as on the basis of forest inventories in the
previous 20 years (1999, 2009, 2019). Based on
the forest inventory in the MU ,,Subotike Sume”,
planning documents determined that in 1999,
common hackberry was found on over 500 ha, and
1277 ha in 2009. Stands with a dominant share of
common hackberry by the number of trees (over
50%) in 1999 covered an area of 101 ha, and 271
ha in 2009, while pure stands of common hackber-
ry (share of common hackberry greater than 90%
by a number of trees) occupied an area of 15 ha in
1999, and in 2009 they occupied an area of 29 ha.
The inventory in 2019 for MU (Management Unit)
”Suboticke Sume” (2019), in a period of 10 years,
determined the trend of doubling the area under
common hackberry compared to the previous pe-
riod (Andrasev et al., 2020).

As a unique example of an invasive process
in Europe observed in connection with common
hackberry, the subspontaneous spread of this
allochthonous forest tree species in the area of
MU ,,Suboticke Sume”, requires solutions to sup-
port the established trend of spreading, as well
as in the process of creating sustainable stands
that take over protective, social, and productive
functions (Andrasev et al., 2016, 2020). These
solutions are of a silvicultural nature and can be
subsumed under the need to define an adapted
forest cultivation technique, which would more
effectively achieve current and long-term man-
agement and other goals in stands where common
hackberry spreads. Such an approach represents a
transitional solution in the establishment of forest
cover in areas to which common hackberry sub-
spontaneously spreads, as a well-adapted species
in anthropogenically changed sandstone habitat
conditions and increasingly pronounced climate
change.

The purpose of this article is to examine the
management significance of common hackber-
ry’s subspontaneous spread on the example of
one pre-maturing mixed black locust stand that is
present on all storeys in the stand structure, with-
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in the defined 30-year planned rotation. Based on
the analysis of the qualitative structure and func-
tional characteristics of black locust and common
hackberry trees, the possibility of growing them
in a longer rotation than planned with the use of
selective thinning was researched, to support the
subspontaneous spread of common hackberry
and accelerate the growth of both tree species.
In doing so, three concepts in the researched,
pre-maturing stand are analyzed: (1) maintaining
the current management method (control area),
which includes restoration of the stand by apply-
ing clean felling after black locust rotation has
been completed for 30 years; (2) the application
of selective thinning with the selection of trees for
tending which would maintain the current ratio
of tree species in the upper storey following the
black locust rotation (30 years); (3) the application
of selective thinning with the selection of trees for
tending, which would gradually reduce the share
of black locust after 30 years of rotation, i.e. in-
crease the share of common hackberry trees in
relation to black locust in its current state.

OBJECT OF RESEARCH AND WORK
METHOD

The research was conducted in a black locust
and common hackberry stand in MU ,,Suboticke
sume”, representing the typical stand condition
in the stated phase of black locust and common
hackberry stands development in Subotica-Horgos
sands, consisting entirely of anthropogenic stands.
In the autumn of 2014, three permanent experi-
mental plots were established, each measuring 25
x 25 m and separated from each other by a 5-10
m wide border strip, in a 28 year old stand of black
locust and common hackberry. The studied stand
has a special purpose and a priority function of soil
protection of the first degree, because it is situat-
ed in a site that is susceptible to erosion. So far,
only the cleaning measure has been performed in
the stand up to the age of 10.

In the experimental plots, all trees with a di-
ameter at the breast height of over 5 cm were
permanently marked and their diameter at breast
height was measured crosswise with an accuracy

of 1 mm. Heights were measured on sample trees
with a Vertex IV hypsometer (Hagl6f, Sweden),
so that at least five tree heights were measured at
each 5 cm width diameter class. The crown class
of each tree, also known as the biological position,
was assessed according to a modified three-level
classification (Assmann, 1970): (1) tree crown is
in the upper storey, (2) tree crown is in the middle
storey and (3) tree crown is in the lower storey. For
each tree in the upper storey, the quality of the
stem was assessed according to the following clas-
sification: (1) evidently straight, smooth utilizable
stem, at least one-third of the tree length being
free from branches, (2) a bole which, owing to mi-
nor faults, does not entirely fulfil the stipulations
made for the 1 class, being not entirely straight
or slightly inferior in quality owing to a maximum
of three thin branches or one thicker branch with-
in the lower one-third of the tree length or some
other defect slightly spoiling the quality of the
stem, and a curved but utilizable bole of medium
quality; (3) a bole which is bent or coarse or has
too many branches and with fairly serious tech-
nical faults.

The trees for tending were primarily select-
ed in the upper storey from the category of the
thickest trees, with a properly formed stem and
canopy, without signs of disease or damage and
with an even distribution in the experimental area.

The measured diameters and heights were
used for the construction of height curves (model:
h=1.3+a-e?® h— height, dbh — breast height
diameter, a, b — model parameters) for each ex-
perimental plot. The height curves were used to
obtain the heights of trees that were not meas-
ured with a hypsometer but for the purpose of de-
termining the volume. The volume of black locust
trees was obtained using two-entry volume tables
for black locust according to Cestar, Kovaci¢
(1982), and the volume of common hackberry
from local volume tables, obtained based on the
measurement of trees cut in thinning on the re-
searched plots.

To create a basis for the projection of the man-
agement procedure with mixed stands of black
locust and common hackberry in the area of Sub-
otica-Horgos sands, which involves growing black
locust and common hackberry in a longer rotation
than defined in the planning documents with the
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gradual exclusion of black locust from the stand
structure, in each experimental plot, the site quali-
ty was assessed and, by it, the number of trees per
hectare at the end of the planned black locust ro-
tation was compared with the available number of
trees on the upper storey. A comparison of mean
height according to Lorey (h ) with a growth model
of mean height according to Redei et al. (2014)
for cultivated (modelled) black locust stands in
Hungary was used to estimate site quality for
black locust in each experimental plot. According
to the above elements, at the end of the rotation,
the number of trees per hectare was the basis
for selecting trees for tending in the researched
stand, which will be the subject of tending in the
proposed concept of rotation extension in order
to improve the natural-sustainable process of sub-
spontaneous spread of common hackberry.

To support the subspontaneous spread of
common hackberry and consider the possibility of
accelerating the growth of the present tree spe-
cies for their cultivation in a longer rotation than
planned, selective thinning was performed in two
permanent experimental plots, primarily aimed at
intensifying the growth of trees for tending and
different participation of black locust and common
hackberry in the upper storey (T1 and T2) accord-
ing to their initial participation in the upper storey,
while one plot was the control.

At least one competing tree was cut down for
each of the selected trees for tending in experi-
mental plots T1 and T2, and dead, dead-topped,
and damaged trees were removed from the stand.

Data processing included expressing the ele-
ments of tree growth — mean and dominant di-
ameters and heights, as well as total basal area
and volume per hectare based on the correction
factor of the area of the experimental plots. In
total, for each permanent experimental plot and
different tree collectives (by tree species, by crown
classes and stem quality, as well as for different
tree silvicultural categories), descriptive statistics
parameters were calculated that show numeri-
cal indicators of diameter structure: arithmetic
mean, standard deviation, coefficient of variation,
skewness and kurtosis. Indicators of descriptive
statistics were obtained according to the common
formulas from the theory of statistics (Field et al.,
2012).
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To examine the probability of death (p) in re-
lation to the size of individual trees (DBH), each
tree was assigned a score of 1 if it was dead in
2019 and a score of 0 otherwise. Logistic regres-
sion (Kleinbaum and Klein 2010) was then used
to relate the binary response to diameters as the
independent variable:

eX
PETv e
and
x=logit(p)=ln[1_p]=a+b-DBH

where DBH is diameter at breast height and a and
b are parameters.

All statistical analyses were performed using R
version 4.0.0 (R Core Team 2022) and all figures
were produced using the ggplot2 package in the R
environment (Wickham, 2016).

RESULTS

Basic stand structure elements

The number of recorded trees with diam-
eters at breast height higher than 5 cm in the
sample plots was 3152-4080. The total basal
area was 27.2-30.7 m?-ha™! and stand volume
165-202 m*-ha™. The quadratic mean diameter
was 9.8-10.5 cm, dominant diameter 19.3-21.4
cm, and the mean Lorey’s and dominant height
11.8-13.0 m and 14.6-16.4 m, respectively (Table
1). Black locust dominates in the stand in terms of
the number of trees (82—-84%), basal area (76.3—
80.5%) and stand volume (74.2-79.7%). Common
hackberry attained higher mean quadratic diam-
eter and Loray’s mean height compared to black
locust in all sample plots. Recorded differences
between black locust and common hackbery in
the Control and T1 sample plots are less than 1
c¢m (mean quadratic diameter) and 1 m (mean Lo-
rey’s height). However, in sample plot T2 common
hackberry attained a 2.7 cm higher mean quadrat-
ic diameter value and 1.4 m higher mean Lorey’s
height value compared to black locust.
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Table 1. Basic elements of stand structure

=
GE" X dg DIOO hL
k=] Species
2 [cm] [em]  [m]
=
Black locust 9.7 12.88
C Common hackberry ~ 10.2 13.42
In total 9.8 20.1 12.99
Black locust 10.4 12.69
T1 Common hackberry  11.0 13.50
In total 10.5 21.4 12.85
Black locust 9.5 11.50
T2  Common hackberry  12.2 12.91
In total 10.0 19.3 1184

Legend: dg— mean quadratic diameter; D
height; H, |
V —volume per hectare

100

The numerical parameters of the diameter
structure of all trees show a well expressed vari-
ability (C, = 35.7-39.5%), right-skewed and lepto-
kurtic distribution (Table 2). The diameter struc-
ture is not typically unimodal (Figure 3), because
of the adopted 5 cm measuring diameter thresh-
old. Common hackberry is represented in all diam-
eter classes and some of the trees have maximal
values of diameter at breast height higher than
those of black locust. The variablity of the diame-

Hop N G v
[m]  [ha'] [%] [m*ha?] [%] [m*ha’] [%]
3344 820 2471 804 16122 79.7
736 180 6.04 19.6 41.00 203
16.42 4080 100.0 30.74 100.0 202.22 100.0
2502 822 21.91 805 140.90 79.6
560 17.8 530 195 3620 204
1536 3152 100.0 27.21 100.0 177.10 100.0
2944 840 2099 763 122.56 74.2
560 160 651 237 42.60 258
14.65 3504 100.0 27.50 100.0 165.16 100.0

— mean quadratic diameter of dominant trees; h — mean Lorey’s
— mean height of dominant trees; N — number of trees per hectare; G — basal area per hectare;

ter structure of common hackberry trees is higher
than that of black locust trees. The elements of
descriptive statistics of the diameter distributions
of both species in the Control and T1 plots are
similar. The diameter distributions of both species
are somewhat different in plot T2, having a less
pronounced right-skewed distribution in both spe-
cies and a mesokurtic (black locust) and platykurtic
(common hackberry) diameter distribution.

Table 2. Numerical parameters of diameter structure (initial state)

Treatment Species n mean
Black locust 209 9.1
C Common hackberry 46 9.3
In total 255 9.2
Black locust 162 9.8
T1 Common hackberry 35 9.7
In total 197 9.8
Black locust 184 9.1
T2 Common hackberry 35 11.1
In total 219 9.4

min max Sy c, skew kurt

5.1 20.7 3.34 36.7 1.055 0.857
5.1 24.8 4.25 45.6 1.727 3.232
5.1 24.8 3.51 38.4 1.278 1.831
5.1 22.6 3.52 36.1 1.006 1.115
5.1 28.9 5.20 53.6 1.874 4.207
5.1 28.9 3.85 39.5 1.380 2.998
5.1 16.9 2.84 31.2 0.779  -0.031
5.2 21.8 5.05 455 0.636 -0.626
5.1 21.8 3.36 35.7 1.097 1.162

Legend: n —number of trees measured in the field; mean — arithmetic mean; min — minimum; max — maximum;
s, — standard deviation; c, — coefficient of variation (%); skew — Pearson’s Coefficient of Skewness; kurt —

Pearson’s Coefficient of Kurtosis

45



Sini¢a Andrasev, Martin Bobinac, Nikola Sugi¢

Tree species:

Control T1 T2
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336
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13350
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D Black locust

|:| Common hackberry

Figure 1. The number of trees per hectare by different crown classes and tree species (trees for tending are

cross hatched)
Crown classes

The number of trees in the upper storey (CC-1)
is 1008—-1360, that is 25—-39% of the total number of
trees. The relative share of the mid storey trees (CC-
2) is more even in the sample plots and amounts to
25-28%, while for the lower storey trees (CC-3) it
varies between 33 and 49% (Figure 1).

The diameter range of the upper storey trees
is 6.8-28.9 cm, with average values of 12.2-13.8

cm, variability of 24.2-26.9%, and a right-skewed
and leptokurtic distribution. In the mid storey
trees, the diameter range is 5.8-14.4 cm, with
average values of 8.9-9.3 cm, and a variability of
17.0-18.7%. The lower storey trees’ diameters are
between 5.1 and 17.0 cm, with average values of
6.4—6.9 cm, and a variability of 16.0-24.8%, with a
right-skewed distribution that varies between the
sample plots and does not show any specific ten-
dency (Table 3).

Table 3. Numerical parameters of diameter structure of trees from different crown classes

Treatment Species cC n mean
1 52 135

Black locust 2 53 9.0

3 104 7.0

1 11 15.1

e e
3 21 6.7

1 63 13.8

In total 2 67 8.9

3 125 6.9
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min max Sy c, skew kurt

6.8 20.7 2.97 22.0 0.241 -0.019
5.9 12.5 1.59 17.7 -0.23 -0.641
5.1 10.4 1.59 22.8 0.48 -0.986
8.8 24.8 4.65 30.8  0.689 0.322
7.0 10.9 1.23 14.2 0.433 -0.756
5.1 111 1.74 26.0 1.573 1.939
6.8 24.8 3.34 24.2 0.619 0.835
5.9 12.5 1.52 17.0 -0.12 -0.646
5.1 111 1.61 23.2 0.663 -0.611
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Treatment Species CcC n mean
1 64 13.0
Black locust 2 39 9.3
3 59 6.6
1 7 17.4
1 r?ac’crl?gg cr’r”y 2 10 94
3 18 6.9
1 71 13.4
In total 2 49 9.3
3 77 6.7
1 70 11.4
Black locust 2 52 9.2
3 62 6.4
1 15 15.7
2 ;:CTI;Z cr’r”y 2 10 94
3 10 6.0
1 85 12.2
In total 2 62 9.2
3 72 6.4

min max Sy E, skew kurt

8.8 22.6 3.05 23.5 1.079 1.307
6.1 13.5 1.45 15.7 0.421 1.278
5.1 9.8 1.21 18.3 0.804 0.076
11.3 28.9 5.69 32.8 1.571 3.081
6.2 14.4 2.38 25.5 0.929 0.978
5.1 17.0 2.71 39.0 3.316 12.446
8.8 28.9 3.59 26.8 1.617 4.202
6.1 14.4 1.65 17.8 0.693 1.435
5.1 17.0 1.66 24.8 3.35 18.411
6.8 16.9 2.59 22.7 0.454 -0.728
5.8 134 1.68 183  0.703 0.052
5.1 9.4 0.96 14.9 1.307 1.963
10.3 21.8 3.86 24.6 0.181 -1.441
6.1 13.4 2.01 213 0.476 0.75

5.2 9.7 1.35 22.7 2.721 7.822
6.8 21.8 3.27 26.9 0.848 0.373
5.8 13.4 1.72 18.7 0.653 0.055
5.1 9.7 1.02 16.0 1.441 2.201

Legend: n —number of trees measured in the field; mean — arithmetic mean; min — minimum; max — maximum;
s, — standard deviation; c, — coefficient of variation (%); skew — Pearson’s Coefficient of Skewness; kurt —

Pearson’s Coefficient of Kurtosis

The number of black locust trees per hectare
in the upper storey is 832-1120 (25.0-39.5% of
the total number of black locust trees) and is the
smallest in the control plot. The number of com-
mon hackberry trees represented in the upper sto-
rey is 112-240 trees per hectare that is 20-43%
of the total number of common hackberry trees
(Figure 1).

The share of black locust trees in the total
number of all upper storey trees is 82.4-90.1%.
Their diameter range is 6.8—-22.6 cm, with average
values of 11.4-13.5 cm, variability of 22.0-23.5%
and right-skewed distribution. The common hack-
berry trees in the upper storey are in the diame-
ter range of 8.8-28.9 cm, with average values of
15.1-17.4 cm, variability of 24.6-32.8% and right-
skewed distribution as well (Table 3).

Stem quality of the upper storey trees

The number of trees per hectare that have the
best ranked stem quality (rank 1) in the upper sto-
rey is 224-352 (22-28% of the total number of up-
per storey trees). Out of all the best ranked trees
in terms of stem quality, the highest share belongs
to black locust (176—224 trees per hectare) in all
sample plots, while the share of common hack-
berry is two to three times lower (48-128 trees
per hectare). The most common are stem quali-
ty Il ranked trees (560—688 trees per hectare or
49-60%). Stem quality Ill ranked trees constitute
17.5-23.5% of the total number of upper storey
trees and none are recorded among the common
hackberry trees (Figure 2).
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Tree species: D Black locust D Common hackberry

Figure 2. The number of trees per hectare of the upper storey trees (CC-1) by stem quality ranks and tree
species (trees for tending are cross hatched)

Common hackberry tree collectives in the up-  (1-4 cm) compared to the comparable collectives

per storey that have stem quality | and Il ranks are  of black locus trees (Table 4).
usually of somewhat larger diameter dimension

Table 4. Numerical parameters of diameter structure of different stem quality ranked trees in the upper storey

Treatment  Species SQ n mean min max Sy c, skew kurt
1 11 13.3 6.8 18.3 3.63 27.4 -0.363 -0.680
Izlca::t 2 30 13.9 9.0 20.7 3.16 22.8 0.306  -0.366
3 11 12.8 10.5 16.0 1.38 10.8 0.977 2.586
1 16.3 12.1 19.2 3.71 22.8 -1.420
r‘c:cfk':;frr;/ 2 14.7 8.8 248 511 349 1084 1241
3
1 14 13.9 6.8 19.2 3.73 26.8 -0.366  -0.708
In total 2 38 14.0 8.8 24.8 3.59 25.6 0.753 0.840
3 11 12.8 10.5 16.0 1.38 10.8 0.977 2.586
1 13 14.3 10.0 22.6 3.63 25.3 0.849 0.630
Iilc:]:skt 2 35 12.9 8.8 22.3 3.04 23.6 1.115 1.554
3 16 12.1 9.4 15.7 2.22 18.4 0.430 -1.448
1 7 17.4 11.3 28.9 5.69 32.8 1.571 3.081
m Common )
hackberry
3
1 20 15.4 10.0 28.9 4.55 29.6 1.444 2.917
In total 2 35 12.9 8.8 22.3 3.04 23.6 1.115 1.554
3 16 12.1 9.4 15.7 2.22 18.4 0.430 -1.448
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Treatment Species SQ
1
Black )
locust
3
1
Common
T2 hackberry 2
3
1
In total 2
3

n
14
36
20

22
43
20

mean
13.1
11.3
10.5
17.1
14.1

14.5
11.7
10.5

min
7.9
8.0
6.8
11.4
10.3

7.9
8.0
6.8

max
16.9
16.8
16.0
21.8
20.9

21.8
20.9
16.0

Sq
/S
2.52
2.16
3.61

Sy

3.58
2.89
2.16

cv
20.9
22.4
20.6
21.1

26.5

24.6
24.7
20.6

skew
-0.488
0.678
0.489
-0.403
1.123

0.174
1.010
0.489

kurt
-0.698
-0.678
1.143
-0.995
0.581

-0.339
0.893
1.143

Legend: n —number of trees measured in the field; mean — arithmetic mean; min — minimum; max — maximum;
s, — standard deviation; ¢ — coefficient of variation (%); skew — Pearson’s Coefficient of Skewness; kurt —

Pearson’s Coefficient of Kurtosis

Silvicultural categories of trees

Trees for tending

The number of trees selected for tending is
528 in both sample plots T1 and T2. Their total
basal area is 8.43-9.93 m?-ha™ and total volume
is 56—72 m*-ha™* (Table 5).

The trees for tending were selected among the
upper storey trees (Figure 1), with a priority given
to trees ranked | in terms of stem quality (Figure
2). Having in mind the insufficient number of trees
that are ranked with stem quality I, the trees for
tending were selected among the trees with stem
quality rank Il as well.

The trees for tending were in the diameter
range of 8.1-28.9 c¢cm, with average values of
13.9-14.9 cm, and a variability of 23.7-27.7%. The
diameter distribution of trees for tending had a

well expressed right-skewed distribution that was
leptokurtic on T1 and mesokurtic on T2 (Table 6,
Figure 3).

On the T1 sample plot, 448 (84.8%) black
locust trees were selected for tending and 80
(15.2%) common hackberry trees per hectare. In
sample plot T2, 320 (60.6%) of black locust trees
and 208 (39.4%) of common hackberry trees were
selected per hectare. The common hackberry
trees for tending were thicker than those of black
locust by 3—5 ¢cm and taller by 1 m (Table 5).

Black locust trees selected for tending had a
diameter range between 8.1 and 22.6 cm, with av-
erage values of 12.7-14.2 cm, and a variability of
20.1-23.8%. The common hackberry trees select-
ed for tending had a diameter range of 11.4-28.9
cm, with average values of 15.7-19.1 cm, and a
variability of 22.8-30.2% (Table 6, Figure 3).

Table 5. Growth elements of trees for tending expressed per hectare

d h
Treatment Species £ :
[em]  [m]
Black locust 14.6 14.19
T1 Common hackberry 19.8 15.22
In total
Black locust 13.0 12.64
T2 Common hackberry 16.0 13.74
In total

N G v
ha']l  [%]  [m*ha’]  [%] [m*ha™]  [%]
443  84.8 7.47 752 5357 739

80 152 2.47 248 1895 261
528 100.0 9.93  100.0 72.52  100.0
320 60.6 4.22 50.1  27.04 481
208 394 4.21 499 2924 519
528 100.0 843  100.0 56.28  100.0

Legend: dg — mean quadratic diameter; h — mean Lorey’s height; N- number of trees per hectare; G — basal

area per hectare; V — volume per hectare
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Silvicultural categories:
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Figure 3. Diameter distribution of trees according to their silvicultural categories (trees for tending, indifferent
trees and thinned trees) (common hackberry trees are cross hatched)

Table 6. Numerical parameters of diameter distribution of trees for tending

Treatment Species n mean
Black locust 28 14.2

T1 Common hackberry 5 19.1

In total 33 14.9

Black locust 20 12.7

T2 Common hackberry 13 15.7

In total 33 13.9

min max Sy c, skew kurt

9.5 22.6 3.38 23.8 0.921 0.705
14.4 28.9 5.78 30.2 1.615 2.873
9.5 28.9 4.13 27.7 1.413 2.9

8.1 16.9 2.56 20.1 -0.087 -1.16
11.4 21.8 3.57 22.8 0.29 -1.257
8.1 21.8 3.29 23.7 0.505 -0.158

Legend: n —number of trees measured in the field; mean — arithmetic mean; min — minimum; max — maximum;
Sy~ standard deviation; ¢ — coefficient of variation (%); skew — Pearson’s Coefficient of Skewness; kurt — Pear-

son’s Coefficient of Kurtosis
Thinned trees

In sample plot T1, 912 trees per hectare were
cut in the thinning, with a total basal area of 8.23
m?-ha™* and a total volume of 53.11 m?-ha™. The
mean quadratic diameter of the thinned trees was
10.7 cm, so it was by 2% higher after the thinning
compared to the inital conditions. The mean Lo-
rey’s height was 12.7 m after the thinning and was
by 1% lower than that before the thinning. In sam-
ple plot T2, 1072 trees were cut per hectare, with
basal area of 9.07 m?-ha™ and a total volume of
54.72 m3-ha™. The mean quadratic diameter of the
thinned trees was 10.4 cm, which is by 4% higher
than that before thinning. The mean Lorey’s height
was 11.9 m and was almost identical to that before
thinning (Table 7).
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The thinned trees in sample plot T1 had a di-
ameter range of 5.1-19.2 cm, with an average val-
ue of 10.3 cm and variability of 30.6%. The thinned
trees in experimental sample plot T2 had a diame-
ter range of 5.8-20.9 cm, with an average value of
9.9 cm, and a variability of 31.0% (Table 8, Figure
3). The model of logistic regression shows that the
trees were removed in all diameter classes and
that the probability of removal of trees gradual-
ly increases following the increase of diameter at
breast height, with a more intensive growth in plot
T2 compared to T1 (Figure 4).

In experimental sample plots T1 and T2, a total
of 29-31% of the initial number of trees were cut
in the thinning. That is 30-33% of the total basal
area and volume. According to its intensity, the
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Table 7. Growth elements of the thinned trees per hectare

. d h N G V
Treatment Species g t

[em] [m] [ha'] [%] [m*ha’] [%] [m*ha'] [%]

Black locust 10.8 12.76 864 94.7 7.88 95.8 50.95 95.9

T1 Common hackberry 9.6 12.28 48 5.3 0.35 4.2 2.17 4.1
In total 10.7 1274 912 100.0 8.23 100.0 53.11 100.0

Black locust 10.1 11.71 1008 94.0 8.08 89.1 48.01 87.7

T2 Common hackberry 141 13.35 64 6.0 0.99 10.9 6.71 12.3
In total 10.4 11.89 1072 100.0 9.07 100.0 54.72 100.0

Legend: dg — mean quadratic diameter; h — mean Lorey’s height; N- number of trees per hectare; G — basal
area per hectare; V — volume per hectare

Table 8. Numerical parameters of the diameter distribution of thinned trees

Treatment Species n mean min max Sy G, skew kurt
Black locust 54 10.3 5.1 19.2 3.18 30.8 0.266  -0.05
T1 Common hackberry 3 9.4 6.3 11.3 2.71 29.0 -1.603
In total 57 10.3 5.1 19.2 3.14 30.6 0.271 -0.013
Black locust 63 9.7 5.8 16.8 2.81 289 0.753 -0.15
T2 Common hackberry 4 13.2 8.5 20.9 5.46 41.2 1.252 1.32
In total 67 9.9 5.8 20.9 3.08 31.0 1.087 1.319

Legend: n —number of trees measured in the field; mean — arithmetic mean; min — minimum; max — maximum;
s, — standard deviation; c, — coefficient of variation (%); skew — Pearson’s Coefficient of Skewness; kurt —
Pearson’s Coefficient of Kurtosis

1.00 4 + W e Y + +
0.75 4
a0s0{—|(—mM8Mm —H————
025- “‘;;-'—"———
0.00 4 A R H - +
T T T T
0 10 20 30
d [ecm]
Treatment: —— T1 -+ T2

Figure 4. Model of logistic regression that shows dependence of the probability of removal of trees by thinning
on the trees’ diameter at breast height
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Table 9. The basic data from the control plot and thinned plots

é . d, Dg h  Hg N G v
= Species
£ [em] [em] [m] [m] [ha'] [%] [m*ha'] [%] [m*ha’] [%]
Black locust 9.7 12.88 3344 82.0 24.71 80.4 161.22 79.7
C Common hackberry 10.2 13.42 736 18.0 6.04 19.6 41.00 20.3
In total 9.8 20.1 1299 16.42 4080 100.0 30.74 100.0 202.22 100.0
Black locust 10.2 12.65 1728 77.1 14.03 73.9 89.95 72.5
T1 Common hackberry 11.1 13.58 512 22.9 4.95 26.1 34.04 27.5
In total 104 21.2 1290 15.34 2240 100.0 18.98 100.0 123.99 100.0
Black locust 9.2 11.37 1936 796 1291 70.0 7455 67.5
T2 Common hackberry 11.9 12.83 496 20.4 5.52 30.0 3588 325
In total 9.8 18.7 11.81 1439 2432 100.0 18.43 100.0 110.44 100.0

Legend: dg— mean quadratic diameter; D
height; H, |
V —volume per hectare

100

thinning can be considered as heavy, and accord-
ing to its type as crown thinning.

In the thinning yield in sample plots T1 and T2,
the black locust trees accounted for 94-94.7% of
the total number of thinned trees and 89.1-95.8%
share in the basal area, i.e. 87.7-95.9% in the total
volume (Table 7).

Stand condition after thinning

On the experimental plots T1 and T2, the num-
ber of trees per hectare was reduced by thinning
to 2240-2430. Basal area was reduced to 18.4-19
m?-ha and total volume to 110-124 m3-ha™. As

— mean quadratic diameter of dominant trees; h — mean Lorey’s
— mean height of dominant trees; N — number of trees per hectare; G — basal area per hectare;

the mean quadratic diameter and mean Lorey’s
height of the thinned trees was almost identical
to that before thinning, these elements have not
changed much after thinning in experimental plots
T1 and T2 (Table 9).

The share of black locust in experimental plots
T1 and T2 was reduced to 5% in terms of the num-
ber of trees, 6.3-6.6% in terms of basal area and
6.7-7.1% in terms of the total volume compared
to the conditions before the thinning.

Thinning yield in sample plots T1 and T2 encom-
passed black locust and common hackberry trees in
all diameter classes so the changes in the diameter
structure were small compared to the initial diame-
ter structure before the thinning (Table 10).

Table 10. Numerical parameters of the diameter structure in the control and thinned plots

Treatment Species n mean
Black locust 209 9.1
C Common hackberry 46 9.3
In total 255 9.2
Black locust 108 9.5
T1 Common hackberry 32 9.7
In total 140 9.6
Black locust 121 8.8
T2 Common hackberry 31 10.8
In total 152 9.2

min max Sy c, skew kurt

5.1 20.7 3.34 36.7 1.055 0.857
5.1 24.8 4.25 45.6 1.727 3.232
5.1 24.8 3.51 38.4 1.278 1.831
5.1 22.6 3.66 38.6 1.323 1.807
5.1 28.9 5.4 55.4 1.833 3.81

Bodl 28.9 4.1 429 1.636 3.523
5.1 16.9 2.81 32.0 0.844 0.122
5.2 21.8 5.02 46.4 0.655 -0.614
5.1 21.8 3.46 37.6 1.164 1.265

Legend: n — number of trees measured in the field; mean — arithmetic mean; min — minimum; max — maximum;
s, — standard deviation; c, - coefficient of variation (%); skew — Pearson’s Coefficient of Skewness; kurt —

Pearson’s Coefficient of Kurtosis
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DISCUSSION AND CONCLUSIONS

The analysis of the stand structure of the in-
vestigated black locust and common hackberry
stand at age 28 years in the area of Subotica-Hor-
gos$ sands, that can be considered as a maturing
stand (rotation period is 30 years according to
management plans), enables a perception of el-
ements that can be utilized for different manage-
ment recommendations compared to the present
ones. The stand structure elements have pointed
to the potentials of different management con-
cepts, that consider the process of subspontane-
ous expansion of common hackberry which was
not recognized in the concept applied so far.

The subspontaenous expansion of common
hackberry is a dominant process. This is confirmed
by the forest management documentation in the
area of Subotica-Horgos sands as the forest area,
where the presence of common hackberry is re-
corded, is doubled every 10 years. In accordance
with this dominant process, there is a need for the
consideration and direction of research activities
towards the definition of the elements that would
give the silvicultural projection with the goal of im-
proving and accelerating this naturally sustainable
process.

The share of common hackberry is 33%, ac-
cording to the measurements of all the trees (An-
drasSev etal., 2016) and represents a real potential
for its domination in the stand in all three consid-
ered scenarios in this study (Control, T1 and T2).

From the scenarios T1 and T2 perspective, the
structure of trees (>5 cm) according to their crown
classes is the consequence of biological poten-
tials of the analyzed species to endure the com-
petition of the surrounding trees, and is related
to dimensions and age of the trees. The inversely
proportional dependence of the number of trees
per hectare in the upper storey on the dominant
height, confirms the absence of tending measures
in the stand. This may be a reliable basis for the
assessment of the potentials of the dominant spe-
cies (black locust) regarding the maximal number
of trees per hectare that is the consequence of
self-thinning due to competition in the stand. The
number of trees in the upper storey was initial-
ly 1000-1350 trees per hectare at age 28 years,
which is by 40-50% more compared to the target

number of black locust trees per hectare for a
30-year rotation of site quality V-VI according to
Hungarian yield tables (Redei et al., 2014). How-
ever, the upper storey trees have a well expressed
variability of diameters (24-27%), right-skewed
and leptokurtic distribution with a wide range of
diameters. Only 22—-28% of the upper storey trees
are ranked with the best quality stem that poten-
tially have more valuable assortments. According
to this, it may be concluded that there is not much
room for the improvement of the current state of
the stand from the silvicultural aspect.

The selection of trees for tending is based on
the mean Lorey’s and dominant heights of the
trees in the researched stand and yield tables for
black locust in Hungary (Redei et al., 2014). Ac-
cording to these tables, the researched stand of
black locust with common hackberry belongs to
site quality V=VI where the projected number of
trees per hectare is 732-907 at the rotation age
of 30 years. The number of target trees for the in-
vestigated stand is defined on the basis of these
tables and a projected longer rotation age of 45
years and amounts 580-720 trees per hectare. In
the permanent sample plots, 528 trees for tending
per hectare were selected with significant variabil-
ity of diameters (range 8.1-28.9 cm and coefficient
of variation of 23.7-27.7%). The trees ranked with
the best stem quality were dominantly included in
the tending collective, but due to the unfavourable
stem quality structure, the trees with rank Il stem
quality were included as well.

Although 560 common hackberry trees per
hectare (> 5 cm diameter at breast height) were
recorded in plots T1 and T2, their distribution was
different. In plot T1, there was a bigger diameter
range (5.1-28.9 cm) compared to the range in
plot T2 (5.1-21.8 cm), but the diameters at breast
height of common hackberry were by 1.4 cm high-
er on average, with a platikurtic distribution and
weakly pronounced right asymmetry compared to
plot T1 where the distribution was leptokurtic and
with well expressed right-skewness. This indicates
that there were more common hackberry trees in
plot T2 with higher values of diameter at breast
height and mean heights compared to plot T1. Due
to the differences in the initial conditions in plots
T1 and T2, the tending collectives were defined
with different shares of black locust and common
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hackberry. In plots T1 and T2, 528 trees for tend-
ing were defined — out of that number, common
hackberry was represented by 80 trees per hec-
tare in T1 (or 15%) and 208 trees per hectare in T2
(or 40% of the total number of trees for tending).

In this way, rationalized silvicultural solutions
were implemented to accelerate the naturally
sustainable process of subspontaneous expansion
of common hackberry. This includes keeping the
present share of common hackberry in the mixed
stand with black locust in the tending process.
Having in mind the expansion trend recorded so
far, the expected increase of the common hackber-
ry share is also considered in the stated solutions.
Both modalities include growing black locust and
common hackberry in longer rotations compared
to the projection for black locust (30 years). Such
an approach represents a transitional solution for
establishing a forest cover on anthropogenical-
ly influenced areas, which is conditioned by the
intensity of subspontaneous common hackberry
spread and which is well adapted to anthropo-
genically changed habitat in sands conditions and
increasingly pronounced climate change.

The introduction of a rationalized and adapted
silvicultural technique in stands with a subspon-
taneous spread of common hackberry, primarily
based on selective thinning, and harmonization of
silvicultural approaches with natural processes in
the study area are expected to contribute to bet-
ter forest management and thus their ecosystem
impact on the environment in the Subotica-Horgos
sands area. The application of the adapted silvicul-
tural technique for the subspontaneous expansion
of common hackberry represents an intensive and
rationalized approach to silviculture. This is signif-
icantly divergent to the approach aimed at stand
management based on clear cuts in black locust
stands in the investigated area. Because of the re-
corded expansion of different invasive species in
the structurally unstable and anthropogenically
deteriorated stands, the adapted silvicultural tech-
nique has different ways of application (Bobinac
et al., 2020, 2021) with an intention to integrate
the invasive species in an intermediary period to a
certain extent until stable stands are formed and
in accordance with the potentials of the habitat.
Besides black locust, common hackberry as inva-
sive species in the protected area of Subotica-Hor-

gos sands represents a unique example of possible
and sustainable integration in the forest manage-
ment process.

Further development of trees for tending in
the stand under the influence of the selective
thinning should provide the elements that would
confirm this concept.

The expected effects of the applied adapted
silvicultural technique on the subspontaneous
expansion of common hackberry would be mani-
fested in a gradual revitalisation of the stands, im-
provement of the stand structure and stability of
the established forest cover in the sandy habitat.
In this way, many forest functions would improve
in the area of Subotica-Horgos sands in the future.

The thinning type was crown thinning, with a
strong intensity and yield of 50-55 m?-ha™* that can
be used as firewood. The acquired results enable
the objectification of knowledge about the poten-
tial yield and its structure. From the economic per-
spective, this provides a material basis for the for-
estry sector in the process of stand revitalization.

If the stated expectations from the proposed
silvicultural approach would be confirmed, it
would mean that common hackberry would gain
forest management significance, which would
be the first scientifically based result in the man-
agement of common hackberry in forest stands
and ecosystems where this species expands sub-
spontaneously in Europe. In that way, possibil-
ities would be open for the application of new
and rationalized technological solutions in the
formation of stands in which common hackberry
occurs subspontaneously. The natural value of the
Subotica-Horgos sands depends on the mosaic of
habitats, where sands, steppe and swamp habitats
give the main mark to the high level of ecosystem
diversity. Natural forest vegetation is preserved
only in fragments and is significantly anthropo-
genically changed. Supporting the subspontane-
ous expansion of common hackberry as the domi-
nant process in the area of Subotica-Horgos sands
and projecting silviculture without clear cuts with
a rotation of 80 years or more for common hack-
berry represents a possible approach in order to
establish a more stable, transitional forest cover
in the sand habitat compared to the extensive sil-
viculture of black locust in the 30-year projected
rotation.
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