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3HAYA] MUKOPU3HUX I'bMBA Y ITPON3BOA b
ITYMCKOTI CAJHOI MATEPUJAJIA 1 IbUXOBOM
IIPEXVIB/JbABAILY HAKOH IIPECABVIBAIHA

BECHA T'OJIYBEOBU'R RYPTY3!

MsBop: Y pany cy HaBefieHe HajsHaYajHIje KapaKTePUCTIKe MUKOPU3HUX aconyjanyja. Cpe
MMKopusHe GopMalje Ha ITyMCKMM BPCTaMa Jielle ce, Ha OCHOBY OHOCA I/bMBa 1 henuja
KopeHa foMahyHa, y TpM I/IaBHe TPyIle: eHJOMMKOPU3a, €KTOMUKOPU3A U €H0EKTOMIKO-
pusa. EkToMmkopusa je Hajuenrhe IpycyTHa Ha IIyMCKOM ApBely y moapydjy ca yMepeHOM
KImMoM. BesaHa je 3a BMIe 4eTMHApPCKUX BPCTa YK/bydyjyhu cBe popoBe us damunje
Pinaceae, HemTo Mame mumrhapckux, ykpyuyjyhu Tporcko gpsehe, npseHacTo xdymwe 1
HeKe BpcTe TpaBa. IIpucycTBO eKTOMIKOPM3HIX I/bJIBA 3aBUCH Off CIIeLM(UIHOCTI TUIOBA
sem/puinTa (PUSMYKUX VM XEeMMjCKUX OCOOMHA, a Ipe CBera CTeleHa KVCENOCTH U CafipKa-
ja oprancke Matepuje). [1aBHa ylora MMKOPU3HMX acolujanuja je odesdehupame dmmpaka
XpaH/bUBUM e/leMeHaTMa odyxBaTameM Behe Mace sempumra xudama mro omoryhasa
SwBLM [1a yCBOjU XpaH/bMBe MaTepuje, Koje ¢y Ha Behoj myduHm on kopeHa. MukopusHe
r/buBe oMoryhaBsajy pacT ¥ pa3Boj CafiHNIIA Y HETIOBO/BHUM YCTIOBJMMA KPO3 YTHUIIaj Ha CHad-
IeBame OM/baKa MAKpO 1 MUKPOHYTPUTHjEHTUMa, IIPYXKatba 3alITUTE Of PasIMIUTUX BpP-
CTa IIATOTeHMX I7bMBA U JIp. MUKOpN3HE I/bMBe UCIIO/baBajy Pas/INyuUT HIUBO TONEPAHTHOCTH
Ha MPUCYCTBO TELIKMX MeTana y sem/puiuty. Ilojenune Bpcre (Amanita muscaria n Suillus
granulates) Bp/IO Cy TOJIepaHTHe U IIpeMa IIPUCYCTBY TELIKMX MeTala y BIUCOKMM KOHIIeH-
Tpauujama.

Kibyune peun: MUKOpPU3HE acollMjalije, APBEHACTE BPCTE, HEOBO/bHM YC/IOBM CPeHe

THE ROLE OF MYCORRHIZAL FUNGI IN THE PRODUCTION OF FOREST
SEEDLINGS AND IN THEIR SURVIVAL AFTER TRANSPLANTING

Abstract: The paper presents the most important characteristics of mycorrhizal associations.
According to the ratio of the fungus to the host root cells, all mycorrhizal formations on forest
species are divided into the following three main groups: endomycorrhiza, ectomycorrhiza
and endoectomycorrhiza. The ectomycorrhiza most commonly occurs on forest trees growing
in the temperate climate. It is related to a number of coniferous species including all genera
of the Pinaceae family and a slightly smaller number of broadleaves, including tropical trees,
woody shrubs and some grasses. The presence of ectomycorrhizal fungi depends on specific
characteristics of certain types of soil (soil physical and chemical properties, but above all its
acidity and organic matter content). The main role of mycorrhizal associations is to improve
the plant access to nutrients since fungal hyphae can spread through a larger soil area and
thus allow plants to take in nutrients that are at greater depths than the roots. Mycorrhizal
fungi enable the growth and development of seedlings under unfavourable conditions
because they increase the plant supply of macro and micronutrients, provide protection
against different species of pathogenic fungi, etc. Mycorrhizal fungi have different levels of
tolerance to the presence of heavy metals in the soil. Some species (Amanita muscaria and
Suillus granulates) are very tolerant to the presence of heavy metals even when they occur in
high concentrations.

Keywords: mycorrhizal association, woody plants, unfavorable environmental conditions
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1. YBOJ

Mukopuse cy cuMOMoTCKe acounjanyje nsmehy kopeHa duspaka u I/buBa.
MukopusHe I/bMBe 3a CBOje MeTadOMUTHMUYKe IIpoljece KOPUCTe pPas3IndnTe
eKCyZlaTe KOpeHOBa Ou/paka, a CBOjUM IPOAYKTMMA IOTIIOMaxy epuKacHuje
byHKIMOHNUCabe KOpeHOBa dm/baka. MUKOpU3He I/bJBE >KMBE y 3ajeHNULN ca
CKOPO CBUM O1/bKaMa, /i Cy TocedHO 3HavajHe 3a SusbHe BPCTe, KojuMa y GpuHe
KOpeHOBe fiauniie omteheHe y TOKy pa3Boja y pacafHUKy Wan npu npecabhnparsy.
Pusocdepa kopeHa, y K0joj ce Hamaze MUKOPU3He I/bUBe, YNHN MUKOpU3ochepy
rfie ce, Kao Tpeha KOMIIOHeHTa, IOjaB/byjy aepodHe MM aHaepodHe XeTepo-
TpodHe dakTepuje, canmpoduUTCKe IbUBE, NIPOTO30€ U XKUBOTWIE KOje YMHe
OBe acolyjalyje BP/IO CIOKeHUM. VIHTepakiuje musmeby cBMX HpuUCyTHUX
opraHusama mMory dutu nosutusHe (MebycoOHO aconujatuBHe), HeyTpalHe UK
HeraTyBHe (KOMIIETUTOPY, IPEATOPH) U OHE BAPUPAjy Y IPUPOAN Y 3aBUCHOCTI
op Bpcre Owpakau buBa (Priha, O, 1999). OBe nHTEpaKiuje Cy BeoMa BaXKHe
3a IPUPOJIHE eKOCUCTEME.

ITo mogaunMma xoje HaBopu Z a k, B. (1971), MHOrodpojHa ncTpakuBama joIr
y XIX Beky, mokasaja Cy fja IIyMcKe BPCTe MMajy creruduya Had4uH UCXpaHe —
MUKOTPOQHY UCXPaHY, U U3BOjeHe CY Be OCHOBHE BPCTe MOP(OIOMIKNX TUIIOBA
MUKOpu3e: eKTOTpodHa, Koja je Hajuenrhe Kof MIYMCKUX BpPCTa U €HAOTPOdHA,
KOJ| OCTanuX OM/bHUX BpcTa. IIpeMa crerneHy MUKOTPOQHOCTI IpBEHACTE BPCTE
cy kmacuduKoBaHe y 4YeTHMPM TpyIe: jako MUKOTpo¢He, c1ado MUKOTpodHe,
HeMMKOTpodHe u npodnemarnyse. [Ipema 0Boj Kmacudukaruju, of YeTHHAPCKUX
BpcTa, doposu (Pinus spp.), cmpue (Picea spp.) u jene (Abies spp.) cagajy y jako
MukotpodHe, a of muirhapckux Bpcra To ¢y xpact (Quercus spp.) u dyksa (Fagus
spp.). Ilo ncTom ayropy, npBa knacudukalyja eKTOMUKOpK3a U3BplIeHa je 1927.
TOAVHE CBPCTaBameM y YeTupMu rpyre dasupane Ha Mop¢onoruju kopexa dopa,
JIOK Ce ca UCTPaXKMBabeM MIKOpN3e Ha [PYTUM [PBEHACTUM BPCTaMa OTIIOUYENIO
KacHuje. Tex je 1956. rongyHe pasByujeH MHOTO JieTa/bHUjU CUCTEM Y KOjU CY MH-
KOpIIOpYpaHe MHOTe KaTeropuje u KopuiheHe aHaTOMCKe KapaKTepPUCTHKe M-
KOpM3e, Kao 1ITO je o0&k oMoTada u aAp. MehyTum, HujefHa of Tajaimbux Me-
TOfIa HUje jacHO AedUHMCaTa MHANBUAYATHY IPUPORY Mukopusa. [Ipsu onmc un
WIyCTpalyje pasInIuTUX eKTOMUKOPM3a Ha KopeHy ypaheHna je Tek 1965. rogue.
[/puBe CUMOMOHTH, UTIAK, HUCY O1jIe UAEHTU(NKOBaHe Yy IPETXOAHUM IIPOyYa-
BamJIMa U TeK je 1968. ropyHe jeTa/bHO ONMMCaHO ocaM MMKopusa Ha Eucaliptus
sp. y3 unentudukanujy fse cumdnontHe rpuse. C 0d3mupoM Ha TO fa Cy cBa
IIpeTXO/IHA VICTpaXKMBama O1Ia dasypaHa Ha MPUPOAHO GOPMUPAHUM MUKOPU-
3aMa, a PacTao je MHTEpPeC 3a OBY 0O/IACT, dMIIO je HEONIXOMHO YTBPAUTI METOJ, 32
upaeHTUUKALNjy U TaKy AeTePMUHALIN)Y [7bMBA CUMOMOHATA, OffHOCHO yBoberme
K/by4a 3a ujeHTuuKanyjy mukopusa. Z a k, B. (1971), Ha 0CHOBY CBOjUX UCTpa-
KMBaba MUKOPM3e Ha Ayrrasuju, popmMmpao je mpBu Kibyd 3a UAeHTUUKAL]Y
eKTOTpo(He MUKOpU3e Y3 UAeHTU(DUKALN]Y CUMOMOTCKIX I/bMBA. JeTHOCTABHA
IeTepMUHaIMja eKTOTpodHUX MUKOpu3a je duma Moryha ynorpedom oBor Kjbyda
Koju ce dasupao Ha doju, TeKcTypu, popMu oMoTava (IIPUCYCTBO WU OfCYCTBO),
OINICY MULIE/INje, IPUCYCTBO WV OFCYCTBO 1 ONIUC pr3oMopdu, peakiiyje Ha dojy
XeMIjCKIX elleMeHara, GpyopecrieHI ]y, U3IIef, MUPUC U YKYC.
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3JHauajHa KapaKTePUCTMKA 3a [OUjarHO3y eKTOMMKOPM3e je MOoCTojame Xap-
TUTOBE Mpe)Ke, a/li OBa II0jaBa HUje yBeK II0y3/laH 3HaK POpMUpPaba MUKOPU3E.
CBe mpoMeHe, KoOje HaCTajy yc/Ief; 3aueTKa C1MOuo3e, pe3ynTaT cy Gu3uomon-
KIX TpoMeHa 1 Omsbke momahmua u rpuBe cumoOmonTa. Ilponec dopmmpama
MUKOpM3e Ce OfBMja y HEKOMMKO (a3a: pacT I/bMBa CTUMYINCAH MeTadOMUTIMA
KOpeHa, popMupame oMoTada xuda 0Ko KOpeHa, MHTephennjcka meHeTpanyja
nojeuHNX Xuda (MeXaHNMYKUM IyTeM), IPOMeHe Y I/bMBIYHOj MOpdOIOrujn y
,»JJABUPUHTCKO]" popmanmju TKuBa npaheno popmupamem XapTurose Mpexe, 1
pacT ,,JaBUPUHTCKOT' ' TKMBA IIpU POPMUPAY MPeXe.

Y moueTHoj ¢asu pasBoja, MMKOPU3HE 3ajeflHUIe I/BMBUYHU €TULUTOPK
(cymcTaHIe Koje MHAYKYjy ofdpaMdeny peakuujy Ousbaka) MHAKTUBUPAjy ce, ¥
BEJIVIKOj MepH, J1ejCTBOM OV/bHMX XMTIMHA3a, TOKa/IN30BAHMX y alIOIIa3MaTYHOM
npocropy hemmjckux smposa. OBM enMUNMTOPM U J[ja/be OCTAjy AETMMMIYHO
aKTVBHM M MOTy M3asBaTtu opdpamOeHe peakluje crador MHTeH3uTeTa. Y
KacHMjoj pasy MHTepaKIMje MUKOPMU3HO ClieludIYHe XUTIUHA3e IIPeACTaBIbajy
HOJPLUIKY KOHCTUTYUCAHUM U30(opMaMa y OfBajakby eMNLUTOPA, IITO TOBOAU
IO Jla/ber CMambermba ofdpaMOeHOr OfiroBopa. Y CIydajeBUMa Ifie je I/bMBa CIIO-
COodHa 3a IPOU3BOJIY OM/BHIX XOPMOHA, II0CeSHO ayKCMHA, MOTY fia ce Cy3dujy
TeHJ Be3aHU 3a Ofi0paHy, He3aBJMCHO Off “XMUTMHa3HOr MexaHusma (Salzer, P,
Boller, T.,2000).

Mopdorenercka aHanu3a MUKOpKU3He popMallije je Hajlakiua y npBoj ¢pasu
Mukopusanuje. [lerajpHa Mopdoomka KapakTepusanuja (Kaacudukaiuja
MOPQOTHUIIOBA) 3aIIOYNMbe MAKPOCKOIICKOM aHAIM30M, a HacTaB/ba C€ MUKPO-
CKOIICKOM ¥ TeK HaKOH ymnopebema Tux pesynrtara MHOTe BpCTe MOTY OMTHU
upneHtTuduxonsane (Agerer, R, 1991). Y3opkoBaHM [ieloBM KOpeHa ce IOCTIe
Ha>K/BMBOT VICIMpPAakbha 1 KOH3epBallMje II0OCMATpPajy II0J MMKPOCKOIIOM IZe ce
K1acuduKaluja BpIIy Ha OCHOBY doje, THIIA 1 0O/IMKA TPaHamba eKTOMUKOPU3E,
CTPYKType IOBPIIMHCKOT XM(pa/THOT OMOTaya ¥ IPUCYCTBA ¥ OONMKA CenTa-
JIHMX TIOpa, ¥ Ipupope passujeHux xuga u pusomopdu (Kottke, I, Ober-
winkler, F,1987).

bojaxudanHor omoraya Bapypa y 3aBUCHOCTH Off §0da TOIMHE 1 TIOJ Y TUIIajeM
CIIojballllbe CpefJiHe I Ce He MO)Ke KOPMCTUTM Kao jefHa KapaKTepUCTUKa
3a fleTepMuHanMjy. MMKPOCKOICKMM IIOCMAaTpameM BpUIM Ce KOHAYHO
AMjaTHOCTMILMpame IPUCYTHe eKTOMuKopusHe Qopmanuje. Ilpoywapajyhn
rpahy Xaprurose mMpexe, yTBpheHo je ma HMje JOBObHA IPUMEHA CaMO jefHe
Merofie Beh ce Mopajy kopuctutu dap nBe MeTofe fa du JodujeHu pesynraTtu
dunum noyspaHm.

MonekynapHe OMonoLIKe MeTOhe, KOje Cy BeoMa IIpelM3He M OCEeT/bUBE,
4eCTO Cy jefiTHM HauMH 3a Ta4HY leTepPMUHALINjy MUKOPU3HMX BpCTa. MepemeM
eprocrepona (mposuramuH Butammua D2) metogom HPLC (high performan-
ce liquid chromatography) ekToMMKOpU3HUX I/bMBa MOTY Ce KBaHTU(UKOBATH
IpUCyTHe I/buBe Y du/bHOM TKUBY. Takobe, y kopeHy, IpyMeHOM eKCTpakKijuje
DNK n RFLP aHanu3oM MOry ce UCIIUTAaTy CTPYKType eKTOMUKOPU3HUX 3ajefi-
Huna. HajnoysgaHujn onmc eKTOMMKOPU3HNX I7bUBa ce popMuUpa Kpo3 aHAIU3Y
IBUXOBMX MOPQOTOUIKMX KapaKTePUCTUKA, @ 3aTUM Ce TU Pe3yaTaTy IpoBepa-
Bajy MOJIEKy/IapHUM TexHukaMa, kopuihewem PCR ananuse rpusryHor DNK.
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2. TUTIOBU MUKOPU3E HA PA3/INMYNTM BNJbHVM BPCTAMA

Cse MukopusHe ¢opmanmje Ha IIYMCKMM BpCTaMa ce Ha OCHOBY OffHOCA
rbuBa 1 hennja kopena omahuHa fiesie y Tpu I/1aBHe TpyIle: €HIJOMUKOPU3a, K-
TOMIKOPU3a U eHI0eKTOMMKopu3a. Ha iBeTHUM du/bHUM BpcTaMa I7IaBHe I'Py-
Ile MUKOPU3HMX 3ajeHuIa cy apdyckynapHa Mukopusa (AM) u eKTOMUKOpU3e
(EM). Koja o HaBepieHMx Kareropuja MukopusHe popmanuje he dutn passuje-
Ha 3aBJCY Off MHOTUX (aKTOpa, a/ly HajBAXXHU)U CY XEMUjCKU CAaCTOjLM, KOjU Cy
Cafp>KaHU y MeXaHU3MMMa peryialije MUKOPU3HUX GpopMalnja U IPUCYCTBO
HNOTeHIMjTHUX CUMOMOTCKYX I7pMBa ¥ 3ebuintuma (D a h m, H., 2005).

2.1. EnpoMukopusa

Kop enpgomukopuse henuje duspke fomahnna cy neHerpupatne MUKOPU3HOM
bMBOM. Muienuja je yrimaBHOM MHTpalenynapHa y henmjama kopTekca y
KopeHy Om/paka. OBaj odnuk Mukopuse He popmupa omorad, Beh xude jegHo
BpeMe pacTy MHTpalle/NylIapHo, 3aTUM Ce pasjiax<y. 3aBUCHO Off TOra fja i Cy
xude cenTupaHe UK He, IIOCTOje BA TUIIA €HIOMIKOPU3E.

Hecentnpane xuge popmupajy mexypacro-pasrpanary (VA-vesicular-arbu-
scular) Mmyxopusy. OBaj THII MUKOpU3e je eBUEeHTIPaH Ha CBUM KOHTMHEHTUMA,
a ¢opMmmpajy ra BacKynapHe Ousbke (TpaBHaTe, >KOyHacTe ¥ JpBEeHACTe BPCTE)
IOK MUKPOOMOHTM OBe BpcTe moTudy m3 ¢ammauje Endogonaceae (Mucora-
les, Zygomycetes). Hexe BpcTe I/pMBa (GOpMUPajy XIaMUAOCIOPE KOje MOTY
dutu odpasoBaHe y TKMBY KOpeHA, Ha KOPEHOBOj HMOBPUIMHU MIN CITOSOSHO
y sempuiuty. OBaj TUII Criopa MMa CIIOCOOHOCT fia MPEXXMBYU y 3eM/bUIITY He-
KOMMKO ropguHe Oe3 dwmpke gomahuna. Xnudpe VA MUKOpU3HUX ITbMBA yIase y
M/Iaii KOPEH KPO3 eIUJepMIC 13a MepUCTeMa MM KPO3 KOpPeHOBe AIadulie.
ITponupame je Hajuenrhe fUpeKTHO MeHeTpalyjoM HoMohy anpecopujyma. Xude
Hace/baBajy KOPTEKC KOPeHa, a/iu He IPOANPY KPO3 eH/JOfEPMIIC U/IN MePUCTEM
(Agrios, G.N, 1997). Yrunaj dupHnux ¢raBoHOMAA MMa K/BY4HY YJIOTYy Y
HacTaHKy VA Mukopuse.

Centupane xuge popmupajy gBa Tuna Mmukopuse: opxugejuy (Orchidales) n
epukoupny (Ericaceae) (Castellano,M.A,Molina, R, 1993). Opxuznejun
TUII je 3Ha4yajaH y TPOIICKMM IIOApYyYjuMa jep je BMCOKO CIENMjalTn30BaH
3a cumOnosy mameby opxmaeja m pasHMX OasUAMOMUIIETHUX I/bMBA, HOK je
desHayajaH y yMepeHMM 1 CeBEPHUM IMOPYIjUMa.

Epukonpguu Ttum Moxxe Outu apdytompHum u epukoupHu. ApSyTommHU
TUII CafpX¥ I/BMBUYHU OMOTad U OMOryhyje MHTpaluenynapHy meHeTparujy.
EpuxonpHa Muxopusa ce pasBuja Ha TAaHKOM Kopemwy Omsbaka 13 gpamunuje Eri-
caceae u r/puBa phylum-a Ascomycota, a MuLenuje yCocTaB/bajy YBPCTY Besy
ca KopeHOM 3 Kora ce xude rpaHajy y hennje xopena craapajyhm uBopacte
OTeK/INHe.

2.1. ExToMmukopusa

ExtoMukopusa je Hajuemrhe mpucytHa Ha mryMckoM apsehy y moapyujy ca
yMepeHoM KnumMmoM. Be3aHa je 3a Bullle YeTMHApPCKUX BpcTa yKbydyjyhu cse
ponose 13 pamunuje Pinaceae, HemTo Mamwe MMIINAPCKNX, YKIBYIyjyhn Tporcko
npsehe, npBeHacTo Oy e 11 HeKe BpcTe TpaBa. Ha HEeKMM 0ff OBUX BPCTa MOTY ce
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PasBMjaTy M eHIOMMKOPH3e Y eKTOMMKOPU3e Y 3aBYCHOCTH Off yCTIOBA 3€M/BbUIIITA.
VHunmjaTop HacTaHKa €KTOMUKOpM3e MOTy OuTu crmope mnu xude I/buBa
CMMOMOHTA, KOjy TIOCTOjU y pusocdepy KopeHoBa. Mmuuenuja cTUMyIMcaHa
excygaruma kopeHa (Rudawska, M. etal., 2001), pasBuja ce Ha IOBPUIVHA
KopeHa u ¢opmupa r/puBMYHN oMoTad. Ilocne popmupamwa omoTaua, xude ce
pasBujajy oko henmja koprekca kopeHa 1 Gpopmupajy XapTUTroBy Mpexy Ifie ce
opBUja TpaHcdep XpaH/BMBUX MaTepuja maMehy rpuBa u dmmaka (Kottke,
I, Oberwinkler, F, 1987). Kopemwe je 00aBujeHO I/bMBMYHIM OMOTaYeM
Koju Moxke goctuhu pgedpyuHy 1o 60 um, a TO HajBMINe 3aBUCY Off BPCTe KOja
¢dopmupa cumOnosy u ycnosa cpepnne (A gerer, R., 1991). MnTepuenynapHa
neHeTpanyja xudama je 0OMIHA y CIIO/ballllbeM KOPTHKaTHOM TKIBY, @ BpeMEHOM
HOTIIYHO OfiBaja KopTukanHe henuje jenHy on npyre. Ekromukopuse cy od14HO
KPaTKOTpajHe, 3a/Ip>KaBajy ce o HeKommko Mecenn o rpurogure (Egger, KN,
1995). MoreKkynapHUM Te€HEeTCKUM U WAeHTUPUKALVOHUM MCTPakKMBabuMa
yTBpbeHo je ma rpuBe Koje GopMUpajy eKTOMUKOpU3y npunaznajy phylum-ima
Basidiomycota, Ascomycota u Zygomycota (Tedersoo, L. etal., 2010).

2.1. EKTOeHOMUKOpU3a

ExroenmoMmnkopusa je peqaTMBHO pefaK TUI MMUKOPM3€, a KapaKTepHILy
ra ofyIMKe ImperxofgHa aBa tuma. OnnkKyje ce MHTpauenyTapHuUM xmudama y
henmjama xoptekca n Xaprurosom Mpexxom (Castellano, M. A, Molina,
R., 1993). I’puBMYHM OMOTay yI7IaBHOM Huje (GOPMUpAH, @ YKOIUKO HOCTOjU
BeoMa je TaHaK. KopeHoBe [jmauniie HeOCTajy, a caM KOpeH HIje HaTedeH. [TbuBe
Koje Mory ¢gopMmpary oBaj TUII MMKOpu3e npunajajy phyllum-u Ascomyco-
ta (Dahm, H., 2005). Kao gomahunu esupentupane cy dumpke n3s cinepehmx
ponosa: Pinus, Larix, Abies i HeKOJIMKO BpCTa TBpAVX Muinhapa.

2.2. HPI/ICYTHOCT MHUKOPHU3HUX I'bVIBA Y ITYMCKH!M 3€M/bUIITIMA

Behnna r/puBa kxoje rpage Mukopusy ca gpsehem y mymn npumanajy dasu-
nuomunierama (Amanita spp., Lactarius spp., Pisolithus spp., Rhizopogon spp.)
a camo Heke ackommuetama (Cenococcum spp., Elaphomyces spp., Tuber spp.)
(Dahm, H, 2005). Y npupogHum mymMmaMa MHOTe I/biiBe GOPMUPAjy eKTOMMU-
KOpU3He 3ajefHNULle ¥ 0OPO Cy afialiTMpaHe Ha YCIOBe Koju mpeosnabyjy y se-
M/BUIITY. MHOTe€ MUKOpPU3HE I/bMBE Cy CIIOCOOHE 32 )KMBOT y CMMOMO3Y Ca BUIIe
BpcTa ApBeha, 10K mojeayHe BpcTe I7bMBa GOPMUPAjy MUKOPH3Y CaMO Ca jeTHOM
APpBEHACTOM BPCTOM Kao foMahmHOM mITO je cry4aj ca rbuBoM Suillus grevillei n
S. trudentinus Ha BpctaMa poga Larix (Dah m, 2005). Hexonuko Rhiuzopogon
BpcTa (opMupa eKTOMUKOPU3Y CaMO Ca jefHOM BPCTOM, du/bHUM foMahmHOM,
u3 poposa Pseudotsuga nnn Pinus, anu Heke Rhizopogon BpcTe Koje OrpaHNYeHO
PacTy y MOHOKY/ITypaMa Oopa, CIocodHe Cy 1 3a IIMpermbe y Ky/ITypaMa ca HeKo-
nmKo BpcTa gpseha koje pacTy 3ajenHo. bubke Koje pacTy 3ajeHO UMajy yTUIIaja
Ha MUKOPM3HU IIOTEHIIMja/l eKTOMUKOPU3HIX I/bUBA.

MebyTtnm, mocroje MUKOpu3He BpcTe Kao mto je Tuber melanosporum xoja ce
MICK/bYYNBO Pa3Blja 1 IVIOJOHOCU Ha KOpeHy BpcTa u3 popoBa Quercus u Corylus.
AnanusoM 3eM/bUINTA MeAUTEPAHCKUX 1IyMa Pinus sylvestris u P. nigra subsp.
salzmannii KOHCTaTOBAHO je 1a OHO MOCEYjy CBe KapaKTepPUCTUKe HEONIXOHe 3a
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pasBoj OB€ I'/bIIBE, a/IN NIIAK HE JOIa3n JO HpO]IYKIU/Ije IIOJOHOCHMUX TEja.

2.2. ®aKTopHu KOju yTHuy Ha (popMupame eKTOMIMKOpPH3e y INyMCKUM
3eM/bIIITHMA

2.2.1. Oco6uHe 3eM/bUILITA

[TprcycTBO eKTOMUKOPUSHMX I/bJMBA 3aBUCH, TIPE CBEIa, Off CIeIMUIHOCTI
NOjefMHMX TUIIOBA 3€M/BMINTA. 3eM/BUINTE YyTHYE HAa MPUCYCTBO MUKOPUSHUX
I/bMBA CBOjUM (PU3MYKMM ¥ XeMMjCKMM OCOOMHAMa, a Ipe CBera CTeNeHOM
KNUCEJIOCTM M Cafip)KajeM oOpraHcke MaTepuje. MHore I/bMBe IOJjeJHAKO
1odpo pacTy Ha IIMPOKOM pacroHy pH BpemHOCTH, [OK Apyre MCIIObaBajy
Majy TOJIEePAaHTHOCT. MUKOpNM3He I/bMBe IeHepamHo dorbe PacTy Ha KUCEINM
nopyorama (D a h m, H., 2005), anu 3a pasHe BpcTe 11 BYXOBE COjeBe ONTUMATHE
BpenHOCTM pH 3a pact ce pasnukyjy. [loBehan cagpykaj opranckux marepuja
MOXX€ CTUMYNIATUBHO YTULATY HA Pa3BOj MUKOPUSHUX I7bMBA.

3eM/BMIIHY XOPM30HTM VIMAjy 3HAYajaH YTUIAj Ha [UCTPUOyUMjy u
CTPYKTYPY eKTOMUKOPU3HUX 3ajegHuna (Baier, R.etal,2006). Y opranckom
CJI0jy 3eMJ/BMIITA MHOTO je M3pakeHuja OYjHOCT eKTOMUKOPM3HMX I/bUBA HETO
y MuHepanHoM cnojy. PacnpoctpamenocT mukopusHux r/euBa (Rudawska,
M., 2007), y gydpuM cojeBuMa, 3aBUCH Off BpcTe fpBeha, OfHOCHO, Off HaYMHA
dopmupama KopeHa Ia Ce y YeTMHApPCKUMM KyITypaMa Hajase Ha MambuM
nydunama (of 1,25 5o 1,90 m) y ogHocy Ha muurhapcke (ox 2,60 go 3,0 m). Hajsehn
dpoj pa3nMUNTUX MUKOPU3HUX I/bMBA IPUCYTAH je 1o AyduHe of 30 cm, a ca ny-
OMHOM ce panyHO cMambyje 1 Opoj M KOMMYMHa MUKOPU3HUX I7buBa. OHOCHO,
70-85% criopa Hama3u ce Ha fyOuHu 3eM/buinta 40-45 cm, Maja ce IojeiHe CIO-
pe mory Hahu n 1o nydune of 2.2 m.

2.2.2. Konkypennmuja nsmel)y eKTOMMKOPM3HUX I/bMBa Y IIYMCKOM
3eM/BUILTY

MukopusHe 3ajemHnile QYHKLMOHNUINY Kao AMHAMUYHE OUOJIOIIKE Be3e.
MHoryn ¢axkTopu yTM4y Ha CTPYKTYpPy MMKOPU3HNUX IONy/Naluja: MUKpPO-
XeTEePOTeHOCT 3eM/BMILTA, CTAPOCT OM/bakKa, aKTMBHOCT KOpeHa 1 gap. Mmak,
I7IaBHY (DaKTOP je CTIOCOOHOCT MOjeAVTHNX BPCTa I7bUBa Ia MHQUIMPajy KOpeHOBe
HOJ, JaTVM YC/IOBMMA U y IPUCYCTBY Apyrux cumdnonara. HoBu kopeHoBu ce
cranHo (opMMpajy ¥ pasHe BPCTe IbMBe Koje cy Beh mpucyTHe y 3eM/pMINTY,
KOHKYPEHTH Cy y NMOKyLIajy fa ce oHu ocBoje (Dahm, H., 2005). MukopusHue
I/bMBE Ha ITYMCKOM JpBehy cy y KOHKypeHLMju U ca IPYTUM BpCTaMa I/bMBa,
Koje ce Beh Hajase Ha WIM Y KOpeHY U KOjiMa je OH ITIaBHU M3BOpP €Hepruje.
KonkypeHnuja nsmeby r/prBa 1mocToju u yHyTap MUKOPU3HMX KOPEHOBA Kao U
Ha IbYIX0BOj IIOBPIINHN.

2.3. BuwpHe BpcTe foMahyHN MUKOPU3HIX I/BMBA

ExroMmukopusy ¢opmupajy Bpcre npseha ymepeHe m ceBepHe xemmcdepe
u oko 70% BpcTa Tpomckor nojaca. HajsHauajuuje Bpcte fpseha, koje odpasyjy
MUKOpuU3y, punazajy pamunmjama: Pinaceae, Fagaceae, Betulaceae, Juglandaceae,
Myrtaceae n Dipterocarpaceae ca IpeKo JiBe X1/bajie IPBEHACTUX BPCTa OM/baka.
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Enpomukopnsa uMma mMPOKO pacIpocTpameHe Y TPOICKOM U yMepeHOM
nozpyyjy. Bpcre xoje popmupajy oBaj T MUKOpU3e Cy MaXyHapKe, )KUTApUIIE,
IIyMCKe BPCTe yMEpeHOr KIMMATCKOT Iofpydja Acer spp., Liquidambar spp.,
Chamaecyparis spp., Sequoia spp., ApBehe TpoICKOT KIMMaTa, 1 MHOTe yKpacHe
BpcTe dupaka. Heke Bpcre gpseha kao mro cy Alnus spp., Salix spp., u Eucaliptus
spp. popmupajy oda Tuma Muxopuse.

Y cBery je MUKOpU3M HaT BeIMKM 3Hauaj. VMcnuTuBama Cy BplleHa Ha
pasmuuuTuM UImhapckuM ¥ 4eTMHApCKMM Bpcrama japseha, a MHorm
JICTpa)XVMBauM Cy ce 0aBW/IM MCHOUTVUBAMBMMA Ha KyATypaMma TajeHuM in vitro.
IIpunukom cajilbe IpBEeHACTUX BpCTa NPOU3BENEHNX in Vitro MUKOpPU3HE I/blBe
MIMajy IIO3UTUBAH epeKaT y IpeXXMB/baBakby TPAHCIIATALIMIOHOT IIOKA Y TUIIAkheM
Ha noBeharme OTIIOPHOCTY Ha pasINyyTe CTPECOBe U3 CIIOJballlbe CpefnHe. Vako
IIOCTOje MHOTOOPOjHY HOAAILM O Pa3BOjy MUKOpPM3e Ha Pa3IN4UTUM OMBHUM
BpCTaMa, JJOCTYIIHA IUTepaTypa Ipy>Ka HajBUILE ITOflaTaKa O Pa3BOjy U YTULAjy
MUKopu3e Ha cajfiHule Picea abies n Bpcta us pona Pinus, mocedHo Pinus sylve-
stris.

2.3.1. MukopusHe Bpcre usonoBaHe Ha Picea abies u Bpctama

u3 popa Pinus

V3 pocTymHe muTepaType ce MOXKe 3aK/bYIMTH Jja je Off CBUX KOHCTaTOBaHUX
MUKOPU3HIUX I/bMBA HA CMpUM 1 de/loM OOpy BeuKM dpoj BPCTa 3aCTyIUbEH Y
pusoccepn ode Bpcre Laccaria laccata, L. bicolor, Paxillus involutus, Hebeloma
cylindrosporum, H. crustuliniforme, Cenococcum graniforme, Mycelium radicis at-
rovirens aym je KOHCTaTOBAaH M BeTIMKM OpOj BPCTa I7bIBA KOje CY ce Pa3BUIe CAMO
Ha je[IHOj Off hUX.

CMpua je 4ecTO HmpeXNUB/baBaja Y BeoMa HEMOBO/BHMM YC/IOBMMA CIIO/bHE
CpenuHe, Ha MOAPYYjUMa Ihe Cy 3adelexxeHe Kucenle KUIIe VIN JEMO3NUINja
asoTa, kanujyma niu pocpopa (Hagerberg, D. et al., 2003). ITog oBakBUM
yCTIOBMMa Haj3acTyIUbeHUje BpcTe rpuBa cy Cenococcum graniforme, Lactarius
semisanguifluus u Corticium bicolor. Vlako cMp4a mpumaja BpcTaMa KojuMa BuIle
IIOTO/lyjy KMCesla 3€M/bUIITA, y CMPYEBUM IIyMaMa IOAUTHYTUM Ha KpedbaKy,
KOHCTaTOBaHe Cy MUKOpuU3He Bpcte Lactarius necator, Russula ochroleuca, Bole-
tus chrysenteron 1 HekonMMKo BpcTa u3 poaa Telephora, koje cy yrumane Ha 60/bK
KBa/uTeT OBUX myma. ¥ Beh mocrojehmm kxynrypama cMmpde cnopokapmy Ha
IMOBPUIVNHYU 3€MJbE YKaSij Ha IIpUCyCTBO MMKOPU3HUX I'/bMIBAa 'y 3€M/bUIITY, Maja
OHe MOTY OUTV IPUCYTHE MaKO CIIOPOKAPIIN HUCY Pa3BUjeHI.

Y okBupy poma Pinus mocroju Benmmku Opoj BpcTa Koje ce KOPUCTe 3a
nomyMm/paBambe y pas3jindUTUM [€/IOBMMa CB€Ta I1Ia 1 Ha HonpyquMa roe cy
YCIIOBM 3a pasBOj TUX BpcTa Bpio HenonoBo/bHU. [IpahemeM pasBoja u pacra
CagHNIla MHOKY/IMCAHMX MUKOPU3HNMM I/bMIBaMa Ha IIOXXapUIITNMa, Y apUIHUM
apeaquMa U Ha NOAPYYjUMA Tfie je M3MepeHa IMOBMIIeHAa KJCETOCT ITajaBiHa
KOHCTATOBAHM Cy 3HAYajHO OOJ/BM pe3y/ITaTu KOJ MMUKOPU3MPAHMX CagHUIA Y
OIHOCY Ha HEMUKOpU3UpaHe.

IIpumena mukopusanuje y Cpoujn

IIncaHux mopaTaka O HNPUMEHM MUKOPM3€ NPV HPOU3SBOAIBY HIYMCKOT
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CaJIHOT MaTepujajaa M INOILIyM/baBamy, UMa penaTuBHo Mano y Cpduju. IIpse
TOfIaTKe O TPUMEHN MUKOPU3HUX I/bUBA y ITyMapcTBy faoje Te §ié, Z. (1958).
Peno, M, Veselinovi¢, N. (1984) usHenu cy cBoje pesynraTe BelITauKe
VHOKYy/IallMje MUKOPU3HMX I/bMBA KOJI NPOM3BOAMe camHuua Pinus nigra y
I/IACTMYHUM KOHTEjHepUMa U MCIUTMBamba yTuiaja gymmrainuje 3emM/puIITa
MeTII-OpOMUJIOM Ha AVHAMUKY 3eM/bUIIHE MUKPOQIOpe M O MO3UTUBHOM
yTHUIIajy MUKOpU3alyje KopeHoBor cuctema P. nigrau P. sylvestris Hamoporolike,
¢busnonoNIKe 1 €KOMOIIKe PyHKIIMje YNTABUX dM/baka KOjyMa Cy MOIIyM/baBaHe
ronetu Mdapcke kmmcype. C 0d3upom Ha TO fia je moBehaHa 0ceT/bMBOCT MIIaVIX
CaJIHNIIA Ha [IATOTeHe y TOKY IIPOU3BOMIbe Y IIYMCKUM pacajHUILIMa Ce alljIi-
L1pajy BelyKe KOMMYMHe MeCTUIM/A Ia OY ce cafjHNIIe 3alITUTHIE Off MHOTO-
Spojunx mrernux yrunaja. Golubovié¢ Curguz, V. et al, (2010a) uctpa-
XUBAJIM Cy yTHUIlaje ABe BpcTe pyHruuyaa (jemaH us rpyme OeH3MMuUasona, a
Apyru u3 rpyie ¢raraMnuzia) Ha Sp3auHy pacTa Mulienuje UecT BPCTa MUKOPU3-
Hux rpuBa: Suillus luteus, S. bovinus, S. granulatus, Paxillus involutus, Hebeloma
spp., Amanita muscaria. Vicnutusauy QyHruuyuan ¢y kopuirheHnn y ase KOHIIeH-
Tpaluje IpeMa yoyTcTBy npousBobaua. [lodujenn pesynararu ykasyjy Aa npu-
MeHa QYHIUINA U3 IPyle OeH3MMI/A30/1a, Y POLeCy POM3BO/bE IIYMCKOT
CaHOT MaTepujana, MMa Marbe HeraTMBHUX edeKara Ha pa3Boj MUKOPU3HMX
I/bMBA, Y OfHOCY Ha IIPYMeHY IpemapaTa us rpymne ¢praaamusa. HaBenenn pe-
3y/ITaTU Cy UAEHTUYHN ca pesynraruMa Lazarev, V. (1998), nodujeHrM HaKOH
BUILEKpaTHe TpUMeHe UCTUX Tpemnapata. [Ipu ogadupy dynruumaa xojuma he
Ce BPUINTK TpeTHparba HEOIXOLHNU CYy U MOJALM O YTUIjy TUX IIperapaTa Ha
MuKopusHe r/prBe. Moryhu HeraTuBHM eeKTI IpUMeHe MeCTULNA KOjU Ce MC-
II0/baBajy KPO3 YHUIITaBabe MIKOPU3HIUX I/bJBA yCMepaBa fla/ba UCTPAXKMBamba
y Lmby ofadupa KOHTPO/IMCaHe IpYMeHe XeMMjCKIX IIperapara ¥ CBe 3Hayaj-
HUjy IpuMeHy duonomknux Mepa dopde y3 mosHaBamwe CHelupUYHNX 3aXTeBa
CBUX JIPBEHACTUX BPCTa HOjefuHavHO. [[pumeny nectunnga rpeda opraHnsopa-
TV CaMoO y OoceT/bMBUM (a3aMa pasBoja d1/baka Kaja je TO bIMa HajIoTpedHuje
¥ TO y J03aMa KOje He Bplile 3HaTHY peAyKILMjy MHOKYIMMa MUKOPU3HMX I/bIBA.
[IpucycTBO €HOMUKOPU3HMX I/bVBAa MOYKe MHXUOMPATU Pas3BOj MATOTEHUX Op-
raHnsama, a u cMawutu ynorpedy pyurnunga (Golubovué Curguz, V.
et al.,2009/a). VicnutuBamweM MHTepaKIja MUKOpU3HUX IbuBa (Suillus luteus, S.
bovinus, S. granulatus, Paxillus involutus, Hebeloma spp., Amanita muscaria) ca
IIaTOTeHUM I/bUBaMa, M3asyuBaunMa nojerama (Fusarium oxysporum v Pythium
dabaryanum) aHanusupaHa je MOryhHOCT BUXOBe IPUMeHe y OMOKOHTPOIN. AH-
TarOHMCTUYKO JIejCTBO IIpeMa IIaTOTeHVM I/biBaMa IoKasaje Cy rbuse: Suillus
granulatus, S. bovinus, Hebeloma spp. MoryhHocT nnpuMeHe O1OKOHTpOJIe TaTO-
reHa KOpeHa Ha JIpBEHACTVM ¥ 3e/bacTUM OM/bKaMa MHTEe3MBHO Ce IIpoydyaBa y
CBeTY MCIIMTUBAbEM MHTEePaKIMja MMKOPU3HUX I/bJBA ¥ KOH30PIMjyMa daKTe-
puja (Plant growth promoting bacteria-PGPB) y pusocdepn kopena (Karlici¢,
V. et al., 2015), xoje moKa3yjy mo3uTuBHe edeKkTe y OfOpaHyU KOpeHa Off IPUCYT-
HJX [IaTOTEeHa.

2.4. Edpextu Mukopuse Ha pact 6mmpaka

Y npupopHuM ycnoBuMa cuMOnose ce GopMMpajy CIIOHTAHO M JOIPUHOCE
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OM/BHOM pacTy, @ MHOTe IIyMCKe BPCTe He MOTY Jia pacTy de3 eKTOMUKOpu3e.
Hajsehu nmpakTuyan 3Hayaj MMKOpM3e je y IVIAaHMPAHNUM IOLIYM/baBamyMa ca
eKTOMUKOpU3MpaHUM BpcTaMa jpseha y moppyujuma rje muxoBe CUMOUOTCKe
I/bUBe HUCY npupoaHo passujere (D ahm, H., 2005).

['’maBHa y/1ora MUKOpM3HMX acolujanyja je odesdehuBame d1paka XpaH/BUBUM
efeMeHaTMa odyxBarameM Behe Mace sem/puinTa Xudama IITO OWBIM OMO-
ryhaBa 1a ycBoju XpaH/buBe MaTepuje, koje cy Ha Behoj myduHu of kopeHa. buo-
Maca MMKOPU3MpPAHOT KOpeHa cMpue u dopa ce curHudukantHo nosehaBa y
OJIHOCY Ha HeMHOKYJ/IMCaHe, TaKO Jja MUKOpM3MpaHe CajHNIle MOry focTuhn nBa
mo cemaM myTa Behy dmomacy kopeHa u cTadana y OfHOCY Ha HeMUKOPU3MPAHe,
HOCTIKY Belly Iy>K1MHY Hafi3eMHOT fieia 1 popMupa ce IOBO/bAaH OTHOC BE/INYMHE
HaJI3eMHOT Jiefla ¥ KOpeHa.

[ToBehamwe pacta u akymynanuje duomace je 3aBUCHO 1 Off noBehama cTe-
IeHa CUHTe3e npoTeuHa. OBO je Mame 3HAYajHO Yy M/IAJVIM CTadnuMa rje cy
I7IaBHe aKTMBHOCTU ycMepeHe ka moBehamwy Omomace. Y ompacium cradnmma
IpMOPUTETHA je aKyMy/aljija IpBHe Mace, Ia je noTpedHo nosehamwe cuHTe3e
IpOTeMHa IITO 3aXTeBa ajanranujy hemmjckor meradonmsma jep ce Memwa U
CTPYKTypHM cafpxKaj hennjckor supa npucycrsom Lenynose uaurauHa (Dah m,
H.,2005). Borba mpoTenHCcKa CMHTe3a He 3aBUCH CaMO Off CHaideBarba a30ToM, Beh
u of fpyrux enemeHara (pocdop, cymmnop). MukopnusHa KoIOHM3anMja KOpeHa
MO)Ke OMOT'YhUTM ycBajame CyMIOpa M3 3eM/BUINTA 1 MTOOO/BIIATY TPAHCIOPT
cyngata Kpo3 KcuieM o auiha.

ExTomMukopusa yrude Ha nosehame pacra M JIaKIIM NpyUjeM CafHMIA Ha
YTPOXKEHUM MeCTMMa jep Cy eKTOMMKOpM3He I/bUBe OOINMIaTHO IIOBe3aHe ca
KOpeHOM 4YeTMHApcKMX dubaka fomahnna n nosehasajy pesucreHTHOCT dubaka
y OJHOCY Ha pasjM4YuTe CTPecoBe OKOMMHe. PacT u mpexupbaBame cejaHala
PasIMYNTUX YeTUHAPCKMX BPCTa MPBUX TOANHY AaHa Y IIYMU U Y PacafHIUYKIM
jlejaMa je 3HauajHO dO/bM KOJI MMKOPM3VPAHMX CaJHUIIA.

[TpucycTBO MUKOpuU3e je NOcedHO 3HAYAjHO HA MOAPYYjUMA Y OKOJIMHY PYA-
HUKa (Ha JIelI0COo/MMMa) jep Cy TaKBM CYIICTPATH JIOLIET MeXaHMYKOT cacTaBa ca
13y3eTHO BICOKOM KJceolrhy, HOBUIIEHNM Cafip>kajeM MeTajla y HOBPIIHCKOM
CJI0jy y3 M3pa>keH HefloCTaTak OpraHcKe MaTeplje, a CaMMM TUM U YKYITHOT a30Ta
(Golubovi¢ Curguz, V.etal,2013). a du duonomka pekyntusaruja Su-
J1a yCIeIIHA Y HEIIOCPe/IHOj OKONMHM PyJHVKA HEOIIXOHA je ca/iiba dusbaka Koje
CY MHOKY/IMCaHe MUKOPU3HIM IJbMBaMa jep Cy TO IOApYyYja ca HUCKUM IPUPOJ-
HVYM MHOKYIHUM HoTeHIujaioM. CajibOM pasmnIuTUX MUKOPU3MPAHMUX BPCTa
npseha 1 x0yma Gpopmupare du ce HoBe OM/bHE 3ajeHIIIE, Y KOjuMa O 3a1ode-
JIM CJIOXKEHM IIeHOJIOIIKY TIPOLIeCH U fla/be CIIOHTAHO Hace/baBaibe, Kako Qrope,
Tako n ¢ayHe. CMHEPIUjCcKM, OHU Jenyjy Ha 3embuinte, odorahyjyhu ra opran-
CKOM MaTepujoM ¥ MHUIMPajyhy MUKpOOMONOLIKY aKTMBHOCT U IefIoTeHeTCKe
Ipoliece, OHOCHO Me/TMOPATVBHO JIe/Tyjy Ha 3eMJ/BUIIITE.

2.4.1. YTunaj MUKOpU3HUX I/bMBA HAa CHaj0eBabe OM/baka MaKpo
¥ MIKPOHYTPUTHjEeHTIMA

docdop nma ynory y rpanchepy reHeTMUKIX MHPOpMaLKja, jep je cacTas-
HI Jleo HyknenHcknx knucemmua (DNK mwin RNK). Acummnanuja gocdara mu-
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KOPU3HUM KOpPEHOBNMMa OfjBMja ce Kpo3 Ipoliece MOdmnIM3anuje, alcopiiyje,
aKyMy/aluje U IPeHOCOM [0 pasnmm4yuTux Tkusa gomahuna (Gianinazzi-
-Pearson, V, Gianinazzi,S., 1985). I'taBue konuunue dpocdopa y op-
raHCKOM 0Ky, 4ak Buiue ofi 80%, Ha/lase ce y TOPHUM CI0jeBMMa IIyMCKOT
3eM/BMIITA T7ie je M JIOLUpaH Hajehy Opoj eKTOMMKOPM3HUX I/bMBA. JeflaH Of
MeXaHM3aMa KojiM MIKOpu3He I/buBe moBehaBajy ycBajame ¢pocdopa us semmn-
IITa je MpofyKIMja Kucene ¢pocdaTase Koja ce Hamasy y maasmMu MeMOpane Xap-
TUTOBE MpeXe, a KOjy OM/bKe IeTEeKTYjy BPXOBMMa eKTOMMKOPM3MPAHOT KOpeHa
(Kieliszewska-Rokicka, B. ef al.,, 2000). EH31McKa aKTMBHOCT ce Mema
I U3JIOXKEHA je CE30HCKMM BapujalijaMa ca MaKCMMyMOM aKTUMBHOCTHU Y jeCeH, a
peakIyja MUKOpM3MpPaHNX du/baKa Ha MPUCYCTBO (ocdopa y 3eM/BUILITY U CTe-
TIeH HerOBOT YIMjama je y 3aBIUCHOCTH 1 off rpabe dupaka.

A30T je jeflaH off BeOMa Ba)KHUX €/IeMeHaTa, OfiTOBOPaH 3a pacT U pa3Boj Jip-
Beha, Kao 11 3a 1eroBy NPOAYKTUBHOCT. Y IMIYMCKMM 3eM/BUIITIMA a30T je IIpU-
cyrad kao NH, "wnn/u kao NO, 1 y OprancKuM jefinbembnuma Kao MTO Cy AMUHO
KIICe/IMHE, MeNTUAN U IpoTerHy. HeopraHcky a3oT je y IIyMCKOM 3eM/BUILTY
O0MYHO NPUCYTaH y MalbUM KOMMYMHaAMa off 1% off yKyIIHOr a30Ta Ia je To je-
IlaH Off TTABHMX NTMMMUTUPAjyhnx daxTopa pacTa dusbaka y yMepeHUM 30HaMa.
Jloka3aHo je a MUKOpM3MpPaHY KOPEHOB CUCTeM cMpde oMoryhasa Behn crenen
aricopmIyje y ofHOCYy Ha HeMUKopusMpaHe. EKTOMUKOpU3HE I/bUBE y4eCTBYjy
y pasnuuntumM ¢asama meradonusma asota. Ilpopyknuja amonnjaka (NH,) u
Hutpata (N,O) y pasnu4nTum TUTIOBMMA IIyMa KPO3 MUKPOJMOIONIKe TIpoliece
aMoHudUKaluje 1 HUTpUPMKaIVje off KpyLyjaaHe je BAXKHOCTH) 3a CHadeBame
dmpaka xpanpyByM Matepyujama (Dannenmann, M. etal,2007). Ekromu-
KOpM3He I/bMBE Ce YeCTO Pa3Bujajy Y 3eM/bUIIHMM C/I0jeBMMA T7I€ jeé a30T MPUCY-
TaH y BeMKUM KOTMYMHAMA y OPTaHCKOM OQ/IMKY U OBe ITbUBE Cy CIIOCOOHe fIa
pasoke MaKpOMOJIEKyJIe a30Ta 1 OMOT'yhe HberoBo ynujame.

2.4.2. YTunaj MUKOPU3HUX I'bIIBA Ha CMHTe3Y (pM3NONOMKN
AKTUBHUX MaTepuja

ApanTanuja d1paka Ha IpOMeHe Y eKCTePHIUM YCIOBYMA Pe3y/ITIpa IpoMe-
HaMa y OM/bHOM PacTy, pasBojy ¥ KOHTPOJIUCAHA je dM/BHUM XOpMOHUMa. Muko-
pU3He I/bMBe CHad[eBajy Om/bKe BUTAMMHMMA U CYIICTAaHLIAMa CTMMY/IATOpUMa
pacTa Kao LITO Cy ayKCWH, TMOepenyH 1 UMTOKMHMH. JJoKasaHa je mpopgyKIyja
BuTaMyHa (OMOTMH, TMaMMH U MAHTOTEHCKA KUCETMHA), XOPMOHA, LIMTOKVHU-
Ha, VIHJO/IA, Je/IVIMIYHO MH/ION-3 aljeTHe KIICe/INHE Off CTPaHe eKTOMUKOPU3HUX
r/puBa. [locToju Buile XOpPMOHCKMX T€OPHja O perynalyju MUKOPU3HIX acOLMja-
nuja. Rudawska, M.(2007) HaBoAM KOHIIEHTPALNjy CUHTETUYIKOT ayKCIHA
Kao ITaBHOT perynaTopa ¢popmupama Myukopnse, 1ok Gogala, TJ. (1991) Ha-
BOJY LIUTOKMHIH Kao perynarop popMmpama MIKOPH3a.

2.4.3. MuKOpM3He I/bMBe U 3alITHTA Off MaTOreHa

EXTOMUKOpM3HE I/bMBE IIPY>Kajy 3aIUTUTY UIYMCKIM BpCTaMa Off pa3HIX Bp-
cra maroresa. Vicrpaxxusawa M arx, D.H, (1972) morspbyjy sa cy MHOrodpoj-
HJ MEXaHM3MI [IejCTBA OBMX I/bMBA Y 3AIITUTH Off 3eM/BUIIHNX TaToreHa. [7pu-
BUYHM OMOTa4M MOTY GOPMUPATH MOTIYHO jeAMHCTBEHE U Pa3/IN4INTe HAYMHE
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MeXaHMYKNX dapujepa IpeMa MOjeAVHUM naToreHnMa. GopMypaH I/bUBUYHU
OMOTa4 IIOTIIYHO IIpeKpyBa BpX KOpeHa I KopTekc. EKToMukopuse MOry mpysxa-
TU 3AIUTUTY KPO3 JTydere aHTUOMOTCKOT CeKpeTa 3 I/bIBA WJIU CTUMY/IAlVjOM
KopeHOBUX hennja dupaka fomahuHa myde aHTUMUKpPOSHE MeTadomuTe YnMe ce
ydujajy unm nHXuOMpajy mojelnHy MaToOreH;.

@opMupaHa MUKOpM3a Ha KOPEHY CaflHMIIA MMa BMIIECTPYKe IIO3UTVBHE
edekTe, O KOjUX je HajBaXKHMjU YTUI[Aj MMKOPU3HNX I7bMBA HA NIPEXMB/baBabe
CaHUIA PAa3IMYNTUX BPCTA YVjM KOPEH je dMo HaNlafIHyT MATOTeHNUM I/bMBaMa
(Haug, I etal, 1988). Y exciepumentuma Qia, X.M. etal., (1998), noka-
3aHO je /ja 1 Y yC/IOBUMA Kajia je KopeH omTeheH annuanduKkanujoM 3eM/bUINTa,
a Opoj maroreHux r/pyBa nosehan y pusonnany, ogpehene MukopusHe I/puBe ce
NIOHaIlIajy Ka0 AaHTAarOHMCTY MTaTOTeHa.

[TocToju Benuky Opoj MMKOPM3HMX IJBMBA, KOje Ce MOTY KOPUCTUTY Kao
OMOKOHTpONIHe T/BVMBe y pacagHUukoj mpoumsBopmy cagHuna (Golubovid
Curguz, V.etal, 2008 b). AHTaroHUCTHYKK edeKaT TpeMa MaTOTeHUM I/bU-
Bama Fusarium oxysporum w Pythium dabaryanum ucnobune cy MUKOpPU3He
vbuBe Suillus granulatus u S. bovinus (Golubovié¢ Curguz, V.etal.,2009a,
2010b). [lejcTBO MMKOPM3HUX I/bMBA ce dasypa Ha yTULAjJY XUJPONUTUYKNX €H-
31Ma, KOju M3a3MBajy jerpagannjy hemmjckor 3ujja naToreHnx BpCTa.

MukopusHe I/bMBe MOTy ImoMohu pereHepariyjy JpBOpeIHNX CaIHNIA, Koje
ce pasBmjajy y ycnoBuMa nosehanor sarabema y rpagosuma. PasHuM Bpcrama
npBopenHux cradana us pogosa Cedrus, Fagus, Platanus, Quercus, Sophora ca
eBMJEHTUPAHMM 3HaIlMMa CylIe U IPOoIajjaba, UbeKTOBaHe CY CyClleH3uje CIIo-
Pa MUKOPM3HMX I/bMBa ¥ PU30daKTepHja y 30Hy KOpeHa I IT0C/Ie IIap Mecely yo-
4yeHU cy 3Hauy nodospurama (Marx, D.H.etal, 2002).

2.4.4. MuxopusHe I/bUBe 1 3alITUTA Off CyllIe

MukopusHe I/bUBe yTU4YY Ha nmoBehame OTIIOPHOCTY OMJbaKa Ha CyIIy Kpo3
IejCTBO HEKOJIVIKO pas3IMUYMTUX MeXaHM3aMa: IoBehamwa ycBajama Boje, Ipua-
rohaBame ocMo3e, mpomeHe enacTaHOCTH henmmjckux 3uposa . ITocednocT Kop,
€KTOMIKOpH3a IpeJCcTaB/ba I'bUBMYHM OMOTAY, KOji MOTIYHO ITOKPMBa KOPEH-
uyhe koju Bpure ancopnuujy. Ilporok Bome usmeby dmpaka u sempumra of-
BlMja ce KpO3 MUKOPM3HE IbMBE, I1a OHE KPO3 yIHjalbe BOAe YTUUY Ha cafpiKaj
XpaH/BUBMX e/leMeHaTa y OnpKaMa. Kamanurer Murennja r/p1Ba 3a CHadfieBame
BOJIOM je BeoMa Ba)kaH 300r nporjeca Tpancnupanyje u porocunrese (Dahm,
H. 2005). buspke ca eKTOMUKOPU3HUM IJbMBaMa Cy MHOTO OTIOPHMje Ha CTpecC
M3a3BaH CYLIOM, jep MMKOPM3He I'bMBE€ Ha KOPeHY MMajy YTUIlaja U Y CTEIeHy
ylMjamba XpaH/BMBUX e/leMeHaTa Kpo3 Memalbe BOJIeHOr danmaHca y Om/pbKaMma.
KoHneHTpanuje pasHuX MUKPO- ¥ MaKpoeleMeHaTa 3HaTHO Ce Pa3NuKYjy U3Me-
by MukopusupaHux 1 HeMUKOPU3MPAHUX CaJHNUIIA Y OKBUPY VICTe BPCTe. YIora
TpaHcdepa Boe y OusbKaMa Off M3y3eTHOT je 3Hayaja, HOCedHO y apuIAHMM I0-
npyyjuma (Plamboeck, A. H. etal., 2007).

2.4.5. ®aKTOpPM KOjU MOTY YTMIIATH Ha PelyKIUjy EKTOMUKOPI3e

Ha semspuinre Yy IyMI HEraTMBHO MOI'Yy yTULATU eposmja Win jbyan CBOjI/[M
AKTMBHOCTMMA, YMME CE CTBapajy HEIIOBO/bPHNM YC/IOBI 3a pasBoj MUKOPU3HUX
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I/bUBA I1a Ce PACTVYHO CMaIbyje IbJIXOB JUBEP3UTET. Y omteheHrM seM/pUIITIMa
ce 3a 90% cMamyje dpoj eKTOMUKOpU3a Y OFHOCY Ha IMIYMCKO 3eMJ/BUIITE, Koje
HIje IpeTpIIe/io HUKaKBe UHTepBeHLIje.

Cresba 1 3eM/bUIIIHE OPTaHCKe MaTepuje Cy Ba>KHe 3a OfpKaBame (PU3MIKO
XeMMjCKMX KapaKTepUCTUKA 3eM/bUIITA M HajBUILIE Cy U3/I0’KEHE HEMOBObHUM
ycnouma. HlymMcknuM noxapuma ce MoXKe OfCTpaHUTH 75% OpraHcKe MaTepuje,
a To goBoau u jo rydutka azora (Parke, J. L. et al. 1983). JenHOM oncTpamena
OpraHCcKa Marepuja He MO)Xe ce peBMTanusoBatu Op3o, Beh je morpedHo
HeKOo/MKo rofuHa. Ha onojkapeHyM noBpInHama je HaKOH unihera 1 caHaluje
HEOIIXO/IHO M3BPLINTM ITOLTYyM/baBambe, KaKo O ce CTBOPY/IN YCI0BY 3a Bpahame
IpMPOJHE PaBHOTEXE Y MPBOOUTHO CTame. YCIENIHO MOUIYyM/baBalkhe OBAKBUX
HOZIpyYja je of moceQHOT 3Hauaja jep ce y mokapoM olureheHUM 3eM/BUIITIIMA
cMamyje U Opoj eKTOMMKOPU3HMX BPCTA Y OFHOCY Ha IIYMCKO 3eMJBMIITE, Koje
Huje mperpneno Hukakse unHTepenunje(Golubovié Curguz, V. et al.
2008a) . HoBe MeToze caHaIje HO>KapUILTA U BbeTOBOT IIOHOBHOT ITOIIyM/baBarba
Cy cajjiba MUKOPU3MPAHMX cajjHuIa fipBeha, jep MpUCycTBO MUKOPU3HUX I7bJBA
HOMaXke y IpeBasuIaXkewy mpodrema koju ce MaHmudecTyjy y HemoryhHocTn
npecabenux Om/paka fa KOpUCTe MUKPO ¥ MaKpoOe/IeMeHTe U3 3eMJ/BMIITA
(Lazarev, V., 1998), mro je BakaH IpeAycC/IOB 3a IPeXXUB/baBame U PacT
Tux caguuna. Crora MukopusupaHne caguuie Tpeda Gopmuparu y pacajHUKy
IpY IIPOM3BOAKY IIYMCKOT CaJHOT MaTepujana. 3a ofadup MpaBUTHOT HaYMHA
IpJYMeHa MUKOPM3HUX TeXHOJIorMja moTpedHO je yrBphuBame Oumomourkor
IVBep3UTeTa MUKOPU3HUX I/bJBa U JPYTUX 3eM/BUIIHMX MUKPOOpPTraHyu3aMa Ha
ofadpaHyM JIOKaTUTeTUMA.

MukopusHe aconujanmje, 4mja je rmaBHa ymora odesdehmpame Oumpaka
XpaH/BMBMM e/lleMeHTUMa, odyxBarameM Behe Mace 3sem/pumTa xudama,
n omoryhaBame ycBajakba XpaH/BMBMX Marepuja, Koje cy Ha Behoj myOdmuu
0, KOpeHa, BpJIO Cy 3HayajHe 3a OIO)KapeHe IIOBpLINHE, Ifie HO/Masu [0
YHUIITEHA MMOBPUIMHCKO] C/I0ja 3eMJ/bMINTA. BrioMaca MUKOpM3MpPAaHOI KOpeHa
ce curHUUKAaHTHO NoBehaBa y OZHOCY Ha HEMHOKY/IMCAHE ¥ HA Taj HAYMH
IOMa)ke IIOpefi OCTa/lor M CTadMIM3alyjy TepeHa U CIIpedaBambe ePO3UOHUX
nporneca. Exromukopusa yrude Ha nosehame pacrta 1 JaKIIyu IpujeM CagHUIIA
Ha YyTPOXXEHUM MeCTVMA jep Cy eKTOMUKOPU3He IJbJBe ONINIaTHO MOBE3aHe ca
KOpeHOM 4YeTMHapcKuX dmbaka fomahnna n nosehasajy pesucTeHTHOCT dubaka
Y OJHOCY Ha Pa3IN4uTe CTPeCoBe OKOIMHE.

Temrky MeTayu Cy TOKCMYHU 3a CBe OpraHM3Me Kajia Cy IpucytHu y Behum
KOHLIEHTpaljujaMa y 3eM/bUIITY. Ib1X0BO IpIUCYCTBO yTI4Ye Ha MUKPOJMOIOLIKe
Ipoljece y 3eM/BUILTY, eH3VIMAaTCKY aKTMBHOCT, 8 Ha MMKPOOMOJIOIIKY IOy Al ]y
Kpo3 Memame 0poja, cacTaBa 1 auBep3uTeTa Mukpooprannszama (Rudawska,
M.,2007). HaknyycnoBumanosehanuxaeposarahema, HakopeHy MHOTMX cTadasna
Cy eBMEHTMpaHe I/bJBe TOJIePAHTHE Ha IIPUCYCTBO 3arahuBava mTo ykasyje ma
bu3MOoIIOIKa aKTBHOCT M Y OBMM 3eM/BMIITVIMA HHje HOTITYHO 3ayCTaB/beHa IO,
yTuIajeM anTponorenux crpecHnx ¢akropa (Kieliszewska Rokicka,B.
et al. 2000). MuKopu3He I/bVBe UCIIO/bABAjy Pas3IMyYUT HUBO TOTEPAHTHOCTY Ha
IPUCYCTBO TEMIKMX MeTaa. EKCIlepyMeHTH ca foflaBatbeM PacTBOPA jeuiberba
IVHKa, 0aKpa, 0/I0Ba ¥ KafIMUjyMa y TPY Pa3IMuuTe KOHLEHTPallMje XPAH/bUBO]
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TI0/]/TO3M Ha KOje Cy TOCTaB/beH! PparMeHTV eKTOMUKOPU3HUX BpcTa Suillus gra-
nulatus, S. luteus, S. bovinus, Hebeloma spp., Paxillus involutus u Amanita mu-
scaria cy oMoryhmnu jeTepMMHAIIM)y BUXOBE in Vitro TOlepaHIjuje MepeHe Kpo3
MHXMOMLIMjYy MUIIeTMjApHOT pacTa. YTUIIAj TEIIKMX MeTajna Ha Op3MHY pacTa
MMKOPU3HUX I/bMBa 3aBUCHO je OJf BPCTe MeTajla U IeroBe KOHIeHTpaluje.
Hajmame yTuiaja je mmano mpucycTBO IIMHKA, a Hajehm yTuIaj mcnomno je
KaziMujyM y Hajeehoj konneHTpanuju. HajMama TonmepaHTHOCT Ha TelllKe MeTaje
eBUJCHTUpaHa je Koj S. bovinus 4mja Mulenuja je 3HaATHO CIIOpUje pacia y
IPUCYCTBY CBUX MeTaJIa, YaK ¥ NP HajMamyM KOHIIeHTpauujama. S. granulatus
n Amanita muscaria cy TojepaHTHe Ha IIPUCYCTBO CBMX MeTasIa ¥ Ipu Hajsehum
xonnentpannjama (Golubovi¢ Curguz, V. et al 2010c). Tlog nejctBom
HETaTMBHUX yTHUIlI3ja U3 CIO/bAlllbe CPefUHEe Pa3Iu4duTe BPCTe MUKOPUSHUX
I/bMBa pasBUe Cy CHOCOOHOCT HpPEeXNB/baBakka y HEIOBO/BHUM YC/IOBUMA Y
0OMMKY CKJIepOINja, XITaMIA0CIIOpa nn Hekor apyror. Ckineponuje Cenococcum
geophilum MOTy NpeXUBeTV HEKONTMKO TOMHA IOC/Ie YMCTUX cedya y IIyMaMa
(Egger, K.N,, 1995).

Knmma yTuye Ha pacT cejaHana u eKToMuKopusHe ¢popmanuje. IIpucycrso
BJIare IIOBO/bHO yTHMY€ Ha IIMpeHe M PasBoj CIIOpa, TaKO Jla Cy MUKOPU3HE
nomnynannje HajdpojHMje Ha jeceH y HMOAPYYjUMa YMEPEHOT K/IMMATa, JOK CY Y
TPOIICKMM IIPefleliMa Ce30He MOHCYHa HajIoBO/bHUje 3a pa3Boj. CyBa Ki1MMa
MOYKe OTPaHMYNTHU AKTVUBHOCT MYKOPU3HUX IbMBa CKpahemeM BpeMeHa 3a pacT
IbUBA ¥ NMPOAYKIYjy cropa. CIIOCOOHOCT MPUPOAHNX MMUKOPU3HMX IbMBA Ja
pacTy y 3eM/bUINTY Ha HUCKUM TeMIlepaTypaMa je mocedHO 3Ha4ajHa jep MOry
HOIIPUHETH NpeXNB/baBamwy NnpecaheHnx cagHMIAa yHYTap KIMMAaTCKMUX 30HA,
KOje KapaKTepuIly TOIlIa, CyBa JIeTa KOja CMEIyjy XJIafiHe U BJIa)KHE 3MMe U
mponeha (Dah m, H., 2005).

Maso mopaTaka IOCTOjM O OTIIOPHOCTM M PACHPOCTParbeHOCTM E€KTOMU-
KOPU3HUX I/bMBA Y OfICYCTBY Omsbaka fomahnna. Heka uctpakuBama cyrepuiy
[a eKTOMMKOpM3HE IJbMBE He MOIY OIICTaT! AYrO y OACYCcTBY pnomahmHa.
Ykonuko npobhe gyxu nepuop nouryMspaBame MOXKe OUTH yIPOXKEHO jep HAKOH
npecabuBama cagHNIIa U3 pacafiHMKA, Y 3eM/BUILITY OTIIOYVbe HETaTUBAH YTU-
11aj puTomaroreHux I/buBa U3 poposa Pythium, Phytophthora w npyre BpcTe
npahene Bupycnuma, dakrepujama u Hematoziama (Priha, O., 1999). Y oBakBuM
yC/IOBMMa ITPeXXVB/baBabe CaJjHUIA ca GOPMIPAHOM eKTOMUKOPU30M yITITABHOM
je MHOTO yCIelHuje.

2.5. Haunxu u epeKTN MUKOpU3aIyje cafHIIa

JHoKymnanuja Mo>ke SMTI HEOTIXO[IHA Y Pa3HNUM C/Ty4ajeBJMa ITOLIyM/baBamba
VI HAKHATHOT TIOITyM/baBamba (M3paskeHa [yTOrofNIIba ierpajanyja). 3a ofa-
dup mpaBMITHOT HaYMHA IPYMeHa MMKOPU3HNIX TeXHO/IOTHja HOTPedHO je yTBp-
buBame Odmomomkor guBep3aNTeTa MUKOPU3HUX I/bMBA VM APYTMX 3eM/BUIIHUX
MUKpOOpraHM3aMa Ha ofadpaHum nokanurtetuma. [IpumapHa cBpxa MHOKY/a-
nuje je cHadJeBame cejaHalld aleKBaTHOM eKTOMUKOPYM3OM Y BeIITaYK! MOJNT-
HyTuM Kynrypama (Marx, D.H. et al. 1991), rme cy n3noskeHn eKCTpeMHUM
KIVMATCKMM YCTIOBMMa (TeMIepaTypHM yC/IOBY, BofeHN danaHc, cyma). Heor-
XOJIHA je KOMIIATMOMIHOCT ca IpyruM du/bKaMa, TONMePaHTHOCT Ha HENOBOJbHE
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ycroBe 3emspuinTa (MUKpOOMOJIONIKA KOHKYpeHIuja, nopemehaju y cacraBy u
CTPYKTYpPM), KaO ¥ CHOCOOHOCT IIPeXNB/baBame CIOpa U MUIENNja U HBIXOBO
I perme Kpo3 3eM/bIIITE.

ITocToju HEeKONMMKO TUTIIOBAa MUKOPM3HOT MTHOKY/TyMa, KOjU C€ MOTY KOPUCTUTH.
Crepa y K0joj ce Hajlaze eKTOMMKOPM3HE IJbMBE je KopuirheHa Kao IPUPOTHU
MUKOPU3HU MHOKY/IYM BUILIE Off jeJHOT BeKa M Hajuiupe je KopuirheH M3BOp
eKTOMUKOPU3HOT MHOKYyIyMa y uenoM ceery (Castellano, M. A, Moli-
na, R, 1993). OBaj MeTOp je HajjenHOCTaBHM)U jep ce BpurHMX 10 cm 3eM/be U3
7ieja YKJIOHM U JIofja Ce 3eM/bUILTE U3 IPUPOSHUX IIyMa Y KOMe ce YBeK Hajasn
MeIlIaBMHa PasIN4INTUX MUKOPU3HUX [JbJBA a/lM U IPYTUX OpTaHM3aMa, a 4eCTO
Ul IATOTeHVX I/bMBA, HEMATO/A U APYTUX M3a3/Bada dOIeCTV U IITETOYNHA. JOlI
jellaH Off HeJJOCTaTaKa je HeJOC/IeIHOCT KBa/INTeTa MHOKY/IyMa Y TOKY BpEMeHa.

IIpuMena 4MCcTUX KYATypa U CIOpa Kao MHOKY/yMa MMa BUIIe IIPEeSHOCTIL.
UYnuctuM KylATypaMa ce JaKO PyKyje UM He IOCTOjU PU3MK Off MHTPOAYKILUje
domectn. HaxkamocT, MMKOpU3He I7bUBe CIIOPO pacTy. VIHOKyTyMu ce mponsBozie
y nmadoparopuju u IIpeHoce y pacajiHuK, I1a je Ipolefypa 3a IPUMeHY CKYyIIa, a
TelllaBa ce /1a I/bMBa IIPOMaJjHe OfiMaX HAKOH MHOKY/alj1je ycael KOHKypeHIyje
OCTa/NMX I/bMBAa M MUKPOOpTaHM3aMa y 3eM/buIITY. IIpMMeHa MHOKynyma y
odnuKy cropa uMa MHore npegHoctu. IloTpedHo je Mano mpocTopa M pUsuK
Ol TIpeHoLIemha OO/MeCTV He IIOCTOjI, jep ce CIope CKIAfUINTE Yy CTePUTHUM
ycnoBuma (Castellano, M. A, Molina,R, 1993). Hegocrarak oBe MeTozie
je LITO ce CIIOpe MOI'y CaKyIIUTHU CaMO Yy KPaTKOM IepuoAy y TOKY rofyHe Kaja
MOTY STV HENOBOJ/bHY YC/IOBY 33 MHOKY/IAIUjy U 30T TOTa CIIOpe MOpajy fa ce
cknapumre. IIpenopyuyje ce ymorpeda cBexxmx cropa 3dor do/be KIMjaBOCTU
(Castellano, M.A, 1996).

Hexonuko rofguHa yHasasi y Ipojiaji ce Hajase Ipernapary 3a MUKOPU3aLujy
KOju Cy y OONMKY IpaHy/a, Ipaxa WMIM pacTBOpa M BP0 jeJHOCTAaBHO ce
ammuupajy. thuxosa npumMena ce mpenopydyje y HajpanujuM ¢asama paspoja
dmpaka, a HajonTuManaHMja ¢asa 3a NPUMEHY je HaKOH KIujarma ceMeHa U
Io4eTKa pacra.

3.3AK/bYYAK

Muxopuse cy cuMOMOTCKe acoumjanyje nsmehy xopeHa Omsbaka M I/buBa.
MuKopusHe I7bUBe, 3a CBOje METAdONMMUTIYKE IPOIlece, KOPUCTe PasIninTe eKCy-
JlaTe KOpeHOBa dM/baKa, a CBOjUM IIPOAYKTUMA OTIOMAXY IBIX0BO eUKaCcHUje
byHKLIMOHNCake. MUKOpH3HE ITbIBe XKIBE Y 3aje[JHNUIIN Ca CKOPO CBUM d1/bKaMa,
anmy cy mocedHo 3HadajHe 3a QM/bHE BpCTe, KOjIIMa Cy (DMHe KOPEHOBE JiTauniie
omreheHe y ToKy pasBoja y pacagHuKy i npu npecabusamy. HeonxogHocT
MHOKY/Ialije I/bMiBaMa Ce II0CedHO Mpernopydyje mpe cajibe dibaka y OKOIMHaMa
PYAHMKA jep Cy TO IOJPyYja Ca HUCKUM IPUPOJAHUM MHOKY/THMM IIOTEHLMjaIOM,
VLM Y YC/IOBMMA ca oBehaHMM cafip>kajeM TeIKMX MeTasla, pafoHyK/IN/a VI
COTIIL.

Benuka BapmjadMIHOCT yHyTap MUKOPM3HMX BpCTa I/bMBAa U CacTaBa
CYICTpaTa yKa3yjy Ha HEONXOZHOCT ofadupa Hajdoobe koMOmHanmje OmsbKa-
-IJBMBA-CYIICTPAT 33 peXadWINTalujy AerpafipaHux moppydja 0e3 od3mpa Ha
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Y3POKe KOju Cy JI0 ieTpajialilije JOBEMM.

PasBoj mporeca nponspoilkbe MMKOPU3HUX MHOKY/IyMa je C/I0XKeHa IIpole-
Iypa Koja YK/bydyje pa3BOj HEONIXOJHMX 3Hama U3 0d/macTy dMOTeXHONoruje,
npasa, odpa3oBama, kKoMepuujane u aAp. Ha cBeTCKOM Tp>XMIITY JOCTYIIHU CY
MHOKY/TyM) KOMepIujalTHuX apOycKynapHuX Mmukopusa (AM) - mpousBoau 3a
IpMMeHY y pacafHUIVIMA, Ha PasINIUTUM CYICTpaTuMa u dujpKaMa, XUAPO-
ITOHCKMM CUCTEMUMA VJIN in Viiro IIPOU3BOJILY.

Y Hamoj 3eM/b) TOTPedHO je MOCTMNM Hampefak y MOCTYIIVIMA PerucTpa-
1yije KOju CTUMY/ININY YIIOTpedy MUKOPU3HUX MHOKY/IyMa Y pacaJHU4KOj IIpo-
M3BOJIY CATHMIIA Y3 YCIIOCTaB/balbe CTAaHAap/a 3a IIMPOKO NpuxBaheHy KoH-
Tpony kKBanmuTera. Hayyna ncrpakupama Tpeda KOHCTAHTHO BPLINTH YIIOPELO
ca pa3BojeM OBe aKTMBHOCTHU. HeonxoHo je ucTpak1Barbe aHTPOIIOTEHO TI0Pe-
MeheHMX ekocucTeMa, UCIUTHUBaba eKO(PU3NOIOrMje MUKOPU3HUX I/bUBA, VIC-
TpaXKuBame ca cBe BehuM dpojeM pasmmunTux dupaka. Y TepeHCKMM yC/IOBMMA
HEOIIXOZIHO OV dMJI0 MCIIMTATH KOjyi BpPeMEHCKY IIepPYO] je HajIIOBO/bHU)Y 32 YHO-
IIeHbe AaHTATOHNCTA y OJHOCY Ha I10jaBy dormecTu. YroTpeda cMellle aHTarOHMCTA,
y K0joj O TojeiMHNU COjeBM [Ie/IOBA/INM CHHEPIeTCKU M Y OKBUPY IIMPOKOT CIIe-
KTpa IPUPOAHNX, efadCKIUX U yCIoBa IpuxpaHe, Moria ou ce nmoseharn edpukac-
HOCT OVIOKOHTPOJIe HaJl OBUM ITaTOT€HVM BpCcTaMa

MebyTum, jenan of T1aBHMX 3alaTaka 3a MCTPa)kMBaye je MOfiu3ambe CBeCTI
jaBHOCTM O IIPeJHOCTMMA «MMKOPU3HE TEXHO/IOTMje» 32 OP>KMBY OM/BHY IIPOU-
3BOJIbY U 3aLUTUTY 3eM/bULITA.
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THE ROLE OF MYCORRHIZAL FUNGI IN THE PRODUCTION OF FOREST SEEDLINGS
AND IN THEIR SURVIVAL AFTER TRANSPLANTING

Vesna Golubovi¢ Curguz

Summary

Mycorrhizas are symbiotic associations between plant roots and fungi. These fungi use differ-
ent root exudates to stimulate their metabolic processes, and in turn, their products contribute to
the more efficient plant functioning. According to the ratio of the fungus to the host root cells, all
mycorrhizal formations on forest species are divided into the following three main groups: endo-
mycorrhiza, ectomycorrhiza and endoectomycorrhiza. Endomycorrhizal fungi penetrate the cells
of a host plant. The mycelium is mainly intracellular in the cortical cells of the plant root without
forming a hyphal sheath. Ectomycorrhizal fungi grow on the root surface and they form the sheath.
Having formed the sheath, hyphae grow around the root cortical cells and form the Hartig network
as a site of nutrient exchange between fungi and plants. Ectoendomycorrhiza is a relatively rare type
of mycorrhiza with the characteristics of the previous two types (the cells are intracellular in the
cortical cells and the Hartig network is formed). Most fungi that form a mycorrhizal symbiosis with
woody species belong to basidiomycetes (Amanita spp., Lactarius spp., Pisolithus spp., Rhizopogon
spp.) with only few belonging to ascomycetes (Cenococcum spp., Elaphomyces spp., Tuber spp.). A lot
of mycorrhizal fungi can live in a symbiosis with several tree species, while some species of fungi can
have only one woody species as a host. The occurrence of ectomycorrhizal fungi depends on specific
characteristics of certain types of soil (soil physical and chemical properties, but above all its acidity
and organic matter content), while there are many factors affecting the structure of mycorrhizal pop-
ulations: soil microheterogeneity, the age of plants, root activity, etc. The main role of mycorrhizal as-
sociations is to improve the plant access to nutrients since fungal hyphae can spread through a larger
soil area. Mycorrhizal root biomass is significantly greater than the biomass of uninoculated roots.
In other words, mycorrhizal seedlings can achieve two to seven times higher biomass of roots and
stems than nonmycorrhizal plants. They also have larger above-ground parts and a more favourable
ratio between the aboveground and the belowground parts. Mycorrhizal fungi supply plants with
vitamins and plant growth promoters such as auxin, gibberellin and cytokinin, protect plant species
from various pathogenic fungi and from adverse environmental conditions (droughts, heavy met-
als, etc.). These unfavorable conditions can affect the microbiological populations by changing the
number, composition and diversity of microorganisms. Different mycorrhizal fungi have different
tolerance to the presence of many adverse environmental factors and they are particularly important
for the plant species whose fine root hairs have been damaged during their growth in nurseries or
during transplantation.
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