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AHATOMCKA CBOJCTBA TAKCOANJYMA - ET'30TE 3A
MEANOPATHUBHA IIOIIIYM/S5ABABA

Ap Aymanu Joxanosuh, soment, Yausepsurer y Beorpaay — Ilymapcku daxyarer
Ap Becna Huxoanh Joxarosuh, pouent, Yausepsurer y Beorpaay — Illymapcku daxyarer

Ay, umx. Asexkcanpap Anheaxosuh, acucrent, Yausepsurer y Beorpaay — IlTymapcku daxyarer
Macr. k. Karapuna Aasapesuh, acucrent, Yausepsurer y Beorpaay — Ilymapcku gpaxyarer
Macr. umx. mrym., Papocaas Aosjanus, JIT ,Bojsopunanryme”, Hosu Cap

M3BoA: Y pasy je UCTpaskMBaHa BUCKMHA M OPOj TpaKa IMTHYMa No mm? NoBpLUnHe Kog cTadana
TaKcoaMjyma Ha fiBa anyBujanHa cTaHuwTa y Cpduju (Benunko paTHo ocTpBo v bauka ManaHka).
YKynHo 6 ctadana (no 3 Ha 06a nokanuTteta) je 06opeHo, a NOTOM Cy y3eTU MOMNPEYHU NpeceLm
(KOTypOBM), N3 KOjUX CYy HAUUHEHM TPajHM aHAaTOMCKM NpenapaTv. Ha oBMM npenapaTtuma cy
odaB/beHa cBa Heonxo4Ha Meperba. bpoj Tpaka AMrHyma no mm? nospLunHe je ogpeheH Tako
LUTO je y OKBMPY CBAKOT NPCTeHa NnpupacTa ogadpaHo no 6 BUAHUX Nosba oapeheHe nosplunHe
(no 3 y oKBMPpY CBaKe 30He), a MOTOM je Ha OCHOBY jeJHOCTaBHe Nponopuuje n3padyHarta dpoj-
HOCT Tpaka IMrHyma no mm?2. BucuHa TpaKka ApBeTa je u3padyHaTta Spojarbem NapeHXMMCKUX
henuja Koje nx caunrbasajy. McTpaskmMBaHa CBOjCTBA TPaKa IMTHYMa MepeHa Cy Yy 3aBUCHOCTYU 0f,
3 enemeHTa: KamdujanHe cTapocTu, BUCUHE Aedna U 30He yHyTap npcTeHa npupacta. LWTo ce
Tnye mehycoSHor ofHOCca dpoja v BUCHHE TpaKa ApBeTa, yTBphHeHo je Aa cy y ogHoCy MHBEpP3Mje
— Beha dpojHOCT TpaKa ApBeTa 3HaUM HUXOBY Matby BUCUHY M 08paTHO. LiM/b nCTparkuBakba je
[a ce YCTaHOBM KaKo ce BUCMHA U 6poj Tpaka IMrHyMa No mm? merbajy y 3aBUCHOCTU o4, TpU
nocmaTtpaHa ¢aKTopa — CTapocTH, BUCUHE Aebna U 30He YHyTap NpcTeHa npupacta.

KmyuHe peuun: Takcoaunjym, Bennko patHo octpBo, bauka [ManaHKa, BUCMHA TpaKa AUTHYMa,

6poj Tpaka MrHyma

YBOA

TaKcoanjym je INCTonaZHN YeTUHap Koju npu-
naga damunnju Taxodiaceae F. W. Neger (Vukice-
vi¢, 1987). Y EBpony je MHTPOAYKOBAH CPegUHOM
17. BEKa U Hajnpe ce KOPUCTUO Kao OPHAMeHTaHa
BPCTa, a fl0CTa je KopuwheH 1 Npu OCHMUBakbY LYM-
cKkux nnaHTaxa (Vidakovié, 1982). Ha nogpyujy
cpeatbe v 3anagHe EBpone, Takcoanjym ce Huje
Hajb0/be MOKa3ao Kao LWyMCKa BPCTa M3 ABa pas/o-
ra — HeMnoBOJ/bHU K/IMMATCKM YCNOBU M N3d0p Hea-
[EeKBaTHUX CTAHMLUTA 33 Cafrby.

Y ycnosuma Cpduje, 0By MHTPOAYKOBaHY BPCTY
o4/INKYje penaTUBHO dp3 BUCUHCKU U Ae8/bUHCKM
npupact (Jokanovié, 2016). Beha &pojHocT cTa-
bana 3adenerkeHa je y nonynaymjama Ha Beankom
paTHOM OCTpBY M baukoj ManaHuw, rae je npucyTHa
jeanHa ceMeHCKa CcacTojMHa TaKCoAMjyMa Y Haloj
3emsbM. MNojeguHayHa cTadna Takcoamnjyma Hanase
ce Ha noapyyjy Hosor Caga, Bpwua, Kpasbesa, Bp-
Hauke darbe 1 napka Tonunaep y beorpagy.

Ha ocHoBYy OKynapHe npoueHe Ha HuBoy 83
ctabna Takcoamjyma Ha nogpydjy Benvkor patHor
ocTpBa, Yy jeceH 2010. roguMHe, KOHCTATOBaH je
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ypoga, Ha camo 3 cTadna, a NpoceyHa cTapocT ca-
cTojuHe je usmehy 25 u 35 roguHa (Sijacic-
Nikoli¢ etal., 2011).

JepHa of, cneundUYHOCTY BE3aHMX 33 TaKCOAM-
jym je nojasa Ba3ayLLIHUX KopeHoBa (NHeymaTodo-
pa) Koje 00aBs/bajy U MEXaHUYKY U GUINOOLLKY
dyHKUMjy. 360r nenor xabuTyca u LOOPUX TEXHUY-
KO-TEXHO/OLLIKWX CBOjCTaBa, TaKCOAMjYM MMa LIMPO-
Ky NPUMEHY Y MEej3aXKHOj apXUTEKTYPU 1 XOPTUKYA-
TYpW, Kao 1 y ApBHO-NpepahuBayKoj MHAYCTPUjU.
MehyTnm, He Tpeda MOTUEHWUTU HErOB 3HAYaj Y
LymapcTBy, Npe caera 360r Sp3or BUCKUHCKOT U ae-
S/bUHCKOT pacTa, MoryhHOCTU rajerba y paBHUYap-
CKMM, NPMOdAHUM NOAPYYjUMa, OTMOPHOCTM Ha
OpojHe naToreHe, Kao 1 360r cCNocodHOCTU reHepa-
TUBHOT U BEreTaTUBHOI pa3mMHoMKaBara (Drazid,
Batos, 2002; Jokanovi¢, 2016). OnTMmanHu cTa-
HULLIHW YC/IOB 3@ HEroB pacT 1 pa3Boj odyxBaTajy
CTarHMparbe NOBPLUMHCKE BoAe Y Kpahem BpemeH-
CKOM Mepuoay, Kao U KanuiapHo nerbarbe noj-
3eMHe BOAge, Hapo4ymnTOo Y jyBeHUNHOj dasu pa3soja
(Jokanovi¢, 2016).

Takcoamjym ce cMatpa BUCOKO TO/IEPAaHTHOM
BPCTOM Mpema naas/bery U 3adapuBaky 3eM/bU-
wta (McKnight et al., 1981; Hook, 1984; Bro-
wn, Montz, 1986; Keeland, 1994). Tpeba nnak
HarnacutM pa nosehatwe ayduHe u Tpajarba
NniaB/berba KOjMMA CY MOYBApPHU eKoCUCTeMM
YeCcTo M3/10XKEHM YIpoXKaBa AyropoyHO OncTaHak
TaKCOAMjyMa Yy TaKBUM CTAHWULIHMM YCA0BUMA
(DeLaune etal., 1987; Conner, Brody, 1989).
JepaH op pasnora je ga ceme TakcoAMjyma
reHepasiHo Hema CNoCcOSHOCT K/Kjakba No BOLOM
(Demaree, 1932) u 36o0r Tora je npupoaHa
pereHepaumja BpcTe ckopo Hemoryha y yciosuma
CTa/iHOr NNaB/bera. Takohe je ytepheHo (Conner,
Day, 1976) pa je pact Takcoamjyma 3HavajHo
cnopuju y ycnosmnma ayosber nnassbera (npeko 1
m ayOouHe) cTaNHOT UHTeH3uUTeTa y nopehemy ca
MOYBAPHUM EKOCUCTEMMUMA TAE je NaB/bere
NoBPEMEHO, a BOAA He CTarHMpa TOKOM AyKer
BPEMEHCKOT nepuoaa.

Tpeba Harnacutu aa, y oapeheHum ycnosuma
cpeavHe, MPUIMKOM MHTEH3MBHUX NajaBuHa Koje
Y3POKyjy ApacTvyaH NopacT BOAOCTaja, MOKe
aohu fo yrpoykaBarba NpUcyTHe Beretauuje, me-
HyTUM, He 1 Ko Takcoamjyma ycnes npucycrsa
nHeymaTodopa (BasAyWHUX KOpeHOBa), Koje
BpLUE M MEXaHUYKY U CNPOBOAHY GYHKUMjy. OBO
MOpPdONOLWKO CBOjCTBO MUCTpa)KMBaHe BpCTe
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roBopu y NPUOT YnkbeHNUM Aa ra Tpeda KopucTu-
TW Y CBPXY MEIMOPATUBHUX NoLyM/baBakba (Joka-
novic, 2016).

AHaTOMCKa CBOjcTBa TaKkcogujyma duna cy
npeameT pasAnNunTMX UctTpaxkmeama (Jokanovic
etal.,2017;)Jokanovic¢ etal., 2018 a;Jokanovic,
Nikoli¢, 2017; Jokanovié etal., 2018 b). LTo ce
TWYe TpaKa NIMTHyMa, bUxoBa GyHKLUM]a je BuLle-
CTPYyKa: CMPOBOAE BOAY M MUHEpanHe maTepuje 13
Kcunema ao KamdujanHux henuvja u cekyHgapHor
dnoema; cnpoBoae XxpaH/buse matepuje ns paoe-
Ma NPeKo Kamourjyma y KMBU AE0 KCUNeMa; aKy-
MyNnpajy XpaH/bMBe maTepuje; Bplle pasmeHy
racosa nsmehy Kcuaema u cnosballbe cpeauHe
(Viloti¢, 2000). Kog, nnwhapa v nuctonagHmx ye-
TWUHapa, TOKOM 3MMe Kaga MUpyje BereTauuja, cea
KO/IMUYMHA pe3epBHe XpaHe Koje Su/bKa Kopuctu 3a
obaB/batbe HajOCHOBHMjUX NoTpeda Hanasu ce
ynpaso y Tpakama aurHyma (Viloti¢, 2000;
Vasiljevi¢, 1967).

Llm/b oBOr paga je aa ce yTBpAM KaKo ce CBOj-
CTBa TpaKa /IMFTHYMa Mehajy Y 3aBUCHOCTU oA 3
¢dakTopa (BMCMHa cTadna, 30Ha yHyTap npcreHa
npupacTta 1 CTapocT), Kao U yCTaHOB/baBakbe Me-
HycobHor ogHoca BUCUHE M dpoja Tpaka gpseTa
3aBWUCHO Of, AMHaMKKe Aed/bUMHCKOr pacTa.

MATEPUJAA 1 METOA
NCTPAKIBAIHA

OdbjeKat uctpakuBara

Martepujan 3a UCTparkmBarbe NoTuYe ca Asa /10-
Kanuteta: Benunkor patHor octpsa v bauke MNanaHke.

Benuko patHo ocTpBoO je 3awTtuheHo npupoa-
HO podpo cmewTeHo nsmehy 1169. n 1172. km
TOKa peke [lyHaBs Kog beorpaga. Oanukyje ce pas-
HUYapcKkom oporpadmjom ca NPOCe4YHOM KOTOM
TepeHa OKO 72 m HagMoOpCKe BUCKHE. Y OKBUPY
OBOr /IOKanUTeTa, U34Bajajy ce TpM 30He Pasnnym-
TUX peXKMMma 3alTuTe: 30Ha 3aWTUTe Npupose,
30Ha pekpeaumje 1 30Ha Typusma.

bauka anaHkKa je 1OKaNUTET Ha KOMe ce Hana-
31 jeAMHa ceMeHcKa cacTojuHa y Cpduju. Mpunaga
LWyMcKom rasgmHctey Hosu Cag, a yKynHa nosp-
WKMHa cacTojuHe usHocu 0,22 ha Ha HagAMOPCKOj
BMCUHKM 82 m. CacTojuHa TpeHyTHo 6poju 111 cTa-
6ana. Ca nefoNoOWKOr acnekTa, 3em/bULLTe Nof,
KYNITYPOM TakcoAmjyma npunaga 3adapeHom
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anyBMjyMmy HEXOMOreHOr MexaHW4Kor cactasa u
Hafsiasun ce Ayro nog BoAOM, a nocae Tora My Bna-
KHOCT 06e3behyje BUCOK HMBO NOA3EMHUX BOAA
(Tucovig, Stilinovié, 1970).

Knuma

Ha ocHoBy nopartaka 3a nepwuog 1949-2011,
[08MjeHNX ca MeTeopoNoLLKMX cTaHMLa Beorpag,
1 baukun MNeTpoBay, aHanM3npaHa cy 4Ba KAMMaT-
CKa NapameTpa — NpoceYyHa Mmece4yHa TemnepaTypa
Ba3Ayxa U meceyHa Cyma najaBuHa.

Ha nogpyujy bauke MNanaHke, npoceyHa meceu-
Ha TemnepaTypa Ba3ayxa TOKOM roguHe je 11,2 °C,
[OOK cpefitba MecevyHa TemnepaTtypa TOKOM BereTa-
uMoHor nepuoga nsHocu 18,0 °C. YkynHa rogu-
WHa KONIMYMHA NagaBMHA Ha OBOM NIOKANUTETY
M3HocM 618 mm, OOK je TOKOM BereTaLMoHOr ne-
puoga 350 mm, wTo 3Hauu ga 57% of yKynHe Ko-
JIMYNHE aTMOCHEPCKUX Tasiora NagHe TOKOM Bere-
TaUMOHOr nepmoaa.

Ca pgpyre cTpaHe, Ha noapyyjy Benvkor patHor
OCTPBa, MOMEHYTU KAMMATCKM NapameTpu nmajy
cnepehe BpeAHOCTM — NPOCEYHA MeceyHa Temne-
paTypa Basayxa TOKOM roguHe je 12,2 °C, a Tokom
BereTaumoHor nepuoga 18,9 °C. YkynHa KonmumHa
naZiaBMHa Ha OBOM JIOKAAUTETY HA roauwHem
HMBOY je 693 mm, AOK je TOKOM BereTaunoHor ne-
proga 395 mm, WwTo 3HauM aa 57% opg, yKynHe Ko-
JIM4NHE NaZaBMHa AOCNe Ha T/10 Y Bpeme Beretaum-
oHor nepuoaa. Ha ocHoBy AodujeHNX BpegHOCTU
QAHANIM3NPAHNX KNMMATCKMX MOKa3aTesba 3a nepu-
04, 1949-2011, moxKe ce 3aK/by4ynTh Aa Cy KAMmart-
CKe NpuarKe Ha oda noApyyja NoBO/bHE 3a PacT U
pa3Boj Takcogujyma.

3em/buuite

Ha ocHoBY 00aB/beHMX Nef0N0WKUX aHaAn3a
(Jokanovi¢, 2016), ytepheHa cy ¢pusnyka (mexa-
HWYKA) M XeEMMjCKa CBOjCTBA 3eM/bULLTA HA UCTPa-
KMBAHUM nokanutetuma. Ha nogpyyjy Benunkor
paTHOr OCcTpBa je yTBPHEHO NPUCYCTBO TEKCTYPHUX
Knaca 3em/bMLITa UN0BaYe A0 NecKoBUTe UioBa-
Ye, 3a pasnuky og bauke ManaHke roe fomuHMpa-
jy necak n nnosactu necak. lvanisevic¢ (1993) u
Pekec (2010) 3aKk/byuyjy Aa cy 3HaYajHe pasaunke
namehy nojeaAnHUX TEKCTYPHUX Kaca 3eM/bULLITA
nogesaHe ca ONTUMANHUM XUAPONOLIKUM YCNO-
BMMa 3a pacT v pa3Boj dusbaka. C od3mpom ga

MN0Baya M MeCKOBUTA MIOBAYa CafpKe 3HATHO
Behy KonmumHy dusbum [OCTYNHE BOAE, MOXKe ce
3aK/bYYUTH Aa CY NOBO/bHUjM CTAHWLLIHM YCIOBM 3a
pa3BOoj Takcoanjyma Ha Benmkom paTHOM OCTpBY.
LLITo ce TMYe xemMMjcKOr cacTaBa 3eM/bULLTA, 3HAT-
Ho Beha Ko/IMYMHa XpaH/bMBUX MaTepuja 3adene-
KeHa je Takohe Ha nogpyyjy Benukor paTtHor ocTp-
Ba (Jokanovi¢, 2016).

TepeHcKu u nadopatopujcku geo
UCTpaXKMBarba

TepeHcKa UcTpaxkmBarba cy 0dyxBaTuaa odapa-
e penpeseHTaTUBHUX cTadasa Koje cy mopana
33[,0BO/bUTU HEKOJIMKO KPUTEPUjyMA: reHEpPaTMB-
HO Mopekno, 3afoBosbaBajyhe 34paBcTBEHO U HU-
3MOJIOLLKO CTakbe, M30CTAHAK 3HAYAjHUJUX TEXHUY-
Kux pgedopmaumja. Mo 3aBplUIeTKy OBe pajHe
onepauuje, oapeheHa je okynapHa cTapocT cTada-
na dpojarbem rofoBa Ha narvy 1 yTBpheHo aa npo-
ceyHa ctapocT ctadana Ha Besvkom paTHom ocTp-
BY M3HOCK HewTo npeko 30, a y baykoj ManaHum
oko 70 roguHa. MNpe odaparba ctadana, o3HayeHa
je Ha nebny oarosapajyha cTpaHa cBeTa, a NOTOM
Cy y3eTu nonpeyHun npeceum aedna — KOTyposm,
Kako Ou ce 06aBMO yBUA, Y MaKPOCTPYKTYpY ApBe-
Ta. KoTypoBu, febsbuHe OKo 2 cm, y3MMaHu cy Ha
narby (0,3 M) 1 Ha NpcHOj BUCUHM (1,3 m), a noTom
Cy NpeceyeHun No pasujycy Kako du ce cea Heon-
XO4HA aHAaTOMCKA Meperba 00aBuUIa Ha CermeHTy
Koju 0dyxBaTa N-NMpCTeHOBa NPMpPacTa, NOYEB Of,
CP*KM Na cBe [0 Kope.

NabopaTtopujckn feo uctpaxknsarba 0das/beH
je y Nabopatopujun 3a AHatomunjy apseTa LLlymap-
cKkor dakynTeTa y beorpaay, roe cy cnposegeHe
npunpeme 3a U3pagy TpajHUX aHAaTOMCKMX npena-
paTa. Y OKBMpPY OBWX NMPUMNPEMa, Y3UMaHu Cy cer-
MEHTU ApBeTa AY*KUHE NPeYHMKa KOTypa U Wupu-
He OKO 8 mm, Npu YeMy je y3nmatbe cermeHaTa
06aB/beHO y NpaBLy ceBep-jyr, Tj. UCTOK-3anag,.
MpenapaTy cy nNpaB/beHN Yy CBa TPM aHATOMCKa
npasLa — NONPe4YHOM, PagunjaHOM MU TaHTeHUMjan-
HOM. Mmajyhu y BUAy Aa je pey 0 MeEKaHOM APBETY,
Huje buno notpede 3a 4OAATHUM NOCTYNUUMA TEP-
MMYKe obpase nonyT omeKLwaBara. O nomeHy-
TUX CermeHaTa HanpaB/beHU cy T3B. O/I0KOBU Ay-
YKMHE OKO 2 cm, Npu Yemy CBaKM H10K HOCK 03HaKy
04,1 [0 n, LWTO 3HAYM Aa Cy CBU NPCTEHOBU Npupa-
CTa 01, CPXKM 0 KOPE Y3eTU Y pasmaTpatbe.
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CnojeBu apBeTa cy pe3aHu y cBa TPU aHaTOM-
CKa npasLa (nonpeyHom, pagmjaiHOM U TaHTeH-
umnjanHom) nomohy Kanseher mmkpoTtoma mapke
,Reichert” n oBu cnojesu, U3 Kojux cy Hanpas/be-
HUM TPajHM aHAaTOMCKM npenapaTtu, umajy aedrou-
Hy 15-20 um. MpenapaTth cy 60jeHn KomduHaum-
jom cadpaHMHa M aHWAMHA Yy Tpajawky og 5
MWHYTa, @ NoTom nposofheHn Kpo3 cepuje anko-
X013 Pas3IMYNTUX KOHLEeHTpaymja - 50%-, 70%-,
96%- n 100%-THK ankoxonHu pacteop (Viloti¢,
1992; Jokanovic¢ etal., 2015; Jokanovi¢, 2016).
Mpenapati TpeTUpaHN PasINUUTUM KOHLLEHTPALLM-
jaMa anKoxonHWX cepuja KOH3epBUPaAHU CY MOTOM
y KaHapga 6ancamy. Mocnearbun Kopak je odyxsatao
cyllere y30pakKa Ha TemnepaTypu og 60 °C.

Bpoj Tpaka AnrHyma no mm? nospuwuHe je
oapeheH TaKo LWITO je y OKBMPY CBaKOr MpcTeHa
npupacTa je ogadpaHo yKynHo 6 BUAHUX Nosba (no
3 y cBaKoj 30HK) nospwuHe 0.25 mm?2. MoTtom je
bdpojarbem TpaKa ApBeTa y OKBUPY CBAKOr Nosba
yTBphHeHa HMxoBa rycTMHa, a HaKoH Tora je jeaHo-
CTaBHOM MPOMNOpPLMjoM Ta SPOJHOCT U3paKeHa Nno
1 mm? nospLunHe.

BucuHa Tpaka nnrHyma ogpeheHa je dpoja-
HEM NapeHXMMCKMX hennja Koje y4ecTByjy y tu-
x0BOj rpahu. MNpuavkom ytephrBara BUCUHE, Y3-
MMaHe cy y 083Mp camo Tpake Koje cy NonTnyHo
bopmupaHe, a He 1 OHe Koje jol HUCY AocTurne
NyHy 3penocT, a YUnje AMMeH3nje mory ST Beoma
BapujaduaHe. Y oKBUPY CBAKOr NpCTeHa npupacra
opabpaHo je ykynHo 120 Tpaka apseTa (no 60 y
CBaKOj 30HM) Ymja je BUCMHA MepeHa.

CBa mepetrba 0daB/beHa cy y NPorpamcKkom
jesury ,Digimizer”, pok je ngeHtTuduKoBare u
doTorpadpucarbe UCTPaKMBAHUX AHATOMCKMX

efiemeHata 00aB/beHO Ha MMKPOCKOMY MapkKe
,Boeco” cHabaeBeHMM caBpemMeHUM COPTBEPOM.

PE3YATATHU 1 AMCKYCHJA

Ha noapyujy Benukor patHor octpsa, npocey-
He BPeLHOCTU BUCWMHE TPaKa JIMFHYMA Y PaHoj
30HM Kpehy ce og, 10,01 go 15,23 napeHXMMCKUX
henuja, OOK Cy Y KAaCHOj 30HN EKCTPEMHE BpeaHo-
cT1 6,51, ogHocHo 9,02 napeHxumckux henwja (Ta-
6ena 1). bpoj Tpaka AMrHyma no mm?y paHoj 30HK
Ha UCTOM NIoKanuTeTy Bapupa oa 14,32 no 19,90,
ay KacHoj og 7,51 oo 14,12 (tadena 2).

Y baukoj ManaHuu, y OKBUPY paHe 30He, Npo-
CeyHa BMCMHA Tpaka gpsBeTa Bapupa og 6,61 o
9,10, a y KacHoj oz 4,28 no 6,01 napeHxnmckmux he-
nnja (Tabena 1). LWTo ce TMUe rycTWHe Tpaka ApBeTa
Ha MCTOM NIOKA/IUTETY, MPOCEYHE BPEeAHOCTM Ce Kpe-
hy og 19,97 no 23,80y paHoj, ogHOocHO oz 13,00 o
19,40 Tpaka no mm?y KacHoj 30Hu (Tadena 2).

Ha ocHoBy 00aB/beHMX UCTparkMBakba (Tadena
1), morKe ce KoHcTaToBaTh Aa, uayhu of narba Ka
NPCHOj BUCUHU, BUCMHA TPaKa MOCTEMNEHO pacTe
HE3aBUCHO Of 30He YHYyTap NpcTeHa npupacrta u
MCTpaxKMBaHoOr nokanuteta. LLUTo ce TMye ogHoca
Opoja Tpaka IMrHyma 1 BUCUHe cTadna, y paHoj
30HM f0Na3n 40 onafara, a y KacHoj A0 nopacTa
HUXoBe ryctmHe nayhu og ocHoBe Ka NPCHOj BU-
CUHMW, HE3aBMCHO OZ, UCTPAXKMBAHOT IOKanuTeTa
(tadena 2). N3 0de Tabene ce jacHo BUAM fa cy Ha
o06a nokanuteta sehe BpegHOCTU U BUCMHA U dpo-
ja Tpaka IMrHyma y paHoj 30HM HE3ABMCHO 0f, BU-
CUHe Ha Kojoj ce 06aB/ba y30pKOBatbe.
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padumkoH 2. BPO, 0.3 m, KacHa 30Ha
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3aBucHOCT Opoja 1 BUCHHE TpaKa IMrHyMa of,
CTApOCTN MOXKe ce carnefaty Ha ogrosapajyhum
rpadmkoHMma (rpadmkoHm 1-8). Ha nogpyujy Be-
JIUKOT PaTHOT OCTPBa, MOXe Ce KOHCTAaToBaTK Mo-
cTerneH NopacT BUCUHE U CMatbere dpoja Tpaka
Nnrdyma no mm? nayhu og cpsku Ka Kopu (rpadm-
KoHu 1-4). Ca apyre cTpaHe, Ha IoKanuTeTy bauka
ManaHka je yTBpheHa NoTnyHo cynpoTHa penauuja
— ca ctrapowhy Aonasu Ao nocTeneHor onajaka
BMCUHE W nocTeneHor nopacrta dpoja Tpaka Apse-
Ta, NPy YeMy BMCMHA TPaKa ApBeTa NoKasyje TeH-
AeHunjy ogpeheHe paBHOMepHOCTH (rpadpuKoHM
5-8).

MojeanHa nctpaxusarba (Jokanovié, 2016)
yTBphYjy OAHOC AMPEKTHE NPOMNOPLUMOHAIHOCTH
namehy BUCMHE TpaKa IMTHYMA U LUMPUHE npcTe-
HOBa npupacTa, NOroToBO Ha noapyuyjy Benukor
paTHOT OCTPBA, LUTO KOMHLMAMPA Ca pe3ynTaTuma
HEKMX APYruMX UcTpaxkmearba (Bannan, 1937,
1954, 1965; Gregory, Romberger, 1975). Ca
Apyre CTpaHe, NojeAMHU PagoBu HUCY YTBPAUAM
3HayvajHujy Besy nsamehy guHamuke gedrbuUHCKoOr
npupacTta U BUCUHe Tpaka nurHyma (Lev-Yadun,
1998), kKao HM M3mehy gedsbMHCKOr npupacta m
Opoja Tpaka anrHyma (Bannan, 1965).

Pe3syntatu mucTparkmBarba CNpoOBeAEeHOr Kof
ayrnasuje (Gartner et al., 2000) nokasyjy aa ce
3anpemuHa Tpaka aMrdyma nosehasa mayhu og,
Cp¥Ku Ka Kopu 38or ruxose Behe npoueHTyanHe
3acTynsbeHoctu. Lev-Yadun (1998) je koa ase
BpcTe dopos.a (Pinus pinea L. v Pinus halepensis L.)
MCTPaXKMBaAO OAHOC CTAapOCTU ca jeaHe u dpoja u
BUCMHE TPaKa JIMTHYMa Mo jeMHULM NOBpPLUMHE ca
apyre ctpaHe. Kog ode Bpcte nodujeHo je aa su-
CWHa TpaKka AnrHyma pacte nayhu kKa Kopw, 3a pa-
3/IMKY Of1 bUXOBE FYCTUHE KOja NOCTeNeHOo onazaa,
LITO NOTNYHO KOMHUMAMPA ca pesyntatuma Joka-
novica (2016) aa ce 6poj M BUCMHA TPaKa IMTHYMA
Hanase y ogHocy odpHyTe NPOnoOpLUOHAIHOCTU.

Bannan (1937) je uctpasknsao ogHOC ANHa-
MWKe fed/bUHCKOT pacTa U CBOjCTaBa TpaKa JINrHy-
Ma U 3aK/by4mo Aa BpcTe dprKer pacTa, Koje dop-
MUPajy LWKpe NpCcTeHOBe NpPUpPacTa, MMajy Tpake
NUrHyma rpaheHe 13 3HaTHO Beher dpoja napeH-
XMMCKMX henunja y o4HOCY Ha BPCTE Koje MMajy yiKe
npcreHoBe npupacta. OBO NOTNYHO KOMHUMAMPA
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ca pe3ynTatmma AodujeHUM y Hallem UCTPaXKmnBea-
wy, dyayhu aa cy Tpake nMrHyma Ha Beankom pat-
HOM OCTPBY BMLLUE Y OAHOCY Ha OHe ca nogpyyja
Bauke ManaHKe. Y nctom pagy (Bannan, 1937)
KOHCTaToBaHa je Beha OpOjHOCT TpaKa IMrHyma y
rpaHama Hero y ctadny, jep rpaHe cagpKe yxe np-
CTeHOBe npwupacTa y Kojuma ce dopmupajy kpahe
Tpake apseTa. Mctn ayTop foBoam y ey oapehe-
He du3MonoLKe npouece ca dpojem Tpaka ApBeTa
y nojeguMHUM perMoHMma m 3aksbydyje ga sehu
Opoj Tpaka yTuye Ha nosehaH NPOToK GpUTOXOPMO-
Ha (ayKCWHa) y MaiMM rpaHama y Of4HOCY Ha CTa-
pwja ctabna.

MNojeauun aytopu (White, 1962; White,
Robards, 1966) ytephyjy ogHOC AUPEKTHE Npo-
nopuunoHanHoctu nsmehy dpoja Tpaka apseta u
cTone KamdujanHor pacta Ko nojeguHux BpCTa,
LUITO HE KOMHLMAMPA Ca pe3yaTaTuma AodujeHum
Yy Halem UCTpaxKMBakby, MOrOTOBO Ha CTAHULWITY
50/bUX MPON3BOAHMX KapaKTepucTuka. Mehytum,
6pojHu pagosu (Gregory, Romberger, 1975;
Gregory, 1977; Rao, 1988) Hucy Hawau oBy Bp-
CTYy 3aBMCHOCTM M3mel)y NOMeHyTUX BenYMHa.
PazmoBu Koju cy ce 6aBuan AMMeH3njama Tpaxeja
Koa nuwhapa (Viloti¢ etal., 2011; Jokanovié et
al., 2015) cy yTBpAMAK Aa Cy Y KACHOj 30HK npcTe-
Ha npupacTa Tpaxeje CUTHWUje, ann 1 dpojHuje y
04HOCY Ha paHy 30HY, LWITO NOTNYHO KOMHLMAMPA
Ca pe3ynTaTMma Haller UCTPaKMBatba.

Carmi et al. (1972) cy KoHCTaTOBanM A4a WnpKU
NPCTEHOBM NpupacTa He 3Haye He3yc/0BHO U
OpKu pacT, jep odpasoBarbe WMPUX NPCTEHOBA
npvpacta moxe SUTW Nocaegunua AyKer Tpajarba
KaMOujanHe aKTUBHOCTMU.

Viloti¢ (1994) kog NaHunheBe omopurKe Ha-
Nasu fa npoceyHe BPeAHOCTU BUCUHA TPaKa nur-
Hyma mM3Hoce 15 napeHxumcKkux henuja, wrto y
NOTMNYHOCTM KOMHUMAMPA Ca pe3ynTaTuma Hawler
MCTpaXkMBarba, A0K cy Kog jene (Vilotié, 1992)
TpaKe AocTa Bulle 1 Kpehy ce y uHTepBany 3-51, a
npoceyHe BpeaHocTH cy 27-31 napeHxumcka he-
nuvja. LUTo ce TMYe BUCKHE TpaKa MrHymMa Koz op-
3opactyhux yetuHapa (Viloti¢, 2000), wuxose
npoceyHe BpeaHocTH cy cnegehe: Kog apuwa 15-
20, Kopg, ayrnasuje 10-20, AOK Ko BajmyToBor dopa
BULWIepeaHe TpaKe JO0CTMXKY BUCUHY 1 ao 30 na-
peHxnmcKmx henuja.



AHATOMCKA CBOJCTBA TAKCOAMIYMA — EI30TE 3A MEJTMOPATUBHA MOLIYMJ/bABAHA

Tabena 1. BUcKHA Tpaka IMrHYMa Ha Iokanntetuma bauyka ManaHka n Beanko paTtHo ocTpBO

Nokanuter Bbauka ManaHka
dpoj ctabna 1 1 1 1 2 2 2 2 3 3 3 3
30Ha paHa KacHa paHa KacHa paHa KaCcHa paHa KacHa paHa KacHa paHa KacHa

BUCUHA (M) 0,3 0,3 13 13 0,3 0,3 1,3 1,3 0,3 0,3 13 13
Cp. Bpeg. 661 428 901 572 787 457 910 6,01 713 460 874 533
MwuH. 2 1 2 1 3 1 4 2 3 1 3 2
Makc. 15 9 16 13 16 9 18 12 15 12 18 12
CraH. [es. 2,22 165 2,28 193 210 151 237 160 155 1,45 220 1,31
Bap. wunpuHa 13 8 14 12 13 8 14 10 12 11 15 10

Jlokanutet Benunko paTtHO ocTpBO
bpoj ctadna 1 1 1 1 2 2 2 2 3 3 3 3
30Ha, paHa KacHa paHa KaCHa paHa KacHa paHa KacHa paHa KacHa paHa KacHa

BUCKUHA (M) 0,3 0,3 1,3 1,3 0,3 0,3 1,3 1,3 0,3 0,3 1,3 1,3
Cp. Bpeg. 10,01 7,49 12,44 8,21 10,17 6,51 1523 8,79 10,58 6,81 13,26 9,02
MwuH. 4 4 6 4 4 3 6 4 4 8 6 4
Makc. 15 14 19 15 19 13 26 15 16 9 24 14
CraH. [es. 2,29 195 304 191 270 184 4,06 191 2,75 159 3,78 1,77
Bap. wupuHa 11 10 13 11 15 10 20 11 12 6 18 10

Tabena 2. bpoj Tpaka AMrHyma no mm? Ha iokanuTeTMma bauka ManaHka U Beanko paTHO ocTpBO

Nokanuter bauka ManaHka
bpoj ctadna 1 1 1 1 2 2 2 2 3 3 3 3
30Ha paHa KacHa paHa KacHa paHa KaCHa paHa KacHa paHa KacHa paHa KacHa

BUCUHA (M) 0,3 0,3 1,3 1,3 0,3 0,3 1,3 1,3 0,3 0,3 1,3 1,3
Cp.Bpen. 22,90 17,44 19,97 19,40 23,80 14,40 22,53 17,69 22,07 13,00 21,62 17,75
MuH. 10 5 5 3 10 4 4 1 10 2 6 7
Makc. 63 32 39 36 44 32 39 B 39 28 39 32
CraH. [es. 6,55 498 851 584 575 527 6,10 487 532 470 6,07 4,59
Bap. wunpuHa 53 27 34 33 34 28 35 32 29 26 33 25

Nokanuter Benuko paTtHO ocTpBO
dpoj ctabna 1 1 1 1 2 2 2 2 3 3 3 3
30Ha, paHa KaCHa paHa KacHa paHa KacHa paHa KacHa paHa KacHa paHa KacHa

BMUCKHa (M) 0,3 0,3 13 13 0,3 0,3 i3 i,3 0,3 0,3 13 13
Cp. Bpeg. 19,90 9,46 19,04 11,07 16,96 7,51 14,32 10,49 18,34 9,83 15,84 14,12
MwuH. 10 4 8 5 7 4 5 5 7 4 6 10
Makc. 29 18 32 18 29 15 28 18 34 16 26 19
CraH. [es. 390 2,78 3,67 29 4,71 2,20 4,39 2,46 487 2,67 4,28 2,27
Bap. wunpuHa 19 14 24 13 22 11 23 13 27 12 20 9
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3AKAYIIIN

Ha ocHoBy f06ujeHMx pesynTaTa, Mmory ce 13-

BecTu cnegehu sakbydum:
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HEe3aBMCHO Of, Y30pKOBaHe BUCMHe cTadna u
30He yHyTap NpcTeHa NpupacTa, BUCMHA TpaKa

ZpBeTa ce Ha Benvkom paTtHom octpsy noseha-

Ba, a y baukoj ManaHum cmatbyje ca ctapowhy;

dpoj Tpaka AMrHyma onaga ca noseharbem kbu-

XOBE BMCMHE — NOMEHYTa Kopenauumja je yTep-
HeHa Ha oda noKanuTeTa;

BMCWMHA TpaKa JIMTHYMa, HE3aBUCHO Of, 30HE U
nokanuteTa, nocteneHo ce nosehasa nayhu
0f1 OCHOBE Ka NPCHOj BUCUHW;

npoceyHa BMCUHA Tpaka ApseTa Beha je y pa-
HOj HEro y KacHOj 30HM Ha 0da NoKannTeTa;

Y WMPKUM NPCTEeHOBMMa npupacTa ce odpasyjy

TpaKke apseTa rpaheHe u3 Beher dpoja napeH-
XxumcKkux henmnja n mare dpojHoctu (Benmko
paTHO OCTPBO) 3a Pa3/IMKY OF, YXKMX NPCTEHOBA
npupacTa Koje oa/nKyje NprucycTeo Kpahux Tpa-
Ka apBeTa Behe 6pojHocTy (Bauka ManaHka);

Y YCNOBMMA WMHTEH3UBHUX MadaBUHA, MOXe
nohu fo yrporkaBakba Beretauumje ycnen Ha-
r710r NopacTa BOAOCTaja, WTO HUje Cayyaj ca
TakcoAMjymom 380r npucycTsa BasayLWHUX KO-
peHoBa (NHeymaTodopa), Koju BpLLE MEXaHWY-
Ky 1 GU3NONOLWKY PYHKUN]Y;

Takcoamjym Kao dpsopactyhy xurpodunHy sp-
cTy Tpeda MacoBHMje NAAHTAXKHO rajuTh U yno-
Tpeb/baBaTy je 3a MesIMopaTMBHA NOLWYM/ba-
Bakba, Mpe CBera y MHyHAALMOHOM NoAgpYyyjy;
npenopyka je ga ce 3acagm ca TakCoaAnjyMmom
NOAMXKY Y NPMOdaNHUM NoapyYjuma rae cy naa-
B/beHba MOBPEMEHa, @ BOAA He CTarHMpa TOKOM
[OyY*Ker BpEMEHCKOr neproaa, Wro cy onTuman-
HW CTAHULUHM YCNIOBM 3a PacT U pa3Boj BPCTe,
HApPOYMTO Y jyBEHWTHOM CTaamjymy passuha.

HanomeHa: OBaj pas je peann3oBaH y OKBUPY

npojekta "LLymckn 3acaam y dyHKumMju noseharba
nowymsbeHocTu Cpduje (31041)" n "OpgpkmBo ra-
340Batbe YKYMHMM NOTeHUMjaMma wyma y Peny-
Sanum Cpbuju (377008)" MuHUcTapcTBa NpoceeTe
1 Hayke Penydnuke Cpduje.
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Abstract: The paper deals with height and density of woody rays per mm? by bald cypress
stems at two alluvial sites in Serbia (Veliko ratno ostrvo and Backa Palanka). Overall 6 stems (3
at one and 3 at another locality) were harvested. After that discs were made and they served
for permanent anatomical preparations making. All necessary measurements were performed
on these preparations. Inside each growth ring was selected 6 visible fields (3 at early- and 3 at
latewood zone) and within all fields density of woody rays per mm? was calculated. According
to simple equation number of woody rays per mm? was determined. As for height of woody
rays, it was calculated by parenchyma cells counting. Researched bald cypress features were
measured depending on 3 factors: cambial age, stem height and zone inside growth ring. As for
relation between number and height of woody rays, there is obvious inverse — greater density
of woody rays means they are shorter. The scope of the paper was to establish how height and
number of woody rays per mm? change depending on 3 observed factors — age, stem height

and zone inside growth rings.

Key words: bald cypress, Veliko ratno ostrvo, Backa Palanka, height of woody rays, number of
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INTRODUCTION

Bald cypress is a deciduous conifer that be-
longs to Taxodiaceae F. W. Neger family (Vukice-
vi¢, 1987). It was introduced in Europe in the mid-
dle of 17th century and was used at first like
ornamental species and for forest plantations es-
tablishing, as well (Vidakovi¢, 1982). At the area
of central and western Europe bald cypress was
not desirable forest species for two reasons — un-
suitable climate conditions and selection of not
good enough sites for planting.

In Serbia, this introduced species is character-
ized by relatively fast height and radial increment
(Jokanovi¢, 2016). A greater number of bald cy-
press stems was recorded in populations situated
on Veliko ratno ostrvo and Backa Palanka. As for
Backa Palanka, there is the only seed stand of bald
cypress in Serbia. Individuals of bald cypress are
present in the area of Novi Sad, Vrsac, Kraljevo,
Vrnjacka banja and Topcider Park in Belgrade.

Based on ocular estimation on 83 stems of
bald cypress at the area of Veliko ratno ostrvo, in
autumn 2010, crop seeds was recorded just on 3
individuals, while an average age of the stand was
between 25 and 35 years (Sijaci¢-Nikoli¢ et al.,
2011).

One of significant features related to bald cy-
press is air roots occurence, that both play me-
chanical and physiological role. According to nice
habitus and satisfied technical and technological
propreties, bald cypress is widely used in land-
scape architecture and horticulture and in wood
processing industry, as well. However, its impor-
tance in forestry should not be underestimated,
first of all because of it fast height and radial incre-
ment, possibility of planting in flat, coastal areas,
resistance to numerous patogens and ability of
both generative and vegetative regeneration
(Drazi¢, Batos, 2002; Jokanovi¢, 2016). As for
optimal site conditions for its growth and develop-
ment, they are related to surface water stagnation
in a short period of time and to groundwater cap-
ilar rising, first of all during juveline stage of devel-
opment (Jokanovic¢, 2016).

Bald cypress is considered to be highly tolerant
of flooding and soil waterlogging (McKnight et
al., 1981; Hook, 1984; Brown, Montz, 1986;
Keeland, 1994). Nevertheless, the increasing
depth and duration of flooding to which coastal

swamps are being subjected is threatening the
long-term existence of bald cypress in some areas
(DeLaune etal, 1987; Conner, Brody, 1989).
One reason for this is that baldcypress seeds gen-
erally do not germinate under water (Demaree,
1932) and therefore, natural regeneration is un-
likely or even impossible under conditions of per-
manent flooding. Also, growth is substantially re-
duced in deep (> 1 m), permanently flooded
swamps compared to swamps with intermittent
flooding (Conner, Day, 1976).

It should be emphasized that during intensive
rainfalls causing significant increasing of water lev-
el, present vegetation can be endangered, but not
in case of bald cypress because of air roots pres-
ence that both play mechanical and physiological
role.This morphological feature of researched spe-
cies suggests that bald cypress should be used for
meliorative afforestation (Jokanovi¢, 2016).

Many different papers examined anatomical
features of bald cypress (Jokanovic et al., 2017;
Jokanovic et al.,, 2018 a; Jokanovi¢, Nikoli¢,
2017; Jokanovic et al., 2018 b). As for woody
rays, they have a lot of functions: to conduct water
and minerals from xylem to cambial cells and se-
cundary phloem; to conduct nutrients from phlo-
em through the cambium to the living part of xy-
lem; to accumulate nutrients; to exchange gases
between xylem and environment (Viloti¢, 2000).
By hardwoods and deciduous conifers, during the
winter when vegetation stops, the whole supply of
stored nutrients that serves for basic needs per-
forming is located in woody rays (Vilotié, 2000;
Vasiljevic, 1967).

The scope of the paper is to find how woody
rays properties change depending on 3 factors
(stem height, zone inside growth ring and age),
and to establish relation between height and num-
ber of woody rays per mm?depending on radial
increment dynamics.

MATERIAL AND METHOD
Study area

Researched material originates from two local-
ities: Veliko ratno ostrvo and Backa Palanka.

Veliko ratno ostrvo is a protected natural area
situated between 1169 and 1172 km of the Dan-
ube river flow near Belgrade. It is characterized by
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flat orography with an average height of about 72
m above sea level. There are separated 3 zones
related to different protective regimes within this
locality: zone of nature conservation, recreational
zone and zone of tourisms.

Backa Palanka is a locality with the only bald
cypress seed stand in Serbia. It belongs to Forest
Holding Novi Sad and the whole area of the stand
is 0.22 ha with an average height of about 82 m
above sea level. There are currently 111 individu-
als. From pedological point of view, soil under bald
cypress culture belongs to waterlogged alluvium
with heterogenous mechanical texture. The soil is
for a long time under water, while its watering is
later provided due to high level of groundwater
(Tucovi¢, Stilinovi¢, 1970).

Climate

Based on data for period 1949-2011, obtained
from meteorological stations Belgrade and Backi
Petrovac, two climate parameters were analyzed
— medium monthly air temperature and monthly
sum of rainfalls.

At the area of Backa Palanka, an average month-
ly air temperature during the year was 11.2 °C,
while medium monthly air temperature during
vegetation season was 18.0 °C. The whole yearly
sum of rainfalls at this locality was 618 mm, while
during vegetation season it was 350 mm, which
means that 57% from the whole quantity of rain-
falls occurs during vegetation season.

On the other side, at the area of Veliko ratno
ostrvo, mentioned climate factors have following
values — an average monthly air temperature dur-
ing the year was 12.2 °C, and during the vegetation
season — 18.9 °C. As for the whole quantity of rain-
falls at this locality, it was 693 mm during the year,
and 395 mm during the vegetation season, which
means that 57% from the whole quantity of rain-
falls occurs during vegetation season. Based on
obtained results for analyzed climate factors for
period 1949-2011, it can be deduced that climate
conditions on both locations are suitable for bald
cypress growth and development.

Soil

Based on conducted pedological analyzes (Jo-
kanovi¢, 2016), physical and chemical features of
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the soil were determined. At the area of Veliko
ratno ostrvo, presence of loam and sandy loam
was recorded, unlike Backa Palanka where sand
and loamy sand were the most dominant texture
classes. Ivanisevi¢ (1993) and Pekec (2010)
conducted that significant differences between
some texture classes were related to optimal hy-
drological conditions for plants growth and devel-
opment. Bearing on mind that loam and sandy
loam have much more available water for plants,
we can deduce that more suitable conditions for
bald cypress development are present at Veliko
ratno ostrvo area. As for chemical soil features,
much more nutrients were also recorded at the
area of Veliko ratno ostrvo (Jokanovi¢, 2016).

Field studies and laboratory work

Field studies included harvesting of represent-
ative individuals that had to satisfy a few criteria:
generative origin, satisfied health and physiologi-
cal state, lack of significant technical deformations,
etc. After this work operation, the age of the stems
was determined by growth rings counting on the
base and an average age at Veliko ratno ostrvo
area was about 30, unlike Backa Palanka with
about 70 years. Before the stems were harvested,
an appropriate world side was marked and after
that the discs were taken in order to observe mac-
rostructure of the wood. The discs, about 2 cm
thick, were taken on the base (0.3 m) and on the
breast height (1.3 m), and then cut in radial direc-
tion in order to perform all necessary anatomical
measurements on a segment including n growth
rings from the pith to the bark.

As for laboratory work, it was performed in the
Lab for Wood Anatomy from Faculty of Forestry in
Belgrade. The preparations for permanent ana-
tomical samples making were conducted in above
mentioned laboratory. Samples of wood parts
were prepared with a width of 8 mm and length
the same as the length of the disc. These parts
were taken in a north-south and east-west direc-
tion, respectively. Wood samples were made in all
directions — transversal, radial and tangential. Bald
cypress has a fairly soft wood, so it was not neces-
sary to apply some additional thermical treat-
ments such as wood softening. From mentioned
segments were made so-called blocks long about
2 cm. Each block was numbered from 1 to n, going
from pith to bark.
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Sections of samples in all directions (transver-
sal, radial and tangential) were made using a Re-
ichert sliding-microtome. Thickness of all sections
was about 15-20 pum. Samples were colored with a
combination of safranin and aniline for about 5
min, and then transferred through alcohol solu-
tions of different concentrations - 50%-, 70%-,
96%- and 100% (Vilotic¢, 1992; Jokanovic etal.,
2015; Jokanovi¢, 2016). The samples treated
with different concentrations of alcohol solutions
were conserved with Canada balsam. The last
step was drying of the samples at a temperature
of 60 °C.

As for woody rays number per mm?, inside
each growth ring was selected overall 6 visible
fields (3 in early- and 3 in latewood zone) with an
area of 0.25 mm?2. Counting of woody rays inside
each field enabled to determine their density, and
according to simple equation the number of
woody rays was calculated per 1 mm2.

Woody rays height was determined by count-
ing of parenchyma cells that participate in woody
rays structure. During their height calculating, only
completely formed woody rays were taken into
account, while not fully mature rays were eliminat-
ed because of their variable dimensions. Inside
each growth ring was selected overall 120 woody
rays (60 in early- and 60 in latewood zone) whose
height was determined.

All measurements were performed in a pro-
gramme package ,,Digimizer”, while identification
and making photos of examined anatomical ele-
ments was conducted on a microscope type ,Boe-
co” provided with a modern software.

RESULTS AND DISCUSSION

At the area of Veliko ratno ostrvo, an average
values of woody rays height in earlywood are be-
tween 10.01 and 15.23 parenchyma cells, while in
latewood are between 6.51 and 9.02 parenchyma
cells (table 1). Number of woody rays per mm?in
earlywood is between 14.32 and 19.90, unlike in
latewood with extreme values 7.51, and 14.12, re-
spectively (table 2).

As for Backa Palanka, an average woody rays
height in earlywood is between 6.61 and 9.10,
while in latewood is between 4.28 and 6.01 paren-
chyma cells (table 1). Number of woody rays per

mm? at the same locality was between 19.97 and
23.80in earlywood, while on the other side it was
between 13.00 and 19.40 woody rays per mm?in
latewood (table 2).

Based on conducted research (table 1), it can
be deduced going from the base to the breast
height that woody rays height gradually rises inde-
pending on zone inside growth rings and locality.
As for relation between number of woody rays and
stem height, we can observe decreasing tendency
in earlywood, unlike in latewood where occurs in-
creasing of woody rays density going from the
base to the breast height independing on re-
searched locality (table 2). There are greater val-
ues of height and number of woody rays in early-
wood independing on sampled stem height.

Relation between number and height of
woody rays to age can be observed on the graphs
(graphs 1-8). At the area of Veliko ratno ostrvo,
there is a gradual increasing of height and decreas-
ing of number of woody rays per mm? going from
the pith to the bark (graphs 1-4). On the other
side, in Backa Palanka, there is completely reverse
relation — with age comes to gradual decreasing of
height and increasing of woody rays number, while
woody rays height shows tendency of uniformity
(graphs 5-8).

Some papers (Jokanovi¢, 2016) established
direct proportionality between woody rays height
and growth rings width, particulary at the area of
Veliko ratno ostrvo, that coincides with some oth-
erresults (Bannan, 1937, 1954, 1965; Gregory,
Romberger, 1975). On the other side, some pa-
pers did not find significant relation between radi-
al increment dynamics and woody rays height
(Lev-Yadun, 1998), and between radial incre-
ment and number of woody rays (Bannan, 1965).

Results obtained by Douglas-fir (Gartner et
al., 2000) show that woody rays volume increases
from the pith to the bark because of their big par-
ticipation. Lev-Yadun (1998) examined relation
between age from one and number and height of
woody rays from the other side by two species
from Pinus genus (Pinus pinea L. v Pinus halepen-
sis L.). Based on obtained results for both species,
it was established that woody rays height rises go-
ing to the bark, unlike their density that gradually
falls. This completely coincides with results of
Jokanovi¢ (2016) who found inverse relation be-
tween number and height of woody rays.
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Bannan (1937) examined relation between
radial increment dynamics and woody rays proper-
ties and concluded that fast-growing species, that
form wider growth rings, have woody rays consist-
ed of much more parenchyma cells than slow-grow-
ing species. This completely coincides with our re-
sults, because woody rays at Veliko ratno ostrvo
are higher than these from Backa Palanka. In the
same paper (Bannan, 1937) was found greater

Graph 8. BP, 1.3 m, latewood

density of woody rays in branches compared to
stem, because branches have narrower growth
rings with shorter woody rays. The same author
connected some physiological processes with
woody rays number in some regions and deduced
that greater woody rays density impacts to in-
creased phytohormones transport (auxine) in
young branches compared to older stems.

Table 1. Woody rays height at localities Backa Palanka and Veliko ratno ostrvo

Locality Backa Palanka
Stem number 1 1 1 1 2 2 2 3 3 3 3
Zone early late early late early late early late early late early late
Height (m) 0.3 0.3 13 13 0.3 0.3 1.3 1.3 0.3 0.3 1.3 1.3
Mean value 6.61 4.28 9.01 5.72 787 457 910 6.01 7.13 460 874 533
Minimum 2 1 2 1 3 1 4 2 3 1 3 2
Maximum 15 9 16 13 16 9 18 12 15 12 18 12
Standard deviation 2.22 1.65 2.28 193 210 151 237 160 155 145 220 131
Variation width 13 8 14 12 13 8 14 10 12 11 15 10
Locality Veliko ratno ostrvo
Stem number 1 1 1 1 2 2 2 2 3 3 3 3
Zone early late early late early late early late early late early late
Height (m) 0.3 0.3 1.3 13 0.3 0.3 1.3 1.3 0.3 0.3 13 1.3
Mean value 10.01 7.49 12.44 821 10.17 6.51 15.23 8.79 10.58 6.81 13.26 9.02
Minimum 4 4 6 4 4 3 6 4 4 3 6 4
Maximum 15 14 19 15 19 13 26 15 16 9 24 14
Standard deviation 2.29 195 3.04 191 270 184 406 191 275 159 378 177
Variation width 11 10 13 11 15 10 20 11 12 6 18 10
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Some authors (White, 1962; White, Ro-
bards, 1966) established direct proportionality
between woody rays number and growth rate by
some species, that does not coincide with our re-
sults, especially at the site with better productive
properties. However, another papers (Gregory,
Romberger, 1975; Gregory, 1977; Rao, 1988)
did not find this kind of dependence between
mentioned parameters. The papers dealt with ves-
sels dimensions by hardwoods (Viloti¢ et al.,
2011; Jokanovi¢ et al., 2015) established that
vessels were smaller, but also more numerous in
latewood compared to eralywood, that complete-
ly coincides with our results.

Carmi et al. (1972) found that wider growth
rings do not unconditionally mean faster growth,
because wider growth rings forming can be related
to longer duration of cambial activity.

Viloti¢ (1994) examined Serbian spruce and
found an average woody rays height of about 15

parenchyma cells, that completely coincides with
our results. On the other side, by fir, Viloti¢
(1992) established much higher woody rays con-
sisted of 3-51 parenchyma cells with an average
values of 27-31 parenchyma cells. As for woody
rays height, Viloti¢ (2000) examined some
fast-growing conifers and their average values
were: 15-20 by larch, 10-20 by Douglas-fir, and up
to 30 parenchyma cells by Weymouth pine.

CONCLUSIONS

Based on obtained results, it can be deduced:

— independing on sampled stem height and zone
inside growth rings, woody rays height increas-
es at Veliko ratno ostrvo, but decreases in Bac-
ka Palanka with age;

— number of woody rays decreases with increas-
ing of their height — this correlation is valid for
both localities;

Table 2. Woody rays number per mm? at localities Backa Palanka and Veliko ratno ostrvo

Locality Backa Palanka
Stem number 1 1 1 1 2 2 2 2 3 3 3 3
Zone early late early late early late early late early late early late
Height (m) 0.3 0.3 13 13 0.3 0.3 13 13 0.3 0.3 13 13
Meanvalue 2290 17.44 19.97 19.40 23.80 14.40 2253 17.69 22.07 13.00 21.62 17.75
Minimum 10 5 5 3 10 4 4 1 10 2 6 7
Maximum 63 32 39 36 44 32 39 33 39 28 39 32
ZET;?;: 655 498 851 584 575 527 610 487 532 470 607 459
Variation width 53 27 34 33 34 28 35 32 29 26 33 25
Locality Veliko ratno ostrvo
Stem number 1 1 1 1 2 2 2 2 3 3 3 3
Zone early late early late early late early late early late early late
Height (m) 0.3 0.3 13 13 0.3 0.3 13 13 0.3 0.3 13 13
Mean value 1990 9.46 19.04 11.07 16.96 7.51 14.32 1049 1834 9.83 15.84 14.12
Minimum 10 4 8 5 7 4 5 5 7 4 6 10
Maximum 29 18 32 18 29 15 28 18 34 16 26 19
33?;?;: 390 278 367 296 471 220 439 246 487 267 428 227
Variation width 19 14 24 13 22 11 23 13 27 12 20 9
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— woody rays height, independing on zone and
locality, gradually rises going from the base to
the breast height;

— an average woody rays height is greater in ear-
ly- than in latewood at both localities;

— woody rays with less density consisted of
greater number of parenchyma cells (Veliko
ratno ostrvo) are present in wider growth
rings, unlike in Backa Palanka, where narrower
growth rings are characterized by shorter
woody rays with greater density;

— in case of higher intensity rainfalls, vegetation
can be endangered due to huge increasing of
water level, but it is not valid for bald cypress
because of air roots presence that both play
mechanical and physiological role;

— bald cypress as fast-growing higrophilous spe-
cies should be planted in plantations and
should be used for meliorative afforestation,
first of all in flooding area;

— it is recommended to plant bald cypress in
coastal area with occasional flooding where
water does not stagnate for a long time — these
are optimal site conditions for its growth and
development, especially in juvenile stage.

Note: The paper was performed within scien-
tific projects "Forest plantations in function of in-
creased forest cover of Republic of Serbia (31041)"
and "Sustainable management of overall forest
potentials in Republic of Serbia (37008)"., Ministry
of Education and Science, Republic of Serbia.
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