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M3Bopa: Y oBOM pagy je y ABOroAMLHbEM pacagHUYKom TecTy npaheHa mopdonoluKa Bapuja-
OMNHOCT ayTOXTOHUX HEPETMCTPOBAHUX EKCNEPUMEHTANHUX KoHoBa L-12, L-80 n L-100 dene
TOonone v perucTpoBaHor pedepeHTHor KaoHa Villafranca. Hajdosbu npujem pesHuua n npe-
YKUB/baBakbe OXM/bEHUL,A TOKOM Ba BEreTaLMOHa Nepruoaa YCTaHOB/bEHU Cy KO KaoHa L-12.
BucKHa OXKM/beHMLA OBOT KNOoHa duna je npudanskHa BUCUHU oXubeHuua knoxa Villafranca
Ha Kpajy NpBOr BeretTauMoHor nepmoga (oxumweHunue Tuna 1/1), n HewTo makba Ha Kpajy apy-
ror seretaumnoHor nepuoga (oxumennue tmna 1/2). Knonosu L-12 u Villafranca, koju cy ce
pa3/NIMKoBann y NpeyHuKy Ha 10 cm of ocHOBe M3JaHKa TOKOM 00e roguHe, 04/ IMKOBaAN cy
ce Hajsehum BpegHOCTMMA NpeYHMKa OXu/beHuua oda Tuna. Yenosare je mano Hajsehu
no3nTMBaH edekat Ha noseharbe BUCUHE M NPeYHMKa Koz KaoHa L-100, foK je 33 Npon3BoaHY
KBAJIMTETHUX OXKU/bEHMLLA KNOHa L-80 HeonxoaHa Aasba onTumMsaumja.

JoyuHe peuu: Populus alba L., KNOHCKa TexHOOTWja, OXubeHuue Tuna 1/1 v 1/2, mopdonoLike
KapaKTepUCTuKe

YBOA

bena Tonona, Populus alba L. (cekumja Leuce),
je nuctonagHo ApBO pacnpocTpakbeHo y EBponu,
3anafHoj 1 cpearoj Asmju n cesepHoj Adpnum.
OBa BpCTa je 3axTeBHa y Morneay CBETAOCTU U
oOMYHO ce jaB/ba Yy 3aje4HMLN Ca LLPHOM TOMo-
nom, 6enom BpOOM M LPHOM jOBOM, Y ayTOX-
TOHMM NPUOGANHUM WYMCKMM eKocucTeMmma
Ha anyBWja/IHOM, MECKOBUTOM M CYBOM, MM Ha

ay6okom, 30mjeHOM 1 KanumMbUKoBaHOM 3eM/bU-
wry. Llymcke 3ajeaHuLe Tonose reHepasHo ce
cmaTpajy npenasHum 0dMumMma Ka 3ajeaHuuama
BpOe, xpacTa, dpecTta u jaceHa. Ycnes seoma Sp3or
pacta, 6esla Tonosa HAapPOYUTO je NoroAHa 3a no-
Au3arbe 3acaga y QyHKUMjM 3aLUTUTE NPUodSanHmx
30Ha, Kao 1 BeTpodpaHux nojacesa. OBakBa npw-
MeHa Sesie Tonosie MHTEH3MBMUPaAHa je Y OUBLLO]
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Jyrocnaswuju nocne Mpsor ceeTcKor pata (Guzina,
1986; Vuksanovi¢, 2019).

LLinpoka pacnpocTarbeHOCT NPUPOAHMUX Nony-
naumja 6ene Tonone onaga, HAPOUYUTO TOKOM MO-
cnefitbUX HEKONIMKO AelgeHuja, ycnes cMakberba
HMBOA NOA3EMHUX BOAA, HEA0BO/bHE KOMMUYUHE
naZaBMHa TOKOM Ce30He pacTa, KOHBep3uje npu-
0danHuMx noapyyja y no/bonprBpesHO 3eM/bULLTE,
uta,. (Rédei etal., 2010). OBa BpcTa ce gaHac cma-
Tpa PETKOM, YakK U yrpoxkeHom BpcTom y Cpduiju
(Kovacevic et al., 2010). Ctora je HeONXoA4HO
npeaysetn ogpeheHe akTUBHOCTU Y LIU/bY O4YyBa-
Ha reHeTUYKMX pecypca oBe BpcTe. TOKOM nocnea-
WX ABafeceT rognMHa, UHULMPAHO je HEKOUKO
€BPOMNCKMX NpOrpama M npojeKaTa Koju cy 3a Ln/b
MManu KapakTepusaumjy n ovysarbe dene Tonone
(Hnp. EUFORGEN Program, Scattered Broadleaves
Network). Y oBMM NporpammMma UCTaKHyTa je no-
Tpeba 3a cnpoBoherem in situ mepa KoH3epBa-
umje, Koje cy 0dMYHO nose3saHe ca 04yBakbEM CTa-
HULWWTa OBe BPCTE, a/iIM U MPUMEHe ex situ mepa.
JenHa of, NpensioKeHUX mepa ex situ ovyBakba
repmnsiasme dene Tonose je U KOHBepP3uja NaaH-
Ta)ka y ayTOXTOHe Lyme.

OcHMBakbe NaHTaXa LWYMCKUX BPCTa, YK/by-
yyjyhu n deny Tonony, nogpasymesa nosehare
MHTe3uTeTa NPOM3BOAHE PENPOAYKTUBHOM MaTe-
pwujana oarosapajyher kBanuTeTa. 3aKOH 0 penpo-
OYKTMBHOM maTepujany wymckor apseha (2004),
Hanaxke Aa ce 33 OCHMBakbe NIaHTaXKa MOXe Ko-
PUCTUTU UCK/bYUMBO KBAIMPUKOBAH MU TeCTUPAH
(copTHwW) penpoayKkTMBHM MaTepujan. lMpema oBom
3aKoHyY, KBaNMPUKOBAH CaZHW MaTepujan Koju ce,
HMNP. y yNnopeaHUM TeCTOBMMA, NMOKaXKe Kao cyne-
pUopaH, MOXKe ce cMaTpaTh TecTUpaHuUm (copT-
HUM) penpoayKTMBHUM MaTepujanom. Ctora ce
KOMMapaTUBHM TECTOBMU, Y KOjUMa ce nopesae xe-
JbeHe KapaKTepuUCTUKe PasInunTUX eKCnepumeH-
Ta/IHUX KNAOHOBA ca pedepeHTHUM KIOHOBMMA,
MOTy CMaTpaTh Ba*HOM KOMMOHEHTOM npoueca
Npoun3BoAHe KBA/IMTETHOT PenpoAyKTUBHOI Ma-
Tepujana, Koju je HeoNxoAaH 3a OCHMBAHE MNAaH-
TaXka v 3a Apyre npumeHe.

McTpakmBarba pasnnumnTmx cBojCcTaBa KNOHOBA
Oene Tonone BpLUEHa cy Y SpOjHUM KOMMapaTus-
HUM TECTOBMMA, KaKo y cBeTy (Hnp. Rédei, 2000;
Zhao etal., 2013), Tako ny Cpbuju (Hnp. Orlovic
et al.,, 2003; Kovacevic et al., 2006, 2010, 2013,
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2014; Roncevic et al., 2012; Katanic¢ et al.,
2014, 2015; Todorovi¢, 2016; Kovacevi¢, Igi¢,
2018; Vuksanovi¢ et al., 2019 a, b). JeaaH oz ve-
cT0 KopuwheHux pedepeHTHUX KNOHOBA Y OBUM
Tectosuma je Villafranca (I-58/57, unau jegHocras-
Ho 58/57), koju je, Takohe, jegaH o Hajuewhe
rajeHux KnoHoBa y ceeTy (Guzina, 1986). Nopes,
TOra, OBO je W jeAMHU PerncTpoBaHu KaoH dene
Tonone y Cpduju. Mehytum, HEKONMKO ceneKkum-
ja IHCTUTYTa 33 HM3MjCKO LWYMAPCTBO U MUBOTHY
cpeauHy, Hosu Caa, Cpduja, nonyt L-12, L-80 u
L-100, TpeHYTHO Cy Y eKCnepumeHTanHoj ¢asun u
[octynHu cy y Cpdumju 3a ekcnepumeHTanHe cBpxe.
Crora cy AoAaTHM NOAALM O HUXOBOj NPOU3BOAHM
y pacagHuumma fodpogownu.

Linsb oBor paga je nopehere npujema pesHu-
La, NpexuB/baBarba U penesaHTHUX mopdono-
LUIKMX KapaKTEPUCTUKA (BUCMHA M NpeYHUK Ha 10
CM 0f, OCHOBE M3AaHKa) OXKN/bEHULLA HEPETUCTPO-
BaHMX eKcrnepuMeHTaHWX KioHoBa Sene Tonone
L-12, L-80, L-100 u pedepeHTHOr KnoHa Villafranca
Yy pacagHMYKOM TecTy, Ka0 OCHOBA 33 MaCOBHY
Npou3BOAHY ONEMEHEHOT CAZHOT MaTepujana.

MATEPUJAA 1 METOA PAAA

burvHU mawiepujan

BumsHN maTepujan kopuwheH y oBom pagy
odyxBaTa YeTupu KNoHa dene Tonose o4 Kojux je-
AaaH, Villafranca, npeactas/ba pepepeHTHU KNOoH,
a Tpu, L-12, L-80 u L-100, npeacTas/bajy ekcne-
pPUMEHTa/IHE KNIOHOBE KOjW joL YBEK HUCY peru-
cTpoBaHu y Cpduju. Villafranca je cenekunoHu-
caHa y Utanuju (Poplar Research Institute, Casale
Monferrato) f,OK cy OCTaiv KNOHOBU CENEKLLUOHM-
caHu y VIHCTUTYTY 33 HU3MjCKO LYMapCTBO M 3a-
WTUTY }KMBOTHe cpegmHe y Hosom Cagy, Cpduja.

KopuwheHo je 300 pesHuua No KAOHy (yKyn-
Ho 1200), Koje cy uspaheHe og npyToBa jeaHoro-
OMWHKUX cafiHMLLA CBa YeTUpKM KAoHa y nponehe
2018. roaunHe. MNpeyHuK pesHuua ce kpetao og 1,5
00 2,0 cm, a gyxkumHa og, 18,0 o 22,0 cm. PesHuue
CYy CKIaAMWTEHE Y XNaAHhavn Ha HUCKOj Temene-
patypu (1,8-3,6°C), u npe nodagama cy, Hajnpe,
noTon/beHe y Boay y Tpajamy o4 24 h (camka 1), a
3aTUM U1 y pacteop daKkap-cyndara.
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CnuKa 1. Pe3HuLe YeTupu KioHa Sene Tonone

PacagHuyku wecw

PacagHM4YKKM TecT OCHOBaH je y pacagHUKy
LLymapckor dakyneta, YHMBep3uteta y beorpaay,
y nponehe 2018. roguHe (11. anpwun), o4 pesHuua
4yeTupu KioHa dene Tonose Koje cy nodagaHe y
pa3mary 20x20 cm (cnuvKa 2). KapakTepucTuKe 3e-
M/bULLTA cy paHuje npoydeHe (Nonic, 2016). Tect
je ocHoBaH Mo NoTNyHo cnyvajHom 10K cuctemy
y TP1 MOHaB/bakba.

Y TecTy cy, TOKOM BereTauuje, pefoBHO Crpo-
BoheHe mepe Here: 3a/MBakbe, NMUHUMPaHbe dou-
HUX M300jaKa, yK/larbatbe KOPOBa, OKOMaBake.
MNopep Tora, BpLeHO je n donmjapHo npuxparsu-
Batbe NPK 15:15:15 HySpumBom, Tpu nyta TOKOM
ce3oHe pacta. MpoueHaT npujema yTBpheH je Ha
ocHoBy dpoja pesHuLa Koje cy Aane BUTAIHE U3-
OaHKe. Ha Kpajy npBe ce3oHe pacTa, NpoueHeHo
je npexue/baBarbe OubeHULA TMNa 1/1, Koje cy
y paHo nponehe 2019. roanHe yenosaHe. Ha Kpa-
jy opyre ce3oHe, NpoLEeHEHO je NpexnB/baBakbe
oXusbeHumua Tmna 1/2.

CnuKa 2. OcHMBake pacagHUYKor Tecta y nposehe
2018. rogmHe

MopdgonowKa ceojcuiea KnoHoea dene
wodone y pacagHu4ykom wecuy

BucuHa n npeyHumk Ha 10 cm opf ocHoBe 13-
JaHKa OXW/beHuLa CBa YeTUPU KNOHA MepeHMU
cy y jeceH 2018. rognHe (oxu/beHunue tuna 1/1)
ny jeceH 2019. roamHe (oxubeHunue Tuna 1/2).
LodujeHn nogaum cy kKopuwheHn 3a nspadyHa-
Batbe OCHOBHMX MapameTapa AeKCPUNTUBHE CTa-
TUCTUKE (MMHMMaNHa U MaKcMMasiHa BPeaHOCT,
cpearba BPeAHOCT, CTaHAapAHa AeBujauumja u
KoedbumuMjeHT Bapujaunje), kopuwherwem npo-
rpama Statgraphics Centurion XVI.Il software
(StatPoint Technologies, Inc. www.statgraphics.
com). BapujadunHoct nsmehy yetnpm knoHa dene
Tonose ytBpheHa je jegHodaKkToOpUjanHOM aHaNU-
30M BapujaHce (One-Way ANOVA), a TecT Hajma-
e 3HayajHMX pas3nuka (LSD TecT) je KopuwheH y
LM/by Fpynuncarba KI0HOBA Y XOMOreHe rpyne.

PE3YATATH

BapujadunHoct npujema pesHuua
Y NpeXuB/baBatba OXKU/beHUL,A TUNA
1/1un1/2

MojaBa BUTaNHMX U3a4aHaKa pe3Huua 3adene-
KeHa je y nponehe 2018. roanHe n kopuwheHa je
3a yTBphMBatbe nNpoLeHTa npujema pesHuLa uc-
Tpa)kMBaHUX KNoHoBa (Tadena 1, caunka 3). YkynaH
npujem pesHuLa cBa YeTupw KaoHa 6uo je 61,33%.

2, N B s 3 N2 o 6% e St
Cnuka 3. ButanHu nsgaHak pesHuue knoHa L-12 y
pacagHUYKOM TecTy
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Tadena 1. Mpujem pe3HuLa 1 NPEXMB/baBarbe OXUbeHnua Tuna 1/1 n 1/2 yetnpm KnoHa Sene Tonone

Mpexus/maBarwe Mpexus/maBarwe

Peann  Osnaka Bpoj Mpujem pesHuua oXubeHnya 1/1 oXubeHnua 1/2
5poj KNOHa pesHuua
Bpoj MpoueHar Bpoj MpoueHar Bpoj MpoueHar

1 L-12 300 223 74,33% 175 58,33% 169 56,33%
2 L-80 300 180 60,00% 79 26,33% 70 23,33%
3 L-100 300 162 54,00% 60 20,00% 47 15,66%
4 58/57 300 171 57,00% 76 25,33% 64 21,33%

YKynHo 1200 736 61,33% 390 32,50% 350 29,16%

Mpujem pesHuLa NojeaMHaYHMX KIOHOBa OMO je
BapujadunaH, anu je Kog cBa YeTMpu KnoHa dmno
n3Hapg 50%. Hajsehu npoueHat npujema 3adene-
JKEH je Koa KnoHa L-12 (74,33%), a Hajmatby Kop,
KnoHa L-100 (54,00%).

YcnewHocT npeXuB/baBakba 3aKOPEHEHUX
pesHuMua y pacagHWYKOM TecTy npouereHa
je Ha ocHoBYy Opoja OXW/beHMUa Koje cy aane
BUTaNlaHe M3[aHKe HAaKOH MpBe Ce30He pacTa
(oxumeHnue Tvna 1/1), Kao 1 HaKoH apyre ce-
30He pacTta (oxus/beHuue Tuna 1/2) (tadena 1).

Cnuka 4. OxusbeHuue KioHosa dene Tonone Tmna
1/2 y jeceH 2019. roanHe
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YKYMHO MpexunB/baBakbe OXubeHnua tuna 1/1
CBa YeTUpK KnoHa duno je 32,50%, OoK je npe-
MB/baBatbe OXU/beHuua Tvna 1/2 duno HewTo
HUXe (29,16%). Hajsehn npoueHaT npexussba-
Batba 00a TMNA OXWU/bEHULA YOUEH je Kof, K/oHa
L-12 (58,33% 1 56,33%, pecneKkTMBHO), AOK je Koz,
OCTa/IMX KNIOHOBA MpeXKMB/baBakbe 00a TUMA OXKMU-
JbeHunua 6uno mncnog 50,00%. HajHu»KM npoueHat
npexuB/baBarba 0da TMNa oXusbeHuua 3adene-
YKeH je Ko KnoHa L-100 (20,00% 3a oxKu/beHuue
™mna 1/1, n 15,66% 3a oskusbeHunue Tuna 1/2). Ha
cAnumM 4 npukasaHe cy OXu/beHuLe K1oHoBa dene
Tonone Tmna 1/2 y pacagH1U4Kom TecTy.

MopdonowKa BapujadbunHocr
OoXusbeHuua Tuna 1/1

BucuHa oxusbeHnua tuna 1/1 mepeHa je y
nponehe 2019. roanHe (tabena 2). Hajseha cpea-
tba BUCMHa 3abefiekeHa je Kog KaoHa 58/57
(145,84+35,93 cm), AOK je HELWTO HUMKa BpeaHOCT
3abenexeHa Kopg, kKnoHa L-12 (144,06+£37,90 cm).
Koz oBux KNoOHOBa M3MepeHe cy Hajsehe maKkcu-
masnHe sucuHe (M3Hag 200,00 cm). MehyTtum, mu-
HUMa/Ha BUCMHA OXKW/beHULUa KnoHa L-12 duna
je y oncery BMCMHA YO4YeHUX Koz KnoHoBa L-80
1 L-100 (39,00 go 50,00 cm), oOK je MUHMMaNHa
BMCMHA OXW/beHMLA KOoHa 58/57 &una ckopo ay-
nno seha (82,00 cm). Cpeatba BUCUHA OXU/bEHMLA
KnoHoBa L-80 u L-100 duna je marba og 100,00 cm
(83,034£23,67 cm, 1 94,48+28,24 cm, pecneKkTUBHO).

PesynTtaTtu jegHodaKkTOpUjanHe aHan3e Bapu-
jaHce yKasyjy Ha CTaTUCTMYKM 3HaYajHe pa3/inKe 3a
BMCUHE OXusbeHuua tvna 1/1 (p < 0,05, tabena
2). OBaj Hanas notepheH je u pesyntatuma LSD
TecTa (tabena 3) Koju yKasyje Ha nNocTojarbe Tpu
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Tabena 2. OcHOBHM NapameTpu AecKpunTusHe ctatncTuke u ANOVA 3a BUCUHE OXu/beHuua Tnna 1/1

PeaHu O3Haka Bpoj MuHumym  Makcumym Cpegma SD Ccv
&poj K/NOHa  OXMW/beHUua (cm) (cm) BpegHocT (cm) (cm) (%)
1 L-12 175 40,00 228,00 144,06 37,90 26,31%
2 L-80 79 39,00 140,00 83,03 23,67 28,51%
3 L-100 60 50,00 175,00 94,48 28,24 29,89%
4 58/57 76 82,00 225,00 145,84 35,93 24,64%
CpeguHa Keagpawa F-ogHoC P-epegHocui
ANOVA peg ap g peg
97179,8 85,73 0,0000

Tadena 3. Pesyntatv LSD TecTa 3a BUCUHE OXW/be-
Hu1ua TMna 1/1 yetupwm KnoHa Sene Tonone (a, bwu c
03Ha4aBajy XxomoreHe rpyne)

PeaHu O3HaKa Cpeama
&poj K/IOHa BpegHocT (cm)
1 L-80 83,03¢
3 L-100 94,48°
2 L-12 144,06°
4 58/57 145,84°

Tabdena 5. Pesyntatu LSD Tecta 3a npeyHuKe Ha 10
CM 0Z OCHOBE M3JaHKa OXKU/beHuLa TMNa 1/1 yetnpm
KnoHa 6ene Tonose (a, b u c o3HayaBajy xomoreHe
rpyne)

A2 ) ?;'la':;a Bpeizetﬁ:??cm)
1 L-100 6,77 ¢
3 L-80 6,89 ¢
2 L-12 9,08°
4 58/57 9,94°

XomoreHe rpyne. [pBy XOMOreHy rpyny YnHe Kno-
HoBM L-12 n 58/57, nok ce knoHosu L-80 n L-100
n3agajajy y 3acedHe rpyne (Tadena 3).

MpeyHuK Ha 10 cm of OCHOBE M34aHKa OXU-
JbeHnua Tuna 1/1 mepeH je y nponehe 2019. ro-
AvHe (Tabena 4). Hajsehu cpeatbm npeyHuk 3ade-
NIeXKeH je Koa KnoHa 58/57 (9,94+2,71 cm), a Kog,
KnoHa L-12, Takohe, je duno nsHag 9 cm (9,08+2,82
cm). HajBuwa maKkcMmasiHa BpeaHOCT M HajHUKa
MWHUMANHA BPEAHOCT NpeYyHUKa U3IMepeHe cy
Ko KnoHa L-12 (19,18 cm u 3,70 cm). KnoH 58/57
KapaKTepuLly ymepeHe MaKCMMaHe BPeaHOCTH
npeyHunKa Ha 10 cm og ocHoBe MaaHKa (15,30 cm),
Kao M HajBMLe MUHUMaHe BpegHocTu (4,59 cm).

Pe3yntatn jeagHodaKTOpPUjaiHE aHan3e Bapu-
jaHce yKasyjy Ha CTaTUCTMYKM 3HaYajHe pas3/nKe 3a
npeyHmKe Ha 10 cm oz OCHOBE M3AaHKa OXU/be-
Huua Tina 1/1 (p < 0,05, Tabena 4). OBaj Hanas
notepheH je n pesyntatuma LSD TecTa (Tadena 5)
KOjW yKa3yje Ha NOCTOjate TPU XOMOTeHe rpyne.
JeaHy xomoreHy rpyny 4ymHe KnoHoswm L-80 u L-100,
[OK ce KnoHosu L-12 n 58/57 n3agajajy y 3acedHe
rpyne (tadena 5).

Tadena 4. OcHOBHM NapameTpu AeckpunTusHe ctatuctike 1 ANOVA 3a npeyHuke Ha 10 cm of, 0CHOBE M34aHKa

oXusbeHmnua tuna 1/1

PepHn  OsHaka Bpoj MuHumym  Makcumym Cpeptba SD cv
6poj KNOHA  OXW/beHuLa (cm) (cm) BpeaHocT (cm) (cm) (%)
1 L-12 175 3,70 19,18 9,08 2,82 31,04%
2 L-80 79 3,77 12,52 6,89 2,25 32,66%
3 L-100 60 4,26 11,22 6,77 1,53 22,62%
4 58/57 76 4,59 15,30 9,94 2,71 27,26%
CpeguHa Keagpawa F-ogHOC P-epegHOCcW
ANOVA peg ap g peg
198,573 31,10 0,0000
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Tabdena 6. OCHOBHM NapameTpu AeckpunTneHe ctatuctuke n ANOVA 3a BUCUHE OKM/beHUUa Tuna 1/2

PepHn OsHaka Bpoj MuHumym Makcumym Cpepgtba SD cv
&poj K/NOHA  OXWbeHuua (cm) (cm) BpegHocT (cm) (cm) (%)
1 L-12 157 82,00 340,00 210,56 62,25 29,56%
2 L-80 70 53,00 223,00 124,06 39,46 31,81%
3 L-100 42 100,0 270,00 182,57 38,97 21,35%
4 58/57 60 120,0 339,00 245,27 49,32 20,11%
CpeguHa Keagpawia F-ogHoC P-epegHocui
ANOVA peg gp g peg
182802,0 64,74 0,0000

Mopdonoluka BapujadunHoct
OXu/beHuua Tmna 1/2

BucuHa oxus/beHuua Tuna 1/2 cea uyetupu
KNOHA MepeHa je y jeceH 2019. roguHe (Tadena
6). Hajseha cpearba BucuHa 3adenexeHa je Kog
KnoHa 58/57 (245,27+49,32 cm), AOK je HewTo
HUXKa BpeAHOCT 3adenexeHa Kog KnoHa L-12
(210,56+62,25 cm). Koa, oBUX KN1OHOBa uU3mepe-
He cy MaKcumanHe BucuHe (M3Hag 300,00 cm).
MehyTuM, MUHMMAIHA BUCMHA OXKU/bEHWULA KO-
Ha L-12 6umna je ckopo 40,00 cm HMKa y oAHOCY Ha
BMcMHe 3abenexeHe Koz KnoHa 58/57 (80,00 cm
1 120,00 cm, pecneKkTnBHO). HajHuKa cpeatba BU-
CWHa U3mepeHa je Kopa kaoHa L-80 (124,06+39,46
cm), 1 0Ba BPEAHOCT duna je Aynao Marba y O4HO-
Cy Ha OHy 3adesiexkeHy Kog KnoHa 58/57.

Pasnuke y cpearbMm BpegHOCTMMA BUCUMHA
oxusbeHunua Tmna 1/1 n 1/2 yetmpu knoHa dene
TOnone n3paxeHuje cy Kog KnoHosa L-12, L-100 n
58/57, Hero Kopa, KnoHa L-80 (rpadmkoH 1).

PesynTtaTtu jegHodakTOpUjanHe aHann3e Bapu-
jaHce yKasyjy Ha CTaTUCTUYKM 3HaYajHe pasnuke 3a
BMCUHE OXu/beHuua Tnna 1/2 (p < 0,05, Tadena 6).
OBaj Hanas notepheH je u pesyntatnma LSD TecTta
(tadena 7) Koju Nokasyje Aa CBaKM KAOH YMHU 3a-
cebHy xomoreHy rpyny.

MpeyHunK Ha 10 cm of OCHOBE M34aHKa OXU-
JbeHunua Tna 1/2 mepeH je y jecen 2019. roguHe
(tadena 8). Hajsehu cpeatom NnpedHmK 3adenexkeH
je Koa, knoHa 58/57 (24,7045,72 cm), mehytum,
M Ko KnoHosa L-12 u L-100 BpegHOCTU npey-
HUKa dune cy usHag 20 cm (21,65%8,26 cm, n
20,0115,47 cm, pecnektnsHo). Cpearsn NpevyHmK

Cpepba BUCMHA OXWbeHuya Tuna 1/1 n 1/2 uetnpu knowHa 6ene Tonone
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KOoZ KNoHa L-80 6mo je cKOpo Tpu nyTa Marbu
(8,89+2,96 cm), a 3a OBaj KNOH yo4eHe Cy U Haj-
Mare MaKCMMasHe U MUHMMaNHe BPeaHOCTU

Tadena 7. Peayntati LSD TecTa 3a BUCUHE OXWU/bEHU-
ua tmna 1/2 yetpu KnoHa dene tonosne (a, b, cund
03HavaBajy XxomoreHe rpyne)

PeaHu 6poj  O3HaKa K/1oHa 8p eip:cﬁ':(acm)
1 L-80 124,06¢
3 L-100 182,57¢
2 L-12 210,56"
4 58/57 245,27°

npeyHuKa (16,27 cm un 4,43 cm, pecrnekTMBHO).
Hajsniwa maKkcumanHa BPeaHOCT NMpeyvyHuKa of,
55,26 cm nsmepeHa je kog knoHa L-12, ook je Kog,
KnoHa 58/57 nsHocuna 39,26 cm. OBaj K/IOH, TaKo-
He, KapaKTepuile U HajBMLLIA MaKCUManHa Bpes-
HOCT nNpeyHuKa (12,16 cm), Koja je Kog, KnoHa L-12
aynno mama (6,87 cm).

Pasnuke y cpearbem npeyHuky Ha 10 cm og
OCHOBE M34aHKa oXubeHuua tmna 1/1m 1/2 dune
Cy V3paskeHuje Kog KnoHosa L-12, L-100 u 58/57,
[0K je nosehatbe BPeHOCTM NPEYHNKA Kog, K/10Ha
L-80 6mno 3aHemap/buBO (rpaduKoH 2).

PesynTtatn jegHodakTopmnjanHe aHanuse Ba-
pujaHce yKasyjy Ha CTaTUCTMYKKM 3HAYajHe pas3nu-
Ke 3a npeyHuKe Ha 10 cm of ocHOBe M3AaHKa

Tadena 8. OcHOBHM NapameTpu AeckpunTmuBHe ctatnucTke n ANOVA 3a npeyHuKke Ha 10 cm og, ocHOBE M34aHKa

Oou/beHuua Tuna 1/2

PeaHn  OsHaka Bpoj MuHumym  Makcumym Cpeatba SD cv
&poj KNOHA  OXW/beHuua (cm) (cm) BpeAHocT (cm) (cm) (%)
1 L-12 157 6,87 55,26 21,65 8,26 38,15%
2 L-80 70 4,43 16,27 8,89 2,96 33,26%
B L-100 42 9,52 31,71 20,01 5,47 27,34%
4 58/57 60 12,16 39,26 24,70 5,72 23,16%
CpeguHa Keagpauwia F-ogHoC P-epegHocui
ANOVA peg ap g peg
3409,12 76,93 0,0000
Cpeatby npeyHnK Ha 10 cm og ocHOBe M3[aHKa OXu/beHuya Tuna 1/1m 1/2
yeTUpM KNoHa bene Tonone
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MpaduKoH 2. Cpeatba BpegHOCT M CTaHAApAHA AeBujaLmja 3a NpedHmKe Ha 10 cm of, OCHOBe M34aHKa OXKU/be-

Huua ™Mna 1/1 n 1/2 yetupwm KnoHa dene Tonone
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oxumbeHuua tvna 1/2 (p < 0,05, tadena 8). OBaj
Hanas notepheH je n pesyntatuma LSD TecTa (Ta-
bena 9), Koju yKasyje Ha NoCTojakbe TPU XOMOTeHe
rpyne. JeaHy XOMOreHy rpyny YMHe KAOHOBM L-12
1 L-100, gok ce knoHosm L-80 1 58/57 nsagajajy y
3acebHe rpyne (tadena 9).

Tabdena 9. Pesyntatu LSD TecTa 3a npeyHuKe Ha 10
CM 0Z OCHOBE M3JaHKa OXKU/beHuLa TMNa 1/2 yetnpm
KnoHa 6ene Tonose (a, b u c o3HayaBajy xomoreHe
rpyne)

A2 ) i;ﬂ;a Bpecpl,'::-iecflcl:,?cm)
1 L-80 8,89°¢
3 L-100 20,01°
2 L-12 21,65°
4 58/57 24,70°
ANCKYCHJA

Bena Tonona ce gaHac cmaTpa PeTKoM U1 yrpo-
YKEHOM ApBeHacTom BpcTom, de3 0d3mpa Ha wu-
poK apean pacnpocTpatetrba (Kovacevic et al.,
2010). N nopeg Tora, cyrepucaHo je ga ce oBa
BpCTa oA/MKyje Beoma doratum reHopoHAOM,
HapoYnTO y cpearem pernoHy MaHoHcKe HU3K-
je, y Kojem cy 3aCTyn/beHU NecKOBUTU HAHOCH,
Kao M Yy NOAHOX]y BenuKkux peka (Szodfridt,
Palotdas, 1973). OBakaB reHo$OHA NpeacTaB/ba
HenpoLeHMB pecypc 3a cesleKkLnjy KNOHOBA, Koju
KacHuje mory 6uth nodoJsbluaHu, y pasindmTum
onnemerMBaYKMM Nporpamuma, u Kopuwhe-
HW 32 OCHMBAbE MNJIAHTa)Ka W y Apyre CBpXe, Kao
LUTO Cy 3alWTUTHM NprModanHu 3acaam, BeTpodpa-
HW nojacesu, uta. (Guzina, 1986; Vuksanovic¢,
2019). Bpegu HanomeHyTH Aa je jegaH oa, OCHOB-
HUX NpaBaLa oniemernBarba deanx Tonona To-
NepaHumja Ha cywy u apyre adMOTUYKe CTPECcoBe,
Kao M nNpousBoAtba MHAMBMAYaA fodpe dopme
cTadna Koje mory @t KBasiMTeTaH COPTUMEHT (Tj.
5e3 NakHe CpUMKe) 1 Koje ce Mory Npunaroantu
NPOMEeH/bUBUM ycnoBMMa cpeanHe (Rédei, 1994;
Vuksanovic¢, 2019). To je oa 3Ha4aja y KOHTEKCTY
rnodanHor 3arpesatba (IPCC, 2014) n cHMKaBatba
HMBOa nogsemHux Boga (Rédei et al., 2010), se-
oMa SUTHMX GaKTopa, KOju yTUYYy Ha OMCTaHaK U
pacT deMx Tonona Ha NPUPOLHUM CTAHULITUMA.

138

JepaH o Hajuewhe rajeHMx KioHoBa dene
Tonone y Cpduju n cBeTy je UTaNNjaHCKM KNOH
Villafranca (58/57). OBaj KNOH je jeanHu peru-
cTpoBaHU KNoH dene Tonone y Cpduju, ny osom
paay KopuwheH je Kao pedepeHTHU KJOH, ca
Kojum cy nopeheHu knoHosu L-12, L-80 n L-100
Ca acnekTa nNpujema pesHuLa, Kao U NpexunB/ba-
Batba U MopdonoLwKe BapujabUNHOCTU OXU/be-
HULUA. HaBeaeHW KIOHOBW Cy CENeKLMOHUCAHN Y
Cpoujn Ha MHCTUTYTY 3@ HU3KMjCKO LUYMAPCTBO U
KMBOTHY cpeauHy, Hosu Cag, HUCY perucTpoBa-
HU1, W jOLI YBEK Ce HaJjiase y eKcnepumMeHTanHoj
$asu ucTparkmBarba. YcnewHocT npujema pesHu-
ua knoHosa Villafranca, L-80 n L-100 kpeTtana ce
oA 54,00 po 60,00%, fOK cy pe3Huue KnoHa L-12
noKasane Hajdosbu npoueHaT npujema (74,33%).
LWTtasuwe, L-12 je Hagmawno gpyre KNOHOBe y
norneny nNpeXuB/baBatba OXU/beHULLA TOKOM
npBe BereTauMoHe ce3oHe (OXu/beHuue Tuna
1/1, npexusbasarbe 58,33%) 1 Apyre Beretauu-
OHe ce3oHe (oXu/beHuLe Tna 1/2, npesxusrbasa-
e 56,33%). OBe BpegHOCTU Cy BULLIE HEro Aynio
Behe y nopehery ca BpeaHocTUMa A0dnjeHUM
33 NpexuB/baBatbe 00a TUMA OXU/bEHULLA KOZ,
knoHa Villafranca, wTo yKasyje Ha YMrbeHuLy aa
je ycnewHoCT npexuB/baBakba ayTOXTOHOT KO-
Ha L-12 dosba og utanmnjaHckor knoHa Villafranca.
Ba)kHO je HanomeHyTH ga cy Kovacevié et al.
(2014) youmnu cnnyaH npoueHaT NpexneibaBarba
oxusberunua tTvna 1/1 kog knoHa L-12 (54,71%). C
0031pom Aa je NoKasaHo Aa Bpeme npunpeme pe-
3HULA, CKaguwWwTera M nodagarba Mory yTmuaTi
Ha OXKM/baBakbe ABa TUMA eypoaMepPUYKNX TONoNA
(Kovacevié etal., 2006; Kovacevi¢, Igic, 2018),
NpeTnocTaB/ba Ce fa NPEeXKMB/baBake OXKU/bEHU-
La morke St NnodosbliaHo PpaHMjoM NPUMNPEMOM
1 nodagarbem pesHuLa, YKOMKO YCI0BU CpeanHe
TO [,03BOJbABAjY.

OusbeHnue knoHosa L-12 u Villafranca
MMane cy NpudNNKHO WUCTY BUCUMHY TOKOM Mp-
BOr BeretauuoHor nepoga (144,06+37,90 cm
n 145,84+35,93 cm, pecnektusHo, Tabena 2) u
rpynucaHe cy y UCTy XomoreHy rpyny npema LSD
Tecty (Tadena 3). MehyTtum, Villafranca je nokasa-
na dosbe pesyntate y norneny BUCUHe y 0gHOCY
Ha L-12 Ha Kpajy Apyror BeretauMoHor nepmoaa
(245,27+49,32 cm, 1 210,56+62,25 cm, pecnek-
TUBHO), U OBM KJIOHOBW CYy TPYNWUCaHW y pasnu-
yute xomoreHe rpyne (tabena 6, rpadumkoH 1).
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HaBegeHe cpeare BUCUMHE OBUX KJAOHOBA yno-
peavBe cy ca BUCMHAMa 3adeNieXKeHUM Kofa Tpo-
roguwkbnx mahapckux KnoHosa desne Tonone
(2,5 m go 3,7 m, Rédei, 2000). C 0d3mpom aa cy
Kovacevi¢ et al. (2014) nokasanu fa oxu/beHuue
™mna 1/1 knoHa L-12 AoCTusKy cpeay BUCUHY OA,
201,44 cm, oBaKaB pe3yaTaT MOXe ce Npunucatm
pasnnMKama y yCAoBMMA Y pacafHMKY, Kao LWTO cy
CBOjCTBa 3eM/bMLUTA N NPUMEHNBAHA TEXHOIOTUja
npoussogre. Mmajyhu y Buay ycnose pacagHuu-
KOr TecTa y 0BOM pajy, 3a40B0osbaBajyhu KBauTeT
cagHor maTtepwmjana knoHosa L-12 u Villafranca (1j.,
BMcMHa 2180,00 cm) morke ce noctuhu Kpos age
roAnHe U NPUMEHOM YenoBaka. BpeaHo je Hano-
MEHYTU [a je jow jeAaH eKCNepMMEHTAIHN KNIOH,
L-100, nocturao cpeatby BUCMHY M3Hazg 180,00 cm
HaKOH Apyror BeretaumnoHor nepuoaa (tadena 6).
C 063Mpom Za je camo Ko OBOr K/IOHa NpUMeHa
yenoBakba pesynTvMpana ygBoCTpyvyaBatbeM BU-
cuHe (94,48+28,24 cm, 1 182,57+38,97 cm), oBa
Mepa npenopyuyje ce 3a NPUMeHy y NPOn3BOAHM
penpoayKTUBHOT MaTepujana osor KaoHa. C apyre
CTpaHe, cpeftba BUCUMHA OXKU/beHULLA KNOoHa L-80
je duna mama og 100,00 cm Ha Kpajy npsor Be-
reTauMoHor nepnoga, n mamwa og 130,00 cm Ha
Kpajy 4pYyror, WTo yKa3syje Ha YnkbeHuLUy aa cy 3a
aoduvjarbe KBaIMTETHUX OXKU/bEHULA OBOT KIOHA
HEeonxo4Ha Aasba UCTParkMBakba M ONTUMM3aLM]a.
OBW Hanasu cy y cknagy ca CTaHOBULITEM Aa je
Yy HEKMM C/ly4ajeBMMa NOTPedHO NpuUAaroanT 1
ONTUMM30BATM NPOM3BOAHY Ca UHAMBUAYANTHUM
cneumdUyYHOCTMMA KNOHOBA Y Uu/by Aodujarba
KBa/IMTETHOT PenpoAyKTUBHOI MaTepujana.
CnnyaH TpeHa npumeheH je n Kog cpeptux
BPeAHOCTM NpeyHnKa Ha 10 cm og, ocHOBe U3aaH-
Ka oXusbeHuua Tmna 1/1 (tabena 4) n 1/2 (tadena
8) ncTpaxkmMBaHMX KAOHOBA. MaKo cy npeyHunum
oxusbeHnua tuna 1/1 knoHosa Villafranca n L-12
npesasmnasnam 9 cm, npema pesyntatuma LSD Te-
CTa, OB KNOHOBW FPYNUCAHU CY Y Pa3nymTe XO-
moreHe rpyne (Tadena 5). Y cnyyajy ou/beHumua
T™mna 1/2, cpearbu npevHuK Tpu KnoHa, Villafranca,
L-12 n L-100, npesasunasno je 20 cm, 1 OHU cy
dopmupanu gse xomoreHe rpyne (jegHa L-12 u
L-100, apyra Villafranca, Tabena 9). Ctora je, cnmu-
HO Kao W y C/yyajy cpenux BUCMHA, YenoBake
MMano Hajsehu nosmTneaH edekat Ha nosehare
BPeAHOCTU MpeyHnKa Kog KnoHa L-100, Koju je
CKOpPO O0CTUrao NpeyYHUK KnoHa L-12 y apyrom

BeretauMoHom nepuogy (tadena 9, rpadukoH 2).
Ca gpyre cTpaHe, MaKo Cy OXU/beHULe KNOHOBA
L-12 u Villafranca nocturne ckopo naeHTMyHe Bu-
CMHEe TOKOM MpBOr BereTalMoHor nepnoaa, ru-
XOB MPEYHMK Ce PAa3/IMKOBAO — OXKU/bEHMLLE K/IOHA
Villafranca ognunkosane cy ce Behvm npeyHnKom.
LTaBue, NpeYHmK oxnbeHmua Tuna 1/2 knoHa
Villafranca 6uo je Behun og npeyHuKa KNIOHOBaA
L-12 n L-100, wTo yKasyje Ha YMtbeHULy Aa je, y
nornesy noseharba npeyHuKa, 0Baj KNOH Sosbn y
O[HOCY Ha UCTPaXKMBaHe ayTOXTOHe KioHoBe. Ha
Kpajy, noBeharbe npeyHunka KnoHa L-80 Ha Kpajy
Apyror BereTaLMoOHOr Nepmnoaa U3HOCUIO je cBera
2 cm, WTO je y CKNaZy ca paHMjom oncepsaLmjom
[a je 3a Npou3BOAbY KBAa/IMTETHUX OXU/bEHMULA
OBOT K/IOHA HEOMNXOAHA Aa/ba ONTUMM3ALMja Npo-
M3BOAHOr NpoLeca.

3AKAYIIH

Y oBOM paay je y ABoroguHem pacagHuy-
KOM TecTy npaheHa mopdooLwka BapmjaduUaHoCT
AYTOXTOHWUX HEPErucTPOBaHUX eKCNepuMeHTa-
HUX KNoHoBa L-12, L-80 n L-100 dene Tonone u
peructpoBaHor pedpepeHTHOr KnoHa Villafranca.
Pe3yntatu nctparkmsarba Nokasanu cy ga je L-12
NOKa3ao BMLUE BPeAHOCTM Y O4HOCY Ha OCTane Uc-
TpakMBaHe K/I0HOBE, y Norneay npujema pesHuua
1 NpeXKMB/baBakba OXU/bEHUL,A TOKOM [1Ba Bereta-
LMOHa nepuoga. Y norneay BUCMHE OXKU/bEHMULA
™mna 1/1, L-12 je canyaH ca knoHom Villafranca,
[OK Cy ce oxubeHuue Tuna 1/2 knowHa L-12 ognn-
KOBa/jie HEeLWTO MakbOM BUCMHOM Yy nopeherby ca
knoHom Villafranca.

KnoHosu L-12 u Villafranca cy Tokom ode Be-
retTauMoHe ce3oHe OCTBApW/IM 3aA0BosbaBajyhe
BPEAHOCTM NpeyYHnKa Ha 10 cm o, OCHOBE M34,aHKa,
anu je pasnvKa y UsmepeHum BpegHocTMma duna
3HavajHa ToKom ode roauHe mepera. M3y3eTHo
nosntneaH edekat Ha nosehar-e BpeAHOCTU BUCK-
Ha M NpeyHurKa Kog KnoHa L-100 umano je yenosa-
e, Te Ce 0Ba Mepa npenopydyje y ummwy goduvjarba
KBA/IMTETHUX OXKW/bEHMULA OBOT K/oHa. C 083upom
[a Cy youeHe peslaTUBHO HUCKE BPEAHOCTU BUCUHE
(ncnog 130 cm) 1 NpeyHKKa (Mcnog 9 cm) oxusbe-
Huua TMna 1/2 knoHa L-80, 3a godujarbe KBaAUTET-
HUX OXKM/bEHMLLA OBOT K/IOHA, HEOMXOAHA CY Aa/ba
MUCTpaXKMBarba M ONTUMM3aLMja.
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Abstract: In this paper, the morphological variability of autochthonous unregistered experi-
mental white poplar clones, L-12, L-80 and L-100, and the registered reference clone Villafranca
were monitored in a two-year nursery trial. The highest percentage of rooting of cuttings and
survival of rooted cuttings were recorded for clone L-12, during the two growing seasons. The
height of rooted cuttings of L-12 was almost identical to that of Villafranca during the first
growing season (rooted cuttings 1/1), and slightly lower, in comparison to Villafranca, after the
second growing season (rooted cuttings 1/2). The L-12 and Villafranca clones, which differed in
diameter at 10" cm from shoot base, during both years, had the highest values of the diameter
of rooted cuttings of both types. Coppicing appears to have an exceptionally positive effect on
the increase in both height and diameter in clone L-100, while the production of quality rooted
cuttings of L-80 requires further optimization.

Keywords: Populus alba L., clonal technology, rooted cuttings 1/1 and 1/2, morphological features

INTRODUCTION

White poplar, Populus alba L. (section Leuce),
is a deciduous tree species distributed in Europe,
Western and Central Asia and Northern Africa. It
is a light-demanding species that is usually mixed
with black poplar, white willow and black alder in
autochthonous riparian forest ecosystems found
on alluvial soils, sandy and dry soils or gravely
deep calcareous soils. Poplar forests are, in gen-
eral, considered as transitional stands between
willow forests and oak, elm and ash forests. Due
to its fast growth, white poplar is particularly
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suitable for usage in protective stands mainly in
riparian zones, as well as for shelterbelts for wind
protection. Such usage of white poplar became
rather common in the Pannonian plain in former
Yugoslavia especially after the First World War
(Guzina, 1986; Vuksanovi¢, 2019).

Natural populations of white poplar were more
abundant in the past, but are declining especially
over the past few decades due to various reasons,
such as lowering of the ground-water table, insuf-
ficient precipitation during the growing season,
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conversion of riparian areas into agricultural land,
etc. (Rédei et al., 2010). Nowadays, this species is
rather rare and regarded even as a threatened spe-
cies in Serbia (Kovacevic et al. 2010). Therefore,
actions towards the conservation of its genetic re-
sources are needed. Over the past 20 years, sev-
eral European-wide programs and projects, aimed
at characterizing and preserving white poplars,
have been initiated (e.g., EUFORGEN Program,
Scattered Broadleaves Network). They highlight
the need for both in situ conservation measures,
usually associated with the preservation of white
poplar habitats, as well as ex situ measures. It has
been suggested that one of the possible ex situ
measures for the conservation of white polar ger-
mplasm is the conversion of plantations into au-
tochthonous forests.

The establishment of plantations of forest tree
species including white poplar requires increased
production of the proper reproductive material.
The Law on Forest Reproductive Material (2004)
states that only qualified or tested (sorted) repro-
ductive material may be used for the establish-
ment of plantations. According to this Law, when
qualified reproductive material is proven to be
superior in, for instance, in comparative tests, it
is regarded as tested (sorted) reproductive mate-
rial. Therefore, comparative tests, in which rele-
vant features of various experimental clones are
compared to those observed in reference clones,
may be regarded as an important component of
the process of production of quality reproductive
material needed for the establishment of planta-
tions and other purposes.

To date, numerous comparative tests with
white poplar clones investigating their various
features have been carried out worldwide (e.g.,
Rédei, 2000; Zhao et al., 2013), and in Serbia
(e.g., Orlovic¢ et al., 2003; Kovacevic et al.,
2006, 2010, 2013, 2014; Roncevi¢ et al., 2012;
Katani¢ et al., 2014, 2015; Todorovi¢, 2016;
Kovacevi¢, Igi¢, 2018; Vuksanovic¢ et al.,
2019 a, b). One of the frequently used refer-
ence clones in these tests is Villafranca (1-58/57,
or simply 58/57) which is also one of the most
commonly grown clones in the world (Guzina,
1986). Furthermore, it is the only one registered
white poplar clone in Serbia. However, several se-
lections of the Institute of Lowland Forestry and

Environment, Novi Sad, Serbia, such as L-12, L-80,
and L-100, are currently in the experimental phase
and are available in Serbia for experimental pur-
poses. Therefore, additional data on their produc-
tion in nurseries and other features are needed.

The aim of this work is to compare the surviv-
al success of cuttings and relevant morphological
features (height and diameter at 10" cm from
shoot base) of rooted cuttings of unregistered
white poplar clones L-12, L-80 and L-100 with the
reference clone Villafranca in the nursery trial, as
a basis for mass production of breeded planting
material.

MATERIALS AND METHODS

Plant material

The plant material used in this study comprises
four white polar clones of which one, Villafranca,
represents a reference clone, and three, L-12,
L-80, and L-100, represent clones that have not
been registered in Serbia yet and are in the ex-
perimental phase. Villafranca was selected at the
Poplar Research Institute, Casale Monferrato, Italy,
and the remaining clones were selected at the
Institute of Lowland Forestry and Environment in
Novi Sad (Serbia).

We used 300 cuttings per clone (1200 cuttings
in total) which were made from the stem of one-
year-old cuttings of all four clones in spring 2018.
The diameter of cuttings was in the range from1.5
to 2.0 cm and their length was in the range from
8.0to0 22.0 cm. The cuttings were kept at low tem-
peratures (1.8-3.6° C) in the refrigerator. Before
planting, they were soaked in water for 24 h
(Figure 1), and then in copper sulphate.

Figure 1. Cuttings of the four white poplar clones
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Figure 2. Establishment of the nursery trial in spring
2018

Nursery trial

The nursery trial was established in the
nursery of the University of Belgrade Faculty of
Forestry in spring (11t April) 2018, with cuttings
of all four white poplar clones which were planted
at a distance of 20 cm x 20 cm (Figure 2). The soil
conditions in the nursery can be found elsewhere
(Noni¢, 2016). The trial was established following
a completely randomized design in three repeti-
tions.

The following measures were regularly taken
in the nursery trial, during the vegetation season:
irrigating, removing side shoots, removing weeds
and hoeing. In addition, NPK 15:15:15 foliar fer-
tilization was performed three times during the
growing season. The percentage of the rooting
of cuttings was estimated based on a number of
cuttings with vital shoots. After the first growing
season, the survival rate of rooted cuttings 1/1
was estimated, and those cuttings were coppiced
in early spring 2019. The survival rate of rooted
cuttings 1/2 was estimated after the second grow-
ing season.

Morphological features of white poplar
clones in the nursery trial

The height and diameter at 10" cm from the
shoot base of rooted cuttings of all four clones
were measured in autumn 2018 (rooted cuttings
1/1) and in autumn 2019 (rooted cuttings 1/2). The
obtained data were used for calculating the basic
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Figure 3. Rooted cutting of white poplar clone L-12
in the nursery trial

parameters of descriptive statistics (minimal and
maximal value, mean value, standard deviation,
coefficient of variation) in Statgraphics Centurion
XVLII software (StatPoint Technologies, Inc. www.
statgraphics.com). One-Way Analysis of Variance
(ANOVA) was used for assessing variability among
the four studied clones, and the LSD test was used
for inferring the number of homogeneous groups.

RESULTS

Rooting of cuttings and survival of rooted
cuttings 1/1 and 1/2

The emergence of shoots was recorded in
spring 2018 and it was used for assessing the per-
centage of rooting of cuttings of all four white pop-
lar clones (Table 1, Figure 3). The overall rooting of
cuttings of all four clones was 61.33%. The rooting
of cuttings of individual clones was above 50.00%
and varied between clones. The highest percent-
age of rooting of cuttings was recorded for clone
L-12 (74.33%), and the lowest in L-100 (54.00%).

The survival success of rooted cuttings in
the nursery trial was estimated as a percentage
of cuttings that gave vital rooted cuttings after
the first growing season (rooted cuttings 1/1)
and also after the second growing season (root-
ed cuttings 1/2) (Table 1). The overall survival of
rooted cuttings 1/1 of all four clones was 32.50%,
and it slightly decreased for rooted cuttings 1/2
(29.16%). The highest survival of both types of
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Table 1. Rooting of cuttings and survival success of type 1/1 and 1/2 rooted cuttings of the four white poplar

clones
Rooting of Survival of type 1/1  Survival of type 1/2
No.  CloneID No. of cuttings rooted cuttings rooted cuttings
cuttings
No. Percent No. Percent No. Percent
1 L-12 300 223 74.33% 175 58.33% 169 56.33%
2 L-80 300 180 60.00% 79 26.33% 70 23.33%
3 L-100 300 162 54.00% 60 20.00% 47 15.66%
4 58/57 300 171 57.00% 76 25.33% 64 21.33%
Total 1200 736 61.33% 390 32.50% 350 29.16%

cuttings was observed for clone L-12 (58.33% and
56.33%, respectively), while it was below 50.00%
for both types of cuttings for other clones. The
lowest survival of both types of cuttings was re-
corded for clone L-100 (20.00% for rooted cuttings
1/1 and 15.66% for rooted cuttings 1/2). Typel/2
rooted cuttings of the white poplar clones in the
nursery trial are shown in Figure 4.

Figure 4. Type 1/2 rooted cuttings of the white poplar
clones in the nursery trial

Morphological variability of type 1/1
rooted cuttings

The height of 1/1 rooted cuttings was meas-
ured in spring 2019 (Table 2). The highest mean
height was observed for white polar clone 58/57
(145.84+35.93 cm) and it was slightly lower for
clone L-12 (144.06%+37.90 cm). These clones were
also characterized by the maximal height observed
for individual rooted cuttings (above 200.00 cm).
However, while the minimal height for individual
rooted cuttings of clone L-12 was similar to those
observed for clones L-80 and L-100 (39.00 cm to
50.00 cm), the minimal height of individual rooted
cuttings of clone 58/57 was doubled (82.00 cm).
The mean height of clones L-80 and L-100 was be-
low 100.00 cm (83.03+23.67 cm, and 94.48+28.24
cm, respectively).

One-Way ANOVA analysis revealed that the
differences in the height of 1/1 rooted cuttings
were statistically significant (p < 0.05, Table 2). This
was confirmed by the LSD test (Table 3), which re-
vealed three homogeneous groups. The first group
comprises L-12 and 58/57, while clones L-80 and
L-100 were in separate groups (Table 3).

The diameter at 10" cm from the shoot base of
rooted 1/1 cuttings was measured in spring 2019
(Table 4). The highest mean diameter was re-
corded for clone 58/57 (9.94+2.71 cm) and it was
above 9 cm for clone L-12 as well (9.08+2.82 cm).
The highest maximal diameter and the lowest min-
imal diameter were observed for clone L-12 (19.18
cm, and 3.70 cm). Clone 58/57 was characterized
by a moderate maximal value of the diameter at
10™ cm from the shoot base (15.30 cm), and the
highest minimal value (4.59 cm).
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Table 2. Basic parameters of descriptive statistics and ANOVA for the height of rooted 1/1 cuttings

No Clone ID No. of Min. Max. Mean SD cv
: plants (cm) (cm) (cm) (cm) (%)
1 L-12 175 40.00 228.00 144.06 37.90 26.31%
2 L-80 79 39.00 140.00 83.03 23.67 28.51%
3 L-100 60 50.00 175.00 94.48 28.24 29.89%
4 58/57 76 82.00 225.00 145.84 35.93 24.64%
Mean square F-value P-value
ANOVA
97179.8 85.73 0.0000

Table 3. Outcomes of the LSD test for the height of
rooted 1/1 cuttings of the four white poplar clones
(a, b and c denote homogeneous groups)

No. Clone ID Mean height (cm)
1 L-80 83.03¢
3 L-100 94.48°
2 L-12 144.06*
4 58/57 145.84 2

Table 5. Outcomes of the LSD test for the diameter at
10t cm from the shoot of rooted 1/1 cuttings of the
four white poplar clones (a, b and c denote homoge-
neous groups)

Mean diameter at 10*" cm

No. il from shoot base (cm)

3 L-100 6.77 ¢
1 L-80 6.89°¢
2 L-12 9.08°
4 58/57 9.94°

One-Way ANOVA analysis revealed that the
differences in the diameter at 10" cm from the
shoot base of rooted 1/1 cuttings were statistically
significant (p < 0.05, Table 4). This was confirmed
by the LSD test (Table 5) which revealed three ho-
mogeneous groups, one comprising 58/57, second
comprising L-12, and the third comprising L-80 and
L-100.

Morphological variability of rooted 1/2
cuttings

The height of rooted 1/2 cuttings of four white
poplar clones was measured in autumn 2019
(Table 6). The highest mean height was observed
for white polar clone 58/57 (245.27+49.32 cm) and
it was slightly lower for clone L-12 (210.56+62.25
cm). These clones were also characterized by the
maximal height observed for individual rooted
cuttings (above 300.00 cm). However, the mini-
mal height of individual rooted cuttings of clone
L-12 was almost 40.00 cm lower than that record-
ed for clone 58/57 (82.00 cm, and 120.00 cm,

Table 4. Basic parameters of descriptive statistics and ANOVA for the diameter at 10*" cm from the shoot base

of rooted 1/1cuttings

No Clone ID No. of Min. Max. Mean SD cv
: plants (cm) (cm) (cm) (cm) (%)
1 L-12 175 3.70 19.18 9.08 2.82 31.04%
2 L-80 79 3.77 12.52 6.89 2.25 32.66%
3 L-100 60 4.26 11.22 6.77 1.53 22.62%
4 58/57 76 4.59 15.30 9.94 2.71 27.26%
Mean square F-value P-value
ANOVA
198.573 31.10 0.0000
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Table 6. Basic parameters of descriptive statistics and ANOVA for the height of rooted 1/2 cuttings

No Clone ID No. of Min. Max. Mean SD cv
: plants (cm) (cm) (cm) (cm) (%)
1 L-12 157 82.00 340.00 210.56 62.25 29.56%
2 L-80 70 53.00 223.00 124.06 39.46 31.81%
3 L-100 42 100.00 270.00 182.57 38.97 21.35%
4 58/57 60 120.00 339.00 245.27 49.32 20.11%
Mean square F-value P-value
ANOVA
182802.0 64.74 0.0000

respectively). The lowest mean height was record-
ed for clone L-80 (124.06+39.46 cm), and this val-
ue was half of that recorded for 58/57.

The difference in the mean height of root-
ed 1/1 and 1/2 cuttings of the four white poplar
clones was more pronounced for clones L-12,
L-100 and 58/57 than for clone L-80 (Graph 1).

One-Way ANOVA analysis revealed that the
differences in the height of rooted 1/2 cuttings
were statistically significant (p < 0.05, Table 6). This
was confirmed by the LSD test (Table 7), which re-
vealed that each clone was in a separate homoge-
neous group.

The diameter at 10" cm from the shoot base
of rooted 1/2 cuttings was measured in autumn
2019 (Table 8). The highest mean diameter was

recorded for clone 58/57 (24.70+5.72 cm) and
it was above 20 cm for clones L-12 and L-100 as
well (21.65£8.26 cm and 20.01+5.47 cm, respec-
tively). The mean diameter at 10" cm from shoot
base for clone L-80 was almost three times lower
(8.89+2.96 cm), and the same trend was observed
for this clone for the maximal and minimal diame-
ter at 10" cm from the shoot base (16.27 cm and
4.43 cm). The highest maximal diameter was ob-
served for clone L-12 (55.26 cm), which was also
high for clone 58/57 (39.26 cm). Clone 58/57 was
also characterized by the highest minimal diame-
ter (12.16 cm) which was half its value for clone
L-12 (6.87 cm).

The difference in mean diameters at 10"
cm from the shoot base of rooted 1/1 and 1/2

Mean height of rooted cuttings 1/1 and 1/2 of four white poplar clones
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L-100 58/57
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Graph 1. Mean and standard deviation of heights of rooted 1/1 and 1/2 cuttings of four white popular clones
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Table 7. Outcomes of the LSD test for the height of
rooted 1/2 cuttings of the four white poplar clones
(a, b, c, and d denote homogeneous groups)

No. Clone ID Mean height (cm)
1 L-80 124.06¢
3 L-100 182.57
2 L-12 210.56°
4 58/57 245.27 °

cuttings was more pronounced for clones L-12,
L-100, and 58/57, while an increase in the diam-
eter of clone L-80 during the second vegetation
season was negligible (Graph 2).

A One-Way ANOVA analysis revealed that the
differences in the diameter at 10" cm from the
shoot base of rooted 1/2 cuttings were statistically
significant (p < 0.05, Table 8). This was confirmed
by the LSD test (Table 9), which revealed three
homogeneous groups. One homogeneous group
comprises L-12 and L-100, while clones L-80 and
58/57 were in separate groups (Table 9).

Table 8. Basic parameters of descriptive statistics and ANOVA for the diameter at 10™" cm from the shoot base

of rooted 1/2 cuttings

No Clone ID No. of Min. Max. Mean SD cv
: plants (cm) (cm) (cm) (cm) (%)
1 L-12 157 6.87 55.26 21.65 8.26 38.15%
2 L-80 70 4.43 16.27 8.89 2.96 33.26%
3 L-100 42 9.52 31.71 20.01 5.47 27.34%
4 1-58/57 60 12.16 39.26 24.70 5.72 23.16%
Mean square F-value P-value
ANOVA
3409.12 76.93 0.0000
Mean diameter at 10t cm from shoot base of rooted cuttings 1/1 and 1/2 of
four white poplar clones
35
30
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Graph 2. The mean and standard deviation of diameter at 10" cm from the shoot base of rooted 1/1 and 1/2

cuttings of four white poplar clones
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Table 9. Outcomes of the LSD test for the diameter
at 10* cm from the shoot base of rooted 1/2 cuttings
of the four white poplar clones (a, b and c denote
homogeneous groups)

Mean diameter at 10" cm

No. Clone ID from shoot base (cm)

1 L-80 8.89°¢

3 L-100 20.01°

2 L-12 21.65°

4 58/57 24.70°
DISCUSSION

Although with a broad areal, white poplar is
today regarded as a rare and threatened tree spe-
cies (Kovacevié et al., 2010). Nonetheless, it has
been suggested that this species has a rather rich
gene pool in the sand dune region in the middle
of the Pannonian plain and on the bottomland of
big rivers (Szodfridt and Palotds, 1973). Such
a gene pool represents an irreplaceable reservoir
for the selection of clones that may be improved
later on in various breeding programs and used for
the establishment of plantations and for other pur-
poses such as protective stands in riparian zones,
shelterbelts for wind protection, etc. (Guzina,
1986; Vuksanovi¢, 2019). It is worth mentioning
that the main trend in the selection work of Leuce-
poplar clones and cultivars is identification and
improvement of those that are tolerant to drought
and other abiotic stresses, with a good stem form
that will provide good-quality wood material for in-
dustrial purposes (i.e. without false heartwood) and
that can adapt to the changed ecological conditions
(Rédei, 1994;Vuksanovi¢, 2019). This is associ-
ated with the global climate warming (IPCC, 2014)
and the lowering of the ground water level (Rédei
et al., 2010) that are essential for the survival and
growth of white poplars in their natural habitats.

One of the white poplar clones most commonly
grown in Serbia and worldwide is the Italian clone
Villafranca (58/57). This clone, which is the only
one registered white poplar clone in Serbia, was
used in our study as the reference for the compar-
isons of the survival success of cuttings and mor-
phological variability of rooted cuttings of white
poplar clones L-12, L-80, and L-100. These clones

were selected in Serbia at the Institute of Lowland
Forestry and Environment, Novi Sad and have not
been registered yet, i.e., they are still in the exper-
imental phase. We found that 54.00% to 60.00%
of cuttings of Villafranca, L-80, and L-100 were suc-
cessfully rooted and that the cuttings of clone L-12
were best rooted (74.33%). Furthermore, L-12 out-
performed other clones with respect to the sur-
vival of rooted cuttings during the first vegetation
season (rooted 1/1 cuttings, survival 58.33%) and
the second vegetation season (rooted 1/2 cuttings,
survival 56.33%). These values are more than
twice as high as the values obtained for the surviv-
al of both types of rooted cuttings of Villafranca,
suggesting that the overall survival success of the
autochthonous clone L-12 outperformed that of
the Italian clone Villafranca. Similar survival of the
1/1 rooted cuttings of L-12 (54.71%) was also ob-
served by Kovacevié et al. (2014). Since it has
been shown that the time of preparation of cut-
tings, storage and planting may affect the rooting
of two Euramerican poplar clones (Kovacevi¢ et
al., 2006; Kovacevi¢, Igi¢, 2018), it is possible
that the rooting and survival success of rooted cut-
tings may be improved by an earlier preparation
of cuttings and planting than that applied in our
study, if environmental conditions are favourable.

The rooted cuttings of L-12 and Villafranca had
a similar mean height during the first vegetation
season (144.06+£37.90 cm and 145.84+35.93 cm,
respectively, Table 2) and were assigned to the
same homogeneous group in the LSD tests (Table
3). However, Villafranca outperformed L-12 with
respect to height during the second growth season
(245.274£49.32 cm, and 210.56+62.25 cm, respec-
tively), and these clones were assigned to sepa-
rate homogeneous groups in the LSD test (Table 6,
Graph 1). Mean heights of the rooted cuttings of
both clones are slightly lower than those report-
ed for various 3-year-old white poplar clones from
Hungary (2.5 m to 3.7 m, Rédei, 2000). However,
the mean height of L-12 1/1 rooted cuttings report-
ed by Kovacevic etal. (2014) was 201.44 cm, sug-
gesting considerable differences between nurser-
ies, probably due to soil characteristics and applied
technology. Therefore, under the conditions in the
nursery trial used in our study, quality planting ma-
terial of L-12 and Villafranca (i.e., height 2180.00
cm), can be obtained in two years, with coppicing
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after the first year. It is worth mentioning that the
mean height of another experimental clone, L-100,
was above 180.00 cm after the second growing
season as well (Table 6). This clone is the only one
out of four clones used in our study whose height
was doubled after coppicing (94.48+28.24 cm, and
182.57+38.97 cm). Therefore, coppicing after the
first growing season may be a technique that is
particularly suitable for this clone. On the other
hand, the mean height of rooted L-80 cuttings was
below 100.00 cm after the first growing year, and
below 130.00 cm after the second one, suggest-
ing that the production of quality rooted cuttings
of this clone requires further optimization. These
findings further support the view that the clonal
production of quality reproductive material may
require optimization and adjustments to the spe-
cificities of individual clones.

A similar trend was observed for the mean
diameter at 10" cm from the shoot base of 1/1
(Table 4) and 1/2 (Table 8) rooted cuttings of the
studied clones. The diameter of rooted cuttings
1/1 of Villafranca and L-12 were both >9 cm, but,
the LSD test revealed that they belong to different
homogeneous groups (Table 5). In case of rooted
cuttings 1/2, three clones had the mean diameter
at 10" cm from the shoot base >20 cm (Villafranca,
L-12, and L-100), and they formed two homoge-
neous groups (first group: L-12 and L-100, second
group: Villafranca, Table 9). Therefore, similarly
as in the case of the mean height, it appears that
coppicing has the best positive effect on the in-
crease in diameter at 10" cm from the shoot base
in clone L-100, which almost reaches the diameter
of clone L-12 during the second growing season
(Table 9, Graph 2). On the other hand, while the
height of rooted cuttings of L-12 was almost iden-
tical to that of Villafranca during the first grow-
ing season, the 1/1 rooted cuttings of Villafranca
outperformed L-12 with respect to the diameter.
Furthermore, the 1/2 rooted cuttings of Villafranca
had a higher diameter than both L-12 and L-100,
suggesting that regarding the diameter at 10" cm
from the shoot base of rooted cuttings, this clone
is better than autochthonous clones. Finally, an
increase in diameter of clone L-80 in the second
year was only 2 cm, further supporting the view
that the production of quality rooted cuttings of
this clone requires further optimization.
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CONCLUSION

We carried out a two-year nursery trial using
autochthonous non-registered clones L-12, L-80
and L-100 and Villafranca as a reference clone and
demonstrated that L-12 showed higher values
compared to the other clones with respect to the
rooting of cuttings and the survival of rooted cut-
tings during both vegetation seasons. Regarding
the height of the rooted 1/1 cuttings, L-12 is al-
most identical to Villafranca, while the rooted
1/2 cuttings of L-12 has a slightly lower height in
comparison to Villafranca. Regarding the diame-
ter at 10" cm from the shoot base of the rooted
cuttings, both L-12 and Villafranca performed well
during the first and second growing seasons, but
the difference in their diameter was significant
during both years. Coppicing appears to have
an exceptionally positive effect on the increase
in both height and diameter in L-100, indicating
that this technique is particularly suitable for this
clone. However, the production of quality rooted
cuttings of L-80 requires further optimization since
the height and the diameter of rooted 1/2 cuttings
of this clone were below 130.00 cm and below 9
cm, respectively.

The conducted research is a contribution to
the investigation of morphological characteristics
of the analyzed clones in nursery conditions, as a
basis for their further use. This research will con-
tinue in the field trial, which was established at the
Great War Island area in autumn 2019.
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