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Ap Bepa Aapapunosuh, Bumu Hayanu capastuk, MHcTuTyT 3a mymapcrso Beorpap (veralava@eunet.rs)

Ap Aparuna Odparos-Tlerxosuh, pepoBru podecop, Yuusepsurer y Beorpaay, [llymapcku pakyarer

Ap /oydunko Pakomary, HayuHu caBeTHUK, FIHCTUTYT 3a mryMapcTBO Beorpap,
Ap 3opan Muaeruh, Buim HayuHu capapHuk, MHCTUTYT 3a mymapcTBo Beorpag,
Ap ®uaun Joparosuh, ucTpaxkusay capapnuk, MEcTuTyT 33 nrymapcrso Beorpag,

Macr. nex. Muaas Kaduao, ncrpaskusad mpunpasHuk, FHCTUTYT 3a mymMapcrBo Beorpaa

U3Bopa: MHTpoayKoBaHa BpCTa YeTMHapa Koja je Haj3acTyn/beHuja y nnaHTaxkama Espone jow
op 1825. roguHe je cBakako Ayrnasuja. [poueHa KapakTepucTuKa MHTPOAYKOBaHMX BPCTa
Apseha reHeTCKMM TeCTOM Y Orle4MMa, MOKe NpeaBuaeTn ycnex TpaHchepa cemeHa ayria-
3uje pasInYMTUX NpoBeHujeHunja. Mpojekumnja mogena NPoBEHNjEHUYHOT TecTa MMa 3a Un/b
Aa obe3dbean nHbopmaLmje BesaHe 3a aganTaLmjy Ha CTaHULIHE U KIMMATCKe YC0Be Y HOBe
ekocucteme Cpduje. OpurmHanHo ceme ayrnasmje ns CesepHe AMepuKe je NOCAYXKUIA0 Kao
MmaTepwujan 3a NocTaB/batbe ornesa PasnunTUX NPoBeHUjeHUMja Ha ABa NoKanuTeTa y Cpdu-
jn. Ornep, Ha nogpyyjy Jyxopa (LeHTpanHa Cpduja) je Ha CTAHULWITY NAAHMHCKe Wyme dykBe
(Fagetum moesiacae montanum Jov. 1976) Ha AUCTPUYHOM Kamducony, a gpyru y TaHam Kog,
Bopa (nctouHa Cpduja), Ha cTaHUWTY Wyma cnagyHa u uepa (Quercetum frainetto-cerris Rud.
1949) Ha eyTpuuHoMm Kambucony. Lin/b paga je Aa ce aHaNM30M aHaTOMCKE CTPYKType YeTuHa
Ayrnasunje yTBpAM Aa AW NOCTOje CTAaTUCTUYKM 3HAYajHe pasfivKe Y AYXKUHU TpaHCchy3noHor
napeHxmma npoBeHWjeHLMja Ha PAa3IMYUTUM CTAHMLWITUMA. 3HaYajHa GyHKLMja NapeHxuma y
YeTMHama je GPU3MONOLLIKM NPOLLEC NPOTOKA BOAE, OPraHCKUX M MUHEpPanHUX maTepuja. CTaTu-
CTUYKMM aHaNIM3aMa AyKuUHe TPAHCHY3MOHOT NapeHXMma YeTuHa yTepheHu cy edekTn nHTep-
aKuMje NoKanuTeTa Ha NocTaB/bEHUM Orneanma.

KrbyuHe peum: Pseudotsuga menziesii, npoBeHUjeHUMNje, aHAaTOMCKE KapaKTepUCTUKe, TPaHC-
bYy3MOHM NapeHxmm, cTaHuwTe

YBOA

Pon Pseudotsuga Carriere (Pinaceae Lindley)
odyxsaTa ocam A0 12 BpcCTa, pacnpocTparbeHunx
y 3anagHom geny CesepHe Amepuke, MeKCuky u
ncroyHoj Asuju (Lavender, Hermann, 2014).
BpcTa Pseudotsuga menziesii (Mirb.) Franco (gy-
rnasuja) je jeaHO4OMO YETUHAPCKO APBO BUCUHE
60-80 m u npeyHuka ctadna go 2 m. Ha ceom

NPUPOLHOM CTAHULLTY M Y ONTUMAJIHUM YCNI0BU-
Ma, MoxKe gocTuhu BUCKMHY 1 Ao 100 m, NpevyHnK
ctadna fo 4 m u crapoct go 1300 roguHa. Jas/ba
Ce Ha LMPOKOM PACcnoHy HaLMOPCKUX BUCUHA (04,
0 4,0 3200 m), y pasnnunTUM KIMMATCKUM YC/I0BU-
Ma M Ha PasANYUTUM Fre0/IOLLKMM NOA/I0ramMa U 3e-
mpuwTtma (Da Ronch etal., 2016). Og npupoae
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je 3acTyn/beHa camo y CeBepHoj Amepuun, anu je
TO jefiHa of, TPU ApPBEHAcTe BPCTe Ca HajWMPUM
pacnpocTparerem BaH CBOM NMPUPOAHOr apea-
na. Kao ersora ce raju y EBponun, Hosom 3enaHgy,
Jy>KHOj AMepuLmM 1 NpUCYTHA je Ha APYTMM MecTU-
Ma wupom ceeta (Lavender, Hermann, 2014).
Y EBpony je yHeTa y XIX BeKy, Hajnpe Kao aeKkopa-
TMBHA BPCTA, @ KAaCHMje Ka0 eKOHOMCKM 3HavajHa
BpCTa y WwymapcTey. Oa/vKyje ce dp3um pactom u
NoBO/bHMM 0COOMHaMa APBETa, Te je AaHac Hajye-
whe rajeHa afIOXTOHa BPCTA Y WyMaMa LieHTpaiHe
EBpone. bp3nHa pacTa, BUCOKa cnocodHOCT penpo-
AyKuuje, agantueHa moh, OTNOPHOCT Ha BETPOBE,
Kao M Masnia NoA/I0KHOCT LUTeTOYMHAMa 1 donectu-
Ma Cy CBOjCTBA KOja Cy HajBuLLE AOMPUHENA ycnexy
W WWMPOKO] PacrnpoCcTparbeHOCTU KyATypa Ayrnasu-
je y EBponu. KaKko je marbe oceT/bmBa Ha CyLly Of,
jene, y nocnearbe Bpeme ce CBe BULLE NpUMEHYje
Kao HbeHa aNTepHaTMBa Yy KYATypama Ha HUXUM
HaZAMOPCKMM BUCUMHAMa, UM Kao OArOBOP Ha K-
matcke npomeHe (Da Ronch etal., 2016).

Ceme BpcTe Pseudotsuga menziesii opurmHan-
HOT MOpekK/ia ce KOPUCTU 3a NoAN3akbe LYMCKUX
KYATypa BaH NPUPOAHOTr pacnpocTpakerba BpCcTe
jow opg XIX Beka. MHTepecoBatrbe 3a OBy BPCTY ce
04, HelaBHO 3HaYajHo nosehano 3dor Tora WTo ce
HeHa NPUMeHa y WyMapCcTBY cmaTpa noTeHumjan-
HOM aanTMBHOM MEPOM Ha KIMMATCKe NpoMeHe
(Hintsteiner et al., 2018). KynTtype ayrnasuje
OCHOBaHe Cy Yy roTOBO CBUM €BPOMNCKMM 3em/bama
(Bastien etal., 2013).

380r eKOHOMCKOT 3Hayaja M MpeTnocTaBKe
[a je Kao BpcTa cnocodHa Aa ce oaynpe Kammat-
CKMM NpOMEeHama, y MHOTMM 3eM/bamMa ce CMa-
Tpa HEeM30CTaBHMM Ae/IOM ra3goBarba LWymama
(Lavender, Hermann, 2014). Yépaja ce y eKo-
HOMCKM Haj3Ha4yajHKnje BPCTe 32 MPOU3BOAHY APB-
HWX LWYMCKKX npoussoga (Hermann, Lavender,
1990). ApBo ayrnasuvje MMa og/IMYHE MEXaHMYKe
ocoduHe, LWTO ra YMHM BEOMA MOTOAHMM 33 NPOU-
3BOAHY APBHUX copTumeHaTa (Da Ronch et al.,
2016). 360r eKOHOMCKOT M eKOIOLLKOT 3Hayaja, Ay-
rnasuja je Tokom nocneawunx 50 rogMHa UHTEH3UB-
HO Npoy4YaBaHa Ha MPUPOAHOM CTaHULITY, a duna
je npeameT U MHOTUX CTyAMja y 3eM/baMa Yy KOjuma
je nHTpoaykosaHa (Howe et al., 2006).

McTpaxknBarba 0 nopekny TpaHCcy3MOHOT TKU-
Ba BpLe ce jow o Kpaja XIX n noyetka XX Beka
(Worsdell, 1897; Griffin, 1906). YTBpheHo je
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[a je yHMBep3asHO NpUCYCTBO TpaHCdy3MOHOr Na-
peHx1MMa y IMCTOBUMA YETUHAPCKUX BPCTa Y BE3U
Ca HepBaTypoOM, Koja je Ko YeTuHapa peayKoBa-
Ha UM UMA PYAMMEHTANIHU KapaKTep (Huje mpe-
»KacTa UaM AMXoToMa Kao Ko BehuHe nmanpatu u
cKpvBeHocemeHuLa). CMaTpa ce Ja cy Crnosballkbu
Aenosu TpaHcdy3nMoHOr napeHxmma GopmmnpaHu
o, MoandmKoBaHUX NapeHxMmckux henwja.

YeTuHa je carpaheHa o 3aWTUTHOT M NPOBOA-
HOT TKMBA. MPOBOAHO TKMBO je OKPYKEHO eHAo-
AepMMUCcoM, Koju ra ofBaja og, mesoduna, napeH-
xumom u henvjama TpaHchy3mMoHOr napeHxmma.
MembpaHe henunja TpaHcdy3MOHOT NapeHxMma
MMajy Beoma akTuBHy H*ATP-a3y Koja Mma yHK-
LMjy y NpUKyn/baky oaadbpaHux pacteopa (noje-
AVHe aMWHO-KUcenvHe) 3a noBpaTak y ¢pioem un
Aase nposohemwe (Atwell, 1999).

YeTuHa je ctapu tmn anwha 4uja je Kcepo-
mopdHoCT npunaroheHa Ha Telwkohe Koje y cHabd-
[eBatby BOLOM Mpy»Ka NpuMUTMBHa rpaha ctadna
M rpaHa, CNoponpoxofHa 3a y3/NasHU TOK Boge
(Stevanovié¢, Jankovi¢, 1998).

Y npouecy TaHcnopTa BoAe Y YeTUHM, TpaHC-
®Y3MOHO TKMBO MMa BeomMa BaxKHy QyHKUMjy.
Haume, nposoherse Boge NnpoBogHUM cHonnhnma
0o mesoduna yeTuHe oaguja ce nyTem TpaHchy-
3MOHOT MapeHxMma. KpMOCKEHUHTOM eneKTpPoH-
CKMM MMKpoOCKonom je yTBpheHo aa Koa BpcTa
Sequoia sempervirens (D.Don) Endl. u Cryptomeria

Cnuka 1. leorpadcko pacnpocTparberbe gyrnasuje y
CeBepHoj Amepuum (CAL v KaHaaa)
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japonica (L.f.) D.Don TpaHCcdy3nMOHO TKMBO MMa
bYHKUMjy MaraumoHvparba U cHadaeBakba BOAOM
(Azuma et al., 2016). NMpema Uctum ayTopMma
cmaTpa ce Aa ce TpaHcdy3mMoHo TkMBo nosehasa
ca BUCMHOM OW/bKe, a Aa AMMEH3Mje Kcunema
OCTajy ucre.

TaHKa MpeKa TpaHChy3MOHOr NapeHxnma je
jeAvHa cumnnasmuyka Besa usmehy omoTtaua
nposoaHor cHonuha 1 daoema 3a yHyTpallbu
TpaHcnopT acumunata. hennje TpaHchysmnoHor
napeHxMma Mmajy BeNUKY MOBPLUMHY Y OAHOCY
Ha mpTBe henuje TpaHchY3MOHUX Tpaxenaa Koje
CY UCMyHEeHe BOLOM U MUHEPASTHUM maTepujama
(Canny, 1993).

[unmeHsuje TpaHchy3MOHOr TKMBa Cy CTOra Ba-
YKaH napameTap y npouecy nposohema.

MATEPUJAA T METOAE PAAA

3a notpede TecTMparba MHTPOAYKOBAHUX
BpcTa gpseha, Kao wWTo je ayrnasuja, y Cpdujn
cy nocTtas/beHa aBa ornega (Lavadinovid,
1995, 2009; Lavadinovi¢, Koprivica, 1996;
Lavadinovi¢ et al., 2018, 2018a). Kao caa-
HW MaTepujan NOCAYKWUIO je OPUTMHAIHO ceme
cakyn/beHo u3 CesepHe AmepuKe. Konekumja
cemMeHa NoKpwWBa Aeo NPUPOAHOT apeana Ayrnasu-
je og HoBor MekcuKa, nopeg odane Maunduka,
CTeHOBUTMX NNaHMHA Ao KaHage (camka 1). Y
Tabenu 1 pat je npernes npoBeHWjeHUMja Koje
NoTUYY ca PasNIUYUTUX reorpadCKUX AyKWUHA,
reorpadCcKmx WMPUHA U HALAMOPCKUX BUCUHA.
Haamopcke BucMHe MMajy pacnoH og 150 m (y3
obdany Naunduka) go 2682 m y Hosom MeKcuky
(Lavadinovi¢, 2018). JlokanuTteTn orneaa ce pa-
3/IMKYjy Y CTaHUWHUM ycnoBuma. Orneg Ha nna-
HUHUK Jyxop (ueHTpanHa Cpbuja) je nocTas/beH
Ha CTaHWULWTY NaaHuHCKe wyme dykse (Fagetum
moesiaca montanum Jov. 1976) Ha AUCTPUYHOM
kamducony, a apyrn y TaHau Kog bopa (uctou-
Ha Cpduja), Ha cTaHWWTY WyMa cnayHa u uepa
(Quercetum frainetto-cerris Rud. 1949) Ha eyTpuu-
HOM Kamducony.

3a notpebe aHanM3e aHaTOMMje YeTMHA, CaKy-
N/beHE Cy CBeXe YeTUHe ayrnasunje ca oda nokanu-
TeTa rae cy NoCTaB/beHN NPOBEHNjEHUYHW Orneau.
Ceexke yeTuHe cy dukcnpaHe y 50% eTun-ankoxo-
NIy U HanpaBJ/beHW Cy CTa/IHX AHAaTOMCKM npeceum

ca no 30 yeTnHa, ogadpaHNX MeTo40M C/yyajHor

y30pKa. CTasiHM aHAaTOMCKM npenapaTtn aedbuHe

17 um HanpaB/beHU CY MMKPOTOMOM Ha CpeauHU

yeTuHe, dojeHn LWadpaHuH LupseHOM 1 TonyuamnH

naasom 50jom M UCMPaHU BOAOM, Noc/e yera je

BpLUeHa gexuapaTaumja eTun-aakoxosnom noseha-

Bakbe€M KOHLeHTpauuje ankoxona og 50% no 96%.

MoTnyHo duKcMpatrbe npeceKa je BPLIEHO KCUO-

JIOM y Tpajakby 04, HEKO/IMKO YacoBa, Nocae yera

Cy YeTUHe nenJbeHe Ha NpegMeTHo cTakno KaHaaa

bancamom, npekpuvBeHe MOKPOBHWMM CTAKIOM

M CylleHe y CyWHMUM Ha TemnepaTtypu og 60°C.

HakoH Tpu Heperbe, mepeHa cy mopdpomeTpumjcka

cBojctea (Lavadinovi¢ et al., 2018).
JTadopaTtopujcka ncnuTMBakba 3eMsbULLTa 00Y-

XBaTWUNa cy ogpehusarse:

— CapprKaja yKynHe OopraHcKe cyncTaHue (Xxymy-
Ca) MOKpPUM caropeBarbem y CMELLM Kaanjym-
-ANXpPOMaTa U CYMMNOpPHE KUCenuHe, npema
meToam TjypuHa —y moandukaumju Cumakosa
(DZami¢ etal., 1996);

— Capgprkaja yKynHor asoTa gurectaumnjom ysop-
Ka 3eM/bULUTA Y KOHLLEHTPOBAHOj CYMMOpPHOj
KUCENMHMK, Y3 NPUCYCTBO KaTasnmsaTopa, Kao
M AeCcTUNaLMjoMm aMOHWjaKa, MeTog0M npema
Kjengaxy (DZzamic et al., 1996);

— Cagprkaja aacopdoBaHux OasHMX KaTjoHa
EeKCTPaKLMjOM Y XJIOPOBOAOHUYHO] KMUCenu-
HU KoHueHTpauuje 0,1 mol/l meTogom no
KaneHy n Tutpauunjom nomohy pactsopa Ha-
TPUjyM-XMAPOKCHAa KoHueHTpauumje 0,1 mol/I
(Zivkovi¢, 1966);

—  XUAPONUTUYKE KANCENOCTU eKCTPaKLMjomM y
HaTpujym-aLeTaTy KoHueHTpauuje 1 mol/l n
TUTPALUjOM PACTBOPOM HATPUjyM-XUAPOK-
cupa KoHueHTpauuje 0,1 mol/l (Zivkovig,
1966a);

— ToTtanHor KanayuTeTa agcopnuuje n cteneHa
3acuheHOCTU aACOPNTUBHOI KOMMJEKca pa-
YYHCKMM MyTem M3 cyme agcopdoBaHumx da-
3HUX KaTjOHa U XMAPONUTUUKE KMCEeNoCTH;

— AKTUBHE U CYNCTUTYLUOHE KUCENOCTU KOH-
OYKUMOMETPUjCKOM MeToaom Ha pH-meTpy
(Cencelj, 1966);

— Cagp:kaja cnodofHuX (3eMHOANKaNHMX Kap-
b60oHaTa) BOlYMETPUjCKOM METOLOM, AejCTBOM
pacTBOpa X/1I0POBOAOHUYHE KUCENNHE Ha 3e-
M/bULLITE U MepereM 3anpemuHe ocnodohe-
Hor yybeH-anokemaa (Dzamié et al., 1996);
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Tadena 1. leorpadcke KapaKTEPUCTUKE OPUTMHANHWUX NPOBEHNjeHLMja ayrnasuje

TeKcTypHOr cacTaBa 3emM/bMLUTA, METOLOM Ce-
OVMeHTaumje, y3 NpMmMmeHy HaTpujym-nupo-
docdaTta kao nentusaumoHor cpeactea (Racz,
1971), Kao n TeKcTypHe Knace nomohy Ferre-

oBOr Tpoyrna.

PE3YATATHU 1 AMCKYCHJA

Y npeTxogHMm nctpakmsarwima (Lavadino-
vi¢, 2009) Ha ornegHoMm nosby ,TaHAA" y XpacTo-
BOM MOjacy Ha CTaHULWTY Wyme cAaZyHa v uepa

Feorpadcka wupuHa

Feorpadcka ayKuHa

Hapmopcka BucuHa

Wndpa O3Haka (N) (E) (m)
OperoH 205-15 1 43,7 123,0 750
OperoH 205-14 2 43,8 122,5 1200
OperoH 202-27 3 45,0 122,4 450
OperoH 205-38 4 45,0 121,0 600
OperoH 204-16 6 45,0 121,0 1050
OperoH 205-16 7 44,0 123,0 150

BawwuHrroH 205-31 8 48,8 121,5 450
BawwuHrToH 204-07 9 49,0 119,0 1200
OperoH 205-13 10 43,8 122,5 1050
OperoH 205-18 11 44,2 122,2 600
OperoH 202-22 12 42,5 122,5 1200
OperoH 202-21 14 42,4 123,7 300
BawwuHrron 202-17 15 47,6 121,7 600
OperoH 201-10 16 44,5 119,0 1350
BawunHrron 201-06 17 49,0 120,0 750
OperoH 202-19 18 45,3 123,8 300
BawmwuHrToH 204-09 19 49,0 119,3 900
OperoH 205-11 20 45,0 123,0 150
OperoH 205-45 21 44,0 122,0 900
Hosu Mekcuko 202-04 22 32,9 105,7 2682
Hosu Mekcuko 202-10 23 36,0 106,0 2667
OperoH 202-31 24 44,3 118,8 1500
OperoH 205-29 26 42,6 122,8 900
OperoH 205-08 27 42,7 122,5 1050
OperoH 205-22 28 45,0 121,0 750
OperoH 204-18 29 44,5 119,0 1500
OperoH 204-04 30 45,0 121,5 900
BawwuHrroH 205-17 31 47,7 123,0 300
OperoH 205-17 32 44,0 124,0 450

(Lavadinovi¢, 1995).
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Ta6ena 2. YnopezHu npernes GU3nyYKMX 0COBMHA 3eM/bULLTA HA IoKaNMTeTUMa TaHZa 1 Jyxop

FpaHynomeTpumjcku cactas (%)

© (]
s —_ =
= I3 [} o YKynaH
g & 2 sg y 8§ 8
s S @ o = S = =)
Q o~ o
5 E = O o= o= 9= 9= b= 8- rAvHa
g g \g. EE °| 3 ¢\I| £ 8 [ g [ 8 € S £ necak + npax
= & S 2 ~E GE SE SE GE QE
0-21/25 2,01 34,13 16,27 10,10 16,50 10,80 12,20 60,50 39,50
21/25-60 2,03 34,62 14,08 10,20 17,50 7,90 15,70 58,90 41,10
g 0-30 1,72 34,28 16,02 11,20 17,30 9,00 12,20 61,50 38,50
I
= 30-60 1,61 39,65 13,65 11,70 15,30 9,00 10,70 65,00 35,00
. 0-18 2,19 36,05 19,25 8,60 14,50 7,70 13,90 63,90 36,10
18-60 3,22 32,07 15,33 9,50 13,60 7,50 22,00 56,90 43,10
4 0-24 2,74 1890 30,10 11,80 19,20 9,50 10,50 60,80 39,20
a 24-70 1,81 23,18 32,02 10,00 13,30 8,30 13,20 65,20 34,80
g. 0-20 2,75 16,75 14,55 17,30 27,10 12,90 11,40 48,60 51,40
- 5 20-50 1,66 17,49 17,01 13,90 25,70 12,80 13,10 48,40 51,60
50-80 1,76 16,85 19,70 11,90 20,90 11,10 19,60 48,40 51,60

(Lavadinovi¢, 2009)

(Quercetum frainetto-cerris Rud. 1949) KoHcTaTO-
BAHO je 3eM/buLLTE eyTPUYHKU Kamducon. Ha nosp-
WMHM 3eM/bMLLITA 0Opasyje ce opraHoreHun Xopu-
30HT mohHoCTM 2—-3 cm, y Kojem Hajsehe yyewhe
MMajy Hepas/oXKeHe YeTuHe ayrnasuje. XymycHo-
aKyMy/IaTUBHU XOPU3OHT je MpKe doje, KpynHO
MPpBMYACTE CTPYKTYpE, PacTPeCUT, MOBO/bHUX U-
3MYKMX ocodunHa. KopeHoB cucTem je yrnaBHOm
KOHLEHTPMCAH Y OBOM XOPU30HTY. 3eM/bULLTE MO
TEKCTYPHOj KNnacu npunaga neckoBUTUM MI0Ba-
4ama, Y Kojuma y TEKCTYPHOM cacTaBy OMWHMPA
dpakumja necka. [lodpa CTPYKTYPMPAHOCT 3eM/bU-
WITa U BMCOK caZprkaj necka odesdehyje godpy
BOZONPONYCT/bMBOCT M a€PUCAHOCT LENOor conyma
(tadena 2).

3em/buWITE je YMEpPEeHO Kucene peakuwuje,
BMCOKOr cTeneHa 3acuheHocTn 6aszama. CreneH
3acuheHocTn dasama je sehu og 50% Kop cBa
TpU aHanM3upaHa npoduna, WTO 0OBO 3eM/bULLTE
cBpcTaBa y eyTpuyHa. ObesdeheHocT du/bKama
npucTynadyHum ocdpopom je cnada uenom ayou-
HOM 3eM/bMLUTA, AOK je KOJIMYMHA Ou/bKama npu-
CTYNA4yHOT Ka/injyma cpegrba. KonmymHa ykynHor
a3oTa y 3emsbuLTy ce Kpehe oa 0,15% po 0,20%,
a ogHoc C/N je y3ak. ¥Y3ak C/N ogHoc uHguumpa

6p30 pasnararbe opraHcKe maTtepuje 40 Kpajiux
npoAykaTta pasnarakba U nojas/buBakbe a3oTa y
npuctynadyHom odanky dusbkama (tabena 3).

3em/bULITE Y NPOBEHUjEHUYHUM Orneanma
ayrnasuvje Ha Jyxopy npunaga kucenom cmehem
3eM/bULLTY (AMCTPUYHU KamdMCo) Ha rHajcy. 3a
pasfiMKy of eyTpuyHor kamducona y TaHaw, 3e-
MJ/bULLTE Y MPOBEHUjEHUYHOM Orfiegy Ha Jyxopy
KapaKTepuLle JOCTa U3parkeHa NPOCTOpPHa Bapu-
jadunHocT TeKcTypHOr cactaBa. TeKCTypHa Knaca
3eM/bMLUITA Bapupa oA, NeckoBuTe uioBaye A0
nnosave. 3em/bUulUTe je fOOPO CTPYKTypUpaHO,
WwTo ce, 6e3 063Mpa Ha TEKCTYPHU cacTas, OAparKa-
Ba Ha fodpy BOAONPONYCT/bUBOCT U aepuUcaHoCT
3eMJ/bULLHOT CONYMa.

Peakuymuja 3em/bUWIHOr pacTBopa je, y O4HO-
Cy Ha 3eM/buLUTE Y NPOBEHNjEHUYHOM Orniesy y
TaHaM, 3HATHO Kucenuja, a cteneH 3acuheHocTu
aACOPNTUBHOI KOMMJeKca OasHUM KaTjoHMMa
3HATHO HMXK. CagpKaj YKynHOr a3oTa y 3eM/bu-
LUTY Y NPOBEHNjEHNYHOM OFfneay Ha Jyxopy je Behu
Hero y TaHAM, anu je o4HOC yI/beHUKA M a3oTa
wupwn. Wunpu C/N ogHOC y 3eM/bULITY UHANLM-
pa Aa cy Ha orneAHOM Mosby Ha Jyxopy npouecu
MUHepanunsaumje opraHCcKe maTepuje ycnopeHujm
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Ta6ena 3. YnopeaHu npernes XxeMmnjcknx ocobMHa 3eM/buLLITa Ha IokanuTeTuma TaHaa 1 Jyxop

@ © E AACOPNTUBHU KOMMNEKC 9 BT

E._S <= pH s = = NPUCTYNayHm

5288 ¢ ho - s £ B =z

$wg = g lem (rs) s Ty § o =z Y PO KO
[= > =<

= g (ekv. cmola/100g) (%) (mg/100)

0-21/25 5,60 3,94 15,62 10,15 18,00
21/25-60 5,80 3,63 10,21 6,64 22,00

28,15 63,94 2,62 1,52 0,20 7,6 1,40 11,00

28,64 76,82 0,72 0,42 - = 2,00 6,60

% 5 0-30 5,73 4,04 13,81 8,98 16,20 24,18 62,86 2,69 1,56 0,18 8,7 1,60 15,40
= 30-60 6,06 3,86 10,21 6,64 18,00 24,64 73,05 1,14 0,66 - - 1,40 5,60
0-18 5,80 3,87 13,21 8,59 24,60 33,19 74,12 2,03 1,18 0,15 7,8 0,90 9,60

> 18-60 6,36 3,77 9,61 6,25 30,80 37,05 83,13 0,78 0,45 - - 3,00 790
0-24 5,18 3,80 25,82 16,79 15,60 32,39 48,16 4,76 2,76 0,28 9,8 1,16 17,70

! 24-r0 5,82 3,80 12,01 7,81 10,80 18,61 58,03 0,83 0,46 - - 000 8,50

§ 0-20 5,40 4,06 22,22 14,44 14,20 28,64 49,58 4.82 2,80 0,29 9,6 1,20 23,00

5 20-50 5,23 3,54 18,02 11,71 6,20
50-80 5,35 3,59 14,41 9,37 5,60

17,91 34,62 1,21 0,70 - - 030 810

14,97 37,41 0,57 0,33 - - 000 8,110

(Lavadinovié¢, 2009)

Tabena 4. [isodpakTopunjanHa aHanM3a BapujaHce (TOKANUTET X NPOBEHUjEHLMja) 3a CBOjCTBO AyKMHA TPaHC-

dby3noHor napeHxmMma YeTvHa

Ussop Cyma CreneH .
. . BapwujaHca F-KOAnYHUK p-BpeaHocT
Bapujaumje KBagparta cnobope
A: Jlokanutet 6063,91 1 6063,91 25,39 0,000
b: MNpoBeHnjeHUnja 336185,0 5 67236,9 281,50 0,000
NHTepakuuja Ab 142231,0 5 28446,2 119,10 0,000
Morpeluke 83120,6 348 238,852
YKynHo 567600,0 359

y ogHocy Ha TaHgy. Cagp»Kaj Susbkama nako npu-
cTynayHmnx odnmka docdopa je jako HM3aK. Mane
KonnumnHe pocdopa KOHCTaTOBaAHE Cy Camo Y Mo-
BPLWMHCKMM CN0jEBMMA 3eM/bULUTA, AOK je y ay-
6/bMM C10jeBMMA KOIMYMHA OBOT e/leMeHTa UCNog,
rpaHuLe getekumje.

PesynTtatv gBodaKkTopmjanHe aHanM3e Bapu-
jaHce 3a cBOjCTBO AyMHa TpaHCcdy3MOHOT NapeH-
XMMa YeTuHa NpuKasaHu cy y Tabenu 4.

M3 pesynTaTa aHanu3e BapujaHce (tabena 4),
BMAM Ce Aa:
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a)

5)

B)

NnocToje CTaTUCTUYKM 3HaYajHe pasnKke y cpea-
UM BPeAHOCTUMA AyXUHE TpaHCchy3noHor
napeHxnma Ha nokanutety TaHaa u Jyxop;
NnocToje CTaTUCTUYKM 3HaYajHe pasinke y cpea-
UM BPeAHOCTUMA AyXUHEe TpaHChy3noHor
napeHxnma Koz nojeguHux NnpoBeHujeHLmja;
nocToju UHTepakuumja nsmehy dakropa ,/10Ka-
nutet” u ,NpoBeHNnjeHLmMja”, 0O4HOCHO Ha cpea-
HY BPEeAHOCT Ay*KMHe TpaHCcdY3MOHOT NapeH-
XMUMa Kog, NojeguHUX NPOBEHUjeHLMja yTuye
NPOMEHa JIOKAaNNTETa, Kao 1 0SPHYTO.
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Tadena 5. Tect H3P yTuuaja nokanuTeTa Ha AyXUHY TpaHCPY3MOHOT NapeHxnma

BennuunHa Cpeptba pewkKa pasnuke
Jlokanutet XomoreHe rpyne
y30pKa BpeaHoCT cpeguHa
Jyxop 180 257,125 1,15194 X
TaHga 180 265,333 1,15194 X
Mopehere Pasnuke +/—paHuue
Jyxop—TaHaa *-8,20833 3,2041

*CTaTUCTMYKM 3HAYajHa Pa3NnKa

YTuuaj nokanuteta Ha AYKUHY
TpaHCcy3MOHOTr NapeHXuma

Pe3yntatn aHanuse ytuuaja NoKkanuTteTa Ha 4y-
KUHY TPaHCY3MOHOT NapeHXnuma NpuKasaHu cy y
Tadenu 5.

Kao wto ce Buamn n3 tabene 5, nokanutetu
Jyxop 1 TaHAA@ HUCY XOMOTeHU — NOCTOju CTaTu-
CTUYKM 3HAYAjHA Pas3/IMKa y cpearbnum BpegHOCTH-
Ma [yXKUHe TPaHCPY3MOHOT NapeHXMma.

YTuuaj npoBeHujeHLMje Ha AYKUHY
TpaHCcPyY3MOHOT NapeHXxMma

[a 6u ce ucnuTao yTnuaj NnpoBeHMjeHLmje Ha
OYXUHY TpaHcdy3MoHOr napeHxmma ypaheH je
H3P Tect. Pe3aynTtaTi Tecta npukasaHu cy Tadenm 6.

Mako ce 13 pesyntata aHa/nuM3e BapujaHce
(trabena 4) Buan ga, CBeyKynHo rnegaHo, NocTo-
je CTaTUCTMYKM 3HaYajHe pas3nnke usmehy ayxKu-
Ha TpaHChY3MOHOr NapeHxMma, Ko nojeguHux

Tadena 6. Tect H3P yTuLaja NpoBeHUjeHLMje Ha AYKUHY TPaHCHY3MOHOT NapeHxMma

pelwKa pasnuke

MposeHunjeHumja  BenuuuHa ysopka Cpearba BpegHOCT cpeanna XomoreHe rpyne

18 60 225,375 1,99521 X

9 60 236,75 1,99521 X

31 60 238,75 1,99521

17 60 271,0 1,99521 X

16 60 282,75 1,99521 X

24 60 312,75 1,99521 X

MNopehere Pa3nuke +/-TpaHuua

9-16 *~46,0 5,54966
9-17 *-34,25 5,54966
9-18 * 11,375 5,54966
9-24 *~76,0 5,54966
9-31 -2,0 5,54966
16-17 * 11,75 5,54966
16-18 * 57,375 5,54966
16-24 *-30,0 5,54966
16-31 * 44,0 5,54966
17-18 * 45,625 5,54966
17-24 *—41,75 5,54966
17-31 * 32,25 5,54966
18-24 *-87,375 5,54966
18-31 *-13,375 5,54966
24-31 * 74,0 5,54966

*CTAaTUCTMYKM 3HAYajHa Pa3NnKa.



B. NaBagnHosuh, [. Odpatos-Metkosuh, /b. Pakomal, 3. Munetuh, . JosaHosuh, M. Kadusbo

400
350
300

OyxuHa (um)

250
200
150
100
50
24 16 31 17 9 18

MpoBeHujeHumja

MpaduKkoH 1. MehynpoBeHWjeHUYHa NPOMEH/BUBOCT AyXKUHE TpaHCchY3MOHOT NapeHXMMa Ha NOKaNUTeTy
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MpadukoH 2. MehynpoBeHUjeHUYHa MPOMEH/bUBOCT y*KMUHe TPaHCPY3MOHOT NapeHXMMa Ha IOKANUTETY Jyxop

nposeHunjeHumja Tect H3P nokasyje ga cy Heke
nposeHujeHunje (9 n 31) xomoreHe y oBom no-
rneny, O4HOCHO, Aa pasnuke uamehy cpearbux
BPEAHOCTU Ay}KUHE TpaHCchy3MOHOr NapeHxnuma
KOZ, FbMX HUCY CTAaTUCTUYKM 3HAYajHO pasnnyumTe.

MpoceyHa AyXKWHa TPaHCHY3IMOHOT NapeHxXum-
ma y TaHau (265,33 um) je CTaTUCTUYKM 3HAYajHO
Beha Hero oHa Ha Jyxopy (257,12 um) (rpadukoHm
1n2).

[lo canyHux pesynataTa ce AOLWNO U Y aHa-
TOMCKMM UCTPaXKMBarbMMa YeTUHa Ayrnasuje Ha
WCTUM JIOKaZIMTETMMA 33 KapaKTepPUCTUKY LLNPU-
Ha TpaHcdy3snoHor napeHxnma (Lavadinovié et
al., 2018).
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3AKAYYIH

LLInpok npupoaHn apean 1 Be/IMKA EKO/OLLKA
amnauTyaa AONPUHENu cy Tome Aa je Ayrnasmja
BeOMa NnonynapHa Kao MHTPOAyKOBaHa BpCTa Y
MHOTMM 3em/bama.

[a u ce oapeannn afanTMBHOCT, NPOAYKTUB-
HOCT M KapaKTep MHTpoAyKoBaHe BpcTe apseha,
HEOMNXOAHO je TeCTUPATU UHTPOLYKOBAHY BPCTY
nyTem NPoBEeHWUjeHUYHOT TecTa. Y NPOBEHUjeHNY-
HUM TecToBMMa ayrnasnje y Cpduju, aHannsmpa
je yTMuaj CTaHUWTa U NPOBEHUjEHLUM]A HA AYXKUHY
TpaHcohy3mMoHOTr NapeHxuma YeTmHa. CxoaHo oda-
B/bEHUM aHa/M3amMa aHaToMcKe rpahe YyeTuHa,
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KOjuU cy npeameT UCTpaXkMBaka Yy OBOM paay,

MOXKe Ce 3aK/byumnTu aa:

® YHyTap NOKanuTeTa Ha HUBOY NPOBEHUjeHUM]a,
KOZ, CBUX MOCMATPaHMUX CBOjCTaBa jaB/bajy ce
CTaTUCTUYKM 3HaYajHe pasnuke namehy cpea-
HUX BPEAHOCTH, LUTO yKasyje Ha TO a OHe He
noTWYy of, cy4vajHux dpaktopa, Beh ce Hanase
noJ, yTuuajem yHyTpawrux paktopa TpeTma-
Ha; TecT H3P, mehyTum, yKasyje Ha odpa3o-
Bakbe MO HEKO/IMKO MakbUX XOMOTeHUX rpyna
32 CBAKO CBOjCTBO, LWITO YKa3yje Ha MatbM re-
HETUYKN BapujabmUamTET NpoBEHUjEeHLNja Koje
CTBapajy XOMoreHe rpyne;

®  KOpA CBMX MEepEHWX CBOjCTaBa Ha HUBOY JIOKa-
NiMTeTa NocToje CTaTUCTUYKKM 3HaYajHe pasnu-
Ke, NPy Yemy Cy cpearbe BpeaHOCTU CBUX Me-
peHux ceojcTaBa Behe Ha fokanuTety TaHaa y
ofiHOCy Ha Jyxop;

® [0CTOju MHTepaKLumja namehy dakTopa Bapuja-
OUAHOCTU (NOKaNUTET U NPOBEHMjeHUM]a), OAHO-
CHO NpoMeHa jefiHor daKTopa BapujabuaHocTu
yTUUe Ha NPOMEHY TPeTMaHa Apyror dakTopa.
Byayhu ga y Cpduju noctoju notpeda 3a op-
3opactyhum yeTnHapvma, npenopyudyje ce ga ce
MCTPakMBakba Ha TecTMpakby NPOBEHUjEHLMja ay-
rnasuje ca CBUX acrnekarta Hactase vy SyayhHoctu.

HanomeHa: Pag je peanin3oBaH y OKBMPY Npo-
jekarta ,,Pa3Boj TEXHONOLWKMX NpoLeca y Wwymap-
CTBY Y LUM/by peanunsaumje onTMMasHe LyMOBU-
Toctn” (TP31070) u ,UcTparknsare KAMMATCKUX
NPOMEHa U HUXOBOT YTULLAja Ha }KUBOTHY cpeau-
Hy: npaherbe yTuUaja, aganTaumja v ydnaxkasarbe
(43007), koje ¢dmHaHCMpa MuUHMUCTAPCTBO Npo-
cBeTe, HayKe M TeXHOJOLWKOr pa3Boja Penybauke
Cpduje y 0BUpY MHTErPUCAHUX U UHTEPAUCLUNN-
HaPHUX UCTpaKMBakba 3a nepmog 2011-2019. roa.

EFFECT OF SITE AND PROVENANCE ON THE LENGTH OF
TRANSFUSION PARENCHYMA OF DOUGLAS-FIRNEEDLES
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Abstract: Douglas-fir has been the most common introduced conifer species in European
plantations since 1825. The analysis of the characteristics of the introduced tree species by
conducting genetic tests may predict the success of transfer of Douglas-fir seed of different
provenances. The projection of the model of provenance test aims at providing information
on adaptation to habitat and climate conditions in new ecosystems in Sebia. The original seed
of Douglas-fir from North America was used for setting the experiment of different provenanc-
es at two sites in Serbia. The first experiment was set in a beech forest (Fagetum moesiacae
montanum Jov. 1976) on district cambisol in the area of Juhor mountain in central Serbia,
while the second one was set in Tanda near the town of Bor in eastern Serbia on the habitat of
Hungarian and Turkey oak (Quercetum frainetto-cerris Rud. 1949) on eutric cambisol. Through
the analysis of the anatomical structure of Douglas-fir needles this paper tends to determine
whether there are statistically significant differences in the length of transfusion parenchyma
of provenances located in different habitats. The important function of parenchyma in needles
is the physiological process of water, organic and mineral matter flow. The effects of the sites
where the experiments were set on the transfusion parenchyma of needles were determined

by statistical analysis.

Key words: Pseudotsuga menziesii, provenances, anatomical characteristics, transfusion pa-

renchyma, habitat
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INTRODUCTION

The genus Pseudotsuga Carriere (Pinaceae
Lindley) includes 8 to 12 species distributed in
the western part of North America, Mexico and
eastern Asia (Lavender, Hermann, 2014). The
species Pseudotsuga menziesii (Mirb.) Franco
(Douglas-fir) is a monoicous conifer with the
height of 60—80 m and a diameter of about 2 m. In
its natural habitat and in the optimum conditions,
it can reach up to 100 m in height, up to 4 m in
diameter and up to 1300 years of age. It occurs
at a wide range of altitudes (from 0 to 3200 m),
with varying climate conditions as well as geolog-
ical substrates and soils (Da Ronch etal., 2016).
It naturally occurs only in North America, but it is
one of three woody species with the widest distri-
bution area outside its natural range. As an exotic
species it is grown in Europe, New Zealand, South
America and elsewhere in the world (Lavender,
Hermann, 2014). It was introduced in Europe in
the 19% century, at first as a decorative species,
and later on as an economically important species
in forestry. Douglas-fir is characterized by rapid
growth and favorable wood properties, and to-
day it is the most commonly grown allochthonous
species in the forests of Central Europe. Growth
speed, high reproductive ability, adaptive power,
resistance to winds, as well as low sensibility to
pests and diseases are the attributes that have
contributed the most to the success and occur-
rence of Douglas-fir plantations in Europe. As it is
less sensitive to drought than Silver fir, it has re-
cently been increasingly used as its alternative in
plantations at lower altitudes, or as a response to
climate change (Da Ronch et al, 2016).

The seed of the species Pseudotsuga menziesii
of autochthonous origin has been used since the
19t century for establishing forest plantations out-
side its natural distribution area. This species has
recently become more interesting because it can
be used in forestry as a potential adaptive meas-
ure to climate change (Hintsteiner et al., 2018).
Douglas-fir plantations have been established in al-
most all European countries (Bastien et al., 2013).

Due to its economic importance and the as-
sumption that it is capable of resisting climate
change impact, it is considered as an indispensable
element of forest management in many countries
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(Lavender, Hermann, 2014). It is one of the
most economically important species for the pro-
duction of timber (Hermann and Lavender,
1990). Douglas-fir wood has excellent mechanical
properties, which makes it very suitable for the
production of wood assortments (Da Ronch et
al., 2016). Furthermore, due to its economic and
ecological importance Douglas-fir has been exten-
sively studied in its natural habitat over the last
50 years and it has been the subject of numerous
studies in the countries where it was introduced
(Howe et al., 2006).

Researches on the origin of the transfusion tis-
sue have been conducted since the late 19th and
early 20th century (Worsdell, 1897; Griffin,
1906). The universal presence of the transfusion
parenchyma in the leaves of conifer species is
related to nervation which is reduced or of ru-
dimentary character in conifers (not reticulated
or dichotomous as in the most ferns and angio-
sperms). The external parts of the transfusion pa-
renchyma are thought to be formed from modified
parenchyma cells.

The needle is built of protective and conduc-
tive tissue. The conductive tissue is surrounded by
an endodermis which separates it from mesophyll
with the parenchyma and the cells of the transfu-
sion parenchyma. The membranes of transfusion
parenchyma cells have a very active H*-ATPase
that has a role in collecting selected solutions

Fig. 1. Geographic distribution of Douglas-fir in North
America (USA and Canada)
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(some amino acids) for return to the phloem and
further conduction (Atwell, 1999).

The needle is an older form of leaves whose
xeromorphism is adapted to the difficulties it en-
counters in water supply due to primitive struc-
ture of the tree and the branches (Stevanovi¢
and Jankovié, 1998). The transfusion tissue has
a very important role in the process of water trans-
port within the needle. Namely, the water transfer
by vascular bundles to the mesophyll of the needle
takes place via the transfusion parenchyma. The
cryo-scanning electron microscope revealed that
in species Sequoia sempervirens (D.Don) Endl. and
Cryptomeria japonica (L.f.) D.Don the transfusion
tissue has the role of storage and water supply-
ing (Azuma et al., 2016). According to the same
authors, the transfusion tissue increases with the
height of the plant, while the dimensions of the
xylem remain the same.

The thin network of the transfusion parenchy-
ma is the only symplasmic connection between
the vascular bundle cover and the phloem for the
internal transport of assimilates. The cells of trans-
fusion parenchyma cover a large area in relation to
dead cells of transfusion tracheids that are filled
with water and minerals (Canny, 1993).

The dimensions of the transfusion tissue are,
therefore, an important parameter in the conduc-
tion process.

MATERIALS AND METHODS

Two experiments in Serbia were set for the
purpose of testing the introduced tree species,
including Douglas-fir (Lavadinovié¢, 1995, 2009;
Lavadinovi¢, Koprivica, 1996; Lavadinovic
et al., 2018, 2018a). The original seed collected
in North America, from the part of Douglas-fir
natural distribution area from New Mexico, along
Pacific coast, and Rocky Mountains to Canada (Fig.
1), was used as the planting material. Table 1 pre-
sents the provenances which originated from dif-
ferent geographical latitudes, geographical longi-
tudes and altitudes. The altitudes range from 150
m (along Pacific coast) to 2,682 m in New Mexico
(Lavadinovi¢, 2018). The sites where the exper-
iments were set vary in habitat conditions. The

experiment in the area of the mountain Juhor in
central Serbia was set in a beech forest (Fagetum
moesiacae montanum Jov. 1976) on district camb-
isol, while the second experiment was set in Tanda
near the town of Bor in eastern Serbia on the
habitat of Hungarian and Turkey oak (Quercetum
frainetto-cerris Rud. 1949) on eutric cambisol.
For the purpose of the needle anatomy anal-
ysis, the fresh Douglas-fir needles were collected
from both sites where the provenance experi-
ments were set. The fresh Douglas-fir needles
were fixed in 50% ethyl alcohol and continu-
ous anatomic sections in 30 needles per prove-
nance were made, selected by random sampling.
Permanent anatomic preparations, 17 um thick,
were made by microtome in the middle of the
needle, stained with saffron red and toluidine blue
and washed with water, followed by ethyl alcohol
dehydration with an increase in alcohol concen-
tration from 50% to 96%. Complete cross-section
fixation was performed with xylene for several
hours, after which the needles were glued onto an
objective glass with Canada-Balm, covered with

a cover glass and dried in an oven at 60°C. After

three weeks, the morphometric characteristics

were measured (Lavadinovi¢ et al., 2018).

The pedological laboratory analysis was con-
ducted to determine the following parameters:

— The content of total organic substance (hu-
mus) by wet combustion in a mixture of potas-
sium dichromate and sulfuric acid, according
to the Tyurin method — in the modification of
Simakov (DZami¢ et al., 1996);

— The content of total nitrogen by digestion of
soil sample in concentrated sulfuric acid, in the
presence of catalyst, as well as by distillation
of ammonia, by the Kjeldahl method (DZami¢
etal., 1996);

— The content of adsorbed base cations by ex-
traction in hydrochloric acid of concentration
0.1 mol/I by Kapen method and titration with
sodium hydroxide solution of concentration
0.1 mol/I (Zivkovié, 1966);

— Hydrolytic acidification by extraction in sodi-
um acetate of 1 mol/l concentration and titra-
tion with 0.1 mol/l sodium hydroxide solution
(Zivkovi¢, 1966a);

— Total adsorption capacity and degree of satu-
ration of the adsorptive complex by calculation

89



V. Lavadinovi¢, D. Obratov-Petkovic, Lj. Rakonjac, Z. Mileti¢, F. Jovanovi¢, M. Kabiljo

from the sum of adsorbed base cations and hy-
drolytic acidity;

Active and substitution acidity by conducto-
metric method on pH-meter (Cencelj, 1966);
The content of free alkaline soil carbonates by
volumetric method, the effect of hydrochloric
acid solution on soil and the measurement of

the volume of released carbon dioxide (Dza-
mic et al., 1996);

Textural composition of soil by sedimentation
method using sodium pyrophosphate as a pep-
tizing agent (Racz, 1971), as well as textural
class using Ferre’s triangle.

Table 1. Geographic characteristics of original Douglas-fir provenances

Code Mark cls:t?tgl: ::P(l:cNa)l I‘; i:ifg:l(ilazl) Altitude (m)
Oregon 205-15 1 43.7 123.0 750
Oregon 205-14 2 43.8 122.5 1200
Oregon 202-27 3 45.0 122.4 450
Oregon 205-38 4 45.0 121.0 600
Oregon 204-16 6 45.0 121.0 1050
Oregon 205-16 7 44.0 123.0 150

Washington 205-31 8 48.8 121.5 450
Washington 204-07 9 49.0 119.0 1200
Oregon 205-13 10 43.8 122.5 1050
Oregon 205-18 11 44.2 122.2 600
Oregon 202-22 12 42.5 122.5 1200
Oregon 202-21 14 42.4 123.7 300
Washington 202-17 15 47.6 121.7 600
Oregon 201-10 16 44.5 119.0 1350
Washington 201-06 17 49.0 120.0 750
Oregon 202-19 18 45.3 123.8 300
Washington 204—09 19 49.0 119.3 900
Oregon 205-11 20 45.0 123.0 150
Oregon 205-45 21 44.0 122.0 900
New Mexico 202-04 22 32.9 105.7 2682
New Mexico 202-10 23 36.0 106.0 2667
Oregon 202-31 24 44.3 118.8 1500
Oregon 205-29 26 42.6 122.8 900
Oregon 205-08 27 42.7 122.5 1050
Oregon 205-22 28 45.0 121.0 750
Oregon 204-18 29 44.5 119.0 1500
Oregon 204-04 30 45.0 121.5 900
Washington 205-17 31 47.7 123.0 300
Oregon 205-17 32 44.0 124.0 450

(Lavadinovi¢, 1995).
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RESULTS AND DISCUSSION

In the previous researches (Lavadinovic,
2009) at the experimental plot Tanda on the
habitat of Hungarian and Turkey oak (Quercetum
frainetto-cerris Rud. 1949) the soil was deter-
mined as eutric cambisol. An organogenic 2-3 cm
thick layer is formed on the surface of the soil in
which the share of irresoluble Douglas-fir needles
is the largest. The humus-accumulative layer is of
a dark color and largely crumbly structure, loose,
with favorable physical properties. The root sys-
tem is mainly concentrated in this layer. The soil
by textural class belong to sandy loam, where sand
fraction dominates in the textural composition.
Good soil structure and high sand content ensure
good water permeability and aeration of the en-
tire solum (Table 2).

The soil is moderately acidic, with a high de-
gree of base saturation. The degree of base satura-
tion is higher than 50% for all three analyzed pro-
files, which classifies this soil as eutric. The amount
of plant accessible phosphorus is poor throughout
the depth of the soil, while the amount of plant
accessible potassium is medium. The amount of
total nitrogen in the soil ranges from 0.15 to 0.20%
and the C/N ratio is narrow. The narrow C/N ratio

indicates the rapid decomposition of organic mat-
ter to the final decomposition products and the
appearance of nitrogen in a plant accessible form
(Table 3).

The soil in the Douglas-fir provenance experi-
ment at the Juhor Mountain belongs to acid brown
soil (distric cambisol) on gneiss. Unlike the eutric
cambisol in Tanda, the soil in the provenance ex-
periment at Juhor is characterized by quite pro-
nounced spatial variability in the textural com-
position. The textural class of the soil varies from
sandy loam to loam. The soil is well structured,
which, regardless of its texture composition, re-
flects good water permeability and aeration of
the solum.

The reaction of the soil solution is much more
acidic compared to the soil in the provenance
experiment in Tanda, and the degree of satura-
tion of the adsorptive complex by base cations is
much lower. The total nitrogen content in soil in
the provenance experiment on Mt. Juhor is higher
than in Tanda, but the carbon to nitrogen ratio is
broader. The broader C/N ratio in the soil indicates
that in the Juhor experimental plot the mineraliza-
tion processes of organic matter are slower than
those in Tanda. The amount of easily accessible
phosphorus to plants is very low. Small amounts

Table 2. Comparative overview of soil physical properties at Tanda and Juhor sites

Granulometric composition (%)

- z 2 S N 3 § Total
83 = 25 o 3 8 = 2 o 5
s E5 % B} IE 1T 2% 4F BF ST t i
b 2a o) T E HNE L & 8 8 ¥&E a S o
0-21/25 2.01 34,13 16.27 10.10 16.50 10.80 12.20 60.50 39.50
21/25-60 2.03 3462 14.08 10.20 17.50 7.90 15.70 58.90 41.10
-‘é > 0-30 1.72 34.28 16.02 11.20 17.30 9.00 12.20 61.50 38.50
1S 30-60 1.61 39.65 13.65 11.70 15.30 9.00 10.70 65.00 35.00
3 0-18 2.19 36.05 19.25 8.60 14.50 7.70 1390 63.90 36.10
18-60 3.22 32.07 15.33 9.50 13.60 7.50 22.00 56.90 43.10
/ 0-24 2.74 18.90 30.10 11.80 19.20 9.50 10.50 60.80 39.20
. 24-70 1.81 23.18 32.02 10.00 13.30 8.30 13.20 65.20 34.80
-§ 0-20 2.75 16.75 1455 17.30 27.10 1290 11.40 48.60 51.40
- 5 20-50 1.66 17.49 17.01 1390 25.70 12.80 13.10 48.40 51.60
50-80 1.76 16.85 19.70 1190 20.90 11.10 19.60 48.40 51.60

(Lavadinovi¢, 2009)
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of phosphorus are found only in the surface layers
of the soil, while in the deeper layers the amount
of this element is below the detection limit.

The results of the two-way analysis of vari-
ance for the length of transfusion parenchyma of
Douglas-fir needles are shown in Table 4.

The results obtained from the analysis of vari-
ance (Table 4) show the following:

a) There are statistically significant differences in
the average values of the length of transfusion
parenchyma at sites Tanda and Juhor;

There are statistically significant differences in
the average values of the length of transfusion
parenchyma in particular provenances;

6)

affects the average value of the length of trans-
fusion parenchyma in some provenances, and
vice versa.

The effect of site on the length of
transfusion parenchyma

The results obtained from the analysis of the
effect of site on the length of transfusion paren-
chyma are shown in Table 5.

As can be seen in Table 5 the sites Juhor and
Tanda are not homogenuous — there is a statisti-
cally significant difference in the average values of

B) There is an interaction between factors “site”
and “provenance”, namely, the change of site

the length of transfusion parenchyma.

Table 3. Comparative overview of soil chemical properties at Tanda and Juhor sites

. g i E pH v Adsorptive complex :::; s § = ac:::;IiZJIe
e % HO  (cmy(rs) s T v E o = O po ko
58 & KCl 5 205
= e (ekv. cmola/100g) (%) T (mg/100)

0-21/25 5.60 3.94 15.62 10.15 18.00 28.15 63.94 2.62 1.52 0.20 7.6 1.40 11.00
21/25-60 5.80 3.63 10.21 6.64 22.00 28.64 76.82 0.72 0.42 - = 2.00 6.60

3 0-30 5.73 4.04 13.81 8.98 16.20 24.18 62.86 2.69 1.56 0.18 8.7 1.60 15.40
E 30-60 6.06 3.86 10.21 6.64 18.00 24.64 73.05 1.14 0.66 - = 140 5.60
. 0-18 5.80 3.87 13.21 8.59 24.60 33.19 74.12 2.03 1.18 0.15 7.8 0.90 9.60
18-60 6.36 3.77 9.61 6.25 30.80 37.05 83.13 0.78 045 - = 3.00 7.90

i 0-24 5.18 3.80 25.82 16.79 15.60 32.39 48.16 4.76 2.76 0.28 9.8 1.16 17.70

o 24-r0 5.82 3.80 12.01 7.81 10.80 18.61 58.03 0.83 0.46 - = 0.00 8.50
-§ 0-20 5.40 4.06 22.22 14.44 14.20 28.64 49.58 4.82 2.80 0.29 9.6 1.20 23.00
B 5 20-50 5.23 3.54 18.02 11.71 6.20 17.91 34.62 1.21 0.70 - = 0.30 8.10
50-80 5.35 3.59 14.41 9.37 5.60 14.97 37.41 0.57 0.33 - — 0.00 8.10

(Lavadinovi¢, 2009)

Table 4. Two-way analysis of variance (site x provenance) for the length of transfusion parenchyma of Douglas-

fir needles
Source of variation :qugrzz 1:;::5:: Variance F-ratio P-value
A: Site 6063.91 1 6063.91 25.39 0.000
B: Provenance 336185.0 5 67236.9 281.50 0.000
AB Interaction 142231.0 5 28446.2 119.10 0.000
Errors 83120.6 348 238.852
Total 567600.0 359
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Table 5. LSD test of site effect on the length of transfusion parenchyma

Standard error

. . of the difference Homogeneous
Site Sample size Average value
between the groups
means

Juhor 180 257.125 1.15194 X

Tanda 180 265.333 1.15194 X
Comparison Differences +/— Limit

Juhor-Tanda *-8.20833 3.2041

*statistically significant difference

The effect of provenance on the length of
transfusion parenchyma

To examine the effect of provenance on the
length of transfusion parenchyma, an LSD test
was carried out. The results obtained are shown
in Table 6.

Although the results obtained from the analysis of
variance (Table 4) showed that there are statisti-
cally significant differences between the lengths of
transfusion parenchyma, in some provenances (9
and 31) the LSD test showed that they are homog-
enous in this regard. Namely, the average values of

Table 6. LSD test of provenance effect on the length of transfusion parenchyma

Standard error

. . of the difference Homogeneous
Site Sample size Average value
between the groups
means
18 60 225.375 1.99521 X
9 60 236.75 1.99521
31 60 238.75 1.99521 X
17 60 271.0 1.99521 X
16 60 282.75 1.99521 X
24 60 312.75 1.99521 X
Comparison Differences +/- Limit
9-16 *~46.0 5.54966
9-17 *-34.25 5.54966
9-18 * 11.375 5.54966
9-24 *-76.0 5.54966
9-31 -2.0 5.54966
16-17 * 11.75 5.54966
16-18 * 57.375 5.54966
16-24 *-30.0 5.54966
16-31 * 440 5.54966
17-18 * 45,625 5.54966
17-24 *-41.75 5.54966
17-31 * 32.25 5.54966
18-24 *-87.375 5.54966
18-31 *-13.375 5.54966
24-31 * 74.0 5.54966

*statistically significant difference
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Fig. 2. Variability among provenances in the length of Douglas-fir transfusion parenchyma at Tanda
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Fig. 3. Variability among provenances in the length of Douglas-fir transfusion parenchyma on Mt. Juhor

the length of transfusion parenchyma do not show
statistically significant differences.

The average length of transfusion parenchyma
in Tanda (265.33 um) is statistically significantly
larger than that on Mt. Juhor (257.12 um) (Figs 2
and 3).

Similar results have also been obtained in the
anatomical studies of Douglas-fir needles in the
same sites for the width of transfusion parenchy-
ma (Lavadinovic etal., 2018).

CONCLUSIONS

Wide natural area and high ecological ampli-
tude have contributed to the fact that Douglas-fir

94

is very popular as an introduced species in many

countries.

In order to determine the adaptability, produc-
tivity and character of the introduced tree species,
it is necessary to conduct a provenance test. In the
provenance tests of Douglas-fir in Serbia, the ef-
fect of site and provenance on the length of nee-
dle transfusion parenchyma was analyzed.

The obtained results of the analysis of ana-
tomic structure of the needles led to the following
conclusions:

e Within sites at the provenance level statistically
significant differences occur between average
values in all observed properties, indicating
that they are not derived from random factors,
but influenced by internal factors of treatment;
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the LSD test, however, shows the formation of

several smaller homogeneous groups for each

analyzed property, indicating less genetic varia-
bility in the provenances which have produced
the homogeneous groups;

e There are statistically significant differences for
all measured properties at the site level and
the average values of all measured properties
are higher at Tanda compared to Juhor;

e There is an interaction between the variabili-
ty factors (site and provenance), namely, the
change of one variability factor affects the
change of treatment of another one.

Since there is a need for fast-growing coni-
fers in Serbia, the continuation of all aspects of
research in Douglas-fir provenances is highly rec-
ommended.
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