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UsBopa: Linw paga 6o je yrephusarbe BapujabunHoctn aena reHodpoHa xpacTa KUTHaKa ca
nogpydja CnomeHuka npupoge , Lyma KowyThak” Ha HUBOY jeiHO- M ABOrOAMLLIHMX CAAHULA,
y TecTy NOTOMCTBa OCHOBaHOM Yy pacagHuky LLlymapckor pakynteTa. UcTpaxmBarbe je cnpo-
BEEHO Ha jeJHOroAMLWHUM U ABOrogunilbum cagHmuama 10 nMHuja nonycpoaHuKa xpacta
KUTHaKa. MepeHu cy BUCMHA M MPeYHUK Y KOPEHOBOM BpaTy, YTBpHEHO je npexkms/baBarbe
CaZHMLA Ha Kpajy Apyror neprMoaa pacta, Kao U rogullbyv BUCUHCKM U Ae6/bUHCKU NpupacT.
MpukasaHu cy pesyntaTv AeCKPUNTUBHE CTaTUCTUKe, jeaHOPaKTOpMjaHe aHaM3e BapujaHce
1 duLepoBoOr TecTa HajMarbe 3Ha4YajHMUX PasanKa, Kao U MyNTUBAPMjAHTHWUX aHaM3a — Knac-
Tep M aHanM3e rNaBHUX KOMNOHeHTU. [lobujeHn pe3ynTatu yKasyjy Ha 3ag0BosbaBajyhu HUBO
reHeTUYKe BapujabunHoOCTH, Koju NpeacTaB/ba f06py NoNasHy OCHOBY 3a peanunsaumjy ex situ
KoH3epBaLmje fena reHodoHAA, OCHWMBAEM NOJLCKOT Or/1esa Ha Noapyyjy KowyTraka u/vwnm
YHOLEeHeM cafHuLA Y Makbum nan Behum rpynama Ha oBo nogpydje. Ha osaj HauuH, geo
reHodpoHAa nonasHe nonynauuje, penpeseHToBaH KPO3 CagHULE PA3NNYUTMX IMHKjA NONY-
CPOAHMKa, TPajHO ce 4yBa, nosehasa ce 6POjHOCT NonasHe nonynaumje n CTBapajy ce ycaosu
33 KOHTUHYMPAH Hay4YHO-UCTPAXKUBAYKM pas.

KrbyuHe peun: Quercus petraea (Matt.) Liebl, reHepaTMBHM TecT noToMcTBa, BapujabUIHOCT,
NIMHMWje NoNyCPOAHMKA, MOPGONOLWKM NapaMeTpy casHULa

YBOA

XpactoBu (Quercus sp.) npeactas/bajy jea-
HY OA, FaBHUX KOMMOHEHTU LWYMCKUX EKOCUC-
TemMa yMepeHOor nojaca Ha CeBepHOj Moay/ionTu
(Eusemann, Liesebach, 2021) Koju nmajy Be-
/KW €KOJIOLLIKM M EKOHOMCKM 3Hauvaj. Ha npocro-
py Cpbuje, xpacTosu cy, yrnasHom, eandukaTopm
LIYMCKMX 3ajeHu1ua. Ha npupoaHnm cTaHuwTMmMa

reHepaTMBHO 0bHaB/batbe XPaCTOBA je CBe Makbe
3acTyn/beHo, a reHopoHAI OBMUX BPCTa Ce YecTo
penpeseHTyje NPUCYCTBOM CTapujux cTabana, oc-
nabsbeHe BUTANIHOCTY, yCea, yera ce jaB/ba notpe-
6a 33 o4YyBakbeM XPaCTOBMX LIYMA U HAMEHCKOM
Npou3BOAHOM PENPOAYKTMBHOI MaTepujana.
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Ha nogpyujy Cnomenuka npupoge (CN) , Wyma
KowyTrak” eBMAEHTMPAHO je WecT BpCTa Xpac-
TOBa, Of Yera je neT ayTOXTOHUX: Lep, KUTHaK,
NYXKHaK, CNaflyH, meAyHal, M jeAHa asoxToHa
- LpBEHWU XpacT. AYTOXTOHM XPacTOBM Ha OBOM
noapyyjy npeactaB/bajy OocTaTKe HeKaallkbux
NPMMapHUX 3ajegHNULLA YmMja je CyKLecuja y TOKY.
360r npucyctea Beher 6poja cTapujux ctabana ns-
[aHAYKOT MOpeK/a U yMatbeHe BUTANIHOCTU, BP/IO
cnabor npupogHor nogmnahusarba (nogmnahu-
Batbe je eBUAEHTUPAHO Yy cnpaTty npusemHe dno-
pe, anv He 1y crnpaTy OyHba, LITO 3HA4YM A3 ce Ha
npenasy 13 NPU3eMHHOr y cnpart Xbyra ryou) u
QHTPOMOreHor NPUTUCKA, aYyTOXTOHM XPacTOBM Ha
OBOM NOAPYYjy MOry ce cMaTpaTh parbuBUM Bp-
ctama (Sijaci¢-Nikoli¢ et al., 2021, 2021a).

BuTanHocT M oncTaHak NpupoaHuX nonyna-
LMja WYMCKUX APBEHACTUX BPCTA Y U3MEHEHUM
yC/0BUMA CpeauHe 3aBUCK Of, CTENEHa HUxXoBe
reHeTM4YKe BapujabuaHOCTK, KAo OCHOBa 3a ajan-
Taumjy n HecmeTaHy esonyumjy (Sijacié-Nikoli¢,
Milovanovi¢, 2012). BUCOK HUBO reHeTUuKe Ba-
pvjabuNHOCTY je HeonXxoAaH 3a AyropoYHM OncTa-
HaK Wyma, obe3behyjyhu ocHosy 3a byayhy agan-
Taumjy 1 OTMOPHOCT WymcKor apseha Ha cTpec u
NPOMEHY yC/IOBa »KMBOTHe cpeauHe (lvetic et
al., 2016). leHeTMYKa BapujabuaHocT 3pene nony-
Naumje 3HATHO je ymarbeHa y OHOCY Ha NonasHy
BapujabuUNHOCT Ha HUBOY K/MjaBaLa, je4HOro-
OVLWHUX UK ABOTOAMWMX BU/baKa, ¢ 063Mpom
3 je NpupoAHa ceneKkunja HajuHTEH3MBHMja Y pa-
HUM dasama }KMBOTa U 4@ KOHTUHYMPAHO cnabu ca
ctaperem nonynauuje (Nonié, Sijaci¢-Nikoli¢,
2021).

Kutkak (Quercus petraea (Matt.) Liebl.) je jea-
Ha of, BPCTa XpPacToBa Koja ce OAJ/INKYje BE/IMKUM
WHOMBUAYANHUM U TPYMHUM Bapujabuautetom.
Isajev et al. (2005, 2007) HaBoae A4a je TeCTOBU-
Ma MpoBeHUjeHLMja U noToMcTBa noTepheHo Aa je
KUTHaK M3y3eTHO BapujabunHa BpcTa, Npu Yyemy
Cy, OCMM pasnuKa mehy npoBeHujeHUMjama, yT-
BphHeHe 1 pas3nuKe yHyTap NpoBeHujeHuMja Xxpac-
Ta KUTHAKA, Y Noriesy BUCUMHCKOT pacTta ctabana,
BpeMeHa HacTynaka nojeanHux ¢eHodasa,
06/1MKa KpoLlWHbe, HAaYMHA rpaHakba, KapakTepuc-
TUKa aebna, moppomeTepujcKmUxX CBOjCTaBa KMpa,
uTa. Ytephusarbem crteneHa BapujabunHocTu
XpacTa Knthbaka y Cpbuju kopuwherem moneky-
NapHUX mapkepa 6asuam cy ce Sijaci¢-Nikoli¢
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et al. (2009), Milovanovi¢ (2010), Popovi¢ et
al. (2020), UTA., YMju pesynTaT¥ Mory NOCIYKUTU
33 NpenopyKy mepa 3a oyyBarbe reHodpoHAa oBe
BPCTE MPUMEHOM PA3NIUYUTUX METOLa KOH3epBa-
uuje.

XpacT KnUTHAK je Bro npeameT UCTpaxknsara
pasnnumTux aytopa y Cpbujn, mehy Kojuma cy:
Isajev et al. (2005; 2007), Stojanovic¢ (2007),
Sijati¢-Nikoli¢ et al. (2009, 2021, 2021a),
Milovanovic¢ (2010), Cvjeti¢anin etal. (2013),
Krsti¢ et al. (2018), Popovi¢ et al. (2019, 2020),
Kanjevac et al. (2021), uta, Kao u UCTpaxkuBarba
CTpaHMX ayTopa CNpoBeAeHUX Y NOCNeAH0j AeLie-
Huju (Ballian, 2016; Gulyas et al., 2019; lonita
et al.,, 2021; Eusemann, Liesebach, 2021;
Staszel etal., 2022; Gafenco etal., 2022, uta,),
KOja yKa3yjy Ha 3Ha4yaj yno3HaBarba OBe BPCTe ca
pa3nnunTMX acnekaTa u notpebe 3a HEHUM OuUYy-
BatbEM.

Y nocnearunx HEKONMKO AeleHnja, cacTojuHe,
rpyne v nojeauHayHa ctabna KMTHaKa rotoBo Ha
YMTaBOM apeasny ce cylle U3, 40 Caja, jol yBeK
HeZl0BO/bHO MPOYYEHMX Y3POKA - HajBepOBaTHMje,
ycnes yTuuaja Komnnekca daktopa unju je ede-
KaT KymynatusaH (Popovic et al., 2020). Moxe
Ce CMaTpaTu A3 je nojaBa Cyllera KUTHaKa no-
cneguua rmobasHuxX KAMMATCKUX MPOMEHa, Npo-
MeHe NonynauuoHe CTPYKType Yy KUTHaAKOBUM
Wwymama, aeposarahema, 6U/bHUX BonectTu, UH-
ceKaTCKuX rpagaumja, uta,. (Isajev et al., 2005).
McTparkmMBarba Be3aHa 3a MNojaBy XpacToBe mpe-
»KacTe cteHumue (Corythucha arcuata Say), Koja cy
cnposenu Loli¢ et al. (2020) Ha xpacTy KUTHAKY
Ha npcotopy bocHe n XepuerosuHe, ykasyjy aa
he oBa BpcTa, yc/ies cBe yyecTasnjux KAMmart-
CKMX MPOMEHa M WTeTe Kojy HaHOCK, joww Bulle
Yrpo3nTK 34PaBCTBEHO CTakbe XpacToBa Ha TOM
nogpyyjy. Pesyntatm uctpaxkmsara nponehHe
1 netrbe deHonornje xpacra KnThaka Ha nog-
py4jy PymyHKje nokasanu cy aa 61 xpacT KUTHaK
y 6yayhHocTn morao ga 6yae noroheH KacHMM
nponehHUM mpasom, Te Aa je ycnocTas/bakbe
cTpaTervja 3a Kopuwhere 1 oYyBarbe reHeTCKUX
pecypca oBe BpcTe un npeasuharbe byayhux de-
HOJIOLLKMX MPOMEHa NoA, NPeTHOM KAUMATCKUX U
€KOJIOLLKMX NpoMeHa BeoMa BaxHo (Gafenco et
al., 2022). 3awTnTa U ycmepeHo Kopuwhere reHe-
TUUKMX pecypca XpacTa KUTHAKa MOXKe ce peanu-
30BaTW ,dyuwiem ceneKkyuje Hajéorbux GpupogHUX
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uodynayuja KUWHAKa, Kao u pesusujom Uoc-
wojehux u usgeajarbem HOBUX CeMeHCKUx odje-
Kawa, ipyde u GojeguHayHux cuiadana” (in situ)
MU ,,0CHUBAHEM UpoBeHUjeHU4YHUX Wecwosa,
HUBUX apXuea, KAOHCKUX U TeHepallusHUX CeMeH-
cKux tnaHwaxa” (ex situ) (Isajev et al., 2007).
Mpenopyuyyje ce n oyyBakbe reHeTCKUX pecypca
XpacTa KUTHaKa Kpo3 in vitro KynTypy Kao ,cas-
pemeHa aaWepHaWuUsa 3a pecwaypayujy u
ouysarbe duogusep3suliewid y 0gHOCy Ha Upodaem
lpoussogHe ceMeHa U gheHoMeH mopLianuliea
xpacwia” (lonita et al., 2021). Ctora je nocebHy
nary NoTpebHO MOCBETUTU KOH3epBaLMju re-
HOpOHAA KUTHAKa, LWTO NoApasymeBa NPUMeHY
oarosapajyhux metoza 3a ovyBarbe yHyTapBpCHe
BapMWjabuNHOCTM Ha NPUPOAHOM CTAHULLTY BpPCTe
WY BaH hera, yaumajyhu y 063up uene nonyna-
umje U jeAnHKe UNn tbuxose Aenose, UHAMUYHO
WU CTaTMYHO. Kpajiu UMb KOH3epBaLuuje jecte
[a ce cayyBa LUTO BULLM CTEMEH reHeTUYKe Bapuja-
6UNHOCTM yHYTap BpCTe Ha oapeheHom noapydjy,
Kako 6u1 tbeHa aanTabunHocT 6una ouvysBaHa u
Kako 61 BpCTa CNpeMHO O4roBopuia NpoMmeHama
ycnosa cpeaunre (Noni¢, Sijaci¢-Nikolié¢, 2021;
Milovanovi¢ etal., 2021).

LUnm paga 6uo je ytephusarbe Bapujabun-
HOCTK fena reHodoHAa XpacTa KMTHaKa ca noa-
pydja CnomeHuka npupoge , LLlyma KowyTrak” Ha
HUBOY je4HO- U ABOroAMUILIbBUX CafHULA, Y TecTy
NOTOMCTBa OCHOBAHOM Y pacaaHuky LLlymapckor
¢daKkynTeTa. YTBpheHa BapujabunHoct moxe Aa
npeacraB/ba Nosa3Hy OCHOBY 3a NpoLece HaMeH-
CKe MPOoUn3BOAHbE CAZHOT MaTepujana y L/by KOH-
3epBaLMje U oapKUBOT Kopuwherba PacnoNoxKu-
BOr reHodoHAa.

MATEPHUJAA N METOA PAAA

Cenekumja maTepuHCKUX ctabana
M OCHMBaHE reHepaTUBHOr TecTa
NoTOMCTBA

Monynaumja xpacta KMTHaka Ha noapyyjy Ko-
WYTHaKa jaB/ba Ce Y OKBMPY 3ajeAHNLA KUTHa-
Ka ca upHUM jaceHom (Fraxino orni-Quercetum
petraeae (Borisavljevi¢ 1955.) Misi¢ 1978),
KUTHbaKa 1 uepa (Quercetum petraeae-cerridis Jov.

Cnuka 1. CeneKkumoHucaHo cTabno xpacTa KUTHaKa
Ha nogpyyjy CM , Lyma KowyThak”
(M3s0p: Sijaci¢-Nikoli¢ et al., 2021)

Cnuka 2. TeCT NOTOMCTBa XpacTa KUTHaKa y pacaHUKy
LLymapckor dakynteta (anpwn, 2022. roguHe)
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Kapra 1. [pocTopHuM pacnopes cenekLMoHMcaHnx MaTepMHCKMX cTabana xpacTa KUTHakKa y nosasHoj nonyna-
umju Ha noapydjy CM ,Lyma KowyTrak”

Kaprta 2. MpocTopHu pacnopes MaTePUHCKMX CTabana KUTHaKa CeNeKLMOHMCaHUX 3a aHain3y BapujabuaHoctm
MOpPdOOLWKNX MapameTapa cagHuLa NMHK]a
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1979) u KuTHAKa, Lepa U rpaba (Carpino betuli-
Quercetum petraeae var. geograf. Quercus cerris
Jov. & Tomi¢ (80) 1997).

YKYMHO je cenekuMoHNCcaHo 1 NPOCTOPHO Mo-
3uumoHmpaHo 81 ctabno xpacra KUTHaKa, penpe-
3eHTa nonynauyuje (cnmka 1, kapta 1) Ha nogpydjy
cn ,Wyma Kowytrak” (Sijacié-Nikoli¢ et al.,
2021a).

leHepaTMBHM TECT MOTOMCTBA XpPacTa KUTHAKa
(cnuka 2) ocHoBaH je y pacaaHuky LLlymapckor da-
KynTeTa, YHUBep3uTeTa y beorpaay, y jecen 2020.
roAnHe U3 cemeHa cakyns/beHor ca 21 maTepuH-
cKor ctabna ca nogpyyja CN , Wyma KowyTtHak®,
Ha KOMe je KOHCTaToBaH 3a40BosbaBajyhu ypoga,.
Ceme (up) je nocejaHo y moandurosaHy [yHe-
MaH nejy cnepeher gaHa HaKoOH cakymnsbakba, Npu
YyeMy je 3a CBaKy IMHKUjy NoNycposHMKa popmumpa-
HO noJsbe 3a ceTBy gumeH3unja 1,2 x 1 m. CeTsa je
BpLUEHA ANPEKTHO Y 3eMsby Y bpasguue aybuHe
[0 2 cm, pa3amaka oko 30 cm, AOK je pa3mak 13-
mehy xupesa y peay 61o oko 20 cm.

Y gpyroj nonosuHu anpuna 2021. roguHe no-
yena je nojasa NpBUX KAnjaBaua, Ynmju ce 6poj no
JIMHMjX NONYCPOAHMKa KpeTao og, 2 (K23) go 222
(K10). 3a notpebe osor paga n3gsojeHo je 10 nu-
HUWja No/lyCPOAHMKA, Koje cy NoKasase Hajbosby
K/INMjaBOCT, @ Y KOjUMa je eBUAEHTUPAHO BuULle
og, 50 cagHWLA NO ANHKUjKU, Kako 61 y3opak Buo
yjeaHaueH. MpocTopHM pacnopes MaTepUHCKUX
cTabana xpacTa KuUTHaKa uyuje cy InHKuje nony-
CPOAHUKa ceneKLMoHMcaHe 3a notpebe oBoOr Mc-
TpaXunBakba MPUKA3aH je Ha KapTu 2.

Mepere Mop¢dOoNOoWKUX NapameTapa
CafHMLA XPacTa KUTHaKa

Mepetrbe BUCMHA M NPEeYHUKa Y KOPEHOBOM
BpaTy CaZHMLLA XPacTa KNTHaKa 06aB/beHo je Ha
Kpajy npsor (jeceH 2021. roanHe) n gpyror ne-
puoga pacra (jeceH 2022. roguHe).

BucuHa cagHuua (H) ctapoctu 1+0 1 2+0 me-
peHa je on KOpeHOBOr BpaTa A0 TePMWHANHOT
nynosbKa, y3 nomoh newmnpa ca tauHowhy og 1
mm. MpeyHuK y KopeHoBom BpaTy (D) cagHuua
ctapoctn 1+0 1 2+0 mepeH je ynotpebom gurutan-
HOT HOHMjyca ca TayHoHowhy oa 0,01 mm. MNopes,
meperba MOpPGONOLWKUX NapameTapa, eBUAEHTU-
paHo je 1 Npexus/baBakbe cagHuLLA Ha Kpajy apy-
ror nepmoga pacta, 2022. rogmHe.

CraTucTuuka obpaga nogartaka

Pagu ytBphuBarba mopdonoLike Bapujabun-
HocTu 140 n 2+0 cagHuMLa XpacTa KUTHaKa aHanu-
3MpaHu Cy NapameTpu AeCKPUNTUBHE CTAaTUCTUKE
33 HaBefggeHa obenerkja nocmaTpara: X — cpegha
BpeaHocT, SD — cTaHaapAHa aesunjaumja, CV (%) —
KoedpuuMjeHT Bepujaumnje, min-max — MUHUMaNHa
M MaKcumasnHa BpegHocT. CnpoBeaeHa je v jea-
HodaKTopujanHa aHanusa BapujaHce (ANOVA)
n3mehy pasnnumMTUX IMHKUjA NONYCPOAHUKA, NPU
Yyemy je AoAaTHO TecTUpake n3mehy naposa nu-
HUWja nosycpoaHuKa ypaheHo duweposum my-
AtTunamm Tectom (LSD) 3a cBe McTparkuBaHe na-
pameTpe. MynTuBapujaHTHe aHanunse, Knactep u
aHaNM3a rMaBHWX KOMMNOHEHTH, KopuwheHe cy Aa
61 ce yTBPAWUIO NOCTOjM /M 3aKOHOMEPHOCT Y rpy-
nuncarby UCTPaXKMBAHUX IMHWja.

PE3YATATH MCTPAJKHBAIbA CA
AMCKYCHJOM

BapujabunHoct mopdonowKux
napamerapa jefHO- U ABOrOAULLLUX
cagHuua

Pesyntatn jegHodakTopmnjanHe aHanuse Ba-
pujaHce (ANOVA) nsmehy pasnmunmtux nAunHuja
nosycpofHMKa 3a MepeHe napameTpe jegHoro-
OMLWHUX CAAHNLA YKa3yjy Aa Cy pas3/ivKe cTaTUc-
TUYKM 3HaYajHe (p < 0,05) (Tabena 1).

BapmjabuaHoCT jeAHOroAMWIKbMX CagHMLUA je,
YKynHo rmepaHo, seha y norneay Bapupara Bu-
cuHa (39,59%) Hero y norneay Bapupakba NpeYyHu-
Ka (29,91%). BpegHocTu namepeHe 3a sucuHe (H
2021) kpehy ce oa MmuHUManHux 30 mm (K56) o
290 mm (K37). BpeaHoCTn namepeHe 3a npeyHu-
ke (D 2021) kpehy ce og mmHMmanHmx 0,06 mm
(K11) mo 7,84 mm (K04). MNpoce4yHa BpeaHoOCT
32 MepeHe BMCMHE NOCMATPAHO 3a CBe JINHUje
n3Hocu 82,02+32,47 mm, HajHUXKa je 3@ AMHUjY
K12 (64,84+15,39 mm), a HajBuwwa 3a AUHU]Y
K37 (112,00£56,44 mm). NMpoceyHa BpeAHOCT 3a
MepeHe MpeYyHnKe NocMaTpaHO 3a CBe JINHUje
n3Hocu 2,38+0,71 mm, HajHUXKA je 3a NNHWjY
K11 (1,97+0,64 mm), a HajBuwa 3@ AMHKNjy K82
(2,78+0,71 mm).
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Tabena 1. Pe3yntaTi AeCKPUNTUBHE CTAaTUCTUKE U jeaHOdAKTOPUjanHe aHain3e BapmjaHce 3a MepeHe napa-
MeTpe jefHOroAULL HbUX CaAHMLA PAa3IMYUTUX IMHM]A NONYCPOAHMKA KUTHaKa

Nunnja Bpoj H 2021 (mm) D 2021 (mm)
nonycp. cagHuua X+ SD cv min-max X+ SD cv min-max
Ko4 50 74,52%23,31 31,28% 35-126 2,51+1,04 41,52% 0,91-7,84
K10 50 98,94+27,80 28,09% 47-180 2,37+0,50 21,09% 1,40-3,53
K11 50 67,90%£20,37 30,00% 32-145 1,97+0,64 32,72% 0,06-3,52
K12 50 64,84+15,39 23,73% 40-121 2,03+0,55 27,31% 1,12-3,84
K24 50 81,50+22,69 27,83% 40-135 2,58+0,57 22,25% 1,40-4,13
K37 50 112,00+56,44 50,39% 35-290 2,27+0,67 29,29% 1,16-4,23
K38 50 85,04+28,45 33,45% 35-170 2,38+0,60 25,30% 1,45-4,03
K56 50 67,12+18,10 26,97% 30-115 2,25+0,68 30,27% 0,20-4,41
K79 50 75,38%26,11 34,63% 40-200 2,62+0,61 23,31% 1,27-3,95
K82 50 92,88+32,80 35,32% 40-160 2,78+0,71 25,52% 1,14-4,37
13Bop MNapameTap KB(;Z:s:Ta Df f:a?:aiaa F-opHoc  P-BpegHocT
ANOVA  pi3mehy H 2021 106372 9 11819,1 13,8 0,0000
NVHWja
nonycp. D 2021 29,802 9 3,31132 7,3 0,0000

Tabena 2. Pe3yntaTu AeCKPUNTUBHE CTAaTUCTUKE U jeaHodaKTOpUjanHe aHaiM3e BapmjaHce 33 MepeHe napa-
MeTpe ABOTOAMLWHUX CAZHULA PAa3ANYUTUX IMHM]ja NONYCPOAHUKA KUTHAKa

NuHnja Bpoj H 2022 (mm) D 2022 (mm)
nonycp.  cagHuua X+ SD cv min-max X+ SD cv min-max
K04 46 194,78+93,57 48,04% 70-386 3,98+1,46 36,60% 1,46-8,00
K10 48 276,06+98,54 35,70%  100-485  3,90+1,03 26,43% 2,02-6,73
K11 44 221,34490,45 40,86% 80-445 4,05+0,89 21,99% 2,35-5,62
K12 45 173,87+70,07 40,30% 60-313 3,56+0,79 22,10% 2,25-6,55
K24 43 217,16+104,04 47,91% 52-485 4,35+1,10 25,37% 2,00-6,70
K37 43 237,51£115,64 48,69% 65-540 4,03%1,62 40,09%  1,24-11,08
K38 43 186,37+98,45 52,82% 61-500 3,89+1,59 40,93% 2,02-8,90
K56 41 195,39+101,57 51,98% 69-455 4,48%1,46 32,54% 2,02-8,32
K79 44 216,66+120,06 55,41% 75-610 4,52+1,36 30,15% 2,05-8,99
K82 46 156,91+62,76 39,99% 65-300 3,90+1,14 29,31% 1,24-6,26
MN3Bop Mapametap KB(a:ZI,':)\:Ta Df f;)a?;aiz F-opHoc  P-spegHoCT
ANOVA  pizmehy H 2022 481699 9 53522,1 5,72 0,0000
NNHWja
ey D 2022 35,2169 9 3,91299 2,43 0,0107
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PesynTtatn jegHodakTopmjanHe aHanuse Ba-
pujaHce (ANOVA) nsmehy pasnnumntux 1MHuja no-
NYCPOAHVMKA 33 MepeHe NapameTpe ABOrOAMULLHUX
cafHu1LA YKasyjy Aa cy pasnvKe CTaTUCTUYKM 3Ha-
YajHe (p < 0,05) (Tabena 2).

BapujabuaHoCT ABOTroAMWHUX CagHULa
je ykynHo repaHo Beha y ogHocy Ha jegHoro-
OMWbe caiHuLue U y nornesy Bapuparba BUCKMHA
Wy norneay Bapvparba npevyHuka. Jeoroguiirse
cafHuue cy, Takohe, BapujabunHuje y norne-
4y BUCKUHa (48,71%) Hero y nornegy npeyHuka
(31,72%). BpegHocTn namepeHe 3a BucuHe (H
2022) kpehy ce oa MUHUManHMx 52 mm (K24) o
610 mm (K79). BpegHoCT1 nsmepeHe 3a npeyHu-
ke (D 2022) kpehy ce og, muHUManHux 1,24 mm
(K37) po 11,08 mm (K37). MpoceyHa BpeAHOCT 3a
MepeHe BUCKMHe, MOCMAaTPaHo 3a CBe IMHUje, U3-
Hocu 207,90+101,27 mm, HajHUXKA je 3@ AUHUjY
K82 (156,91+62,76 mm), a HajBuLLa 3a IMHK]jy K10
(276,06+98,54 mm). MpoceyHa BpeAHOCT 3a Mepe-
He NpeyHuKe NoCcMaTpPaHo 3a CBe JIMHWUje U3HOCK
4,06+1,29 mm, HajHWUKa 3a IMHKjy K12 (3,56+0,79
mm), a HajBuwa 3a AnHKUjy K79 (4,52+1,36 mm)
(tabena 2).

PesynTtatn jegHodaKkTopujanHe aHanuse Ba-
pujaHce (ANOVA) nsmehy pasnnumntux vHuja no-
NYCPOAHUKa 3a AobujeHe napameTpe roguiirer
BUCWMHCKOT M AeB/bUHCKOT NpupacTa ABOroANLLHUX
cagHuULA yKasyjy Aa Cy pas/sinKe CTaTUCTUYKM 3Ha-
yajHe (p < 0,05) (tabena 3). MpwupacT, u aebwbuH-
CKM U BUCUHCKM, Cy AaneKo BapmnjabuaHuja ceojct-
Ba Y OHOCY Ha BUCMHE W MPEYHUKe HeBE3aHO 3a
roanHy mepetba. KoeduumjeHT BapmjabunHoctm
nocmaTpaHo 3a cBe AnHKuje nsHocu 73,28 % 3a Bu-
CMHCKM 04HOCHO 65,41 % 3a f,e6/bUHCKM roamLlbm
npupact. BpegHOCTM BUCUHCKOT roguLutser npupa-
cta (Ih) kpehy ce og muHUManHux 1 mm (K37) go
555 mm (K79). BpeaHocTn aeb/bMHCKOr rogmiutber
npupacra (Id) kpehy ce og MrMHUManHUx 0,01 mm
(K38) no 6,85 mm (K37).

MpoceyaH BUCMHCKM NPUPACT NOCMATPaHO 3a
cBe nHuje nsHocn 124,80+91,45 mm, HajHUXKe je
33 MHKjy K82 (63,89+53,85 mm), a HajsuLwe 3a
nvHunjy K10 (176,83+95,98 mm). MpoceyHa Bpea-
HOCT Aeb/bMHCKOr NpMpacTa NoCMaTpaHo 3a cee
NvHWje nsHocu 1,66+1,10 mm, HajHUKe 3a IMHU]Y
K82 (1,12+0,62 mm), a HajBuLle 33 AMHKNjy K56
(2,24+1,27 mm) (Tabena 3).

Tabena 3. Pe3yntaTu AeCKPUMNTUBHE CTAaTUCTUKE U jeaHOdAKTOpUjanHe aHanM3e BapmjaHce 38 MepeHe napa-
meTpe roguuwrser BucuHckor (1h) n aebmuHckor (Id) npupacTta cagHMua pasanyunTMX IMHWjA NONYCPOLHUKA

KUTHaKa
Nunuja Bpoj Ih (mm) Id (mm)
nonycp. cagHuua X +SD cv min-max X +£SD cv min-max
Ko4 46 118,91+84,66 71,19% 12-306 1,44+1,15 79,92% 0,02-3,69
K10 48 176,83+95,98 54,28% 10-395 1,51+0,94 62,51% 0,17-4,17
K11 44 153,07+92,64 60,52% 5-360 2,05+0,84 41,41% 0,05-4,68
K12 45 109,96+71,36 64,90% 10-263 1,54+0,74 47,62% 0,11-2,92
K24 43 138,09493,50 67,71% 9-360 1,80+0,98 54,72% 0,05-3,89
K37 43 117,74+79,38 67,42% 1-327 1,69+1,21 71,52% 0,08-6,85
K38 43 98,98+84,16 85,03% 10-380 1,45+1,46 100,34% 0,01-6,27
K56 41 128,29+94,75 73,85% 8-365 2,24%1,27 56,57% 0,05-5,07
K79 44 140,66+111,19  79,06% 15-555 1,88+1,10 58,32% 0,14-5,04
K82 46 63,89+53,85 84,29% 2-190 1,12+0,62 55,53% 0,03-2,32
MN3Bop Mapametap KB(a:;,A;:Ta Df Kcsae;";;z F-ogHoc  P-BpepgHocCT
ANOVA  pamehy Ih 397262 9 44140,3 5,79 0,0000
NNHWja
nonycp. Id 42,5829 9 4,73143 4,26 0,0000
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JopnaTHo TecTuparbe M3mehy naposa NuHMja
nosycpogHuKka ypaheHo je duweposum myntu-
navm Tectom (LSD) 3a cBe UcTparkMBaHe napame-
Tpe (Tabena 4), c 063Mpom Aa cy CBM MOKazaau
CTAaTUCTUYKM 3HAYajHe pasnivke usamehy mepeHux
CaZH1LA MHM]jA NoaycpogHuKa (Tabena 1-3).

MapoBW NAMHMja NONYCPOAHUKA 3a Koje je yT-
BpHEHO Aa He nocToje CTaTUCTUYKM 3HaYajHe pas-
JIVKe HU MO jefHOM of TeCTUpaHux obenexja cy
K24-K04 n K38-K04, pok ce nap K24-K38 pasnu-
Kyje camo y |h. HujeaaH nap nMHuMja ce He pasnu-
Kyje 3a cBe NoCMaTpaHe napameTpe CTaTUCTUYKK
3HayajHo, anu ce MnHMja K82 pasnukyje og NnHKUja
K11, K56 n K79 3a yeTupu og net nocmaTpaHux
napameTapa, Kao v nap AnHuja K10-K56.

OeHaporpam knactep aHanuse (rpadukoH 1),
ypaheH Ha OCHOBY CpeatbUX BPEAHOCTU UCTPAXKM-
BaHMX NapameTapa, yKasyje Ha nsagajakbe NnHNnja
K10, K82 n K37 Ha Behoj AncTaHLM y 04HOCY Ha Oc-
Tasie IMHUje Koje cy ce pacrnopeaune y Ase rpyne.
JepHy rpyny unHe nnnHunje K11, K24 n K79, pok apy-
ry K12, K38, K04 n K56. OBaKBo rpynucare MnMHuja
je y cknagy ca pesyntatuma LSD Tecta (Tabena 4).

JNnnnja K10 ce n3gBaja og, octannx nocebHo y
norneay MmepeHux BUCMHA U BUCUHCKOT NpupacTa,
Kao W NpoLeHTa NpexunB/baBakba ABOrOANLHMUX
cagHuua. JinHnja K82 ce 3HATHO pa3/sinKyje of
OCTannX NHWja y BeanKom 6pojy napameTapa u,
Takohe, ce oA/IMKyje BEOMa BUCOKMM NPOLEHTOM
npexuB/baBakba, 40K ce AMHKUja K37 usagaja og

Tabena 4. Peayntatu post-hoc LSD TecTa 3a UCTpayKMBaHe NapameTpe CagHuLa PasIMunTUX IMHK]ja NONYCPOA-

HUKa XpacTa KNUTHakKa

H D H D
Contrast  ,01 2021 2022 2022 M M

Contrast 20H21 ZODZl 20H22 2(;)22 h 1
K10-K11  * % *
K10-K12  * o *
K10-K24  * * *
K10-K37  * *
K10-K38  * * *
K10-K04  * * *
K10-K56  * £k ks
K10-K79  * £

K10 - K82 £k *

K11 - K12 * *
K11-K24  * *

K11-K37  * *

K11-K38  * * *
K11 - K04 * *
K11-K56 *

K11 - K79 *

K11-k82  * ok s
K12-K24  * ok x

K12-K37  * *

K12-K38  * *

K12 - K04 *

K12 - K56 * *
K12 - K79 £k

K12 - K82 * * *

K24 - K37 * *

K24 - K38 *

K24 - KO4

K24 - K56 * *

K24 - K79

K24 - K82 * * *
K37 - K38 * *

K37 - K04 * *

K37 - K56 * * *
K37 - K79 * *

K37 - K82 * * * * *
K38 - K04

K38 - K56 * * *
K38 - K79 * *

K38 - K82 *

K04 - K56 *
K04 - K79 * *
K04 - K82 * * *

K56 - K79 *

K56 - K82 * * * * *
K79 - K82 * * * * *

* 03HayaBa CTAaTUCTUYKM 3H3HajHe pasnunke.
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oCTanux, Npe cBera, y Norieay MepeHux BucuHa  BapujabunHoctu, a gpyra 15,60% (rpadpukoH 2).
jeaHOroAMWLMX U MPEYHUKA ABOroaMWbKX cag- Y norneay nopeherba pesyntata ¢ NpoCTOPHUM
Huua (tabena 4). pacnopeaom ctabana (KapTta 2) He MoxXe ce 3a-
AHanu3a rnaBHMX KomnoHeHTn (PCA) Takohe  K/byuMTU Aa NOCTOjU 3aKOHOMEPHOCT Y AUCTAHLM
notephyje pesyntate Knactep aHanmse u LSD  maTtepuHCKux ctabana Ha TepeHy 1 AobunjeHux pe-
TecTa. MpBa KoopauHaTa je objacHuna 84,33%  3ynTaTa 3a CagHWULE /IMHMja NMONYCPOAHMKA.

K11
K24
K79
K12
K38
K4

K56
K37
K82
K10

10+
20
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40
50

60 -

Distance

70
80 |
90 -

100

MpaduKoH 1. leHaporpam Knactep aHanuse ypaheH Ha OCHOBY CBUX UCTPAXKUBAHUX BPELHOCTM CafHULLA pas-
JIMYUTUX TMHK]A MONYCPOAHMKA XPAcTa KUTHAKa

T 1
150 200

PC2 (15,60%)

PC1 (84,33%)

padMKoH 2. AHaNM3a MaBHUX KOMNOHEHTU (PCA) ypaheHa Ha OCHOBY CBMX UCTPAXKMBAHUX BPELHOCTU CagHW-
La pasnnynUTUX IMHMja NONYCPOAHMKA XPacTa KUTHaKa
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MpexKus/baBarbe ABOroguLLHbBLUX CagHULA

YKYNHO NpexunB/baBarbe UCTPAXKMBAHUX Cag-
Huua n3Hocm 89%, makcumanHmx 96% je esmaeH-
TUpaHo Ko nnHuje K10, a MuHMmanHux 82% Kog,
nvHunje K56 (rpadmkoH 3). Ha ocHoBY NpuKasaHux
nofaTaka, MOXe ce KOHCTaToBaTK Aa Cy CBe Nu-
HWje NoNYCPOAHMKA XpacTa KUTHaKa MMane 3a40-
BO/baBajyh npoLeHaT npexuB/baBakba CafHULA
Ha NOCMaTpaHOM Yy30pKy. BUcok npoueHaT npe-
UB/baBakba, Mopes yTuuaja reHoTuna, pesyntaT
je n pefoBHOTr oapKaBakba TeCTa NOTOMCTBA.

Kaga cy y nutarby mopdonoLwKm napametpm
cagHuvUa KuThaKa, Popovic et al. (2019) cy me-
perbem BUCUHA M NPeYHMKa Y KOPEeHOBOM BpaTy
jeaHoOroAMWHUX CagHULA XPacTa KUTHaKa fo6u-
/Y BPeAHOCTU NPeYHMNKa Yy KOPEeHOBOM BpaTy caa-
HMUA Y pacnoHy oA 2,09 pgo 5,48 mm, AOK cy ce
Yy OBOM WCTPaxKunBakby Te BPeAHOCTU KpeTasne of,
0,20 mm pgo 7,84 mm. N3mepeHe BpeAHOCTUN BK-
CWHa caJHuLLa KpeTane Cy ce y pacnoHy of 6,5 Ao
24 cm (ogHOCHO, 04,65 mm ao 240 mm), ay oBoM
WCTParKMBakbY Cy Te BPeAHOCTU Bune y pacnoHy of,
30 mm (K56) go 290 mm (K37). Y okBupy nctpa-
¥uBakba Koje cy cnposenv Popovic et al. (2019),
cpenra BPeAHOCT NpeyvyHMKa jefHOroAuUL KX
cafHULA y KopeHOBOM BpaTy 6una je 3,52 mm,
a cpearba BPeAHOCT BUCMHA M3HOcuAa je 14,8
cm (148 mm), ook je Hajseha cpearba BpeaHoOCT
NnpeyYyHnKa y KOPEHOBOM BpaTy Y OBOM UCTPAXKU-
Bakby M3HOCKANA 2,78 mm, a Hajseha 3abenexe-
Ha cpeftba BPeAHOCT BUCMHE jeAHOroAmLWbnX

cagHunua 11,20 cm (112 mm). Mopdonowku na-
pameTpu cafHWUA XpacTa KUTHaKa aHaansunpa-
HU cy U y ucTparkmearwnma Krstic et al. (2018),
a/M HUCY YyNOpeavBKU Ca OBUM pesyiTaTuma, jep
Cy HbMXOBA UCTPAXKMBatba CNPOBeLEeHa Ha CafHU-
uama crapoctn 4, 5 n 8 roguHa. Govedar et al.
(2021) cy, Takohe, y CBOM UCTpaXkMBakby Mepuam
BUCMHE U NMPEYHUKE Y KOPEHOBOM BpaTy cagHuLa
XpacTa KWUTHaKa, a HUCY yropeamBu ca pesy-
TaTMMa OBOT UCTPAXKMBakba, jep Cy cagHuLe bune
3HaTHO CTapuje — OCMOroAuLLHE, Na Cy U pesynTa-
TV oyekmBaHo Behu y nopeherby ca pesyntatuma
NpPesCcTaB/beEHNM Y OBOM paay.

MocTojakse BUCOKOT HMBOA BapujabuaHOCTK
namehy nMHMja nonycpogHuKa notBpheHo je Ko
pasnnuMTUX BPCTa WymcKor apseha, Ha OCHOBY
UCTparkmMBara 6pojHux aytopa (Mataruga et
al., 2000; Knezevi¢, 2002; Knezevié, Sijaci¢-
Nikoli¢, 2005; Ocokolji¢, Anastasijevi¢,
2005; Ocokolji¢, 2007; Sijacié-Nikoli¢ et al.,
2008, 2014, 2017; Iveti¢ et al., 2015; Kerkez
Jankovi¢ etal., 2021, utn.). Devetakovic et al.
(2013) cy, Ha ocHOBY aHanM3e BapnjabunHocTu
nsmehy 14 nuHuja nonycpopHuka sesa (Ulmus
effusa Wild.), koHcTaTOBanKn 3Ha4YajaH HMBO Ba-
PYjabUNHOCTM, KOjU HUje 3aBUCMO Of, NPOCTOPHOT
pacrnopefa maTepuHcKux ctabana. Kerkez et al.
(2018) cy, Takohe, KOHCTaTOBa/IM BUCOK HMBO Ba-
pujabunHoctn nsamehy 20 AMHMja NONYCPOLHMUKA
nosbeKor jaceHa (Fraxinus angustifolia Vahl), Ha oc-
HOBY aHann3e MOPdOOLIKNX NapameTapa jeHo-
roaMWHMX CafHMLA Yy TECTY NOTOMCTBA. YHyTapno-

YKYNHO K10 K11

% NpexXnB/baBakba 4% 12%

% mopTanuTeTa
96%

11%

K38 K04

14% 8%
89%

86%

K12 K24 K37
10% 14% 14%
90% 86% 86%
K56 K79 K82
18% 12% 8%
92% 82% 88% 92%

MpaduKoH 3. MpexnB/baBatbe CagHULA PAa3IMUUTUX IMHUjA NONYCPOLHUKA XpacTa KUTHaKa Ha Kpajy Apyror

nepvoaa pacta
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nynaumnoHa BapujabunHocT upHor rpaba ytepheHa
je Ha ocHoBy aHaM3e MOPOOLLKMX KapaKTepuc-
TUKA ABOrOAMLLIHUX CaAHULA PAa3INYUTUX IMHWja
nonycpogHuka (lvetic et al., 2015). Mopep, yHy-
TapnonynaunoHe BapmjabuNHOCTU KOHCTaTOBaHe
n3menhy IMHKUja NONYCPOAHUKA, KOA, LYMCKUX Ap-
BEHaCcTUX BpCTa je yTBphHeHa yHyTaprnonynaumoHa
1 mehynonynaumoHa BapujabuaHocT Ha OCHOBY
Pa3ANUNTUX UcTpaxkmBarba (Sijaci¢-Nikolié et
al., 2007, 2012, 2013; lveti¢ et al., 2012; Noni¢
etal., 2014, 2015, 2019, 2021, 2021a; Jovanovié
et al., 2022, uta,.).

Ha ocHoBY npepacTaB/beHUX pesyntaTa OBOT
UCTPaKMBakba, MOXKe Ce KOHCTaToBaTV Aa NocToju
BMCOK cTeneH BapujabunHoctm nsmehy nMHuja no-
NYCPOAHMKA XpacTa KUTHAKa, Kako y norneay Bu-
CWHa, TaKo U Y Nornesy MepeHux NpeYyHuKa, anu u
y CaMoM 0AroBOpY cagHUua Ha dakTope cpeanHe
y TEeCTy NOTOMCTBaA (y norneay roguiirser npupa-
CTa U Npexuns/baBakba cagHMLa). Takohe, moxe
ce KOHCTaToBaTU Aa ce, y Npeum dpaszama pa3soja,
cagHuue ogpeheHux nMHKuja nonycpoaHuka (K10,
K82 1 K37), npema aHann3npaHnUmM napameTpuma,
n34Bajajy og, 0CTanux, Tako ga 61 HUXOB PasBoj
Tpebaso NpaTUTN U y HapeaHUM roguHuma, 36or
HaMeHCKe nNpousBoate cagHor matepujana. Ca
acnekTa KOH3epBaLuje LWYMCKUX FreHeTUYKUX pe-
cypca, U MaTepuHcKa cTabna uumje cy cagHuue nu-
HWja NONYCPOAHMKA MMane Marbe BPeAHOCTU U3-
MepeHMX BUCMHA M MPEYHNKA Y KOPEHOBOM BPaTYy,
He 6y Tpebano 3aHemapuTH.

3AKMAYYIAK

YT1BphMBatbe yHyTapnonynaloHe Bapujabun-
HOCTM XpacTa KuUTHaKa Ha nogpyuyjy CIl , Lyma
KowyTHak 3anoyeTo je ucTpa)kmBartbuma Ha
HMBOY /IMHWjA NONYCPOAHMKA KOje penpeseHTyjy
reHopoHA, ogabpaHNUX MAaTePUHCKUX cTabana, y
OKBMPY MNoJsiasHe nonynauuje. lobujeHn pesynta-
TM aHanm3e MopPoNOoLIKMX NapameTapa jegHo- 1
ABOroAMLIFbUX CafHWLA YKa3yjy Ha 3a40BOJba-
Bajyhn HMBO reHeTUYKe BapujabunHOCTU, Koju
npeactas/ba A06py NonasHy OCHOBY 33 peanu-
3aumjy ex situ KoHsepBauumje gena reHodpoHAa,
OCHMBaeM NOJbCKOT ornesa of, Npou3BeseHmx
cagHuUa pasaMYnTUX NIMHWjA NONYCPOAHMKA, Ha

noapyuyjy KowyTraka U/mMam yHollerem cagHmua
Y MakbUM unm Behum rpynama Ha oBo nogpydje. Ha
0Baj HauYMH, Aeo reHodoHAa NosasHe nonynaumje,
penpeseHToBaH KPo3 caaHuLE PasANYUTUX IMHKjA
NnoslyCPOAHMKa, TPajHO ce YyBa, nosehasa ce 6poj-
HOCT 6W/baKa y Nonynaumju u cTBapajy ce ycioBu
33 KOHTMHYMPaH HAYYHO-UCTPAKMBAYKM Pas.

HanomeHa: UcTtpaxusara cy GUHAHCHKjCKM
nofpxaHa cpeacrsnuma CekpeTapmjaTta 3a 3alwTu-
Ty MBOTHe cpeauHe - [pag Beorpaa, y oksu-
py npojekTa UgeHwiuguKkayuja u MoOHUWOPUHT
TeHoghoHga pelwiKux, parUBUX U YIPOXEHUX 8pCLlUd
busvaka CI,,LLyma Kowywibak“ v MUHUCTapCTBa
npoceeTe, HayKe M TEXHONOLLKOr pa3Boja Peny-
6nunKke Cpbuje, Ha ocHoBy yrosopa 6poj 451-03-
9/2022-14/200169.

129



Marina Noni¢, MSc Filip Maksimovi¢, Ilvona Kerkez Jankovi¢, Jovana Devetakovi¢, Mirjana Sijaci¢-Nikoli¢

VARIABILITY OF MORPHOLOGICAL PARAMETERS OF ONE- AND TWO-
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Abstract: This research aimed to determine the variability of the part of the sessile oak gene
pool from the area of the Natural Monument “Kosutnjak Forest” at the level of one- and two-
year-old seedlings, in the progeny test established in the nursery of the Faculty of Forestry. The
research was conducted with one-year-old and two-year-old seedlings of 10 half-sib lines of
thesessile oak. The heights and root collar diameters were measured, and the survival of the
seedlings at the end of the second growth period, as well as the annual height and diameter
growth, were determined. The results of descriptive statistics, one-way analysis of variance and
Fisher’s least significant differences test, as well as multivariate analyzes - cluster and analysis
of the main components were also presented in the research. The obtained results indicate a
satisfactory level of genetic variability, which represents a good starting point for the realization
of ex situ conservation of part of the gene pool, by establishing a field trial in the area of Kosut-
njak and/or by introducing seedlings in smaller or larger groups to this area. In this way, part of
the gene pool of the starting population, represented by seedlings of different half-sib lines, is
permanently preserved, the number of the starting population increases, and conditions are
created for continuous scientific and research work.

Keywords: Quercus petraea (Matt.) Liebl, generative progeny test, variability, half-sib lines,

morphological parameters of seedlings

INTRODUCTION

Oaks (Quercus sp.) represent one of the main
components of temperate forest ecosystems in the
northern hemisphere (Eusemann, Liesebach,
2021), which have great ecological and economic
value. In the territory of Serbia, oak trees are, for
the most part, edificators of the forest communi-
ties. In natural habitats, the generative renewal
of oak trees is increasingly less common, and the
gene pool of these species is often represented by
the presence of older trees, with weakened vital-
ity, resulting in a need for the conservation of oak
forests and dedicated production of reproductive
material.

In the area of the Natural Monument (NM)
“Kosutnjak Forest” six oak species have been re-
corded, of which five are autochthonous: Turkey
oak, sessile oak, English oak, Hungarian oak, pu-
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bescent oak and one allochthonous - northern
red oak. The autochthonous oaks in this area
represent the remains of former primary com-
munities whose succession is ongoing. Due to the
presence of a large number of older coppice-orig-
inated trees of reduced vitality, very weak natural
regeneration (regeneration was recorded in the
low-growth layer, but not in the shrub layer, which
means that the transition from the low-growth
layer to the shrub layer is lost) and anthropogenic
pressure, autochthonous oaks in this area can be
considered vulnerable species (Sijac¢i¢-Nikoli¢
etal., 2021, 2021a).

The vitality and survival of natural populations
of forest woody species in changed environmental
conditions depend on the degree of their genetic
variability, as a basis for adaptation and unhin-
dered evolution (Sijac¢i¢-Nikoli¢, Milovano-
vié, 2012). A high level of genetic variability is
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necessary for the long-term survival of forests,
providing the basis for future adaptation and re-
sistance of forest trees to stress and changes in
environmental conditions (Ivetié¢ et al., 2016).
The genetic variability of mature population is
significantly reduced compared to the initial var-
iability at the level of seedlings, one-year or two-
year-old plants, considering that selection is the
most intense in the early stages of life and contin-
uously decreases with the aging of the population
(Noni¢, Sijac¢i¢-Nikolié¢, 2021).

Sessile oak (Quercus petraea (Matt.) Liebl.) is
one of the oak species characterized by great in-
dividual and group variability. Isajev et al. (2005,
2007) state that provenance trials and progeny
tests confirmed that sessile oak is an extremely
variable species, where, in addition to differences
between provenances, differences within sessile
oak provenances were also determined, in terms
of the height of trees, the time of occurrence of
certain phenophases, the shape of the crown,
types of branching, trunk characteristics, morpho-
metric properties of acorns, etc. Sijaci¢-Nikoli¢
et al. (2009), Milovanovic¢ (2010), Popovic et
al. (2020), etc., used molecular markers to de-
termine the degree of variability of sessile oak in
Serbia, whose results can be used to recommend
measures to preserve the gene pool of this species
using different conservation methods.

Sessile oak was the subject of research con-
ducted by various authors in Serbia, including
Isajev et al. (2005; 2007), Stojanovi¢ (2007),
Sijaci¢-Nikoli¢ et al. (2009, 2021, 2021a), Mi-
lovanovi¢ (2010), Cvjeticanin et al. (2013),
Krsti¢ et al. (2018), Popovi¢ et al. (2019, 2020),
Kanjevac et al. (2021), etc., as well as research
studies by foreign authors conducted in the last
decade (Ballian, 2016; Gulyas etal., 2019; lon-
ita et al., 2021; Eusemann, Liesebach, 2021;
Staszel etal., 2022; Gafenco etal., 2022, etc.),
which indicates the importance of getting new
knowledge about this species from different as-
pects and the need for its conservation.

In the last few decades, stands, groups and
individual sessile oak trees, almost in the entire
area, are drying up due to, until now, insufficiently
studied causes - most likely due to the influence
of a complex of factors whose effect is cumula-
tive (Popovic et al., 2020). It can be considered

that the occurrence of sessile oak drying is a con-
sequence of global climate changes, changes in
the population structure in sessile oak forests, air
pollution, plant diseases, insect gradations, etc.
(Isajev et al., 2005). Research related to the ap-
pearance of the oak lace bug (Corythucha arcuata
Say), conducted by Loli¢ et al. (2020) on sessile
oak in the forest area of Bosnia and Herzegovina,
indicates that this species, due to increasingly fre-
qguent climate changes and the damage it causes,
will further threaten the health of oaks in that
area. The results of the spring and summer phe-
nology of sessile oak in Romania showed that ses-
sile oak could be affected by late spring frost in the
future and that the establishment of strategies for
the use and conservation of genetic resources of
this species and the prediction of future phenolog-
ical changes under the threat of climate and envi-
ronmental changes are very important (Gafenco
et al., 2022). The protection and targeted use of
genetic resources of sessile oak can be realized
“through the selection of the best natural popula-
tions of sessile oak, as well as the revision of exist-
ing and selection of new seed objects, groups and
individual trees” (in situ) and “establishing prove-
nance tests, living archives, clonal and generative
seed plantations” (ex situ) (Isajev et al., 2007). It
is recommended to preserve the genetic resources
of sessile oak through in vitro culture as a “modern
alternative for the restoration and preservation of
biodiversity in relation to the problem of seed pro-
duction and the phenomenon of oak mortality”
(lonita et al., 2021). Therefore, special attention
should be paid to the conservation of the cetacean
gene pool, which implies the application of appro-
priate methods for the preservation of intraspecif-
ic variability in the natural habitat of the species or
outside it, taking into account entire populations
and individuals or their parts, dynamically or stat-
ically. The ultimate goal of conservation is to pre-
serve the highest possible degree of genetic varia-
bility within a species in a certain area, so that its
adaptability is preserved and so that the species
readily responds to changes in environmental con-
ditions (Noni¢, Sijaci¢-Nikoli¢, 2021; Milova-
novic, etal., 2021).

This research aimed to determine the variability
of a part of the sessile oak gene pool from the area
of the Natural Monument “Kosutnjak Forest” at the
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level of one- and two-year-old seedlings, in a prog-
eny test established in the nursery of the Faculty
of Forestry. The determined variability can be the
starting point for the processes of targeted produc-
tion of planting material with the aim of conserva-
tion and sustainable use of the available gene pool.

MATERIAL AND METHODS

Selection of mother trees and
establishment of a generative progeny test

The sessile oak population in the area of Kosut-
njak is found within communities of sessile oak
with manna ash (Fraxino orni-Quercetum petrae-
ae (Borisavljevi¢ 1955) Misi¢ 1978), sessile oak
and Turkey oak (Quercetum petraeae-cerridis Jov.
1979) and sessile oak, Turkey oak and hornbeam
(Carpino betuli -Quercetum petraeae var. geograf.
Quercus cerris Jov. & Tomi¢ (80) 1997).

Atotal of 81 sessile oak trees were selected and
spatially distributed, as representatives of the pop-
ulation (figure 1, figure 2) in the area of NM “Kosut-  Figure 1. Selected sessile oak tree in the area of NM
njak Forest” (Sijaci¢-Nikoli¢ et al., 2021a). “Kosutnjak Forest” (Source: Sijaci¢-Nikoli¢ et al., 2021)
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Flgure 2. Spatial distribution of selected sessile oak mother trees in the initial population in the area of NM
“KoSutnjak Forest”
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The generative sessile oak progeny test (figure
3) was established in the nursery of the Faculty of
Forestry, University of Belgrade, in the autumn of
2020 from seeds collected from 21 mother trees
from the area of NM “Kosutnjak Forest”, in which a
satisfactory yield was recorded. The seeds (acorns)
were sown in a modified Dunemann bed the day
after collection, with a 1.2 x 1 m sowing field be-
ing formed for each half-sib line. Sowing was done
directly in the ground in furrows up to 2 cm deep,
about 30 cm apart, while the distance between
the acorns in the row was about 20 cm.

In the second half of April 2021, the first seed-
lings began to appear, the number of which per
half-sib line ranged from 2 (K23) to 222 (K10).
For this research, 10 half-sib lines were selected,
which showed the best germination, and in which
more than 50 seedlings per line were recorded,
to make the sample uniform. The spatial distribu-
tion of the sessile oak mother trees whose half-sib
lines were selected for this research is shown in
figure 4.

ery of the Faculty of Forestry
(April 2022)

morphological parameters of half-sib line seedlings
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Measurement of the morphological
parameters of sessile oak seedlings

The measurement of height and root collar di-
ameter of the sessile oak seedlings was done at
the end of the first (autumn of 2021) and second
(autumn of 2022) growth periods.

The height of seedlings (H) aged 1+0 and 2+0
was measured from the root collar to the termi-
nal bud, using a ruler with an accuracy of 1 mm.
The root collar diameter (D) of seedlings aged 1+0
and 2+0 was measured using a digital caliper with
an accuracy of 0.01 mm. In addition to measuring
morphological parameters, the survival of seed-
lings at the end of the second growth period, in
2022, was also recorded.

Statistical data processing

To determine the morphological variability of
140 and 2+0 sessile oak seedlings, descriptive sta-
tistics parameters were analyzed for the features
of observation: X - mean value, SD - standard
deviation, CV (%) - coefficient of variation, min-

max - minimum and maximum value. A one-way
analysis of variance (ANOVA) was conducted be-
tween different half-sib lines, whereby additional
testing between pairs of half-sib lines was done by
Fisher’s multiple test (LSD) for all investigated pa-
rameters. Multivariate analyses, cluster and prin-
cipal components analysis were used to determine
whether there is regularity in the grouping of the
researched half-sib lines.

RESULTS WITH DISCUSSION

Variability of morphological parameters
of one- and two-year-old seedlings

The results of a one-way analysis of variance
(ANOVA) between different half-sib lines for the
measured parameters of one-year-old seedlings
indicate statistically significant differences (r <
0.05) (table 1).

The variability of one-year-old seedlings
is, overall, higher in terms of height variation
(39.59%) than in diameter variation (29.91%). Val-
ues measured for heights (H 2021) range from a

Table 1. Results of descriptive statistics and one-way analysis of variance of the measured parameters of one-

year-old seedlings of different sessile oak half-sib lines

D 2021 (mm)

min-max X +SD cv min-max

35-126  2,51#1,04  41,52%  0,91-7,84
47-180  2,37+0,50  21,09%  1,40-3,53
32-145  1,9740,64  32,72%  0,06-3,52
40-121  2,03+0,55  27,31%  1,12-3,84
40-135  2,58+0,57  22,25%  1,40-4,13
35-290  2,27+0,67  29,29%  1,16-4,23
35-170  2,3840,60  25,30%  1,45-4,03
30-115  2,25#0,68  30,27%  0,20-4,41
40-200  2,62+0,61  23,31%  1,27-3,95
40-160  2,78+0,71  2552%  1,14-4,37

Half-sib  Number of H 2021 (mm)
line seedlings X +SD cv
K04 50 74,52+23,31 31,28%
K10 50 98,94+27,80 28,09%
K11 50 67,90+20,37 30,00%
K12 50 64,84+15,39 23,73%
K24 50 81,50+22,69 27,83%
K37 50 112,00£56,44 50,39%
K38 50 85,04+28,45 33,45%
K56 50 67,12+18,10 26,97%
K79 50 75,38+26,11 34,63%
K82 50 92,88+32,80 35,32%

Source Parameter SSC?L:Z::S

ANOVA Between H 2021 106372

half-sib lines D 2021 29,802

Mean

Df F-Ratio P-Value
Square

9 11819,1 13,8 0,0000

9 3,31132 7,3 0,0000
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minimum of 30 mm (K56) to 290 mm (K37). Val-
ues measured for diameters (D 2021) range from
a minimum of 0.06mm (K11) to 7.84mm (K04).
The average value for the measured heights ob-
served for all lines is 82.02+32.47 mm, the lowest
is for line K12 (64.84+15.39 mm), and the high-
est for line K37 (112.00+56.44 mm). The average
value for measured diameters observed for all
lines is 2.38+0.71 mm, the lowest is for line K11
(1.97+£0.64 mm), and the highest for line K82
(2.78+0.71 mm).

The results of the one-way analysis of variance
(ANOVA) between different half-sib lines for the
measured parameters of two-year-old seedlings
indicate statistically significant differences (p <
0.05) (table 2).

Overall, the variability of two-year-old seed-
lings is higher compared to one-year-old seedlings,
both in terms of height variation and diameter var-
iation. Two-year-old seedlings are also more varia-
ble in height (48.71%) than in diameter (31.72%).
Values measured for heights (H 2022) range from
a minimum of 52 mm (K24) to 610 mm (K79). Val-
ues measured for diameters (D 2022) range from

a minimum of 1.24 mm (K37) to 11.08 mm (K37).
The average value for the measured heights, ob-
served for all lines, is 207.90+101.27 mm, the
lowest is for the K82 line (156.914+62.76 mm), and
the highest for the K10 line (276.06198.54 mm).
The average value for the measured diameters ob-
served for all lines is 4.06+£1.29 mm, the lowest for
line K12 (3.56+0.79 mm), and the highest for line
K79 (4.52+1.36 mm) (table 2).

The results of a one-way analysis of variance
(ANOVA) between different half-sib lines for the
obtained parameters of annual height and diam-
eter increment of two-year-old seedlings indicate
statistically significant differences (p < 0.05) (table
3). The increment, both in diameter and height,
are far more variable charactersitics compared to
heights and diameters regardless of the year of
measurement. The coefficient of variability ob-
served for all lines is 73.28% for height and 65.41%
for diameter annual increase. The values of the an-
nual height increment (Ih) range from a minimum
of 1 mm (K37) to 555 mm (K79). The values of the
annual diameter increment (Id) range from a min-
imum of 0.01 mm (K38) to 6.85 mm (K37).

Table 2. Results of descriptive statistics and one-way analysis of variance of the measured parameters of two-

year-old seedlings of different sessile oak half-sib lines

D 2022 (mm)

min-max X +SD cv min-max

70-386 3,98+1,46 36,60% 1,46-8,00
100-485  3,90+1,03 26,43% 2,02-6,73
80-445 4,05+0,89 21,99% 2,35-5,62
60-313 3,56+0,79 22,10% 2,25-6,55
52-485 4,35+1,10 25,37% 2,00-6,70
65-540 4,03+1,62 40,09%  1,24-11,08
61-500 3,89+1,59 40,93% 2,02-8,90
69-455 4,48+1,46 32,54% 2,02-8,32
75-610 4,52+1,36 30,15% 2,05-8,99
65-300 3,90+1,14 29,31% 1,24-6,26

Half-sib  Number of H 2022 (mm)
line seedlings X +SD cv
Ko4 46 194,78+93,57 48,04%
K10 48 276,06+98,54 35,70%
K11 44 221,34+90,45 40,86%
K12 45 173,87+70,07 40,30%
K24 43 217,16+104,04  47,91%
K37 43 237,51+115,64  48,69%
K38 43 186,37+98,45 52,82%
K56 41 195,39+101,57  51,98%
K79 44 216,66+120,06  55,41%
K82 46 156,91+62,76 39,99%

Source Parameter SS:L:Y;ers

ANOVA Between H 2022 481699

half-sib lines D 2022 35,2169

Df Mean F-Ratio  P-Value
Square

9 53522,1 5,72 0,0000

9 3,91299 2,43 0,0107
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Table 3. Results of descriptive statistics and one-way analysis of variance of the measured parameters of the
annual height (lh) and diameter (Id) increment of seedlings of different sessile oak half-sib lines

Half-sib  Number of Ih (mm) Id (mm)

line seedlings X +5D cv min-max X % SD cv min-max
K04 46 118,91+84,66  71,19%  12-306  1,44+1,15  79,92%  0,02-3,69
K10 48 176,83+95,98  54,28%  10-395  1,51#0,94  62,51%  0,17-4,17
K11 44 153,074¢92,64  60,52% 5-360  2,05+0,84  41,41%  0,05-4,68
K12 45 109,96+71,36  64,90%  10-263  1,54+0,74  47,62%  0,11-2,92
K24 43 138,09+93,50  67,71% 9-360  1,80+0,98  54,72%  0,05-3,89
K37 43 117,74+¢79,38  67,42% 1-327  1,69+#1,21  71,52%  0,08-6,85
K38 43 98,98+84,16 85,03%  10-380  1,45+1,46  100,34%  0,01-6,27
K56 41 128,29+94,75 73,85% 8365  2,24+1,27  56,57%  0,05-5,07
K79 44 140,66+111,19  79,06%  15-555  1,88+1,10  58,32%  0,14-5,04
K82 46 63,89+53,85 84,29% 2-190  1,124#0,62  55,53%  0,03-2,32

Source Parameter Ss:l:z\rc;fs Df Sl\(;ljzrne F-Ratio P-Value

N . Ih 397262 9 44140,3 5,79 0,0000

half-sib lines Id 42,5829 9 4,73143 4,26 0,0000

The average height increment observed for all
half-sib lines is 124.80+91.45 mm, the lowest one was
found for line K82 (63.89453.85 mm), and the high-
est one for line K10 (176.831£95.98 mm). The average
value of diameter increment for all lines is 1.66+1.10

mm, the lowest for line K82 (1.12+0.62 mm), and the
highest for line K56 (2.24+1.27 mm) (table 3).
Additional testing between pairs of half-sib
lines was done by Fisher’s least significant dif-
ference test (LSD) for all investigated parameters
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K79
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K37
K82
K10
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Graph 1. Dendrogram of cluster analysis made based on all investigated values of seedlings of different sessile

oak half-sib lines
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Table 4. Results of the post-hoc LSD test for the investigated parameters of seedlings of different sessile oak

half-sib lines

H D H D
Contrast )1 2021 2022 2022 M M

H D H D
Contrast  ,01 2021 2022 2022 M M

K10 - K11 * * * *
K10 - K12 * * * *

K10 - K24 * * *

K10 - K37 * *

K10 - K38 * * *

K10 - K04 * * *

K10 - K56 * * * * *
K10 - K79 * * * *

K10 - K82 * * *

K11 - K12 * * *
K11 - K24 * *

K11 - K37 * *

K11 - K38 * * * *
K11 - KO4 * *
K11 - K56 *

K11 - K79 *

K11 - K82 * * * * *
K12 - K24 * * * *

K12 - K37 * *

K12 - K38 * *

K12 - KO4 *

K12 - K56 * *
K12 - K79 * * *

K12 - K82 * * *

K24 - K37 * *

K24 - K38 *

K24 - KO4

K24 - K56 * *

K24 - K79

K24 - K82 * * *
K37 - K38 * *

K37 - K04 * *

K37 - K56 * * *
K37 - K79 * *

K37 - K82 * * * * *
K38 - K04

K38 - K56 * * *
K38 - K79 * *

K38 - K82 *

K04 - K56 *
K04 - K79 * *
K04 - K82 * * *

K56 - K79 *

K56 - K82 * * * * *
K79 - K82 * * * * *

* indicates statistically significant differences

(table 4), considering that they all showed statisti-
cally significant differences between the measured
seedlings of half-sib lines (tables 1-3).

Pairs of half-sib lines for which no statistically
significant differences were found are K24-K04 and
K38-K04, while the pair K24-K38 differs only in one
characteristic - Ih. No pair of lines differ statistically
significantly for all observed parameters, but line
K82 differs from lines K11, K56 and K79 for four
out of five observed parameters, as well as line
pair K10-K56.

The cluster analysis dendrogram (graph 1)
based on the mean values of the investigated
parameters, indicates the separation of lines K10,
K82, and K37 at a greater distance compared

to the other lines that were distributed in two
groups. One group consists of lines K11, K24 and
K79, while the other one consists of K12, K38, K04
and K56. This grouping of lines is consistent with
the results of the LSD test (Table 4).

The half-sib line K10 differs from the others,
especially in terms of measured heights and height
increment, as well as the survival percentage of
two-year-old seedlings. The line K82 is significantly
different from other lines in a large number of
parameters, and it is also characterized by a very
high survival percentage, while the line K37 stands
out from the others in terms of the measured
heights of one-year-old seedlings and the diameter
of two-year-old seedlings (table 4).
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Graph 2. Principal component analysis (PCA) performed based on all the investigated values of seedlings of

different sessile oak half-sib lines

Principal component analysis (PCA) also
confirms the results of cluster analysis and LSD
test. The first coordinate explained 84.33% of the
variability, and the second one 15.60% (graph
2). Regarding the comparison of the results with
the spatial arrangement of the trees (figure 4), it
cannot be concluded that there is a regularity in
the distance of the mother trees in the field and
the results obtained for the seedlings of half-sib
lines.

Survival of two-year-old seedlings

The total survival of the investigated seedlings
is 89%, from a maximum of 96%, in case of line
K10, to a minimum of 82%, in case of line K56
(graph 3). Based on the presented data, it can be
concluded that all the half-sib lines of sessile oak
had a satisfactory percentage of seedling survival
in the observed sample. The high percentage
of survival, in addition to the influence of the
genotype, is also the result of regular maintenance
of the progeny test.

- O
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Graph 3. Survival of seedlings of different sessile oak half-sib lines at the end of the second growth period
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Regarding the morphological parameters of
sessile oak seedlings, by measuring the height and
root collar diameter of one-year-old sessile oak
seedlings, Popovic¢ et al. (2019) obtained the val-
ues of root collar diameter of the seedlings rang-
ing from 2.09 to 5.48 mm, while in this research
those values ranged from 0.20 mm to 7.84 mm.
The measured values of seedling heights ranged
from 6.5 to 24 cm (that is, from 65 mm to 240
mm), and in this research, those values ranged
from 30 mm (K56) to 290 mm (K37). As part of the
research conducted by Popovi¢ et al. (2019), the
mean root collar diameter of one-year-old seed-
lings was 3.52 mm, and the mean value of height
was 14.8 cm (148 mm), while the highest mean
value of root collar diameter in this study was 2.78
mm, and the highest recorded mean value of the
height of one-year-old seedlings is 11.20 cm (112
mm). The morphological parameters of the sessile
oak seedlings were also analyzed in the research
of Krsti¢ et al. (2018), but they are not compa-
rable with these results, because their research
was conducted on seedlings aged 4, 5 and 8 years.
Govedar et al. (2021) also, in their research,
measured the heights and root collar diameters of
sessile oak seedlings, but they are not comparable
with the results of this study, because the seed-
lings were significantly older - eight years old, so
the results are expectedly higher compared to the
results presented in this paper.

The existence of a high level of variability
between half-sib lines has been confirmed in
different forest tree species, based on research
by numerous authors (Mataruga et al., 2000;
Knezevié¢, 2002; Knezevié, Sijaci¢-Niko-
li¢, 2005; Ocokolji¢, Anastasijevi¢, 2005;
Ocokolji¢, 2007; Sijaci¢-Nikoli¢ et al., 2008,
2014, 2017; Ivetic¢ etal., 2015; Kerkez Jankovi¢
et al., 2021, etc.). Devetakovic¢ et al. (2013),
based on the analysis of variability between 14
half-sib lines of European white elm (Ulmus effusa
Wild.), recorded a significant level of variability,
which did not depend on the spatial distribution
of mother trees. Kerkez et al. (2018) also found
a high level of variability between 20 half-sib lines
of narrow-leaved ash (Fraxinus angustifolia Vahl),
based on the analysis of morphological parameters
of one-year-old seedlings in the progeny test. The
intra-population variability of European hop-horn-

beam was determined based on the analysis of
the morphological characteristics of two-year-old
seedlings of different half-sib lines (Iveti¢ et al.,
2015). In addition to intra-population variability
found between half-sib lines, in forest woody spe-
cies intra-population and inter-population varia-
bility were determined based on various studies
(Sijaci¢-Nikoli¢ et al., 2007, 2012, 2013; Iveti¢
etal.,,2012; Noni¢ et al., 2014, 2015, 2019, 2021,
2021a;Jovanovicé etal., 2022, etc.).

Based on the presented results of this research,
it can be stated that there is a high degree of vari-
ability between the sessile oak half-sib lines, both
in terms of heights and measured diameters, but
also in the response of seedlings to environmental
factors in the progeny test (in terms of annual in-
crement and seedling survival). In addition, it can
be stated that in the first stages of development,
the seedlings of certain half-sib lines (K10, K82
and K37), according to the analyzed parameters,
stand out from the others, so their development
should be monitored in the following years, due
to the dedicated production of planting material.
From the aspect of conservation of forest genetic
resources, mother trees whose seedlings of half-
sib lines had lower values of measured heights and
root collar diameters should not be neglected.

CONCLUSION

Determining the intra-population variability of
sessile oak in the area of NM “Kosutnjak Forest”
was started with research at the level of half-sib
lines that represent the gene pool of selected
mother trees, within the starting population. The
obtained results of the analysis of the morpholog-
ical parameters of one- and two-year-old seedlings
indicate a satisfactory level of genetic variability,
which represents a good starting point for the
realization of ex situ conservation of part of the
gene pool, by establishing a field trial with pro-
duced seedlings of different half-sib lines, in the
area of KoSutnjak and/or by introducing seedlings
in smaller or larger groups to this area. In this way,
part of the gene pool of the starting population,
represented by seedlings of different half-sib lines,
is permanently preserved, the number of plantsin
the population increases, and conditions are cre-
ated for continuous scientific research.
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