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U3Boa: Y paay cy npukasaHu pe3yntati UCTParkMBakba CNpoBeaeHUX Y OKBUPY eBPOMCKOT Npo-
BeHujeHnYHor Tecta dykse, y HactaBHoj 6a3u LLlymapckor dakynteta y Jedenom Jlyry. Y unmwy
yTBphuBatba mehynpoBeHNjeHNYHe reHeTUYKe BapmjaduaHocTu dykee, npumeHom mopdono-
LKMX MapKepa, 1 ynopeaHe aHanuse godujeHnx pesyntarta y ABe CYKLECMBHe roguHe, y3op-
KoBaHoO je no 10 ctadana 13 cBaKe ogadpaHe NpPoBEHMjeHUUje, ca Kojux je cakyrnsbeHo no 30
nuctosa (ykynHo 300 McToBa No NPOBeHUjeHUMju roavwbe). MehynpoBeHujeHnYHe pasaunke
3a cBe MOPPO/IOLLIKE KapaKTepUCTUKE IUCTA BUAe Cy CTaTUCTUYKM 3HAYajHE U MOMKe ce NpeTno-
CTaBUTK Aa Cy pe3ynTaT reHeTUYKe KOHCTUTYLMje camux NpoBeHnjeHuuja. Ha ocHoBy ynopegHe
aHanm3e MopdONOLWKNX KapaKTePUCTUKA NUCTOBA dyKBe U3 13 pasnnunTux npoBeHujeHumja y
[ABE UCTPaXKMBaYyKe rogmHe, KOHCTAaTOBAHO je Aa Cy cpeatbe BpeAHOCTM BehuHe aHanusnpa-
HUX MOpPdONOLLIKMX KapakTepucTuka dune sehe 2017. roanHe, y nopehery ca pesyatatuma us
2016. roanHe. OBaKBM pe3yaTaTv 1 ce MOrY 00jacHUTU Pa3ANYUTUM KAMMATCKUM YCI0BUMA,
KOjW Cy BNaZanu Ha Noapyyjy NPpOBEHMjEHUYHOT TecTa Y UCTPaXKMBAHUM rognHama.

K/byuHe peuun: mehynpoBeHnjeHMYHa BapmjaduaHOCT; NPOBEHNjeHUYHN TecT SyKBe; /IUCT;

Fagus sylvatica L.

YBOA

MpoBeHWjEHNYHM TECTOBM NPeACTaB/bajy BUA,
ex situ KoH3epBaLuje reHpoHaa oapeheHe BpcTe
M MOTY CNY}KUTK 3a yTBpHUBatbe cTeneHa Bapuja-
SUNHOCTM M afanTUBHOT NOTEHLMjaNa Pasnnym-
TUX APBEHACTMX BPCTA, KAa0 M CTENEHA ANBEPTEHT-
HOCTW M30/10BaHUX nonynaunja u ogpehuarbe
pa3NMKa y TeHETUYKO] BapnjadmaHoOCTU yHyTap u
nsmehy nposenunjeHumja (Sijacié-Nikoli¢, Mi-
lovanovi¢, 2010).

Mpema G6mMOory (2010), rnaBHKU LU/b UCTPa-
’KMBakba Yy MPOBEHNjEHUYHUM TECTOBMMA je UAEH-

TUdUKaLMja NPOBEHUjEHLM]a KOje Ce KapaKTepu-
Wwy godpum npupactom n agantadbunHowhy, Kako
Ou ce nckopucTmne Kao M3BOp cemeHa 3a dyayha
nowymsbasarba. Eriksson n Ekberg (2001) Ha-
BOAE ABA LM/ba Y UCTPaXKMBatbMMa Be3aHUM 33
nposeHujeHnYHe Tectose: (1) dpumapHu, 4Ynja je
rNaBHa CBpPXa NPMMEH/BUBOCT Y MPaKCK, U cacToju
ce y naeHTMdMKoBaky NpPoBEHMjeHMja Koje aajy
Hajdosbe NponsBoaHe pesynTaTe Ha JATOM CTaHU-
WTY U (2) HayyHu, Koju Tpeda aAa yhe y Tpar aganTta-
LMjW KOja ce 0ABMja, Kao M CTaHULIHUM paKTopuMa
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KOju Ha Ty aganTauujy yTuuy. M3 Tux pasnora, npo-
BEHWjeHMYHe TecToBe Tpeda OCHMBATM Ha BULLE
Pa3IMYNTUX IOKaANNTETA, WTO omoryhasa TecTupa-
He MHTEpAKLMje ,,IPOBEHNjeHUM]a X NoKanuTeT”.

TecTMparbem MPOBeEHMjeHUM]a Y Pa3IUYUTUM
CTAHWULWHUM YC/I0BUMA MOTY Ce UAEHTUDUKOBATU
NpoBeHWnjeHLMje Koje ce KapaKkTepuLly cneunduny-
Hom aganTadunHowhy, Kao U OHe Koje ce KapaKTe-
puwy onwTtom agantadunHowhy (Kang, 2002).

Y Cpbuiju je dpoj ocHOBaHMUX MPOBEHMUjEHUYHNX
TECToBa pPenaTMBHO Masu, Kao 1 dpoj BpCTa Koje cy
odyxsaheHe TecTuparbeM: opax, AnB/ba TPeLHa,
Ayrnasuja, Ny»Kkak, cmpya, upHu n deam dop, ja-
Bop 1 Sykga (Isajev etal., 1999; Sijaci¢-Nikoli¢
et al, 2014).

HbrxoBO ocHUBatbe je NocedHO 3HaYajHO Kof,
BPCTa Ca MU3PAXKEHUM ,FTeHETCKUM noammopou-
3MOM” U BE/IMKMM apeasiom, Kao WTo je OykBa
(Sijaci¢-Nikoli¢ etal., 2010; 2012).

OcampaeceTux 1 feBefeceTux roguHa npoLunor
BeKa, MIHCTUTYT 3a LWWYyMapCKy reHeTUKy 1 onaeme-
HUBakbe WymcKor apseha (Institute for Forest
Genetic and Forest Tree Breeding) n3 GroRhans-
dorf-a y HemauKoj je 3ano4yeo ocHuBake cepuja
npoBeHMWjeHNYHMX TecToBa Oykee (Fagus sylvatica
L.) Ha TepuTOpMju 21 eBponcKe 3emsbe - Npudau-
XHO 60 TectoBa y Koje je yK/byyeHo oko 400
eBponckux nposeHujeHumja (Sijacié-Nikolié,
Milovanovic¢, 2010). MpesKa je ocHMBaHa y LwecT
umknyca: 1986.; 1987.; 1988.; 1995.; 1998. n 2007.
roanHe (von Wuehlisch, 2004; Stojni¢ et al.,
2015), a 2003. rogunHe je y Mpexy yK/by4eHo yKyn-
HO MeT CPNCKMX NpoBeHunjeHumja (ABana, PpyLuKa
ropa, Llep, bopatba 1 KonaoHuk).

Ha Teputopuju Penydnuke Cpduje cy 2007. ro-
[AVHe OCHOBaHa /Ba NPOBeHWMjeHnYHa TecTa OyKBe:
Ha ®pyLwKoj ropm 1 y HactaBHoj da3m LLymapckor
darynteta y fAedenom Jyry (Sijacié-Nikoli¢,
Milovanovié¢, 2010; Sija¢ié-Nikoli¢ et al.,
2014).

Of MOMeHTa OCHMBakba A0 AaHac, Y OKBUpPY
OBWX MPOBEHUjEHUYHUX TECTOBA, CNPOBEAEHA CY
pasnuuunTa UcTpaxkusama. MpaheH je ycnex npe-
MB/baBakba CafHULA PA3IMYUTUX NPOBEHNjEHLM-
ja dyKBe, FbMXOB BUCUHCKM U AeO/bUHCKM NPUpPacT,
M aHann3npaHa cy pasnmumnta GeHonoLKa, dusmu-
O/N0LWWKa, aHaTOMCKa M mMopdONoLWKa CBOjCTBA
(Cortan, etal., 2019; Kerkez etal., 2018; Noni¢
et al., 2017; 2018; Stojni¢, 2013; Stojnic
et al., 2010a, 2010b, 2010c, 2010d, 2012, 2015,
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2016; Sijacié-Nikoli¢ et al., 2007, 2009, 2010,
2012, 2013).

OBaKBW TeCTOBM NpeaCcTaB/bajy 40Opy NonasHy
OCHOBY 3a KOHTMHYMpaHo npahere U npoueHy
cTeneHa BapujadunHoctu, agantaduaHoctu v no-
TeHUWjana pasnYnUTUX NPoBEHUjeHLM]ja dyKBe
TOKOM OHTOreHese. Ha 0Baj HauuH, y KoopauHaum-
ju ca gpyrum 3em/bama Ha Ymjoj TepUToOpMUju cy
OCHOBaHM NPOBEHUjeHMYHM TecToBu, moryhe je
carnefaTtu yKynHy reHeTU4YKy BapujabuaHocT Bp-
CTe Ha TePUTOPMUjU HEHOT LLeNOKYMHOr pacnpo-
CTparberba. Takohe, NPUKYN/beHW Nogaum Mory
nokasaTtu u cnocodHocT npunarohasBara dyKBe Ha
rnodanHe KNMMATCKe NPOMEHE.

YnrbeHWLa Aa ce Ha jeAHOM JIOKanuTeTy, y
OKBMPY NpPOBEHWjeHUYHOr TecTa, Hanasun sehu
6p0oj pPasNMUUTUX eBPONCKUX MpoBeHMujeHuuja,
mehy Kojuma cy npoBeHujeHuuje n3 dankaHckor
[ena apeana, NOrofHa je 3a TeCTUparbe reHeTUYKe
BapujadUNHOCTM ByKBE, LITO MOXKe SUTU U Npuaor
neduHncarby HeHOr TaKCOHOMCKOT cTaTyca y Cp-
6uju, Ha 6a3n MopdoNOLWKUX MapKepa.

Lum oBor paga je: 1) yrBphusarbe mehynpo-
BEHWjEHUYHE TeHeTUYKe BapunjaduaHocTM dyKkee
13 0CaM 3emasba MPUMEHOM MOPGHOOLLKMX Map-
Kepa v 2) ynopegHa aHanvsa MophooLKMX Ka-
pakTepucTmKa nuctosa dykse u3 13 eBpPONCKUX
NnpoBeHUWjeHLMja y ABe CYKLLeCMBHEe roauHe.

MATEPUJAA 1 METOA PAAA

MNpoBeHujeHN4YHM TecT dyKBe

MpoBeHWjeHNYHM TecT SyKBe je OCHOBaH y Npo-
nehe 2007. roguHe, y HactaBHoj 6a3u ,,MajaaHney-
Ka gomeHa” LLlymapcKkor dakynTeta, YHMBEp3UTETa
y beorpagy, Ha nokanutety ,Mpunop-desbewaHa”
(N 44°19'34.01”, E 21°52°20.39”, 742 m H.B.). 3a
OCHUBak€ NPOBEHUjEHUYHOT TecTa KopulheHe cy
[BO- 1 TPOTOAMLLKbE CaAHMLE CafHMLe 22 eBpon-
cKe npoBeHujeHuuje ns Cpduje (6), Xpsatcke (2),
BocHe u XepuerosuHe (6), Mahapcke (1), Hemauke
(3), Ayctpumje (1), Weajuapcke (1) u PymyHuje (2),
ymje cy NoKaumje NprKasaHe Ha KapTm 1.

Bu/bHM maTepujan

AHann3za MopdOOLKMX KapaKTEPUCTUKA SIN-
cToBa dyKBe U3 PasINYMTUX NPOBEHUjeHLMja 0da-
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Kaprta 1. /lokanuteTn npoBeHujeHUMja Koje cy yrpaheHe y npoBeHUjeHnYHN TecT dykse y [ledenom Jlyry

B/bEHa je y ABe CYKLLeCMBHe roamnHe, Ha Y30PKy Of,
17 (2016.), ogHocHO 16 (2017.) npoBeHMjeHUMja.
YKYIMHO je y UCTpaxknBarbe YK/byyeHo 20 NnpoBeHu-
jeHuMja 13 ocam 3emasba, Npu yemy je 13 nposeHu-
jeHumja aHan3npaHo y ABe y3acTonHe roauHe, WTo
je omoryhuno n komnapauujy odujeHnx nogartaka.

OCHOBHe KapaKTepuCTUKe NpoBeHMjeHunja 13
KOjuX je cakyn/beH OU/bHM MaTepujan 3a notpede
OBMX UCTParKMBatba NpuKasaHe cy y Tadenn 1.

AHanunsa mopdOoNoLKNX CBOjCTaBa NUCTOBA
cnpoBsefeHa je Ha Y30pKy 04, No AeceT, Cy4ajHo
n3adpaHux ctadana, U3 cBake ogadpaHe NPoOBEHU-
jeHuuje. Jinctosm cy cakyn/baHu 2016. n 2017.
roguHe, Mpu Yemy je ca cBakor ctadna cakyn/bHO
no 30 nucToBa (ykynHo 300 fiMcToBa No NPOBEHU-
jeHUMj1 3a CBAKY roAMHY UCTPaXKMBatrba).

Ha xepdapun3oBaHom maTepujany, ca TayHo-
why og, 1 mm, mepeHe cy cnegehe mopdonolike
KapaKTepucTuke aucrta (camka 1):

—  [AYXWHa nncHe naove (DL),
—  WMpKHa aucHe niove (SL),

—  [yXKuHa netesbke (DP),
— pasmak usmehy 3. u 4. Hepsa (RN).

Mopes, MopdONOLLIKMX KAaPaKTEPUCTUKA NPUKA-
3aHMX Ha ciMuM 1, eBUAEHTUPaH je U 6poj Hepasa
ca nese ctpaHe (NL) n dpoj HepaBa ca aecHe cTpa-
He nncTa (ND).

DP

~

DL

Cnuka 1. AHanusmpaHe MopdONOLLKe KapaKTepUcTu-
Ke nucTa dykee
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Tadena 1. OcHOBHM NoZaLM O NPOBEHMjEHUMjaMa OYKBE YK/bYHEHUM Y aHaIM3e MOPOIOLLKMX KapaKTEPUCTU-

Ka nimctosa (2016. 1 2017.)

Hagm. lfoguHa
OsHaka MposeHujeHuuja n?;erre,:;a p,?x(:::a L::ZL’:a BucuHa _Y3OPKOBaka
(m) 2016 2017
HR 24 Sjeverini Dilj Caglinski * XpBaTcKka 18° 01’ 45° 17 350 + +
HR 25 Vrani kamen 12a, 15b* XpBaTcKa 17° 19’ 45° 37 600 + +
BIH 30 Tajan, Zepce * BuX 18° 03’ 44° 23’ 700 +
BIH 32 Crni Vrh, Tesanj * BuX 17° 59’ 44° 33’ 500 + +
BIH 33 Grmec, Bosanska krupa * BbuX 16° 16’ 44° 46’ 650 + +
SR 36 Fruska gora* Cpduija 19° 55’ 45° 10’ 370 + +
SR 38 Kopaonik* Cpduija 20° 50 43° 10’ 820 + +
HU 42 Valkonya 19A* Mahapcka 16° 45’ 46° 30’ 300 + +
DE 47 Schelklingen* Hemauka 10° 00’ 48° 00’ 650 + +
DE 48 Hollerbach 81024* Hemauka 13° 14’ 49° 01’ 755 + +
DE 49 Hasbruch 81001* Hemauka 08° 26’ 53° 08’ 35 + +
AT 56 Scharnstein, Mitterndorf* AycTpuja 13° 58’ 47° 54’ 480 + +
BIH 60 Crni vrh** BuX 17° 59’ 44° 33’ 500 +
BIH 61 Grmec, Bastra-Corkova** BuX 16° 14’ 44° 45’ 720 +
RO 63 Alesd, U.P.Il / 51A** PymyHuja 22°15 47° 11 490 + +
RO 64 Alba-lulia, U.PV/154A** PymyHuja 23° 05’ 46° 10 860 + +
CH 65 Sihlwald, 101** LLIBajuapcka 07° 21’ 47° 12’ 1050 +
SR 66 Avala** Cpduja 20° 45’ 44° 23’ 475 +
SR 67 Boranja** Cpbuja 19° 12’ 44° 26’ 410 +
SR 69 Cer** Cpduija 19° 50’ 44° 12’ 745 +

HanomeHa: * ceme cakyn/beHo 2003. roguHe; ** ceme cakynsbeHo 2004. roguHe

Obpaga nogartaka

Mpukyn/beHn nogaum (yKynHo 59400) cratu-
CTMYKM cy odpaheHn nomohy copTeepa Statistica
8.0 u Statgraphics Centurion XVI. 3a cBako aHanu-
3MpaHo $onmjapHo cBOjcTBO ypaheHa je aecKkpun-
TWBHA CTaTUCTMKA: PacnoH Bapupara (X . ),
cpeara BpeaHocT (X), ctaHaapaHa aesujaumja (S)
1 koeduumjeHT Bapujaumje (CV %). MehynposeHu-
jeHn4yHa BapujabunHocT je ytBpheHa aHanusom
BapujaHce (ANOVA). lopaTHo TecTuparbe oda-
B/beHO je nomohy LSD-Tecta n Knactep aHanuse, y
LM/by NPOLEHEe rpynnucakba NpoBeHnjeHumja, Ha
OCHOBY CpefHUX BPegHOCTM CBOjCTaBa. YnopeaHa
aHanusa je kopuwheHa 3a nopehere nogaTtaka
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000MjeHUX Mmepernma JIMCTOBA CaKyM/beHUX
2016. 1 2017. roaMHe U OCHOBHUX KNMMATCKUX MO-
[aTaKa y [iBe CyKLecuBHe roguHe, fodujeHunx Ha
ocHosy loauwrux dunteHa 3a Cpdujy, Penydnunu-
KOT XMAPOMETEOPOOLWKOT 3aBoAa (2016; 2017).

PE3YATATH CA AUCKYCHJOM

Pe3syntat AeCKPMNTUBHE CTAaTUCTUYKE aHaNK-
3e, aHanu3e BapujaHce 1 LSD TecTa, MOPPONOLLKMX
KapaKTepuCTUKa INCTOBA, MPUKa3aHuM cy NocedHo
3a imcToBe 17 npoBeHuWjeHuMja SyKBe cakyn/beHe
2016. roguHe 1 3a iMcToBe 16 npoBeHujeHLMja Oy-
KBe cakyn/beHe 2017. roguHe. MNpurKasaHa je n yno-
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pesHa aHasnM3a pesynTaTa 3a 13 nposeHujeHLMja
M3 KOjUX CY SIMCTOBM CaKyM/beHM y 06e rogmHe uc-
TPaXMBakba, Kao M KnacTep aHaiuM3a.

BapujadunHoct mop¢onowKux
KapaKTepuUCTUKa IMCTOBA Pas/IUuUTUX
npoBeHUjeHuMja SYKBe CaKyn/beHUX
2016. roguHe

Ha ocHoBYy pe3syntaTa AeCKpUNTMBHE CTaTU-
CTUYKe aHasnv3e nogaTaka fodujeHux meperbuma
JIMCTOBA CaKymn/beHux 2016. roguHe (Tabena 2),
MOe Ce KOHCTaToBaTU Aia CY AYXKMHA U WIMPUHA
JINCHEe naoYe HajBapujadunHuja cBojcTBa, 3aTUM,
no cTeneHy BapnjaduaHOCTK, f0Na3n AyXKUHa ne-
Te/bKe, A0K cy Opoj HepaBa, Kao M pasmak nsmehy
3. 1 4. HepBa 3HAaTHO Marbe BapujaduaHe KapaKkTe-
pUcTUKe.

Mpema BpeaHOCTUMA gyH(UHe aucHe dso4e,
CBe NPOBeHUjeHLMje ce Mory NoAenuTH y Tpu rpy-
ne: NpBa rpyna, y Kojoj ce cpeatba AyXKMHa NUCHe
naoye Kpehe og 55 o 60 mm; apyra rpyna, y Kojoj
ce cpetba AyKMHaA N1cHe naode Kpehe og 60 ao
65 mm u Tpeha rpyna, y Kojoj ce cpeftba AyKnHa
NMcHe naoye Kpehe oa 65 4o 70 mm.

MNpema BpeaHOCTMMA WUPUHE AUCHE U10Ye CBe
npoOBeHMujeHLnje ce Mory NogeNnTn y Ase rpyne:
npBa rpyna, y Kojoj ce cpesta WrpMHa INCHe Njo-
ye kpehe og 30 o 35 mm 1 gpyra rpyna, y Kojoj ce
cpearba WupmHa ancHe naoye kpehe og 35 oo 40
mm, C TUM ga nposeHujeHumja SR 36, nopeknom
13 Cpduje ca OpyLiKe rope Mma cpegtby LWMPUHY
NncHe naovye npeko 40 mm (41,14 mm).

AHanusunpajyhu anmeHsuje nuctosa (4yKUHy
W WWPUHY JIUCHE NJIOYE), MOXKE CE KOHCTAaTOBATH
[a nocToju 3Ha4YajHa BapujadunHocT nsamehy aHa-
NIM3NPaHNX MPOBEHUjeHLMja, MPU YeMy HEMAYKe,
pYMYyHCKe, mahapcKe 1 ayCcTpujcKe NpoBeHMjeHLM-
je MoKasyjy marbe cpeare BpeaHOCTU OYKUHE U
LMPUHE NUCTOBA OA, XPBATCKUX M NPOBEHUjEHLNja
13 bocHe n XepuerosmHe. Cprncke NpoBeHnjeHUnje
bdenexe u penaTMBHO Mane cpefre BPeaHOCTU
OVMEeH3Mja IMCTOBA, KAo LWTO je TO Cay4aj ca Npo-
BeHujeHunjom boparba (SR 67) n KonaoHuk (SR
38), Kao 1 penaTMBHO BUCOKE CpeAHe BPELHOCTH
OMMEH3Mja NUCTOoBa, NpoBeHUjeHUMja PpyLliKa
ropa (SR 36) u Llep (SR 69).

JyxiuHa UeliesoKe je 3HAaTHO Makb€e Bapuja-
OUNHO CBOjCTBO 0Of, fyXKUHE W LWMPUHE ICHE NAo-
ye. AHann3MpaHe NPOBeHUjeHUMje ce mory noae-
JINTU Ha TPyny Y KOjoj ce cpeftba AyXKMUHA neTesbKe
Kpehe of 6 40 7 mm 1 rpyny y Kojoj cy cpearbe
BpeAHoOCTM oA 7 o 8 mm.

Epoj Hepasa ca nese u gecHe clipaHe aucwia
Cy Hajmarbe BapujaduaHa cBOjCTBa KO aHaMU3u-
paHux npoBeHujeHuuja. MpocevaH dpoj Hepasa
Kpehe ce og 7, Kog BehnHe npoBeHuMjeHUM]ja, 40 8,
Kog, cpricke (SR 36) 1 docaHcke (BIH 30) nposeHu-
jeHuuje.

Pasmak usmehy 3. u 4. Hepea je BapwnjadunHm-
je cBojcTBO 04, Opoja Hepasa. AHannsnpaHe npo-
BEHMjeHUMje ce Mory NoAeNTN Y TPU rpyne: npBa
rpyna, y Kojoj ce cpeatba BpeaHoct kpehe oa 4,5
40 5 mm; gpyra rpyna, ca cpeghom BpegHowhy
namehy 5 1 6 mm m Tpeha rpyna, y Kojy cnagajy
NpoBeHUjeHLMje Ynja ce cpeatba BpeaHocT Kpehe
namehy 6 1 7 mm.

PesynTaTtu aHanu3e BapujaHce (Tadena 3), yka-
3yjy Ha NOCTOjarbe CTaTUCTUYKM 3HAYAjHUX Pasnn-
Ka (p < 0,00) usmehy npoBeHuWjeHLMja KoA CBUX
aHaNM3MpPaHUX MOPGDONOLIKUX KapaKTePUCTUKA
ZINCTOBA CaKyn/beHux 2016. rogunHe.

Y unsby npoueHe reHeTuuKe andepeHumjaumje
namehy aHann3MpaHux NpoBeHujeHLMja, ypaheHa
je Knactep aHanmn3a, Ha OCHOBY MOPdONOLLKUX Ka-
pPaKTepUCTUKA INCTOBA Cakyn/beHnx 2016. roguHe
(rpadmkoH 1).

Tree Diagram for 17 Cases
Single Linkage
Eucidean distances

0,0 05 1,0 15 20 25 3,0 35 4,0
Linkage Distance

padumkoH 1. [leHaporpam Knactep aHanuse ypaheH
Ha OCHOBY MOPdONOLIKMX KapaKTePUCTUKA INCTOBA
Odykee (2016. roguHa)

149



MapuHa HoHuh, goueHT, AnjaHa YopTaH, TatjaHa batano, MupjaHa Wnjaunh-Hukonuh

e109L ST oLeirAead AlegeneHeo MLdOHTadE XMHTadd
Tadou egowd eHhnHULELY {eTed 3Tolaw 1 re(ndatey ‘g Aargewiou A Ad sHEIMHUPST elUNHB[MHR80dU 1 egeLd[08d XMHMOLrOPdOW SHEHEQ :EHAWOLEH

LY'ST 8T'0C £00Z €€'ST T16'9T 88‘T¢ C€TC¢ SI'6T 68T €007 T¥'6T GSELT vL'ST 6L'6T Sv'ST LTWT 9TLT (%) A2

260 20T €Tl 880 60 6VT 62T LTT 980 62T 90T €60 SOT TITT 80T T 20T S (ww)
867 -€0'S  s€9'S e 08%7 v¥'S (189 S09 (€99 89V  WP'9  .97'S p9E'S  1£99 519G 669 ,S8'S wI6'S X Ny
€ 8¢ 6€ 6€ 8€& € OI€ OIv (€ OI€ OI€ 8€ O 6% OI-T OI€ 6% 't

9T'zT 8TZT 6E7T Ev'€l 8¥'ZT ¥I'ST ¢S'€T ¥8'0T /¥'IT €CTIT €€TT  19% SOCT T6TT ¥/TT SSTT 80TT (%) A

S60 160 980 60 880 TI'T T0T S80 S80 80 980 9.0 060 €60 SOT €60 180 s

JI8L V'L V69 00°L SOL  wEEL Wil  HS'L  wTVL  GLSL 6SL  ST6L  wlV'L JISL TS IVl TEL X N
01 0+ 6% O 6v Tl OI€ 019 0I5 6§ O0I-S 0I5 0I-§ O0I-S TI-§ OIS 66 Y

LTTT S6TT  9L'€T S9CT [8'TT Ov'vT SE€T TLOT T60T £9TT [STT €6°0T S9CT €021 65T 29€T /80T (%) A2

[6'0 €60 /60 60 /80 ¥0T 860 S80 €80 880 /80 680 S60 S60 €0T 00T 180 s

WL6L  88LL  SOL  wlTL wa€E'L @bT'L pVEL WL JTOL  WYSL  CSL W8 RISL w6l 8T8 wWEL  wSYL X ™
01-s 01§ 6% OIS 6S O0I% Ol O0T-9 OIS OIS O0I-S O0I-¢¥ 0I-S 0I-S II-vt O0Iv 6§ e

97’97 80'7C 6097 99'St  8€'ST  IS'VE  SSLT 96'ST  SV'ZE  vL'ST ¥6'9T 007C TLTE  LL'6T LT'IE  Lv'6T 89'CE (%) A2

[9T  LST  WLT  SLT 80T S6T 84T ¢8T Wbz (ST T6T  €9T  9€T 90T  ¥§T  T¢T 0S¢ s (ww)
09E9 5TTL w99 289 WEEL <S9S 9V'9  RI0L WIS OT9 60°L wIVL  ub¥'L  2C69 ST'8  J0SL  u4S9'L X da
T1-¢  T11€ T11€ T1I€ €I¢ €I-¢ €I €I-€ ¥I-¢ TI-€ €I-¢ ¢I-T  6I-€ €I-¢z 9T O9IT SI¢ Y

€241 [8'6T €8T S8U'6T L9T 8v'8T O00'€C €S'8T €07 6941 86T 9T'ST 8¢'ST S8I'8T CE€LT TL'6T S60C (%) A2

78's  ¥6'9  ST'9  vv'9  TL'S  66'S 0S8 T¢L S69 909 889 [vL 189 8TL SL9 T8L LE'S s (wuw)
8L'EE pT6VE pSO'SE o8S'EE palCVE oIV'TE oL6/9F ,06°8E pa0T'VE waQT'VE wILVE sUT‘Ty -97'LE ,6V'6E ,86'8E ,S9'6E ,96'6€ X 13
7507 €9-8T €S-€¢ 090 0S-¥T TS-LT +9-9T 99-07 GSS-9T SS-0C SS-LT G9-ST T9-0 8S-07 ¢9-€C 6S-0C ¥9-0C e

ST'TT 86T TO'ET  ¢LYT OL'€T ¥9'4T 89T T6%T €89 07'ST ¢L'9T 89CT S8EYT ¢8LT TEWT S8I'6T 96'ST (%) AD

0. 18'8 €54 OU'8 Lv'6 16% ©ZOT 066 <¢00T [I'6 00T S8 868 €7l €86 vSTT  SSOT s (ww)
TELS »U8'8S -68°LS o70'SS wpEE'09 LT'9S 18809 sLE'99 =»7S'6S +pVE09 =V6'6S 4C0'69 ,EVTY 42989 E9'BY aLE'SY 36099 X 1a
G/-8€ 78-TE 8L-6€ TSTE [8-8C [8-T¢ T6-0F L6Tv G8-IE ¥8-0F L6-SE O00T-0F [8-0v O0T-LE 06-8€ v6-CE 66-0F Y

904 €904 9SIV 6v3A 8y3A Lp3IA ZyNH 69Y¥S LIHS 99¥S BEYUS OEHS EEHIG ZEHI OEHIG SZHH vZHH elusfiuanoid onislons

eunHalmHagodu xuxouodas /T en 984AQ eaoLdnL anmnLondarveder axmorodpdow e 191 QST M 9HMLINLELD SHEMLUMANIST nLeLIAER g erage] L

(eHnTol1 '9T07)



YNOPEAHA AHATN3A MOP®ONOLWKNX KAPAKTEPUCTUKA TMCTOBA BYKBE...

Tadena 3. Pe3yntaTu aHanu3e BapujaHce 3a MOPHONOLLKE KapaKTEPUCTMKE IncToBa 17 nposBeHujeHLMja Sykse

(2016. roguHa)

U3MERY NPOBEHUJEHLIUIA

CBojcTBO Mean square F-ratio P-value
[yKnHa nvcHe naoye (mm) 624,38 66,49 0,00
LLvpuHa nucta (mm) 226,84 47,13 0,00
Ly*unHa netesbke (mm) 11,70 29,19 0,00
bpoj HepaBga - neBo 34,47 39,67 0,00
bpoj HepaBa - gecHo 35,34 41,85 0,00
Pasmak nsmehy 3. u 4. Hepsa (mm) 15,83 125,59 0,00

[eHpporpam Knactep aHanuse, ypaheH Ha
OCHOBY MOPQOOLIKNX KapaKTeEPUCTUKA NNCTOBA
cakynsbeHux 2016. roanHe (rpadukoH 1), nokasyje
[a ce aHanu3npaHe NpoBeHWjeHLMje rpynuily Ha
penatuBHO masnoj auctaHum (Linkage Distance po
4). MpBy rpyny YMHe NPOBEHMjeHUMje n3 XpBaTcke
(HR 24 1 HR 25), Cpduje (SR 36 1 SR 69) 1 BocHe n
XepuerosuHe (BIH 30 n BIH 32), noBe3saHe Ha
Linkage Distance 2,6, p,oK CBe oCTasie NPOBEHUjeH-

uuje umHe apyry rpyny.

BapujadunHoct mop¢onowKux
KapaKTepUCTUKA IMCTOBA PA3/IUUUTUX
npoBeHUjeHLMja SYKBe CaKyn/beHUX
2017. roguHe

Ha ocHoBy pe3ynTaTa godujeHux meperbnma
NINCTOBaA cakyn/beHux 2017. roguHe (Tadena 4),
MOXe ce, Takofhe, KOHCTaToBaTV Aa Cy AyXKMUHA U
LIMpPKMHA IMCHE N0Ye HajBapujadunHKnja CBOjCTBa,
Kao M Ay*KMHa neTesbKe, 40K je Opoj Hepasa CBOj-
CTBO Ca 3HAaTHO MakbOM BapujadunHolwhy, Kao u
pa3mak nsmehy 3. n 4. Hepsa.

CpeAatbe BpeaHOCTU gydUHe AUCHE s104e Kpe-
Tane cy ce y AnjanasoHy og 60,59 mm kog ay-
cTpujcke npoBeHujeHuuje (AT 56) go 75,09 mm
Kog, xpBaTcke nposeHujeHuuje (HR 24). HajHuxke
cpestbe BPeAHOCTU AyXKMHEe ncHe naoye, og 60
[0 65 mm umajy ayctpujcka (AT 56), HemauKa (DE
49) n weajuapcka (CH 65) npoBeHujeHumMja. Hajse-
hu 8poj aHanU3MpaHMX NPOBEHUjeHUMja MMa

BPEAHOCTU AYXKUHE IUCHE NA0Ye y PacrnoHy of 65
00 70 mm, AOK AyXMHY nncHe naove og 70 o 75
mm umajy docaHcke (BIH 60, BIH 33 1 BIH 32), jea-
Ha HemauKa (DE 48) n obe xpsaTtcke (HR 24 n HR
25) npoBeHujeHLMje.

Hajmarba cpenrba BpeaHOCT WUPUHE AUCHE
tino4e Takohe je eBUAEHTMPaHA KoA, NPOBEHUjeH-
umje ns Ayctpuje (AT 56), rae nsHocm 38,75 mm, a
Hajseha Kog xpBaTcke nposeHujeHunje (HR 24) -
47,12 mm. MNpema WUPUHN NUCTa, NPOBEHUjEHLM-
je ce mory nogenuTu y Tpu rpyne: npBa ca Hajma-
HUM BpeaHoCTMMa - 4o 40 mm (aycTpumjcKa - AT 56
M WBajLuapcKka npoBeHujeHumja - CH 65), gpyra
rpyna y Kojy cnaga Hajsehu dpoj aHanmsmpaHmx
NpoBeHUjeHuMja, ca pacnoHOM WwnpuHe og 40 oo
45 mm, n Tpeha ca WUpPUHOM N1UCTOBa NpeKko 45
mm, y KOjy cnaZajy ABe XpBaTCKe NPOBEeHMjeHunje
(HR 24 1 HR 25) 1 jegHa HemayKa NpoBeHujeHuMja
(DE 48).

Cpeatba BpeaHOCT gy UuHe UeliesbKe KpeTana
ce y pacnoHy og, 7,65 mm (§ocaHKa npoBeHujeH-
umja - BIH 32) go 10,39 mm (Hemayka NpoBeHMU-
jeHuuja - DE 48). BpeHOCT Ay)KMHe neTesbKe je
M3HOCKIa OKO 8 mm Ha AnctoBuMma Hajseher dpo-
ja npoBeHnjeHuUMja.

MpocevaH 6poj Hepasa, ca nese n gecHe cTpa-
He /INCTA, je U3HOCMO OKO 7 Unun 8 y CBUM aHanu-
3MpPaHMM NPOBEHUjeHUMjama.

Pasmak usmehy 3. u 4. Hepsa KpeTao ce y pa-
CMOoHy oA, 6,29 mm, Kog, ayCTpujcKe NpoOBEHUjEeH-
umje (AT 56) o 7,68 mm, Ko XpBaTCKe MPOBEHU-
jeHumje (HR 24).
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YNOPEAHA AHATN3A MOP®ONOLWKNX KAPAKTEPUCTUKA TMCTOBA BYKBE...

Tabena 5. Pe3yntaTv aHanu3e BapujaHce 3a Mopdo/oLLKa CBOjCTBA IMCTOBA 16 NpoBeHUjeHLMja dyKkBe

(2017. roguHa)

U3MERY NPOBEHUJEHLIUIA

CBojcTBO Mean square F-ratio P-value
[Jy»K1Ha nncHe naoye (mm) 4383,51 36,60 0,00
LLnpwuHa nucta (mm) 1391,70 20,81 0,00
[yKnHa netesbke (mm) 238,39 43,09 0,00
bpoj HepaBa - neBo 14,88 15,03 0,00
Bbpoj HepaBa - gecHo 11,40 11,65 0,00
Pazmak usmehy 3. u 4. Hepsa (mm) 39,31 30,22 0,00

Ha ocHOBY pe3ynTaTa aHa/n3e BapwujaHce 3a
Mop@dO0oLLKa CBOjCTBA INCTOBA OyKBe caKyn/be-
Hux 2017. roamnHe (Tadena 5), moske ce KoHCTaTO-
BaTW Aa cy pa3nunke usamehy nposeHujeHUMja 3a
CBa aHa/M3MpaHa CBOjCTBA CTAaTUCTUYKM 3HaYajHe
(p <0,00).

Pe3yntatn LSD TecTa yKasyjy Ha NocTojare He-
KOJIMKO XOMOTeHMX rpyrna 3a CBako o4, aHau3mpa-
HUX MOPO/IOLLKMX CBOjcTaBa AncToBa (Tabena 4),
npu Yemy ce He MOXKe YTBPAWUTU jaCcHa reHeTUYKa
andepeHUMpPaHoCT NpoBeHMjeHLMja NpemMa HhnXo-
BOM MOpPEKy.

JeHpporpam Knactep aHanuse ypaheH Ha
OCHOBY MOPQO/IOLKNX KapaKTEPUCTUKA UCTOBA
cakynsbeHux 2017. roamHe (rpaduKoH 2), nokasyje
[a Ce aHan3MpaHe NpPoBEHUjeHUMje TPyNuULLY Ha
penatuBHO masnoj guctaHum (Linkage Distance po
4,7), HewTto Behoj Hero 2016. roguHe (Linkage
Distance po 4,0).

Tree Diagram for 16 Cases
Single Linkage
Euclidean distances

HR24
HR25
DE48
BiH32
RO60
SR36
RO63
RO64
BiH61
HU42
DE47
SR38
BiH33
CHé5
DE49
AT56

0,5 1,0 1,5 2,0 25 3,0 3,5 4,0 4,5 5,0
Linkage Distance

padukoH 2. [leHaporpam Knactep aHanuse ypaheH
Ha OCHOBY MOPdONOLIKMX KapaKTepUCTUKA JINCTOBA
OykBe (2017. rogmHa)

MpBy rpyny YnHe npoBeHMjeHLnje n3 XpBaTcke
(HR 24 v HR 25) 1 Hemauke (DE 48) nose3aHe Ha
Linkage Distance opg, 1,8. CBe ocTane npoBeHUjeH-
Lumje YnHe apyry rpyny, npy 4emy cy Ha HajMarb0j
AMCTaHUM rpynucaHe cpncka (SR 36) n pymyHcka
nposeHujeHumja (RO 63).

YnopegHa aHan13a Mmop¢oNoLKUX
KapaKTepUCTUKa IUCTOBA Pas/IMUUTUX
npoeeHujeHLMja SyKBe y ABe CYKuecuBHe
roguHe

Y un/by npoueHe andepeHymjaumje nsmehy
aHaNM3MpaHMUX NPOBEHNjeHUNnja, NPUCTYNNAO ce
ynopegHoj aHanu3un pesyantata AeCKPUNTUBHE CTa-
TUCTMKe 32 MOPdOIOLLKE KapaKTePUCTMKE INCTOBA
OyKBe cakyn/beHe y okBupy 13 eBponckux npose-
HUWjeHumja Tokom 2016. 1 2017. roguHe (Tadena 6).

Ha ocHoBY cpearuX BPeAHOCTU gyH(UHE /IUCHEe
is04e, Pa3NINUUTUX NPOBEHUjeHLMja OyKBe (Tadena
6), MOKe ce 3aK/byuuTH [a Cy cpeftbe BpegHoCTH
oBor cBojcTea 2016. roguHe dune mamse of, cpes-
wux BpegHoctn 2017. roguHe n KpeTane cy ce y
pacnoHy og 55 go 70 mm, gok cy nmucrtosm 2017.
rogvHe MManu cpefre BpefHOCTU Y pacrnoHy o
60 £0 75 mm. Hucke cpeatbe BpeAHOCTU OBOT CBOj-
cTBa cy y 08e roAmHe UCTPaKMBakba KOHCTAaTOBaHe
Koa Hemauke (DE 49) 1 aycTpujcke NpoBeHmjeHLm-
je (AT 56), oOK cy BUCOKe cpeatbe BPeAHOCTU KOH-
cTtaToBaHe Kog xpBaTckux (HR 24 n HR 25) n docaH-
CKe npoBeHnjeHumje (BIH 32).

Koa, McTux Hemaykux u ayCTpumjCcKUX NPOBEH K-
jeHumja (DE 49 n AT 56), KOHCTaTOBaHe Cy HajHUXKe
cpeatbe BpegHOCTM AMMEH3Mja IMCTOBA CaKyn/be-
Hux 2011. rogmMHe, Ha OCHOBY pe3yaTaTa UCTPAXKMU-
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Bakba CMNPOBEAEHUX Y OKBUPY UCTOr MPOBEHMU-
jeHW4YyHOr TecTa, Koje Ccy npe3eHTOBaNAu
Sija-¢i¢-Nikoli¢ et al. (2013). Y nctpaxusary
Sijaci¢é-Nikoli¢ et al. (2013) ce, Takohe, npose-
HujeHuuje n3 Xpeatcke (HR 24 u HR 25) n docaH-
CKa npoBeHujeHuuja (BIH 32) pasnuKyjy oa ocrta-
JINX Ha OCHOBY BUCOKUX CpeArUX BPegHOCTU
BehMHe aHaNM3MpPaHMX CBOjCTABA, WTO je cayyaj u
Yy OBOM UCTpaXmBakby, CNPOBEAEHOM HaKOH 5, oa-
HOCHO 6 rogmHa. Y ogHoCy Ha anTepaTypHe nogat-
Ke Koje usHocu JosaHoBuh (1991), a npema Ko-
juma ce gyxmHa nucTa Ko eBporncke dykse Kpehe
y pacnoHy oa 40-100 mm, a Koa, UCTOYHe Yy pacno-
Hy oz, 70 go 140 mm, MOXKe ce 3aK/byynTu Aa cBe
aHa/IM3npaHe NPOBEHUjeHLUMje MMAjy AYKUHY Nn-
CTa KapaKTepUCTUYHY 3a eBPONCKy SyKBY.
Cpefitbe BpeaHOCTU WUpUHe sucHe lno4e pa-
3/IMYUTUX NPOBEHMjeHUMja OyKBe (Tadena 6) noka-
3yjy Aa je Hajsehu dpoj nposeHnjeHumja 2016.
roAvHe MMao cpefby WNPUHY INCTA Y PAacnOHY Of,
30 o 40 mm, ogHocHo 2017. roanHe y pacnoHy
oA 35 po 50 mm. Bucoke cpegrbe BpeaHOCTU Wn-
puHe NncTa, y 0de nocmaTpaHe roguHe, eBUAEH-
TUpaHe Cy Kog, XpBaTCKMX nposBeHujeHumja (HR 24
1 HR 25), f0K je HemauKka nposeHujeHumja (DE 48),
2017. roanHe, n3aBojeHa Mo BeMKUM AUMEH3N]a-
Ma /INCTOBA (AyXMHA U LWIMPUHA), 3@ PA3INKY O,
2016. roguHe, Kafa Ccy KOA UCTe NPOBEHMjeHLnje
KOHCTaTOBaHe 3HaTHO HUKe AMMEH3Mje NNCTOBA.
BpeaHoctu gymcuHe leulemmKke (Tadena 6),
dune cy 3HaTHO Behe Ha INCTOBMMA CaKyM/bEHUM
2017.y ogHocy Ha 2016. roguHy. Cpeatbe BpeaHo-
cTn oBor cBojcTea cy 2016. roanHe dune y oncery
oa, 5,65 mm (DE 47) no 7,65 mm (HR 24), ook cy ce
2017. roanHe umane 3HaTHo Behe BpeaHOCTH, Of,
7,65 mm (BIH 32) o 10,39 mm (DE 48).
MpoceyvaH époj Hepasa (Tadena 6) ce 2016. ro-
OWHe KpeTao o4, 7 oo 8, npu yemy je Kopg, Hajseher
Opoja npoBeHnjeHLMja 3adenexkeHo NpoceyHo 7
HepaBa no aucty. Y 2017-0j rognHu, npoceyvaH
Opoj HepaBga Kog Hajseher §poja npoBeHWjeHUMja
je dno 7, pok je jeaaH dpoj nposeHMjeHUMja UMao
npoceyHo 8 HepaBa no Aucty. Mpema Jovanovicu
(1991), npocevyaH 6poj HepaBa Ha /JIUCTY KOA
eBponcke dykse Kpehe ce og, 5 ao 9, Hajuewhe 8;
Koa uctouHe dykee 7 go 14, Hajuewhe 10-12, a
KoA, me3njcke 5 Ao 12. Moxe ce KOHCTaToBaTh Aa
CBe aHa/IM3MpaHe NpPoBeHMjeHLnje nmajy npoce-
YaH b6poj HepaBa Koju oAroBapa AUTEPaATYTHUM
nogaLyMma 3a eBpoOncKy OyKBY, MPOCEYHO 7.

Kog 11 og ykynHo 13 npoBeHujeHumja, KOHCTa-
TOBaHe Cy BuLUe BPegHOCTU pa3maka namehy Hepa-
Ba Kog, INCToBa cakyn/beHux 2017. roa. (tadena 6).

Pe3syntatu 13 Tadene 6 jacHO nokasyjy Aa cy
cpeatbe BPeAHOCTU AMMEH3Mja INCTOBA (AyKuHe
W LWWMPUHE JIMCHE NJIoYe), AyXKUHE NneTesbKe, Npo-
ceyHor dpoja Hepasa Mo NCTY U pa3maka nsmehy
Tpeher n yetspTor Hepsa dune sehe 2017. rognHe,
y nopehemy ca pesyntatuma m3 2016. rogmHe. OBo
61 ce morno 08jacHUTU Pa3ANUUTUM KAUMATCKUM
YCN0BMMa, KOjU CYy BNaZanu Ha NoApyYjy NpOBeHM-
jeHWYHOr TecTa, y UCTPaXXMBAHUM rogMHama, npu
yemy je 2017. rogmHa MMana BULLIE CYHYAHUX AaHa,
a Mame nagasuHa, Hero 2016. roanHa, Koja je
Ouna n3pasunTo BraXKHa roguHa (2016; 2017).

Ha ocHoBY aHanU3MpaHWX KIMMATCKUX KapakK-
TEPUCTMKA IOKAZIUTETA Ha KOME je OCHOBaH npoBe-
HUJEHUYHWN TECT, MOXKe Ce KOHCTaToBaTh Aa je,
npema NpPOCTOPHOj pacnogenu cpearux rogu-
Wwux Temnepatypa (°C), oapeheHoj meTogom
nepueHTUIa, NPOCeYHa Cpeta roAulltba Temne-
paTypa, y 0de nocmaTtpaHe rogmHe, dunay pacno-
Hy oz 10,1-12,0 °C; rogmwitba KoNMYMHa nagaBmHa
je y 2016-0j rogmHun duna y pacnoHy og 900,1 no
1000,0 mm, ogHocHo y 2017-0j roguHN y pacnoHy
opg,700,1 oo 800,0 mm, npu yemy je nogpy4je Ha
KOMe je OCHOBAH NpoBeHnjeHn4Hn Tect y 2016-0j
roANHN OKapaKTepuCcaHO Kao BEOMA KULIHO, a Y
2017-0j rogmHu Kao HopmanHo (2016; 2017). Bpoj
OCYHYaHMX YacoBa Ha NOAPYYjy NPOBEHUjEHUYHOT
TecTta y 2016-0j rogmHun Kpetao ce og 1901,0 oo
2000,0 ogHocHo og 2201,0 po 2300,0 y 2017-0j
roauHu (2016; 2017).

Stojni¢ (2013), HaBoau Aa cy nodujeHun pesyn-
TaTV NOTBPAUAN HajHOBMja MULL/bEHA, Aia Ce KOZ,
OyKBe, y ycnosuma ontumanHe odesdbeheHocTun
BOZOM, /IMCHA MOBpLMHA NpUMapHo nosehasa
nog, ytuuajem nosulieHe TemnepaTtype Basayxa,
LWTO NOTBPhHYjY 1 Pe3ynTaT 0BUX UCTPAXKMBAHA.

Y unsby npoueHe reHeTuuKe andepeHumjaumje
namehy aHann3npaHux NpoBeHnjeHuuja, ypaheHa
je n knactep aHanM3a Ha OCHOBY MOPQO/OLLKUX
KapaKTepucTuKa anctoBa OyKBe, caKyn/beHUX
2016. 1 2017. roguHe (rpaduKoH 3).

JeHpporpam knactep aHanuse ypaheH Ha
0CHOBY MOPGO/IOLIKNX KAaPaKTEPUCTUKA JIUCTOBA
OykBe cakynsbeHux 2016. 1 2017. roa. u3 13 npose-
HUWjeHumja (rpadmKoH 3), nokasyje Aa ce aHaNU3uU-
paHe NpoBeHKnjeHuuje rpynuwy Ha Behoj AncTaHum
y ogHocy Ha rpadukoHe 1 u 2 (Linkage Distance >
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Tree Diagram for 13 Cases
Single Linkage
Euclidean distances

HR24
HR25
BiH32
SR36
BiH33
SR38

RO64
DE47
Hu42
DE49
AT56
DE48

1 2 3 4 5 6 7 8
Linkage Distance

padukoH 3. [leHaporpam Knactep aHanuse ypaheH
Ha OCHOBY MOPdONOLIKMX KapaKTepUCTUKa INCTOBA
SykBe 13 13 nposeHujeHumja (2016. 1 2017. roguHa)

7,0). MpBy rpyny YMHe NpoBeHujeHumje 13 XpBeaT-
cke (HR 24 u HR 25), ca npoBeHujeHuMjama 13 bo-
cHe 1 XepuerosuHe (BIH 32) n Cpduje (SR 36). Cse
ocTasie NPOBEHUjeHLIMje YNHe Apyry rpyny.

Y uctpaxkmsamy Sijaci¢-Nikoli¢ et al. (2013)
Ccy ucTe nposeHujeHumje u3 XpeaTtcke (HR 24 n HR
25), 3ajeaHo ca nposeHujeHUMjama u3 BocHe m
XepuerosuHe (BIH 32) n Cpduje (SR 36) popmupa-
Ne jegHy XOMOTeHy rpyny, Kao WTOo je cayyaj uy
0BOM UCTPaXKMBakby, 00aB/bEHOM HAaKOH BULLE rO-
AMHA Y UCTOM NPOBEHUjEHUYHOM TECTy.

Ha ocHoBy pe3ynTaTa KnacTep aHanu3e, MoXe
ce KOHCTaToBaTW Aa, OCUM Yy C/lyYajy ABe XpBaTCKe
M ABE PYMYHCKe MPOBEHUjeHUMje, HMje AOLW/0 A0
rpynucarba npoBeHujeHunja n3 reorpadckm dau-
CKMX MOAPYYja, LWUTO je y CKAaAy ca pe3yatatuma go
Kojux cy gownu Ballian n Zukic¢ (2011) un
Sijaci¢-Nikoli¢ etal. (2012), npoyyasajyhu mop-
donoLKe KapaKTepPUCTUKE Y NPOBEHUjEHUYHUM
TectoBMMa OykBe ocHoBaHum 2007. roguHe. lvetic
(2009), HaBoaM Aa ce Ha OCHOBY KaacTepoBakba
npupoaHuUX nonynaunja OykBe, NpMMeHOM
UPGMA aHanuse, He MOXKe yOunTU rpynumcame no-
nynaumja no jacHom reorpadckom odp3Ly.

Y pocajalbum UCTpaXKMBarkbMma afanTme-
HWUX CcBOjCTaBa OYKBe, ayTOpu Cy YTBPAUAN: KAU-
HanHW odpasal, reHeTU4YKe BapujadunHoctm dy-
KBE Yy CMepy ceBepo3anag-jyrouctok (von
Wuehlisch etal., 1995; Nielsen, Jorgen-
sen, 2003; GOmory et al.,, 2007), nav ekotmn-
CKM KapaKTep reHeTuyke BapujadunHoctn dykee

(Comps etal., 1991; Paule, 1995, Gomory et
al.,, 1998; Chmura, Rozkowski, 2002; Jazbec et
al., 2007), Kao 1 NpMUCyCTBO NPOCTOPHE ayToKope-
naumje (lvetic, 2009).

Y papy Sijaci¢-Nikolié¢ et al. (2012), usHero
je na podwjeHn pesynTaTti roBope y NpuIor eko-
TUMCKOj KapaKTepusaunju reHeTu4Ke Bapujadun-
HOCTW NPOBEHMjEeHLM]ja Ca TEPUTOPUje jyrONCToUHe
Espone. [10 CAMYHUX 3aK/byvyaKa AOWAM CY WU
Ivankovié etal. (2008/a, 2008/b, 2011), Ha ocHo-
BY UCTparkMBakba BUCUHCKOT pacTa u dpeHonoruje
JIUCTakba UCTUX NPOBEHUjeHUMja dyKBe Y jyBeHU-
HOj eTanu passuha, y NPOBEHWjEHUYHOM TECTY
KOju je ocHOBaH y XpBaTcKoj. [loBe3aHOCT aaan-
TUBHWX CBOjcTaBa SyKBE PasIMUYNTUX MPOBEHU]jEH-
L1ja N eKo/oLWKe KapaKkTepu3almje hUXoBux ma-
TEePUHCKMUX cacTojuHa, npeko Ellenberg-osor
KoeduUMjeHTa, yKasyje Ha reHeTcky andepeHumja-
umjy OyKBe, Kao nocneauue agantaumje came npo-
BEHMjeHLMje Ha JI0KalHe YyCoBe cpeaunHe.

HakoH ucTpaxkusarba deHonoLKe Bapujadun-
HOCTM 22 npoBeHnjeHumje oduuHe dykse y mehy-
HapOAHOM MPOBEHUjeHUYHOM TecTy Kog, Kakrba
(BocHa 1 XepuerosuHa), Koja cy cnposenv Ballian
et al. (2015), 3ak/byuyje ce aa je oduyHa dyKBa re-
HETUYKM n3gndbepeHLMpaHa Npema eKoOWKUM U
BereTauMjCKMm noapydjuma, Te ga nokasyje pe-
31mM4mTe mopdonoLLKe 1 GU3NONOLLKE KapaKTepu-
CTUKe M3 PasIMYUTUX NPOBEHNjEHUYHMX NOApYYja.
Y npunor n3HeTOM, rOBOpe 1 Pe3yaTaTh UCTPAXKM-
Bakba MPUKasaHM y OBOM pajy, 3aCHOBaHM Ha
MOPdOOLKMM KapaKTepucTMKama IMcToBa pa-
3/IMYUTUX NPOBeHUjeHLMja OyKBE, CaKyN/beHUX y
[Be CyKLecuBHe roauHe.

Ha ocHoBy pe3yntata OBUX UCTParKMBatba,
MOXKe Ce 3aK/byYnTu Aa je NPUCYTaH eKOTUMNCKMU
obpasal, reHeTUYKe BapujaduaHocTn dykee, Koju
Ivankovic etal. (2011) gedumHuwy Kao ,,0d6pazay
TeHewiuYKe 8apujadunHOCUIU KOju HUje (ose3aH ca
Teoipagpckum Gapamewipuma, eeh MakpoKAUMALl-
CcKUM clieyugpuyHociuma”. Kako ce dyKBa jaB/ba
Ha LUMPOKOM MPOCTOPY, KOjU Ce KapaKTepuLle pa-
3/IMYUTUM KAMMATCKUM U CTAHULIHUM YCI0BMMA,
MOKe ce KOHCTaTOBaTW Be/IMKa NAacTUYHOCT Bp-
cTe. Y TaKBUMM YCNOBMMA, MOXKe Ce CMaTpaTu Aa je
reHeTM4Ka BapujaduaHocT odanKoBaHa nog yTu-
Lajem pasMynTUX CeNneKkLMOoHUX NPUTMUCaKa, WTo
je Boamno Ka andepeHumjaumjn pasanymTnx eko-
Tunosa Oykee (Stojnié, 2013).
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3AKAYIIIN

Ha ocHoBy npwuKasaHux pe3yntata, Moxe ce
npeTnocTaBuTK Aa je BapujadunHoct namehy npo-
BeHWjeHuMja OykBe, 3a BehuHy aHanu3MpaHuXx
MOPGONOLKMNX KAPAKTEPUCTUKA IMCTOBA, pe3ynTaT
reHeTUYKe KOHCTUTYLMje CaMUX NPOBEHUjeHLM]a.

YnopenHom aHannsom 13 nposeHujeHumja Oy-
KBE 13 eBPONCKOT NPOBEHNj@HUYHOT TEeCTa KOHCTa-
TOBAHO je fa ce youyeHe pasnnke MopdONOoLLKUX
KapaKTepucTUKa IMCTOBA, Koje ce MCMO/baBajy U3-
mehy [Be CyKuecuBHe roanHe, HajBepoBaTHUje
MOry 08jacHUTU Pa3NNUYUTUM KIMMATCKUM Kapak-
TepUCTUKaMa Koje cy BNagane Ha noapyyjy npose-
HWjeHUYHOT TecTa y UCTPaXKMBAHUM roAMHaAMA.

HanomeHa: VctparkmBare je pUHaHCUpaHO
cpeacTBMMa npojekta , LLlyMmcku 3acagu y pyHKYuU-
ju doesehara GowymsmeHocuwiu Cpbuje” (TP
31041), MuHuMcTapcTBa NpoceeTe U Hayke Peny-
6nunke Cpbuje n npojekTa ,JeguHucare WakKco-
HoMCcKoI ctuauiyca dykee y Cpbduju - ¢paza 2", Mu-
HUCTapcTBa MosbONpuUBpeae, LWYMapCcTBa W
Bogonpuspeae Penydnuke Cpduje - Ynpase 3a
wyme. Aytopu ce 3axBasbyjy Konern gp CphaHy
CrojHuhy 3a nomoh y npukyn/bakby y3opaka 2016.
roguHe. [leo pesynTtaTa U3 OBOr paja Npe3eHTo-
BaH je Ha mehyHapogHOM Hay4HOM cKyny The 15%
International Phytotechnology Conference, opp:a-
Hom y HoBom Caay 2018. roanHe (Noni¢ et al.,
2018).

COMPARATIVE ANALYSIS OF MORPHOLOGICAL CHARACTERISTICS
OF BEECH LEAVES FROM THE EUROPEAN PROVENANCE TRIAL

Dr. Marina Noni¢, Assistant Professor, University of Belgrade - Faculty of Forestry, Belgrade, Serbia
(marina.nonic@sfb.bg.ac.rs)

Dr. Dijana Cortan, Faculty of Environmental Sciences - Czech University of Life Sciences Prague, Czech Republic
Grad. Eng. Tatjana Batalo, PhD student, University of Belgrade - Faculty of Forestry, Belgrade, Serbia

Dr. Mirjana Sija¢i¢-Nikoli¢, Full Professor, University of Belgrade - Faculty of Forestry, Belgrade, Serbia

Abstract: The paper presents the results of the research conducted within the European provenance
beech trial, in the Teaching Base of the Faculty of Forestry - Debeli Lug. To assess the inter-
-provenance genetic variability of beech, using morphological markers, and comparative analysis of
the results obtained in two successive years, 10 trees per each selected provenance were sampled.
Thirty leaves were collected from each tree (total of 300 leaves per provenance per year). The
inter-provenance differences of all morphological leaf characteristics were statistically significant and
can be assumed to be the result of the genetic constitution of the provenances themselves. Based

on the comparative analysis of the morphological characteristics of beech leaves from 13 different
provenances in two research years, it was found that the mean values of most analyzed morphological
characteristics were higher in 2017, compared to the results from 2016. Such results could be
explained by the different climatic conditions that prevailed in the provenance trial in research years.

Keywords: interprovenance variability; beech provenance trial; leaf; Fagus sylvatica L.

INTRODUCTION

Provenance trials represent ex situ genepool
conservation of particular species and can be used
for assessing the degree of variability and adaptive
potential of various tree species, as well as the de-

gree of divergence of isolated populations and de-
termination of the differences in the genetic vari-
ability both within and between provenances
(Sijaci¢-Nikolic and Milovanovic, 2010).
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Accordingto G6m&ry (2010), the main objec-
tive of researches in the provenance trials is the
identification of provenances that are character-
ized by good growth and adaptability, in order to
use it as a seed source for future afforestation.

Eriksson and Ekberg (2001) state two ob-
jectives in research relating to the provenance tri-
als: (1) the primary, whose main purpose is appli-
cability in practice, which consists in identifying
the provenances that show the best production
results in a specific habitat; and (2) scientific,
which needs to trace the adaptation that occurs,
as well as the habitat factors that influence this
adaptation. For these reasons, provenance trials
should be established at different locations, which
allows testing the ,,provenance x site” interaction.

The provenances which are characterized by
specific adaptability, as well as those which are
characterized by general adaptability, could be
identified by testing those provenances in differ-
ent sites (Kang, 2002).

In Serbia, the number of established prove-
nance trials is relatively small, as well as the num-
ber of species involved in those trials: walnut, wild
cherry, Douglas fir, oak, spruce, black and white
pine, maple and beech (Isayev et al., 1999; Si-
jacCi¢-Nikolic etal., 2014).

Their establishment is particularly important
for species with pronounced , genetic polymor-
phism” and large areal, such as beech (Si-
jaci¢-Nikoli¢ etal., 2010; 2012).

In the eighties and nineties of the last century,
the Institute for Forest Genetic and Forest Tree
Breeding from GroBhansdorf, Germany, began the
establishment the series of beech (Fagus sylvatica
L.) provenance trials in the territory of 21 Europe-
an countries - approximately 60 trials, involving
about 400 European provenances (Sijaci¢-Niko-
li¢ and Milovanovi¢, 2010).

In 2007, two provenance beech trials were es-
tablished in the territory of the Republic of Serbia: at
Fruska Gora and Debeli Lug, within the Teaching Base
of the Faculty of Forestry (Sija¢i¢-Nikoli¢ and Mi-
lovanovi¢, 2010; Sijac¢i¢-Nikoli¢ et al., 2014).

From its establishment to date, within these
provenance trials, various studies have been con-
ducted. The success of seedlings survival, originat-
ing from the different beech provenances, and its
height and diameter increment were analyzed, as

well as different phenological, physiological, ana-
tomical and morphological characteristics (Cor-
tan, et al,, 2019; Kerkez et al., 2018; Noni¢ et
al., 2017; 2018; Stojni¢, 2013; Stojni¢ et al.,
2010a, 2010b, 2010c, 2010d, 2012, 2015, 2016;
Sijagi¢-Nikoli¢ et al., 2007, 2009, 2010, 2012,
2013). Such trials represent a good starting point
for the continuous monitoring and assessment of
the degree of variability, adaptability, and poten-
tial of different beech provenances during on-
togenesis.

In this way, in coordination with the other
countries on whose territory provenance trials are
established, it is possible to observe the overall
genetic variability of the species in the territory of
its entire distribution. In addition, the collected
data can indicate the ability of beech to adapt to
global climate change.

The fact that there are a large number of dif-
ferent European provenances in one site, within
the provenance trial, including the provenances
from the Balkan part of the range, is suitable for
testing the genetic variability of beech, which can
contribute to defining its taxonomic status in Ser-
bia, based on morphological markers.

The aim of this paper is 1) determination of
the inter-provenance genetic variability of beech
originating from eight countries using morpholog-
ical markers, and 2) a comparative analysis of the
morphological characteristics of beech leaves from
13 European provenances, in two successive years.

MATERIAL AND METHODS

Beech provenance trial

The beech provenance trial was established in
the spring of 2007, within the Teaching Base of the
University of Belgrade - Faculty of Forestry ,,Ma-
jdanpecka domena”, at the locality ,Pripor-fel-
jesana”(N 44°19’'34.01”, E 21°52'20.39”, 742 m
a.s.l.). The trial was established by planting 2 and
3-year-old seedlings of 22 provenances originated
from Serbia (6), Croatia (2), Bosnia and Herzegovi-
na (6), Hungary (1), Germany (3), Austria (1), Swit-
zerland (1) and Romania (2), whose locations are
presented on Map 1.
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Map 1. Localities of the provenances included in the beech provenance trial

Plant material

The analysis of morphological characteristics
of beech leaves from different provenances was
conducted in two successive years, at the sample
of 17 (2016) and 16 (2017) provenances. In total,
20 provenances originating from eight countries

DP

=y

DL

Figure 1. Analyzed morphological characteristics of
beech leaf
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were included in the study, from which 13 prove-
nances were analyzed in two consecutive years,
which enabled the obtained data comparison.

The basic characteristics of the provenances
from which the plant material was collected for
the purposes of this research are shown in Table 1.

The analysis of the morphological characteris-
tics of leaves was carried out on a sample of ten,
randomly selected trees per provenance. Leaf
samples were collected in 2016 and 2017, and 30
leaves were collected per tree (in total 300 leaves
per provenance for each research year).

The following morphological leaf characteris-
tics were measured on herbarized material, with
an accuracy of 1 mm (figure 1):

e lamina length (LL),
e lamina width (LW),
e petiole length (PL),
e distance between the 3 and 4" vein (DV).

In addition to the morphological characteris-
tics shown in figure 1, the number of veins on the
left side (VL) and the number of veins on the right
side (VR) of the leaf, were recorded.
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Table 1. Basic data on the beech provenances included in the analyses of the morphological characteristics of

leaves (in 2016 and 2017)

Year of
Provenance SO Country Longitude Latitude Altitude sampling
label E N (m)
2016 2017
HR 24 Sjeverini Dilj Caglinski * Croatia 18° 01’ 45° 17 350 + +
HR 25 Vrani kamen 12a, 15b* Croatia 17° 19’ 45° 37’ 600 + +
BIH 30 Tajan, Zepte * Bosniaand 1005 4p0 03 700 +
Herzegovina
BIH 32 Crni vrh, Bosniaand .05 44033 500 + +
TeSanj Herzegovina
BIH 33 Grmec, Bosanska Bosnia ar.1d 16° 16’ 44° 46 650 . .
krupa * Herzegovina
SR 36 Fruska gora* Serbia 19° 55’ 45° 10’ 370 + +
SR 38 Kopaonik* Serbia 20° 50’ 43° 10’ 820 + +
HU 42 Valkonya 19A* Hungary 16° 45’ 46° 30 300 + +
DE 47 Schelklingen* Germany 10° 00’ 48° 00’ 650 + +
DE 48 Hollerbach 81024* Germany 13° 14’ 49° 01’ 755 + +
DE 49 Hasbruch 81001* Germany 08° 26’ 53° 08’ 35 + +
Scharnstein, . o REY ® =/
AT 56 Mitterndorf* Austria 13°58 47° 54 480 + +
BIH 60 Crni vrh** Bosniaand 050 44033 500 +
Herzegovina
Grmec, Bosnia and oa o e
BIH 61 Bastra-Corkova** Herzegovina 16714 44745 720 *
RO 63 Alesd, U.P.Il / 51A** Romania 22° 15’ 47° 11 490 + +
Alba-lulia, . ® R0 ® 4@
RO 64 U.PV/154A%* Romania 23° 05 46° 10 860 + +
CH 65 Sihlwald, 101** Switzerland 07° 21’ 47° 12’ 1050 +
SR 66 Avala** Serbia 20° 45’ 44° 23’ 475 +
SR 67 Boranja** Serbia 19°12’ 44° 26’ 410 +
SR 69 Cer** Serbia 19° 50’ 44° 12’ 745 +

Note: *seed collected in 2003; **seed collected in 2004

Data processing

The collected data (a total of 59,400) were sta-
tistically processed using the Statistica 8.0 and
Statgraphics Centurion XVI software. For each ana-
lyzed foliar trait, the following descriptive statisti-
cal parameters were evaluated: variation range
(Xmin-max), mean value (X), standard deviation (S)
and variation coefficient (CV%).

Inter-provenance variability, at the level of
analyzed characteristics, was determined by the
analysis of variance (ANOVA). Additional testing
was performed using the LSD test and cluster anal-
ysis, to assess the provenance grouping, based on
the mean values of the analyzed characteristics. A
comparative analysis was used to compare the
data obtained from the measurements of leaves
collected in 2016 and 2017 and basic climatic data
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in two successive years, obtained on the basis of
the Annual Bulletin for Serbia published by the Re-
public Hydrometeorological Service of Serbia
(2016, 2017).

RESULTS AND DISCUSSION

The results of descriptive statistical analysis,
analysis of variance and LSD test, of morphological
leaf characteristics, are presented separately for
leaves collected in 2016 originating from 17 beech
provenances and for leaves collected in 2017, orig-
inating from 16 beech provenances. A compara-
tive analysis of the results for the 13 provenances,
from which the leaves are collected in both years,
was also presented, as well as the cluster analysis.

Variability of morphological
characteristics of leaves collected in 2016
from different beech provenances

Based on the results of descriptive statistical
analysis of data obtained by the measurement of
leaves collected in 2016 (Table 2), it can be noted
that the lamina length and width are the most var-
iable traits. Then, according to the degree of vari-
ability, follows the petiole length, while the num-
ber of veins, as well as the distance between the
3 and 4" vein, are significantly less variable char-
acteristics.

According to the lamina length values, all prov-
enances may be divided into three groups. The first
group, where the average lamina length value
ranges from 55 to 60 mm; the second group, in
which the average lamina length value ranges from
60 to 65 mm, and the third group, where the aver-
age lamina length value ranges from 65 to 70 mm.

Based on the lamina width values, all prove-
nances may be divided into two groups. The first
group, where the average lamina width value rang-
es from 30 to 35 mm, and the second group, in
which the average lamina width value ranges from
35 to 40 mm, whereby provenance SR 36, originat-
ing from Serbia - Fruska Gora, showed the average
lamina width value of over 40 mm (41.14 mm).

Analyzing the dimensions of leaves (lamina
length and width), significant variability can be
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noted among the analyzed provenances, wherein
German, Romanian, Hungarian and Austrian prov-
enances show lower average values of lamina
length and width than Croatian and provenances
from Bosnia and Herzegovina. In Serbian prove-
nances such as Boranja (SR 67) and Kopaonik (SR
38), were also recorded relatively low mean leaf
dimensions, as well as relatively high mean leaf
dimensions in provenances Fruska Gora (SR 36)
and Cer (SR 69).

The petiole length is significantly less variable
trait than the lamina length and width. The analyz-
ed provenances may be divided into a group in
which the average petiole length ranges from 6 to
7 mm, and a group with the average value from 7
to 8 mm.

The number of veins on the left and right side
of the leaf is the least variable trait in the analyzed
provenances. The average number of veins varies
from 7, in most provenances, to 8, in Serbian (SR
36) and Bosnian (BIH 30) provenance.

The distance between the 3™ and 4% vein is a
more variable trait than the number of veins. The
analyzed provenances may be divided into three
groups: the first group, in which the average value
ranges from 4.5 to 5 mm; the second group, with
the average value between 5 and 6 mm, and the
third group, which includes provenances whose
average value varies between 6 and 7 mm.

The results of the analysis of variance (Table 3)
indicate the existence of statistically significant dif-
ferences (p < 0.00) between provenances in all
analyzed morphological characteristics of the
leaves collected in 2016.

To assess the genetic differentiation among
the analyzed provenances, cluster analysis was
performed based on the morphological character-
istics of the leaves collected in 2016 (Graph 1).

Dendrogram of cluster analysis performed
based on morphological characteristics of leaves
collected in 2016 (Graph 1), shows that the analyz-
ed provenances are grouped at a relatively small
distance (Linkage Distance to 4). The first group
consists of provenances from Croatia (HR 24 and
HR 25), Serbia (SR 36 and SR 69) and Bosnia and
Herzegovina (BIH 30 and BIH 32), linked at the
Linkage Distance 2.6, while all other provenances
are included in the second group.
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Table 3. Results of the analysis of variance for morphological characteristics of leaves originating from 17 beech

provenances (2016)

Between provenances

Trait Mean square F-ratio P-value
Lamina length (mm) 624.38 66.49 0.00
Lamina width (mm) 226.84 47.13 0.00
Petiole length (mm) 11.70 29.19 0.00
Number of veins - left 34.47 39.67 0.00
Number of veins - right 35.34 41.85 0.00
Distance between the 3rd and 4th vein (mm) 15.83 125.59 0.00

Tree Diagram for 17 Cases
Single Linkage
Euclidean distances

HR24
HR25
SR69
BiH30
BIH32
SR36
BiH33

SR38
DE48
SR67
RO63

SR66
RO64
DE49
DE47

0,0 0,5 1,0 15 2,0 25 3,0 35 4,0
Linkage Distance

Graph 1. Dendrogram of cluster analysis per-
formed based on morphological characteristics of
beech leaves (2016)

Variability of morphological
characteristics of leaves collected in 2017
from different beech provenances

Based on the results obtained by measure-
ments of leaves collected in 2017 (Table 4), it can
be also noted that the lamina length and width are
the most variable traits, as well as petiole length.
The number of veins is a significantly less variable
characteristic, as well as the distance between the
3" and 4™ vein.

The average lamina length values were in the
range from 60.59 mm in Austrian provenance (AT
56) to 75.09 mm in Croatian provenance (HR 24).
The lowest average lamina length values, from 60
to 65 mm, were recorded in Austrian (AT 56), Ger-
man (DE 49) and Swiss (CH 65) provenances. The

164

largest number of analyzed provenances has lam-
ina length values ranging from 65 to 70 mm, while
the lamina length values from 70 to 75 mm have
Bosnian (BIH 60, BIH 33 and BIH 32), one German
(DE 48) and both Croatian (HR 24 and HR 25) prov-
enances.

The lowest average lamina width value was
also recorded in Austrian provenance (AT 56),
where the value is 38.75 mm, and the highest in
Croatian provenance (HR 24) - 47.12 mm.

According to the lamina width the provenanc-
es may be divided into three groups. The first
group, with the lowest values - up to 40 mm (Aus-
trian - AT 56 and Swiss provenance - CH 65), the
second group which includes the largest number
of analyzed provenances, with a width range from
40 to 45 mm, and a third one with a lamina width
over 45 mm, which includes two Croatian prove-
nances (HR 24 and HR 25) and one German prove-
nance (DE 48).

The average petiole length value ranged from
7.65 mm (Bosnian provenance - BIH 32) to 10.39
mm (German provenance - DE 48). The petiole
length value was about 8 mm in the largest num-
ber of provenances.

The average number of veins on the left and
right leaf sides was about 7 or 8 in all analyzed
provenances.

The distance between the 3 and 4™ vein
ranged from 6.29 mm, in Austrian provenance (AT
56) to 7.68 mm, in Croatian provenance (HR 24).

Based on the results of an analysis of variance
for morphological characteristics of beech leaves
collected in 2017 (Table 5), it can be concluded that
the differences between the provenances are statis-
tically significant (p <0.00) for all the analyzed traits.
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Table 5. Results of analysis of variance for the morphological characteristics of leaves originating from 16 beech

provenances (2017)

Between provenances

Trait Mean square F-ratio P-value
Lamina length (mm) 4383.51 36.60 0.00
Lamina width (mm) 1391.70 20.81 0.00
Petiole length (mm) 238.39 43.09 0.00
Number of veins - left 14.88 15.03 0.00
Number of veins - right 11.40 11.65 0.00
Distance between the 3 and 4% vein (mm) 39.31 30.22 0.00

The results of the LSD test indicate the exist-
ence of several homogeneous groups for each of
the analyzed morphological leaf traits (Table 4),
whereby no clear genetic differentiation of prove-
nances can be determined by their origin.

Dendrogram of cluster analysis performed
based on morphological characteristics of leaves
collected in 2017 (Graph 2), shows that the analyz-
ed provenances are grouped at a relatively small
distance (Linkage Distance to 4.7), slightly higher
than 2016 (Linkage Distance to 4.0). The first group
consists of provenances from Croatia (HR 24 and
HR 25) and Germany (DE 48), linked at the Linkage
Distance 1.8. All other provenances are included in
the second group, wherein Serbian (SR 36) and Ro-
manian provenance (RO 63) are grouped at the
smallest distance.

Tree Diagram for 16 Cases
Single Linkage
Euclidean distances

HR24
HR25
DE48
BiH32
RO60
SR36
RO63
RO64
BiH61
HU42
DE47
SR38
BiH33
CHe5
DE49
AT56

0,5 1,0 1,5 2,0 25 3,0 3,5 4,0 4,5 5,0
Linkage Distance

Graph 2. Dendrogram of cluster analysis performed
based on morphological characteristics of beech
leaves (2017)
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Comparative analysis of morphological
characteristics of leaves of different
beech provenances in two successive
years

To assess the differentiation between the ana-
lyzed provenances, a comparative analysis of the
results of the descriptive statistics, obtained for
the morphological characteristics of beech leaves
collected in 2016 and 2017 within 13 European
provenances (Table 6), was performed.

Based on the average lamina length values,
from different beech provenances (Table 6), it can
be concluded that the mean values of this trait in
2016 were lower than the mean values in 2017
and ranged from 55 to 70 mm, while the leaves in
2017 had mean values ranging from 60 to 75 mm.
The low mean values of this trait were found in
German (DE 49) and Austrian provenance (AT 56),
in both research years, while high mean values
were found in Croatian (HR 24 and HR 25) and Bos-
nian provenance (BIH 32).

The same German and Austrian provenances
(DE 49 and AT 56), showed the lowest mean values
of the dimensions of leaves collected in 2011,
based on the results of the research conducted
within the same provenance trial, presented by
Sijaci¢-Nikoli¢ etal. (2013). In the research con-
ducted by Sijac¢i¢-Nikoli¢ et al. (2013) prove-
nances from Croatia (HR 24 and HR 25) and Bos-
nian provenance (BIH 32) also differ from the
other provenances according to the high mean
values of most analyzed traits, which is also the
case in this research, conducted after 5 and 6
years respectively.
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In comparison with the literature data from
Jovanovi¢ (1991), according to which the Euro-
pean beech leaf length ranges from 40-100 mm,
and in Eastern beech ranges from 70 to 140 mm, it
can be concluded that all analyzed provenances
have a leaf length characteristic for European
beech.

The mean values of lamina width from differ-
ent beech provenances (Table 6) show that the
largest number of provenances in 2016 and 2017
had an average leaf width ranging from 30 to 40
mm, and 35 to 50 mm, respectively. The high
mean lamina width values in both observed years
were recorded in Croatian provenances (HR 24
and HR 25). The German provenance (DE 48) in
2017 differed from the others by large leaf dimen-
sions (length and width), as opposed to 2016,
when significantly lower leaf dimensions were
found in the same provenance.

The petiole length values (Table 6) were signif-
icantly higher in the leaves collected in 2017 com-
pared to 2016. The mean values of this trait were
in the range of 5.65 mm (DE 47) up to 7.65 mm
(HR 24) in 2016, while in 2017 the values were sig-
nificantly higher, ranging from 7.65 mm (BIH 32)
to 10.39 mm (DE 48).

The average number of veins (Table 6) ranged
from 7 to 8 in 2016, with an average of 7 veins per
leaf in most provenances. In 2017, the average
number of veins was 7 in most provenances, while
some provenances had an average of 8 veins per
leaf. According toJovanovic (1991), the average
number of leaf veins in European beech ranges
from 5 to 9, most often 8; in Eastern beech from 7
to 14, usually 10-12 veins, and in Moesian beech
from 5 to 12. It can be noted that all analyzed
provenances have an average number of veins cor-
responding to literary data for European beech, on
average 7.

In 11 out of 13 provenances, the higher values
of distance between veins were found in the
leaves collected in 2017 (Table 6).

The results in Table 6 clearly show that the
mean values of leaf dimensions (lamina length and
width), petiole length, the average number of
veins per leaf and the distance between the third
and fourth veins were higher in 2017, compared to
the results from 2016. This could be explained by
the different climatic conditions that prevailed in

the provenance trial, in research years, with more
sunny days in 2017 and less precipitation than in
2016, which was a particularly moist year (2016;
2017).

Based on the analyzed climatic characteristics
of the site in which the provenance trial was es-
tablished, it can be concluded that the average
mean annual temperature in both observed years
ranged from 10.1-12.0 °C, according to the spatial
distribution of mean annual temperatures (°C) de-
termined by the percentile method. The annual
precipitation in 2016 ranged from 900.1 to 1000.0
mm, while in 2017 ranged from 700.1 to 800.0
mm, whereby the site in which the provenance
trial was established is characterized as very rainy
in the year 2016, and normal in 2017 (2016; 2017).
The number of sunshine hours in the area of prov-
enance trial ranged from 1901.0 to 2000.0 in the
year 2016, and from 2201.0 to 2300.0 in 2017
(2016, 2017).

Stojnic (2013) states that the obtained re-
sults confirmed the latest opinion that in the case
of beech, in the conditions of optimal water sup-
ply, the leaf surface is primarily increased under
the influence of elevated air temperature, as con-
firmed by the results of these studies.

To assess the genetic differentiation among
the analyzed provenances, a cluster of analyzes
based on the morphological characteristics of
beech leaves, collected in 2016 and 2017 (Graph
3), was performed.

Tree Diagram for 13 Cases
Single Linkage
Euclidean distances

1 2 3 4 5 6 7 8
Linkage Distance

Graph 3. Dendrogram of the cluster analysis
performed based on morphological characteristics of
beech leaves from 13 provenances (2016 and 2017)

167



-Nikoli¢

ci¢

Marina Noni¢, Dijana Cortan, Tatjana Batalo, Mirjana Sija

[9'€C  T9'9T  S0'6T  TS'ST  WL'ST  66'LT  L6'ST  T6'ST  L6'TT  TS'€C  vE'8E  65'6T  18'ST (%) AD
€02 11T ' €T S6'T LT 85 81 06'T 81C €6 20T S6' s
w658 9T'8  p0V'8 8T8 6E0T /96 wW6'6  mlt'8 %998 676 S9L  w6TOT  wSTOT X froe
viv 1€ sz ST€ 919 Tzv  ozy  STT ¥l 91§ /(IT 8IS  STE M (ww)
97’9t 80'CZ 6097 99'st  8€'8¢  ISWE  SS4T  v6'9¢  00'TC  TLTE  LL'6C  L¥'6T 89T (%) AD 1d
L9'T ST VLT SLT 80 S6'T 8L'T 16'T €97 9 90 122 05 3
€9E9  mITL  pl99  l89  @wEEL <S9S 9V'9  w60'L  wIV'L WL  C69  W0SL  4S9L X oroe
11-C T1-€ T1-€ T1-€ £1-2 £1-2 €1-2 £1-2 4% 6T-€ €1-2 911 ST-Z Y
S8/T  €5'8T  OT'6T  8¢'ST  ¥S'6T  ¢L0c  SLZ¢ 80T  9S'6T 028 600 T6'€T  TH'Ie (%) Ad
191 68'L ov'L 8L, 668 188 77’6 6L 97’8 YL 158 S€9  600T 3
96Ty 65TV eSL'8E 6TV W09V  p6V'TY w6V TV wES TV CCTV 880V  8E‘TY  ,S9'SY  sCTLY X Froe
89-7¢  0L6T €9TC  ¥99¢ €61 698  ¥8¥Z  S9°ST  L99T  99°ST  LL€T  69TE  SLvT X (wuw)
€2/T  18'6T €8T  8T'6T  ¢/'9T  8¥'8T  00'€c  ¢86T  9T'8T  8Z'8T  SI'ST  ¢L'6T  S6'0C (%) A m
z8's 69 579 ' e's 66'S 058 889 Ly'L 189 8T, 1492 LE'8 3
8L'EE  pT6WE  pS0'SE  G8S'EE  plTVE  CIVTE  oL6'9E  wILVE IV .9CLE  6V'6E  ,59'6E  96'6E X oroe
750z €987  €5€¢ 090  0S¥T  ISLT  ¥9-9T  SSZT  S9-ST 190 850C 6507  ¥9-0C Y
€971 66'ST  86CT  98'ST  8TWT  vr'ST 96T E¥'ST  V6'ET  L¥Y/T  €¢TC LTWT  TOLT (%) A2
298 99'6 98/ 6T0T  6v0T  9¥0T OISl €€0T 996  Ov'2ZT  0T'ST  [9'0T  LLTT 3
oP2'89  HT069 6509  GVZV9  sTY'EL 9989 0089  C6'99  IE69  RE0TL  6STL LY.L 360'SL X froe
v6-LE G605 86  €6-6€ SOI-SY 66L¢ 80T-8E S6-6€  €6°SF  EIT-v¥  60-CE  60T-¥S 6TT-6E X (ww)
ST'CT 86T TO'ET [44 74 OL'€T  ¥9'LT 7891 79T 89Tt 8EVT T8LT 8T'6T 96'ST (%) A n
20, 18 €51 01's Lv'6 166 vZ0T  20'0T SIS 868 €07l ¥S'?T  SSOT s
TELS 2885 68LS  0'SS  »EE09 LTS 18809 o665 069  EV'T9 42989  sLE'SY 56099 X oot
S/-8€  78-TE€  8L-6€  8CE  [8-8C  [8TC  T60E  [6-GE O00T-0Ef  [8-0v OOT-LE ¥6-C€  66-0F Y
¥9OM €90¥ 951V 6v3a 8y3IA Lb3A CyNH 8EWS 9EMS EEHI CEHIA SC¥H  bZHH 9dueusAold A les3ged]
(£10€ pue

9T07) S2oueUaA0Id €T WOJ) SIARS| Y233 JO SalislIaloeleyd |eaigojoydiow ay3 404 1593 4ST PUE SI13S11els dA13d1IISIP JO S} nsaJ 8y} jo uosiiedwo) *g ajqel

168



COMPARATIVE ANALYSIS OF MORPHOLOGICAL CHARACTERISTICS OF BEECH LEAVES...

159} S JO S}NsaJ ay3 a1edipul

169

S9N|BA UBSW 3y} 01 1XaU SI913| UIIET [SPOoyIaw pue |eldleln "z Ja1dey) ul paulap aJe s|age| adueuanosd pue syesy [ediSojoydiow 4o s|aqe| ay] :910N

¥8'LT
9T'T
S )
0T-€
L¥'8T
260
486V
L€
8Y'TT
26°0
3608
0T-S
9T'CT
S6°0
JI8'L
01-$
€S'TT
€6'0
wIT'8
0T-S
LTTT
L6'0
4L6'L
0T-S

67'6T
TET
L9
0T-¥
870
70T
-€0°S
8-€
GL0T
980
5:7108
0T-9
81Tl
160
wlt'L
0T-¥
ST'0T
780
»LT'8
0T-9
S6'TT
€60
$8L°L
0T-S

96LT
ET'T
67'9
0T
L0°0C
ET'T
5€9'S
6°€
9T'CT
€6°0
'L
0Tt
6€CT
980
769
6
9T'eT
€60
qeC9°L
0Tt
9L'€T
L6°0
<S0'L
6

68'LT
YT
%069
0T-v
€€'8T
880
08V
6-€
LS'ET
0T
l9'L
T1-9
EV'ET
760
«00°L
0oT-¥
9€‘eT
0T
«09°L
T1-9
S9°CT
60
2lT'L
0T-S

v vT
0T
WLTL
[4%-t
16°9T
260
pb¥’S
8-¢
v6'TT
760
2206°L
01-S
8v'CT
880
:S0'L
67
00CT
960
0’8
0T-S
L8'TT
L80
p2qa€E'L
6-S

S9'8T
ve'T
9’9
TT-¥
88'TC
6v'T
89
(453
ETT
260
50T‘8
119
PT'sT
TTT
«EEL
TT-¥
9€TT
260
»0T'8
TT-9
9v'vT
¥0'T
6T L
0T-¥

67'0C
YE'T
24759
(4%
CETT
60T
S0‘9
0T-€
YT'ET
90T
3908
T1-S
7G'eT
10T
PYAA
0T-€
09'€T
60T
S0‘8
T1-S
GE'ET
860
V€L
0T-¥

L90C
€T
2qe97‘9
0T-€
17’61
90T
p9P’S
0T-€
EVT
vt
12p96°L
0T-S
€ETT
980
p6SL
0T-S
8TVT
€TT
296°L
0T-S
LSTT
L80
pCS'L
0T-S

T0'ST
S0T
wc0'L
T1-S
SELT
€60
p9€‘S
8-€
66CT
00T
@0L'L
0T-S
196
9.0
-16°L
0T-S
S8CT
660
a€L’L
0T-¥
£6°0T
680
A%:]
0T-v

8T'ST
L60
079
87
vL'ST
S0'T
i£9'9
oT-¥
18'TT
960
€18
0T-S
S0CT
060
plV'L
0T-S
TETT
00T
918
1T-S
S9'CT
S6°0
pIS'L
0T-S

90°CT
L8'0
$0T'L
0T-S
6L'6T
TTT
519°S
67
€V'ST
0Tt
2qeGL L
01-S
16'TT
€60
LI8°L
0T-S
08'ST
TC'T
a9'L
0T-S
€0°CT
560
wb'L
0T-S

2901
€L°0
389
6°G
LT'VT
(4
4G8'S
0T-€
¥9'0T
880
50€‘8
0T-9
SSTT
€6°0
al¥'L
01-§
80T
L80
608
0T-9
T9'€T
00T
po€'L
0T-v

TSVT
11T
89°L
T-S

97'LT
20T
wT6'S

67
[4%4s
00T
300 6L
0T-S
80'TT
180
JTEL
6-S
16°CT
00T

266'L
0T-S

L80T
180

pSPL

6-9

(%) A

S

X
e
(%) A

s

X
e
(%) ND

s

X
e
(%) A

S

X
ey
(%) A

S

X
e
(%) A

s

X

Xew-ujw

X

LT0C

9T0¢

£10C

910¢

LT0C

910¢

(ww)
AQ

A

A




Marina Noni¢, Dijana Cortan, Tatjana Batalo, Mirjana Sijac¢i¢-Nikoli¢

Dendrogram of the cluster analysis performed
based on morphological characteristics of beech
leaves collected from 13 provenances in 2016 and
2017 (Graph 3), shows that the analyzed prove-
nances are grouped at a higher distance, in com-
parison to graphs 1 and 2 (Linkage Distance > 7.0).
The first group consists of provenances from Croa-
tia (HR 24 and HR 25), Bosnia and Herzegovina
(BIH 32) and Serbia (SR 36). All other provenances
are included in the second group.

In the research conducted by Sijaci¢-Nikoli¢
et al. (2013), the same provenances from Croatia
(HR 24 and HR 25) formed one homogeneous
group with provenances from Bosnia and Herzego-
vina (BiH 32) and Serbia (SR 36), as is the case in
this research, performed after several years in the
same provenance trial.

Based on the results of the cluster analysis, it
can be noted that, except in the case of two Croa-
tian and two Romanian provenances, there was no
grouping of provenances from geographically
close areas. This is in line with the results obtained
by Ballian and Zuki¢ (2011) and Sijaci¢-Niko-
li¢ et al. (2012), who studied the morphological
characteristics in provenance beech trials estab-
lished in 2007. Iveti¢ (2009) states that based on
clustering of natural beech populations, using the
UPGMA analysis, the population grouping cannot
be noticed in clear geographical coverage. Ivetic
(2009), states that no grouping of populations can
be perceived in clear geographical pattern, based
on the clustering of natural beech populations, us-
ing UPGMA analysis.

In previous studies of the adaptive properties
of beech, the authors have determined: the clini-
cal pattern of the genetic variability of beech in
the northwest-southeast direction (von Wueh-
lisch et al., 1995; Nielsen, Jorgensen, 2003;
Gomory et al., 2007), the ecotypic character of
the genetic variability of beech (Comps et al.,
1991; Paule, 1995, Gomory et al., 1998; Chmu-
ra, Rozkowski, 2002; Jazbec et al., 2007), as
well as the presence of spatial autocorrelation
(lveti¢, 2009).

In the paper presented by Sijac¢i¢-Nikoli¢ et
al. (2012), it was stated that the obtained results
support the ecotypic characterization of the genet-
ic variability of provenances from the territory of
Southeast Europe. Similar conclusions were

reached by Ivankovi¢ et al. (2008/a, 2008/b,
2011), based on the research of height growth and
the phenology of leafing of the same beech prov-
enances in the juvenile developmental stage, in a
provenance trial established in Croatia. The corre-
lation of adaptive properties of beech from differ-
ent provenances and the ecological characteriza-
tion of their native stands, via Ellenberg’s
coefficient, indicate the genetic differentiation of
beech as a result of the adaptation of the proveni-
ence itself to the local environmental conditions.

After investigating the phenological variability
of 22 European beech provenances in an interna-
tional provenance trial in Kakanj (Bosnia and Her-
zegovina), conducted by Ballian et al. (2015), it is
concluded that European beech is genetically dif-
ferentiated according to ecological and vegetation-
al areas, and shows relevant morphological and
physiological characteristics from different prove-
nance areas. In support of the preceding, the re-
sults of this paper are presented, based on the
research of morphological characteristics of leaves
of different beech provenances, collected in two
successive years.

Based on the results of this research, it can be
concluded that there is an ecotypic pattern of ge-
netic variability of beech, which Ivankovi¢ et al.
(2011) defined as ,,a pattern of genetic variability
that is not related to geographical parameters, but
to macroclimate specificities”.

As the beech grows in a wide area, character-
ized by different climatic and habitat conditions, it
can be noted great plasticity of the species. In such
conditions, it can be considered that genetic vari-
ability was shaped by the influence of different
selection pressures, which led to the differentia-
tion of various beech ecotypes (Stojni¢, 2013).

CONCLUSIONS

Based on the presented results, it can be as-
sumed that the variability among beech prove-
nances, for most analyzed morphological charac-
teristics of leaves, is the result of the genetic
constitution of the provenances themselves.

According to the comparative analysis of 13
beech provenances from the European prove-
nance trial, it was found that the observed differ-
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ences in the morphological characteristics of
leaves, which occur between two successive years,
can probably be explained by the different climate
conditions that prevailed in the provenance trial in
the studied years.

Note: This research is funded by the project
,Establishment of forest plantations to increase
the afforested areas in Serbia” (TR 31041), the
Ministry of Education and Science of the Republic
of Serbia and the project ,,Defining taxonomic sta-
tus of beech in Serbia - Phase 2”, Ministry of Agri-
culture, Forestry and Water Management of the
Republic of Serbia - Forest Directorate. The au-
thors thank colleague Dr. Srdjan Stojnic for assis-
tance in collecting samples in 2016. Part of the
results from this paper was presented at the Inter-
national Scientific Conference The 15th Interna-
tional Phytotechnology Conference, held in Novi
Sad in 2018 (Noni¢ et al., 2018).
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