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

Ap /oydunko Pakomar, HayuHu caBeTHUK, FIHCTUTYT 32 mryMapcTBO Beorpap,

Ap Aannjeaa Bynucujesuh-Bojosuh, poonent, Yausepsurer y Beorpaay, Illymapcku dpakyarer
Ap 3opan Muaeruh, Buim HayuHu capapHuk, MHCTUTYT 3a mymapcTBo Beorpag,

Ap ®uann Josanosuh, ncrpaxxusad capapnuk, HcTUTyT 32 ImyMapcTBo Beorpaa,

U3Bopa: [lyrnasuja je jeaHa of, Hajuewhe rajeHUx BpCTa YeTUHApa y NAaHTaXKama 1 WyMCKUM
KyATypama y BuLle 3amasba EBpone. Mogen npoBeHMjeHUYHOr TecTa 3aCHMBA Ce Ha aHan3ama
CBOjCTaBa Ayrnasuje (pacta u aHaTOMCKUX, GU3UONOLKMX, XEMUJCKUX, MEXaHUYKMX, Kao U Apy-
rMX 0COOMHa) C Lu/bem NpoBepe onpasAaHoOCTM TpaHcdepa cemeHa 3 CesepHe AmepuKe y
ekocucteme Cpduje. OBakaB nporpam ce cnposogm y Cpdujun Ha BMLE NOKaumMja ca Ayrnasmjom
pPas3NMUUTUX NPOBEeHNjeHuMja. KaKo je aHanu3a pasnmumTnx GpUsmMonoLKMxX cBojcTaBa ctadana
0p, 3HayYaja NP UHTPOAYKLMjN oapeheHnx npoBeHMjeHunja Ha cTaHnwTa y Cpduju, y osom
pafy Cy UCTpaKMBaHe BapnjadUNHOCTM caprKaja Kaanjyma y Maagum YeTuHama gyrnasuje
Pa3NMUNTMX NPOBEHMjEHLM]ja Ha eKCepuMeHTaNHOM nosby y Cpouju. 3Havaj Kanujyma y pusu-
O/I0LWKMM MpoLecrma dusbaka je Beoma BeNnKKU. Kanujym je eceHumjaniHm enemeHT Koju yye-
cTByje y HU3y SMoXeMMjCKMX 1 GM3MONOLWKMUX NpOoLLeca M MMa 3HavajHy yaory npu agantaumjn
dusbaka y ycnosmma OGMOTMYKOT M adMoTUUKor cTpeca. Hajsehu cagpkaj Kannjyma ytepheH
je kog, nposeHujeHumje ,,OperoH 205-14" WwTo je jeamMHa NpoBEHUjeHLMja KO Koje cafpiKaj
Kanunjyma CTaTUCTUYKM 3HAYajHO OACTYNa Of, NPoceKa, Te Ce OHa MOXe OKapaKTepucaTu Kao
cyrnepuopHa 3a ycBajarbe W akyMynaumjy oBor enemeHTa. KoHCTaToBaHO je Aa, y oBoj ¢asu,
pasnnKe y KOHLEHTPaUMjU Kaamnjyma Kog ctadana y NnpoBeHMjeHUYHOM TecTy Hemajy 3HayajHor
yTUUaja Ha NapameTpe pacTa. [lasba UCTParkMBatba TPeda Aa yKaxKy Ha TO 4a /v Cagpikaj oBor
dMoreHor enemeHTa MMa yTUL,Aj Ha HEKa Apyra CBOjCTBa 3HaYajHa 3a 04adup NpPoBEHUjeHLMja
y NpoLecy MHTPOAYKLMje, Kao LUTO je OTMOPHOCT Ha cTpecHe daKTope.

K/byuHe peuun: gyrnasmja, NnpoBeHnjeHLMje, Kannjym, MHTpoaykumja, Cpduja

YBOA

Oyrnasnja [Pseudotsuga menziesii (Mirb.)
Franco] je Bpno Bucoka, dp3opactyha BpcTta yetu-
Hapa, nopeknom ns CesepHe AmepuKe. Y ontu-
MasHUM YCNOBMMA, OBA BPCTa AOCTUXKE BUCUHY
npeko 100 m, ca npe4yHnKom ctadbna 4 m, a cTa-
poct Buwe og 1300 rogmHa. Y npupoam je oHa
pacnpocTpatbeHa y 3anagHom aeny CesepHe

AmepuKe — oa BpuTaHcke Konymbuje (KaHaaa) Ha
ceBepy A0 MeKcuKa Ha jyry (camka 1). NoyeTkom
XIX BeKa, Ayrnasuja je uHTpoaykosaHa y Espony,
rge je y cagawrOoCTU 3acTyn/beHa y MHOTUM
3em/bama. [lyrnasuja ce ydpaja y EKOHOMCKM Haj-
3HayajHuje BpcTe ApBeha 3a Npon3BOAHY APBHUX
WwymMmckux npoussoga (Hermann, Lavender,
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1990). 360r eKOHOMCKOT 3Ha4aja, Kao 1 npeTno-
CTaBKe Aa je oBa BpcTa cnocodHa Aa ce oaynpe
KAMMATCKMM NMpOMeHaMa, Y MHOTUM 3eM/baMa ce
CMaTpa HEM3O0CTaBHUM [e/10M ra3goBakba LWyma-
ma (Lavender, Hermann, 2014). OBo je jeaHa
O/f, HajBaXXHWUjUX BPCTa YeTUHApa Yy MIaHTaXKama
M KOPUCTMK ce 3a NnolymsbaBatbe y PpaHLycKoj,
Hemaukoj, Mosbckoj, Bennkoj bputaHuju n Hosom
3enaHgy (Birot, Burzynski, 1981; Curt et
al.,, 2001; GoRner, Simon, 2002; GoRner,
Ammer, 2006; Isaac-Renton, 2013; Bastien
et al., 2013). Oyrna3suja je gpyra no 3actynsbe-
HOCTW aNOXTOHa BPCTA Y €BPOMNCKUM LyMmama —y
Kojuma nokpusa suwwe og 800 xmu/basa xekTapa.
Hajsehe nosplunHe nog Ayrniasvjom Hanase ce
y @PpaHuycKoj, a notom y Hemaukoj — rae je oHa
O6p30 MmocTana HajpacnpocTpakbeHuja anoxToHa
BpcTta gpeeha (Spiecker et al., 2019).

[yrnasuja je Beoma npuaarogs/bmea BpPCTa,
cnocodHa Aa pacte y pasanyunMTUm KAMMaTCKUM
ycnosuma. Mako joj Buwwe ogrosapajy Aydoka,
B/IA’KHa M 000pO ApeHMpaHa 3em/buLUTa, OHA
pacTe 1 Ha pasanyMTUMm noasorama. bpso 3aysu-
Ma MoApyyja HaKOH LYMCKUX NOXKapa Uan Apyrux
nopemehaja cpefMHe v ToiepuLLe 3aceHy, Te ce
[odpo passuja 1 noa Kpowrama gpseha. Ha
CBOM MPUPOAHOM CTaHULLTY, OBa BPCTa pacTe Ha
LUIMPOKOM PaCMOHY HAaZMOPCKMUX BUCUHA, Of, OKO
0 m Ha obdanu Maundurka o CTeHOBUTUX NNAHUHA
Ha HagMOpPCKoj BUCUHM A0 3200 m (2019).

Mpouec nHTpoaykumje ayrnasumje y Cpdujy 3a-
noyet je Ha UHcTUTYTY 3a wWymapcTeo beorpag,
nocTaB/bakb€M NPOBEHUjEHUYHUX Ornesa U Te-
CTUparbeM OBe BPCTE YeTMHapa, Kao U HeHUX
KapakTepuctuka (Lavadinovié, 1995, 2009;
Lavadinovi¢, Koprivica, 1996; Lavadinovic¢
et al., 2018, 2018a). HTpoayKuMja BpcTe cmaTpa
ce onpaBAaHOM CaMO YKOJIMKO je UHTPOAYKOBa-
Ha BpCTa Mo KBanuTeTy Sos/ba 04, ayTOXTOHUX Bp-
cta gpseha. AanTUBHOCT, NPOAYKTUBHOCT, Kao U
nofo08HOCT MHTPOAYKOBAHUX BPCTa, Ca LWMPOKUM
NPUPOSHUM apeasom, MOpajy ce UCNUTATU NyTem
NPOBEHWjEHUYHOT TeCTa, WTO je U Ln/b NpoyyaBsa-
Ha ayrnasuje y Cpduju.

3Hauaj Kanmjyma y GU3MoNoLWKMM npoLecuma
Ou/baKa je Beoma Bennku. OBaj OMoreHn makpoe-
NIeMeHT aKkTMBMpa BuLe of 50 eH3MMa 1 Kao Ko-
baKTOp yYecTByje y HU3Y EH3MMCKUX peaKkLnja Koje
ce oaBujajy y npouecuma poTocuHTE3E, AUCatba U
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Apyrum npouecruma. Kannjym nma 3HavajHy ynory
Npu HeyTpanunsaLumju BULLKA OPraHCKUX KUCEMHA
y henujn, xnppataumju Kononga npoToniasme,
ocMoperynaumju, Kao U MexaHU3my oTBapara U
3aTBapatba CTOMA. BaXkaH je y npouecmma cuHTe-
3e, TPaHCMOpPTa U HaKyn/bakba YI/beHUX XuapaTa.
OH nosehaBa OTMNOPHOCT NpemMa CyLu U APYrUm
CTPECHUM YMHMOLMMA (HUCKe TemnepaType, Conu,
donectn, aeposaraheme, nta.). Kaanjym nma 3Ha-
YajHy ynory npu perynauuju akTUBHOT TpaHcnop-
Ta Ha memdpaHama 1 ycBajakby APYrux eceHum-
janHux enemeHaTa. OBaj enemMeHT MMa 3HaYajHy
yNory npu 3alTUTU O, OKCMAATUBHOT CTpeca, jep
perynvie akTUBHOCT eH3MMa KOjuU y4yecTByjy Y
LETOKCUMKaLMjU 04, pPeaKTUBHUX jeantberba Kuce-
oHuka (ROS) (Wang et al., 2013). Cagpaj Kanum-
jyma y aMctoBMma ce HOpMasaHO Hanasu y oncery
0,75% po 2,5% (Punisijevi¢-Bojovic, 2019).
CmaTpa ce ga cy dusbKe M3N0KEeHe aKyTHOM He-
[O0CTaTKy aKo ce cafprKaj Kanujyma y aMctoBuma
Hanasu ucnog, 0,6%. Ha terosy BpNO BaXKHy yaory
y meTadonnsmy dusbaka ykasyje 1 To Aa ra dusbke
HajUHTEeH3MBHMWje yCBajajy y HajpaHujum dasama
pa3suha. Kanujym ce HajsuLLe aKymyampa y mepm-
CTEMCKMM 30Hama 1 Bakyonu. KonnumnHa kanunjyma
y OU/bHOM TKMBY 3aBMCUM O, BPCTE, OpraHa 1 cTa-
pocTtn dusbke. Ca nosehatbem cagprkaja Kanvjyma
y busmuum, nosehasa ce ycsajare CO,, crHTe3a
YI/bEHUX XMApaTa U NPOTEnHA, AOK Ce NPU Hero-
BOM HeA0CTaTKy npouec GoTocMHTE3€ YyCnopaBsa, a
[LM1catbe nocTaje MHTeH3MBHMje. busbKe Koje ce oa-
NIMKYjy noBehaHOM CMHTE30M YI/beHUX XuapaTa —
KOjW yTUYY Ha CUHTE3Y Lenyno3e U XeMULLEeNyno3e,
Kao M yuja je ynora duTHa 3a usrpaary heamjckor
3143 U NPOBOAHUX Cy0Ba — HA3WBajy ce , Kanujy-
moBe dusbke”. Mehy Bpctama apseha Kog, Kojux je
eBUAeHTUPaHa oBa nojasa cy SyKBa, LpHM opax U
ap. (Neskovic etal., 2003; Oljaca et al., 2006).

Busbkama NpucTynayvyHu Kaamjym y 3em/bULLTy
ce Hanasun y od/MKy BOAHOPACTBOP/bUBUX COMN
1y agcopdoBaHOM 08/IMKY Ha NOBPLUMHU KOMO-
MAHUX Yectuua. OBM odanUM Kanujyma HacTajy
pacnagarbem KaanjymoBux NpUMapHUX MUHEpa-
na. MNocTtoju AMHaMMYKa paBHOTEXa Y 3eM/bULLTY
n3mehy BogHOpacTBOp/bMBOT U agcopdoBaHor
Kannjyma. YcBajarbem Kanunjyma cmarbyje ce we-
roBa KOHLUEHTpauuja y pactsopy. Tom NpuInMKom,
aficopboBaHM Kanujym npenasv us agcopnTuBHOT
KOMMEeKca Yy 3eM/bULLIHK pacTBop. Mo3HaTo je aa
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je apcopboBaHM Kanujym Texe npucTynayaH of
BOAHOPACTBOP/bMBOT. TO 3HAYM Aa je yCBajakbe Ka-
Nvjyma Texe U3 IMIMHOBUTUX 3eMJ/bULLTA Hero 13
NecKoBUTUX.

AacopdoBaHo-Be3aHM Ka/iMjyM je BeoMa 3acTy-
N/beH jOH y afiCOPNTUBHOM KOMMJIEKCY U 1aKO ce
3amerbyje APYrMM KaTjoHMMa NyTem CyncTuTyumje.
[o capa je youeH aHTaroHnsam namehy K* n Na*,
NH4*, Ca%, Mg?, na je ca cTaHOBULITA MMUHEpPaHe
MCXpaHe of, Be/IMKOT 3Hayaja hUX0B O4HOC Y XpaH-
JbUBOj CpeanHu. busbke ra 6p3o ycBajajy n npeko
nucta. UcxpaHa HeoONXoAHUM MaKpoenemeHTMma
je HajeduKacHMjuU meTog 3a yHanpehere KBanu-
TeTa Kao U 3a npoaykuujy duomace cagHuua u
wymckor apeha, Uuume ce MoKe 3Ha4ajHO CKpa-
TUTU Nepuog onxoare (Ingestad, 1973). lobpa
CHadZ.eBEHOCT OCHOBHUM OMOreHUM eleMeHTUMA
cnpeyasa NnojaBy XJ10p03e Yy Nepuoay HaKoH npe-
cahuBarba M yTMYe Ha dosbe NpeXknB/baBakbe, Hu-
3MONOLLKY BUTAZIHOCT, Kao U Aasbk pacT 1 passuhe
dusaka (Bukicet al., 2004).

Y oBOM pagy je aHanu3MpaH cagpKaj Kanu-
jyma y yetnHama gyrnasmje 20 npoBeHunjeHuMja,
Koje notuuy ca Beher dpoja nokanuteta CeBepHe
AMepuKe, pasanNYnUTUX reorpadpckmx WUpUHa K
OYXKMHA, Kao 1 PasNnNYUTUX HAZMOPCKUX BUCUHA.

Cnuka 1. MpupoaHo reorpadcko pacnpocTparere
ayrnasuvje (KaHaga n CAL)

MATEPUJAA N METOA PAAA

Y 1adenu 1 je pat npukas reorpadckmx Kapak-
TEPUCTMKA NPOBEHMNjEHLMNjA N3 KOjUX NOTUYE CEME.
Konekynja cemeHa nokpuBa Ae0 NPUPOSHOT
apeana gyrnasnje og Hosor MekcuKka Ha jyry, Te
nopeg odane Naunduka n CTeHOBUTUX NAAHMHA,
cBe ao bputaHcke Konymduje Ha cesepy Amepuke.

Ha nnaHuHm Jyxop, y ueHTpanHoj Cpbuju, no-
CTaB/beH je NpOBeHUjeHnYHU ornen ca 20 npo-
BEHMjeHUMja ayrnasuvje, nopeknom ms CesepHe
Amepuke.

Pagn neponowkux aHanusa Ha orieaHoOM
noJsby, OTBOPEHa Cy AiBa NeAonoLwKa npoduna, ae-
TEPMUHUCAH je TN 3eM/bULLTA U Y3ETU CYy Y30pLM
3a nadopartopujcke aHanmse. Cagpkaj dusbkama
NlaKo NpucTynayHux odauKa Kannjyma ogpeheH
je Al-meTtomom, npema Egner-Rihm-y (DZzami¢ et
al., 1996). TekcTypHM cacTaB oapeheH je meTogom
ceammeHTaumje y3 npumeny Na-nupodocdaTta Kao
nentusaumoHor cpeacrtsa (Ratz, 1971), Aok cy ak-
TUBHA W CYNCTUTYLIMOHA Kucenoct ogpeheHe no-
TeHumomeTpujckn (Knezevié, KoSanin, 2008).

3a noTtpede aHanusle cagpikaja Kaamjyma y
YeTMHaAMa — CaKyMn/beHe Cy CBEeXe YeTuHe ayrna-
3Mje ca NoKamTeTa Ha Kojem je MoCTaB/beH Npo-
BeHWjeHMYHu orneg (Lavadinovic et al., 2018).
Y30pKOBaHe cy YeTMHe CBET/IOCTU — Ca Fopkbe Tpe-
huHe Kpolwu ctadana. AHanu3npaHe cy jeiHoro-
OMLkbe YeTuHe. YeTuHe cy cylleHe A0 anconyTHO
CyBOr cTaka Ha 105°C, camneseHe y npax u cna-
JbeHe Yy NNAaTUHCKMM nocydama. Cagpkaj Kaanjyma
oapeheH je aHann3om nenena nocne npesohera
y xnopwuae, npu yemy je kopuwheHa nnameH-dpo-
TOMETPMjCKa TeXHUKa oapehuBatba.

OacTynakbe cagpkaja Kanmjyma y YeTMHama
CBaKe MnojeguMHavyHe NpoBeHMjeHumje ayrnasunje
oppeheHo je Z-Tectom, npema cnegehoj dopmynu:

npu yemy je:

X — cpesitba BPeAHOCT cagpskaja Kaaujyma y Yetu-
HaMa 3a CBe NpOBeHUjeHLNje;

X — cagpKaj Kannjyma y CBakoj nojeAMHa4YHoj npo-
BEHUjEHUM)U; n

0 — CTaHZapAHa AeBnjaLmja cagpKaja Kanmjyma y
YyeTMHama.
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Tabena 1. leorpadcke KapakTepucTUKe NPOBEHUjeHUMja Ayrna3snje nopeknom s CAL

g Ouma [ lestne e
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

BawunHrron 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

BawunHrroH 202-17 15 47,6 121,7 600
OperoH 201-10 16 44,5 119,0 1350

BawwnHrroH 201-06 17 49,0 120,0 750
OperoH 202-19 18 45,3 123,8 300
OperoH 205-11 20 45,0 123,0 150

HoBu MeKkcuko 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 204-04 30 45,0 121,5 900
BawwHrToH 205-17 31 47,7 123,0 300

(Lavadinovi¢, 1995)

MprmeHOM KOpenaumoHUX aHaM3a UCNUTK-
BaHa je 3aBMCHOCT M3Mehy cagprkaja Kannjyma y
YyeTUHaMma Ayrnasuje U TakcauMoHUX enemeHaTa
ctabana — cpearber NpeyHunka, cpeaHe BUCKHE,
TeMe/bHULE, 3aNpeMuHe U 3aNPeMUHCKOr Npwm-
pacta. AHann30M MyATUNNE perpecuje KOHcTaTo-
BaHa je 3aBUCHOCT cagpKaja Kainjyma y YeTuHama
Ayrnasuvje, rae cy Kao He3aBMCHO NPOMeEH/bUBe
KopuwheHe reorpadcke KapakTepUCTUKe aHaNu-
3MpaHuMX NpoBeHnjeHuMja (reorpadcka WUpKHa,
reorpadcka AyXunHa U HaAMOPCKa BMCKHa). Cee
CTaTUCTMYKE aHanu3e cy u3BedeHe MPUMEHOM
payyHapcKor nporpama Statistica (StatSoft Inc.,
Tulsa, OK, 1997).
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PE3YATATH CA AUCKYCHUJOM

3em/bULLTE HA KOjeM je MOCTaB/beH NPOBEHMje-
HWYHW Orneg, je no Tuny Kuceno cmehe semsbuluTe
(ancTpmuHm kKamducon). Mo TeKCTypHOM cacTasy,
3eM/bULLTE KOA MPBOT aHa/nu3uMpaHor npodwuna
npunasa NeckoBMTUM WI0BaYama, a Kog, Apyror
— nNoBavama Koje cy Ha npenasy npema necko-
BUTMM MnoBadYama. Ode3deheHocT XyMycHO-aKy-
MYNAaTUBHOT XOPM30HTa ca dU/bKama nako npu-
CTYNaYyHUM Kanujymom je cpefra Ao fodpa, AOoK
je KamduuHmn xopmn3oHT cnado odesdbeheH oBum
enemeHTom Kopa oda npoduna (tadena 2). Nlak
TEKCTYPHM cacTas 3emsbuiiTa omoryhasa godpy
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Tabena 2. CBojcTBa 3eM/bULLTA HA OFIEAHOM NOJbY Ha MNAAHUHK Jyxop Y LeHTpanHoj Cpduju

=
pH = ©
© == B
S © c =] o
s > o
3 E_ g °of I F  x  2 Eg
g8 9E 9O g £ § . 2 Fzo¥ $§x 8 Efxg i&
c &8 T € R o z8 T 22gE 28 g8 £ 23
0-24 518 3,80 476 2,76 028 938 17,7 608 27,8 1055 leckoswTa
1 nnoBava
24-70 582 3,80 083 046 - - 8,5 B2 2E gy |NERHE
mnaoBsava
0-20 5,40 406 482 28 029 96 23,0 486 40,0 11,4 Wnosaua
2 20-50 523 354 121 070 - - 8,1 48,4 385 13,1 Wnosaua
50-80 5,35 3,59 057 033 - - 8,1 48,4 32,0 19,6 Wnosaua

MCXPaHY KaNnjyMoM, YaK U NP HUMKUM KOHLLEH-
Tpauumjama oBor enemeHTa y 3emsbuwTy. Kog ne-
CKOBUTUjUX 3em/buILTa Behun feo npuctynavyHor
Kanunjyma dusbKama je y 001Ky nako pacTBopsbu-
BUX CO/MN, IOK je Ko, IMUHOBUTUX OH agcopdoBaH
Ha NOBPLUMHW MUHEHUX MUHEpPana.

KonnunHe Kanujyma y yeTHama UCnmMTUBaHUX
NpOBeHWjeHuMja Ayrnasnje NpUCyTHe cy y Anjana-
30HYy 04,0,83% (OperoH 205—-38) Ao 1,40% (OperoH
205-14). MpoceyHn caapKaj Kaaujyma y YeTMHama
[yrnasuvje aHaNM3npaHNxX NpoBeHMjeHLMja U3HOCK
1,03%. Hajseha KonnumHa Kanvjyma KoHCTaToBaHa
je Kog nposeHujeHuMje ,OperoH 205-14 Koja je
1 jeAMHa NPOBEHMjeHLMNja KO Koje caaprKaj Kaium-
jyMa cTaTUCTMYKM 3HAYajHO OACTYyNa O NPOCEKa,
OAHOCHO Kog, Koje je Z-BpeaHocT Beha og 1,96
CTaHZapgHux aesujaunja (tadena 3; rpaduKoH
1). KaKko pasnivKke y KOHLEeHTpaLMjama nojeauHmx
XEMWjCKMX enemeHaTa Kog, NpoBeHujeHLmja mory
yKa3aTu Ha HMxoBe cneudUUYHOCTU Y yCBajakby
efieMeHaTa, HaBeJeHa NPOBEHMjeHLM]a ce MoXKe
OKapaKTepucaTu Kao cyrnepuopHuja 3a ycBajarbe
M aKymynaumjy oBor efiemeHTa. YHeKkonnKko sehe
KONIMUYMHE KaZnjyma y YeTMHamMa of, npoceKa 3a
CBe aHa/M3MpaHe NPOBEHUjeHLMje KOHCTaToBaHe
Cy camo y npoBeHunjeHumjama n3 OperoHa (OperoH
202-19, OperoH 202-31, OperoH 205-18, OperoH
205-29, OperoH 204-04 u OperoH 205-14).
HajHuun cagprkaj Kanmjyma y 4eTmHama mame-
peH je Takohe Koa nposeHujeHuMja M3 OperoHa
(OperoH 205—-38, OperoH 205-13 n OperoH 202—
27). Koa, 0BMX NpOBeHUjeHUMja, 0ACTyNarbe caap-
YKaja Kaanjyma y yeTMHama o, npoceka 3a Ucnu-
TMBaHe NpoBeHunjeHuMje Huje SUNo CTaTUCTUYKM

3HayvajHo, anu je duno Behe og jeaHe cTaHaapaHe
nesujaumje. CBe npoBeHMjeHUMje NOPEeKIOM 13
BawwuHrroHa n Hosor MeKcuka umajy makeu cagp-
YKaj Kannjyma y YeTMHama of, NpoceKa, AOK je Hu-
XOBO OACTYNak-e 0f, Npoceka dunno marbe of jeaHe
CTaHZapAHe Aesujaunje. MMamepeHe KOHLEHTpa-
Lumje y YHeTMHama Haslase ce y HOpMasHOM Oncery,
TO jecT, He yKa3yjy Ha HegocCTaTaK UAN NPEeBENNKY
0de3deheHoCT 0BUM HYTPUjeHTOM.

Mpema npeacTaB/beHUM pe3ynTaTMMa aHa-
nm3ze mehynpoBeHUjeHMYHOr BapujadunuTeTta 3a
CafprKaj Kanujyma y YeTMHama pasinumTmux npo-
BEHWjeHUMja Ayrnasuje — He MOoCTOjM 3Ha4vajHa
CTaTUCTUYKA 3aBUCHOCT TaKCaLMOHOI enemeHTa
(cpeptber npeyHUKa, cpeatbe BUCUHE, TEME/bHU-
Le, 3anpeMmuHe 1 3anpeMmUHCKOr npupacra cTa-
bana) y ofHOCY Ha caZipKaj Kanunjyma y YeTMHama
pyrnasuvje (tabena 4).

MNaKo Kannjym mma BpAoO BaXKHy ynory y pa-
3IMYUTUM GU3MONOLWKUM NpoLecMma y dSubHUM
henunjama v TKMBMMa, pe3ynTaTu NokKasyjy ga He
NOCTOjM 3HAYajHa Kopenauuja usmehy rwerosor
cafprKaja y YeTMHaMa U aHaNM3MPaHUX TaKcaLlm-
OHUX enemeHata ctadana. C 063upom aa cy cee
MCNUTUBaHE NPOBEHMjeHLMje Ha OrneAHUM No/bU-
Ma Mannx MOBPLUMHA, Ca NPAKTUYHO yjeAHAYeHUM
CTaHWULLHUM yCI0BUMA, a 1 0de3deheHocT 3em/bu-
WTa NPUCTYNAYHMM KaZIMjyMOBUM jeutberbnma
je podpa, moxe ce pehu aa yrepheHa Bapujadun-
HOCT y caZpXKajy Kasnjyma y YeTMHama BepOBaTHO
npeacTaB/ba nNocaeguuy pasamynTux reHeTCKUx
cneudUYHOCTU NOjeANHUX NPOBEHUjeHLM]ja Ay-
rnasuje 3a ycBajarbe OBOT eJIeMeHTa.
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Tabena 3. TaKcaLMOHW eleMEHTH Pa3INYUTUX NPOBEHNjEHLM]a AyTasuje U cagpikaj Kannjyma y YeTuHama

Y3opak MpeyHnk BucuHa TemesbHUUA 3anpemuHa anp.

. . O3HaKa npup. Z-cKkop

npoBeHujeHuuja d (cm) h (m) g (m?) v (md) v (m?) (%)
OperoH 205-15 1 14,8 10,8 35,8 179,5 20,1 0,96 -0,469
OperoH 205-14 2 14,6 10,2 34,9 174,7 22,2 1,40 2,499
OperoH 202-27 3 15,5 10,6 39,3 201 35,1 0,88 -1,008
OperoH 205-38 4 15,0 10,3 38,8 187,8 26,3 0,83 -1,346
BawwuHrtoH 204-07 9 6,8 4,8 8,7 30,9 3,3 0,91 -0,806
OperoH 205-13 10 14,5 10,3 34,4 170,4 26,4 0,86 -1,143
OperoH 205-18 11 14,6 9,9 34,9 173 23,1 1,18 1,015
OperoH 202-22 12 15,1 10,0 37,3 181,2 28,0 0,9 -0,873
BalwunHrToH 202-17 15 14,8 10,4 35,8 177,4 27,9 1,02 -0,064
OperoH 201-10 16 10,9 7,2 19,4 86,2 9,4 1,02 -0,064
BawwunHrToH 201-06 17 11,3 7,1 20,9 90,8 13,3 0,99 -0,266
OperoH 202-19 18 15,0 10,7 36,8 186,3 27,7 1,13 0,678
OperoH 205-11 20 15,2 10,0 37,8 179,8 22,8 1,00 -0,199
Hosu Mekcuko 202-04 22 11,5 7,7 21,6 102,8 16,5 0,90 -0,873
Hosu Mekcuko 202-10 23 11,3 7,8 20,9 94,4 11,9 098 -0,334
OperoH 202-31 24 8,3 5,6 11,3 47,4 5,7 1,13 0,678
OperoH 205-29 26 15,1 10,1 37,3 183,5 21,1 1,19 1,082
OperoH 205-08 27 14,7 10,6 35,3 175,9 23,6 1,01 -0,132
OperoH 204-04 30 14,0 9,7 32,1 157,3 26,8 1,28 1,689
BalmnHrToH 205-17 31 14,5 11,0 34,4 177,7 28,6 1,02 -0,064

Mpocek 1,030
CraHaapgHa gesujaumja 0,1483

Ha ocHoBYy mynTunie Kopenauuje — npu yemy
je Kao 3aBMCHOMPOMEH/bMUBA Y3ET CafprKaj Kanu-
jyma y yeTuHama ayrnasuje, AOK Cy He3aBUCHe
NpoMeH/bMnBe reorpadcke KapaKTeEPUCTUKE NpU-
POAHUX Ha/Ma3MWTa UCMUTUBAHUX NMPOBEHUjEH-
umja ose BpcTe — aodujeHa je cnegeha jeaHaumHa
perpecwmje:

K =-1,6639 - 0,0023 GS + 0,0022GD + 0,0001NV

npu yemy je:

K — npoueHat Kaanjyma y yeTMHama McnmTmBaHux
npoBeHnjeHLmja;

GS — reorpadcka WMpKHA NPUPOAHMX HaNa3WLLITa
MCNUTUBAHUX MPOBEHUjeHLM]a;

GD — reorpadcka Ay*KMHa NPUPOAHUX HaNa3mLWTa
MCNUTUBAHUX MPOBEHUjeHUM]ja; N

NV — HagmopcKa BUCMHA NPUPOAHUX HanasuwTa
MCNUTMBAHWX MPOBEHMUjeHLM]a.
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MynTunno-kopenaLmoHOM aHa/M30OM KOH-
CTaTOBAHO je Ja HemMa CTaTUCTUYKM 3HavajHe 3a-
BMCHOCTW YCBajarba KaZMjyma M3 3eM/bULUITA O,
reorpadCcKmnx KapakTepucT1ka pasanynTux npose-
HujeHuMja ayrnasuje (Tabena 5; rpadmKoH 2).

[Jama vcnutnsara du Tpedano aa yrepae
[a Nv NocToje NO3MTUBHE Kopenauuje y ofHO-
Cy Ha HeKa Apyra CBOjCTBa NPOBEHMUjeHLMja, Kao
WTO cy GU3MONOLWKA BUTATHOCT, OTNOPHOCT Ha
donectu, cyuwly, HACKe TemnepaType, aepo3arahe-
e U Apyre CTpecHe YMHUOLE OKO/IHE cpeauHe.
[oCTYNHOCT XeMUjCKUX eNemeHaTa cnaja y YnHu-
oLe KOjUu yTUYy Ha OTNOPHOCT Ayriasuje Ha XNag-
Hohy (Lavender, Hermann, 2014). Tako, Alden
(1971) HaBoaum pa cy ctabna y KynTypama y Kojuma
cy Kanujym v asoT dunm aeduumTapHu enemeHTm
duna 3HayajHO Marbe OTNOpHa Ha xnagHohy To-
KOM HbMXOBOT aK/IMMATU3aLMOHOT Nepruoaa Hero
WTO je To dno cnyyaj ca ctadbamma y Kyntypama
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Tabena 4. Pe3yntaTv KOpenaumMoHUX aHaNn3a 3aBUCHOCTU MOjeMHUX TaKCALMOHMX eNemeHaTa o cafpiKaja
KaZnjyma y YeTUHamMa PasNnymTuX NpoBeHMjeHLMja ayrnasmje

TakcauunoHu Cranaapaua CraHgapgHa
u beta rpeLuKa op, B A3PA T(18) p R R?
e/leMeHT rpelKa o B
beta
Mpeurmk 0,100 02345 00060 00140 04267 0,6746 0,1001 0,0100
Bucuwa 00994 02345 00080 00189 04240 0,6766 0,0994 0,0099
TemesHnua 00721 02351 00011 00037 03066 0,7627 0,0721 0,0052
3anpemmHa  0,0866  0,2348 00002 00007 03687 0,7167 0,0866 0,0075
SAMPEMUHCKM 65100 0,357  -0,0002 000417  -0,0425 09665 0,0100 0,0001
npupacr
1,60
1,40
1,20 = — }
100 Mpocek 1,03 T ‘ ‘ B T ] T B
| BB |- -

MpoueHar KaamMjyma y YeTuHama ayrnasuje
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NposeHujeHuUja

padukoH 1. MehynpoBeHUjeHNYHN BapmjaduanTeT caaprKaja Kanjyma y YeTuHama ayrnasuje

Koje Hucy dune peduunTapHe y OBUM enemeH-
TMuma. Mehytum, Larsen (1978) npeTtnocTas/ba
na dosbe npexuns/baBakbe 3UMCKUX YC/I0Ba KOZ,
Ayrnasuje ca A0BO/bBHUM KOMUYMHAMA Kanaujyma
y TKMBMMaA HuWje nocneamua keHe Behe oTNopHoO-
CTM Ha Mpa3, Beh OTNOPHOCTM Ha CcyLy y Mpa3HOM
nepuoay. Larsen (1983) je uctparkmsao ytmuaj
cHapbeBarba a30TOM M KaiMjyMOM Ha OTNOPHOCT
Ha CyLy Ko, ABOrOAMLWHbUX CagHMLA Ayriasuje 13

CHOKBO/MIMMja (BawmMHITOH), Koje cy dune rajeHe y
orneaHMM ycnoBuma u TpetupaHe ca 11 pasnu-
YUTUX HMBOA CHaadeBatba OBMM HYTPUjEHTMMA.
YTBpAMO je Aa Kanujym Mma Beoma NO3UTUBHO
[0ejCTBO Ha OTNOPHOCT Ha CyLy KOA4 UCMUTUBAHMUX
Ousbaka. Mnak, y orneay Koju je nsseo Timmis
(1974), Ha jegHOrOAMWIKBEUM CafHMLAMA Ayrnasuje
ca naumnduyke odane, ycTaHOB/LEHO je Aa cafHuLEe
Koje Hucy dune cHagdeseHe a3oTom, a fodujane cy
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Tadena 5. MapameTpu MynTUNIe perpecunje — 3aBUCHOCT yCBajakba Kanjyma of, reorpadCKkmx KapakTepucTmka

npoBeHunjeHuuja
Heaencnomrol CraHaapgHa CraHpapaHa
berta rpeLuka B rpeLuka T(18) p
MeH/buBe
op beta oaB
CroBopkm unan -1,66388  2,013141  -0,826509 0,420670
jeaHaunHe
R=0,3445
re:;‘;amti"a -0,059926  0,394203  -0,00233  0,015336  -0,152019 0,881073
R2=0,1187
feorpadeka 299 0545042 0,02227  0,015866  1,403627 0,179541
AyXUHa <0,55560
Ha:;”gsz;"a 0,544260  0,580073  0,00012  0,000127  0,938261 0,362059
Dependent variable: K (%)
15 . . .
1.4}
13} ;
(2]
g
2 121
>
©
g e} ©
e 11}
Ke)
(@]
o S}
10}
09|
0,8 - . - - - - - - - -
0,90 092 094 096 098 100 1,02 104 106 108 110 1,12
Predicted Values o 95% confidence

IpaduKoH 2. Cagprkaj Kannjyma 3adenekeH y YeTMHama aHa/IM3MPaHUX NPOBEHUjeHUMja Ayriasuvje 1 Bpesa-
HOCT KaZnjyma Koja je n3padyHaTa npema jegHauymHu MynTunie perpecuoHe aHaause

docdop v Kanunjym, HUCYy dune [OBO/BHO OTNOPHE
Ha xnagHohy fa 6y npexusesne 3MMCKe ycioBe y
CBOM MpPUPOAHOM apeasny. PesyntaTv oBor uUctpa-
’KMBakba yKasyjy Ha TO Aa je OTNOPHOCT UCNUTUBA-
HUX OW/baKka Ha xnagHohy y Behoj mepu 3aBucHa
o[}, ogHoOca M3melhy HyTpuWjeHaTa Hero /i JOCTyMHO-

CTn I'IOje,CI,MHaHHOF HYTPUTUBHOT €/IeMeHTa.
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3AKAYIIH

Hajseha KonnumHa KanmMjyma KOHCTaTOBaHa je
Kopg, nposeHujeHuuje ,,OperoH 205-14“ To je uc-
TOBPEMEHO U1 jeguHa NPOBEHNjeHLMja Ko, Koje je
cafprKaj Kanujyma CTaTUCTUYKM 3HATHO Behu of
npoceka, Te 61 ce OHa MOrna OKapaKkTepucaTu Kao
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CynepuopHMja 3a yCBajakbe U akymynaumjy oBor
enemeHTa. lNposeHujeHumnje U3 OperoHa nmajy
Behy BapmjadMNHOCT cagpskaja Kanujyma y yetu-
Hama of, ocTannx NpoBeHujeHuMja, dyayhu ga je n
HajmarbM cagpKaj Kanrjyma KOHCTaTOBaH KOA jes-
He nposeHujeHuMje 3 OperoHa (OperoH 205-38).
AHann3om MynTune perpecuje HUje KOHCTaToBa-
Ha 3HavajHa Kopenauuja uamehy reorpadckmx Ka-
PaKTEpPUCTUKA NPOBEHMjeHLN]a.

MaKo Kannjym Mma 3HauvajHy ynory y pasau-
YUTUM GU3MONOWKMM npouecnuma, AodujeHu
pe3ynTaTy NoKasyjy Aa He NocToju 3HayajHa Ko-
penauuja nsmehy cagpskaja Kaamnjyma y 4eTuHama
Ayrnasuje v TakcalMOHWX enemeHata (cpegmer
npeyvyHnKa NpoBeHUjeHLnja, BUCUHE, TEMe/bHULLE,
3anpemuHe, Kao 1 3anpemuHcKor npupacra). To je
BEPOBATHO pe3y/aTaT NOBOJbHUX YCN0BA UCXpaHe
OBMM e/1eMeHTOM Ha CTaHULITY e je NocTaB/beH
NPOBEHNjeHNYHW ornes,

[amma ucnutusarba du Tpedano Aa nokaxy
[ v NOCTOje NO3UTUBHE Kopenauuje cagpikaja
Ka/Nnjyma y OfHOCY Ha HeKa Apyra cBojcTBa Npo-
BEHMjeHLM]ja, Kao WTO Cy GPU3MO/OLWKA BUTASHOCT,
OTMOPHOCT Ha onectu, cyLly, HUCKe TeMNepaType,
aepo3sarahere 1 apyre CTpecHe YMHUOLE OKOJIHE
cpeanHe. NocTojarbe pasnnKka y KoHLeHTpaumjama
nojefMHUX XEMUjCKUX enemeHaTa Kog, NpoBeHu-
jeHUMja mory yKasaTu Ha npucycTso crneunduy-
HOCTW y yCBajakby TUX enemeHata. OBO je BaKHO
NOLWTO CagprKaj Kanujyma y TKMBMMA Ayrnasuje
cnaja y YMHuoLE KOju yTUUY Ha HeHY OTNOPHOCT
Ha cTpecHe 4YMHMoue (xnagHohy M cywy), WTo
JAasbe onpepjesbyje CeNeKTUBHY NPUMEHY OAroBa-
pajyhux nposeHujeHUNja HA ogpeheHnm CTaHU-
LWITMMa Y LIYMAPCKOj NpaKcu.

HanomeHa: Pag, je peann3oBaH y OKBMpy Npo-
jekaTa ,,Pa3B0j TeXHONOLKMX NpoLeca y LyMapcTBy
Y Uu/by peanusauuje onTMMasHe LWyMoBUTOCTH”
(31070) n ,UcTpaxkunBarbe KAMMATCKMX MPOMEHA
M FbUXOBOT YTULAja HA XUBOTHY cpeaunHy: npahe-
e yTuuaja, aganTtayumja u ydnaxasarse (43007),
Koje uHaHcMpa MUHWUCTAPCTBO NPOCBETE, HAYKE U
TeXHo/MOLWKOor pa3soja Penybdanke Cpduje y oksupy
WHTErpUCaHNX U UHTEPANCLUNINHAPHUX UCTPANKM-
Bakba 3a nepuog 2011-2019. rog,
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Abstract: Douglas-fir is one of the most common conifer species in the forest plantations of
Europe. The provenance test model is based on the analysis of the properties (growth, anatom-
ical, physiological, chemical, mechanical and other properties) of Douglas-fir in order to justify
the transfer of seeds from North America to the ecosystems of Serbia. This type of program
has been implemented in Serbia on several locations using different Douglas-fir provenanc-
es. Given that the analysis of different physiological properties of trees is important for the
introduction of specified provenances into habitats in Serbia, in this paper the variability of
potassium concentration in young Douglas-fir needles of different provenances was examined
in an experimental field in Serbia. Potassium is very important in the physiological processes
of plants. It is an essential element involved in a number of biochemical and physiological pro-
cesses and plays a significant role in the adaptation of plants on biotic and abiotic stress factors.
The highest potassium concentration was found in the “Oregon 205—-14" provenance — the only
provenance in which the potassium concentration was significantly higher than the average
value, so it can be characterized as a superior provenance for the uptake and accumulation of
this element. It was found that, at this stage of development, the differences in the potassium
concentration in trees in the provenance test have no significant effect on growth parameters.
Further studies should show whether the concentration of this biogenic element in any way
affects other properties important for the selection of provenances during the introduction

process, such as resistance to stress factors.

Key words: Douglas-fir, provenances, potassium, introduction, Serbia

INTRODUCTION

Douglas-fir [Pseudotsuga menziesii (Mirb.)
Franco] is a very tall, fast-growing conifer species
native to North America. Under optimal condi-
tions, this species reaches a height of over 100 m,
a diameter of 4 m, and the age of 1300 years or
more. In a natural environment, it is widespread in
the western part of North America — from British
Columbia (Canada) in the north to Mexico in the
south (Fig. 1). Douglas-fir was introduced into
Europe at the beginning of the 19" century and
nowadays it is grown in many countries. This coni-
fer is one of the most economically important tree
species for the production of wood forest products
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(Hermann, Lavender, 1990). Douglas-fir is an
integral part of forest management in many coun-
tries due to its economic importance and the as-
sumption that this species is able to resist climate
change (Lavender, Hermann, 2014). Thisis one
of the most important conifer species in planta-
tions which are used for afforestation in France,
Germany, Poland, the United Kingdom and New
Zealand (Birot, Burzynski, 1981; Curt et al.,
2001; GoBner,Simon, 2002; GoRner, Ammer,
2006; Isaac-Renton, 2013; Bastien et al.,
2013). Douglas-fir is the second most abundant
species in European forests, covering more than
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800,000 hectares. The largest areas under this
conifer are found in France, followed by Germany
where it has quickly become the most widespread
allochthonous tree species (Spiecker et al.,
2019).

Douglas-fir is a highly adjustable species, able
to grow in different climate conditions. Although
deep, moist and well-drained soils suit it better, it
also grows on different substrates. It quickly occu-
pies areas devastated by forest fires or other en-
vironmental disturbances; it tolerates shade, so it
grows well under tree canopies. In its natural hab-
itat, Douglas-fir covers a wide range of altitudes,
from about 0 m on the Pacific coast up to 3,200 m
in the Rocky Mountains (2019).

The process of introduction of Douglas-fir in
Serbia has begun at the Institute of Forestry in
Belgrade by setting up the provenance tests and
by studying this conifer species and its character-
istics (Lavadinovi¢, 1995, 2009; Lavadinovic,
Koprivica, 1996; Lavadinovi¢ et al., 2018,
2018a). The introduction of a species is justified
only if the introduced species has a better quali-
ty than the native tree species. Adaptability, pro-
ductivity, as well as the suitability of introduced
species, with a wide natural range, must be tested
by provenance tests, which is also the aim of the
study of Douglas-fir in Serbia.

The importance of potassium in the physio-
logical processes of plants is considerable. This
biogenic macronutrient activates more than 50
enzymes and as a cofactor participates in a se-
ries of enzymatic reactions which take place in
photosynthesis, respiration and other processes.
Potassium plays a significant role in the neutraliza-
tion of excess organic acids in the cell, hydration of
colloids of protoplasm, osmoregulation, as well as
in the mechanism of opening and closing stomatal
pores. It is important in the processes of synthe-
sis, transport and accumulation of carbohydrates.
It increases resistance to drought and other stress
factors (low temperatures, salts, diseases, air pol-
lution, etc.). Potassium plays a significant role in
the regulation of active transport across cell mem-
brane and the uptake of other essential elements,
as well as in protection against oxidative stress, be-
cause it regulates the activity of enzymes involved
in the detoxification of reactive oxygen (ROS)
(Wang et al., 2013). The potassium concentration

in leaves is normally in the range from 0.75% to
2.5% (Punisijevi¢-Bojovié¢, 2019). Plants are
considered to be exposed to acute deficiency if the
potassium concentration in leaves is below 0.6%.
The importance of potassium in plant metabolism
is also indicated by the fact that plants absorb it
most intensively in the earliest stages of their de-
velopment. Potassium is mostly accumulated in
meristematic zones and vacuoles. The amount of
potassium in plant tissue depends on the species,
organ and age of the plant. With the increase of
potassium concentration, the uptake of SO, and
the synthesis of carbohydrates and proteins also
increase in plants, while in its absence the process
of photosynthesis slows down, and respiration
becomes more intense. Plants that are character-
ized by increased carbohydrate synthesis, which
affect the synthesis of cellulose and hemicellulose
and whose role is important in the construction
of the cell walls and vessels, are called “potassi-
um plants”. Among the species of trees with this
phenomena are beech, eastern black walnut, etc.
(Neskovic et al., 2003; Oljaca et al., 2006).

Plant-available potassium in the soil is present
in the form of water-soluble salts and in adsorbed
form on the surface of colloidal particles. The de-
composition of potassium primary minerals leads
to the creation of these forms of potassium. There
is a dynamic balance in soil between the water-sol-
uble and adsorbed potassium. The potassium con-
centration in solution reduces by its adsorption,
and the adsorbed potassium transfers from the
adsorptive complex to the soil solution. The wa-
ter-soluble potassium is more readily available
than the absorbed one. This means that the up-
take of potassium is more difficult from clay soils
than from sandy soils.

The adsorbed potassium is a very common ion
in the adsorptive complex and can be easily re-
placed by other cations by substitution. The antag-
onism between K* and Na*, NH4*, Ca2*, Mg2* has
been observed so far, and therefore their relation-
ship in the nutrient environment is very important
from the point of view of mineral nutrition. Plants
quickly absorb it through their leaves, as well. The
inclusion of essential macronutrients in nutrition is
the most effective method for improving the qual-
ity and producing biomass of seedlings and forest
trees, which can significantly shorten the rotation
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Fig. 1. The natural range of Douglas-fir
(Canada and USA)

period (Ingestad, 1973). A good supply of basic
biogenic elements prevents the occurrence of
chlorosis in the post-transplant period and affects
better survival, physiological vitality, as well as
further plant growth and development (Djukic
et al., 2004).

In this paper, the analysis of the potassium
concentrations was conducted in needles of 20
Douglas-fir provenances, originating from a num-
ber of North American sites of different geograph-
ical latitudes, longitudes and elevations.

MATERIAL AND METHODS

Table 1 shows geographical characteristics of
the provenances from which the seeds originate.
The seed collection covers a part of the Douglas-
fir natural range from New Mexico in the south,
along the Pacific coast and the Rocky Mountains,
to British Columbia in the north of America.

The provenance test with 20 Douglas-fir prove-
nances originating from North America was set on
Mt. Juhor in central Serbia.

Two soil profiles were formed on the field plot
for the purpose of soil analysis. The type of soil
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was determined, and the samples were taken for
laboratory analyses. The plant-available potassium
was determined by the Al method, according to
Egner-Rihm (DZami¢ et al., 1996). The textural
composition was determined by the sedimenta-
tion using Na-pyrophosphate as a peptizing agent
(Ratz, 1971), while the active soil acidity and re-
serve soil acidity were determined using a poten-
tiometer (KneZevic¢, Kosanin, 2008).

Fresh Douglas-fir needles were sampled for
the analysis of the potassium concentration
at the site where the provenance test was set
(Lavadinovi¢ et al., 2018). The one-year-old
needles from the upper part of the crown (the top
third of the crown) were sampled and analyzed.
The needles were dried to the absolutely dry state
at 105°C, grounded to powder and burned in plat-
inum vessels. The potassium concentration was
determined by the ash analysis, after conversion
to chlorides, using the flame photometric deter-
mination technique.

The deviation of potassium concentration in
the needles of each Douglas-fir provenance was
determined by the Z-test, according to the follow-
ing formula:

where:

X is the mean value of the potassium concentra-
tion in the needles of all Douglas-fir provenances;
X is the potassium concentration in each Douglas-
fir provenance;

o is the standard deviation of the potassium con-
centration in the needles.

The correlation analysis was used to examine
the dependence of the potassium concentration
in the Douglas-fir needles and the mensurational
parameters — mean diameter, mean height, basal
area, volume and volume increment. The multi-
ple regression analysis revealed the dependence
of potassium concentration in the Douglas-fir
needles, and geographical characteristics of the
analyzed provenances (latitude, longitude and
altitude) were used as independent variables. All
statistical analyses were performed using the sta-
tistical software Statistica (StatSoft Inc., Tulsa, OK,
1997).
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Table 1. Geographic characteristics of Douglas-fir provenances from USA

Geographical

Geographical

ez L0 latitude (°N) longitude (°E) Al )
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
Washington 204—07 ) 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
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
Oregon 205-11 20 45.0 123.0 150
New Mexico 202—-04 22 329 105.7 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 204-04 30 45.0 121.5 900
Washington 205-17 31 47.7 123.0 300
(Lavadinovic, 1995)
RESULTS AND DISCUSSION The potassium concentrations in the needles

The soil on which the provenance test was
established is acid brown soil (dystric cambisol).
Based on the textural composition, the soil in the
first analyzed profile was sandy loam, and in the
second one — loam in transition to sandy loam.
The plant-available potassium in the humus-ac-
cumulative horizon is medium to good, while the
cambic horizon is poor with this element in both
profiles (Table 2). The airy textural composition of
the soil enables good nutrition with potassium,
even if concentrations of this element are lower.
In sandy soils plant-available potassium is in the
form of easily soluble salts, while in clay soils it is
adsorbed on the surface of clay minerals.

of the studied Douglas-fir provenances range
from 0.83% (Oregon 205-38) to 1.40% (Oregon
205-14). The average potassium concentration in
the needles of the studied Douglas-fir provenanc-
es is 1.03%. The highest amount of potassium
was found in the provenance “Oregon 205-14",
which is the only provenance with the potassi-
um concentration that significantly deviates from
the average, i.e. where the Z-value is higher than
the paral.96 standard deviations (Table 3; Graph
1). Since the differences in the concentrations
of particular chemical elements in provenances
may indicate their peculiarities in the adsorption
of the elements, it can be concluded that prove-
nance “Oregon 205-14" has a superior potassium
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Table 2. Soil characteristics on experimental site at Mt. Juhor in central Serbia

pH

g g 5 © s = =
= £ é s T %‘% g > & § §m
g & > g 2 S z § B8k 5 & & 3=
0-24 5.18 380 4.76 2.76 0.28 9.8 17.7 60.8 27.8 10.5 Sandyloam
24-70 5.82 3.80 0.83 0.46 = = 8.5 65.2 21.6 13.2 Sandyloam
0-20 540 406 482 280 0.29 9.6 23.0 48,6 40.0 114 Loam
2 20-50 5.23 3,54 1.21 0.70 - - 8.1 48.4 38.5 13.1 Loam
50-80 5.35 3.59 0.57 0.33 - - 8.1 484 32.0 19.6 Loam

absorption and accumulation capacity. Slightly
higher amounts of potassium than the average
value were found only in Oregon provenances
(Oregon 202-19, Oregon 202-31, Oregon 205-18,
Oregon 205-29, Oregon 204—-04 and Oregon 205—
14). The lowest potassium concentration in the
needles was also detected in Oregon provenanc-
es (Oregon 205-38, Oregon 205—13 and Oregon
202-27). In these provenances, the deviation of
potassium concentration in the needles was not
significantly different from the average value for
the studied provenances, but it was larger than
one standard deviation. All provenances originat-
ing from Washington and New Mexico had smaller
potassium concentrations in the needles than the
average value, while their deviation from the av-
erage concentration was less than one standard
deviation. The measured concentrations in the
needles were within the normal range, and there-
fore they do not indicate a deficiency or surplus of
this nutrient.

According to the presented results of the anal-
ysis of the variability of Douglas-fir provenances
in terms of potassium concentration in needles,
there was no significant statistical dependence
between the mensurational parameters (mean di-
ameter, mean height, basal area, volume and vol-
ume increment) and the potassium concentration
in the Douglas-fir needles (Table 4).

Although potassium plays a very important
role in various physiological processes in plant
cells and tissues, the results showed that there
was no significant correlation between its concen-
tration in the needles and the analyzed mensu-
rational parameters of trees. Considering that all
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studied provenances are located in small experi-
mental fields, with uniform habitat conditions, and
that plant-available potassium compounds in the
soil are very common, it can be concluded that po-
tassium concentration in the needles varies due
to different genetic properties of some Douglas-fir
provenances in terms of their adsorption of this
element.

Based on the multiple correlation analysis
where potassium concentration in Douglas-fir
needles was the dependent variable and the in-
dependent variables were geographical charac-
teristics of the provenance natural habitats — the
following regression equation was obtained:

K =-1,6639 - 0,0023 G§ + 0,0022GD + 0,0001NV

where:

K is the potassium percentage in the needles of
the studied provenances;

GS is the geographical altitude of the natural hab-
itats of the studied provenances;

GD is the geographical longitude of the natural
habitats of the studied provenances; and

NV is the altitude of natural habitats of the studied
provenances.

Multiple correlation analysis has shown that
there is no statistically significant dependence
between potassium adsorption from soil and the
geographical characteristics of different Douglas-
fir provenances (Table 5; Graph 2).

Further studies should determine whether
there are positive correlations between potassi-
um adsorption and other provenance properties,
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Table 3. Mensurational parameters of different Douglas-fir provenances and potassium concentration in their
needles

Provenance Diameter Height S Volume . Volume
sample Mark d (cm) (i) area () increment (%) Z-score
g (m?) Iv (m?)

Oregon 205-15 1 14.8 10.8 35.8 179.5 20.1 0.96  -0.469
Oregon 205-14 2 14.6 10.2 34.9 174.7 22.2 1.40  2.499
Oregon 202-27 3 15.5 10.6 39.3 201 35.1 0.88  -1.008
Oregon 205-38 4 15.0 10.3 38.8 187.8 26.3 0.83  -1.346
Washington 204-07 9 6.8 4.8 8.7 30.9 3.3 0.91  -0.806
Oregon 205-13 10 14.5 10.3 34.4 170.4 26.4 0.86 -1.143
Oregon 205-18 11 14.6 9.9 34.9 173 23.1 118  1.015
Oregon 202-22 12 15.1 10.0 37.3 181.2 28.0 09  -0.873
Washington 202-17 15 14.8 10.4 35.8 177.4 27.9 1.02  -0.064
Oregon 201-10 16 10.9 7.2 19.4 86.2 9.4 1.02  -0.064
Washington 201-06 17 11.3 7.1 20.9 90.8 13.3 099  -0.266
Oregon 202-19 18 15.0 10.7 36.8 186.3 27.7 113 0678
Oregon 205-11 20 15.2 10.0 37.8 179.8 22.8 1.00  -0.199
Ne;’(ng/'_;’jw 22 115 77 216 1028 165 090 -0.873
Ne;"é'zv'_i’gco 23 11.3 78 209 94.4 11.9 098  -0.334
Oregon 202-31 24 8.3 5.6 11.3 47.4 5.7 113 0678
Oregon 205-29 26 15.1 10.1 37.3 183.5 21.1 119  1.082
Oregon 205-08 27 14.7 10.6 35.3 175.9 23.6 1.01  -0.132
Oregon 204-04 30 14.0 9.7 32.1 157.3 26.8 1.28  1.689
Washington 205-17 31 14.5 11.0 34.4 177.7 28.6 1.02  -0.064

Average 1.030
Standard deviation 0.1483

Table 4. Results of the correlation analysis of dependence of some mensurational parameters on potassium
concentration in the needles of different Douglas-fir provenances

Mensurational Standard Standard
S Beta deviation B deviation T(18) p R R?
P of beta of B
Diameter 0.100 0.2345 0.0060 0.0140 0.4267 0.6746 0.1001 0.0100
Height 0.0994 0.2345 0.0080 0.0189 0.4240 0.6766 0.0994 0.0099
Basal area 0.0721 0.2351 0.0011 0.0037 0.3066 0.7627 0.0721 0.0052
Volume 0.0866 0.2348 0.0002 0.0007 0.3687 0.7167 0.0866 0.0075

Volume increment  -0.0100 0.2357 -0.0002 0.00417 -0.0425 0.9665 0.0100 0.0001
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Graph 1. Variability of Douglas-fir provenances in terms of potassium concentration in their needles

Table 5. Multiple regression parameters — dependence of potassium uptake on geographical characteristics

of provenances

Independent Standard Standard
r{ Beta deviation B deviation T(18) p
variables
of beta of B
Free member 166388  2.013141 -0.826509 0.420670
of the equation
_ R=0.3445
Geographical ) jca96  0.394203 -0.00233  0.015336  -0.152019 0.881073
latitude 2
R2=0.1187
Geographical
longitude 0.766299 0545942 0.02227 0015866  1.403627 0.179541 055560
Altitude 0.544260 0.580073 0.00012  0.000127  0.938261 0.362059

such as physiological vitality, resistance to dis-
eases, drought, low temperatures, air pollution
and other environmental stressors. The availa-
bility of chemical elements is one of the factors
that affect the resistance of Douglas-fir to frost
(Lavender, Hermann, 2014). For example,
Alden (1971) stated that trees in populations

112

in which potassium and nitrogen were deficient
elements were significantly less resistant to cold
during their acclimatization period than trees in
populations that had a surplus of these elements.
However, Larsen (1978) hypothesized that the
better survival of winter conditions in Douglas-fir
with sufficient amounts of potassium in tissues
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Predicted vs. Observed Values
Dependent variable: K (%)
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Graph 2. Potassium content recorded in the needles of the analyzed Douglas-fir provenances and the potassi-
um value calculated according to the multiple regression equation

was not due to the higher resistance to frost, but
to drought in the frost period. Larsen (1983)
studied the effect of nitrogen and potassium sup-
ply on drought resistance in 2-year-old Douglas-fir
seedlings from Snoqualmie (Washington), which
were grown under experimental conditions and
treated by 11 different supply levels of these nutri-
ents. He found that potassium had a very positive
effect on drought resistance in the tested plants.
On the other hand, the experiment performed by
Timmis (1974) on one-year-old Douglas-fir seed-
lings from the Pacific coast showed that seedlings
free of nitrogen, but rich in phosphorus and po-
tassium, were not cold-resistant enough to survive
winter conditions even in their natural habitats.
The results of this study indicate that the resist-
ance of the tested plants to frost is more depend-
ent on the relationships between the nutrients
than on the availability of an individual nutrient.

CONCLUSIONS

The highest potassium concentration was
found in provenance “Oregon 205—-14" — the only
provenance in which potassium concentration was
significantly higher than the average value, so it
can be characterized as a superior provenance
for the uptake and accumulation of this element.
Oregon provenances have a greater variability of
potassium concentrations in needles than other
provenances, considering that the lowest potas-
sium content was also found in an Oregon prov-
enance (Oregon 205-38). The multiple regres-
sion analysis showed no significant correlation
between the geographical characteristics of the
provenances.

Although potassium plays a significant role in
various physiological processes, the obtained re-
sults show that there is no significant correlation
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between the potassium concentration in Douglas-
fir needles and mensurational parameters (i.e.
mean diameter, height, basal area, volume, and
volume increment). This is probably the result of
favorable conditions of nutrition with this element
in the habitat where the provenance experiment
was set.

Further studies should show whether there
are positive correlations between potassium con-
centrations and other provenance properties, such
as physiological vitality, resistance to diseases,
drought, low temperatures, air pollution and other
environmental stressors. The existence of differ-
ences in the concentrations of particular chemical
elements in provenances may indicate their pecu-
liarity in the adsorption of these elements. This
is important because potassium concentration in
Douglas-fir tissues is one of the factors that affect
its resistance to stress factors (such as cold and
drought) and it could determine the future selec-
tive application of suitable provenances in certain
habitats in forestry practice.

Note: The research is completed within the
projects “The development of technological
processes in forestry in order to realize the op-
timal forest cover” (No. 31070) and “Studying
climate change and its influence on the environ-
ment: impacts, adaptation and mitigation” (No.
43007), financed by the Ministry of Science and
Technological Development of the Republic of
Serbia within integrated and interdisciplinary re-
searches for the period 2011-2019.
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