HaNpUKIAJ: Tys,, COCHA, MOJIpHHA, CAMILUT, sUTiBellb. BiHenaBHa 062014 KO 1OYajga poCcTH
KaJMHa, sIKa € HAPOIHMUM CHMBOJIOM, OCHIBAHUM y IMICHAX Ta JICTCHIaX yKpaiHIliB. XapaKTepHO
€ Te, IO Y4HI POOIATH II¢ HE 3 MPUMYCY, & CaMi POSIBIAIOTE 3alliKaBICHICTh, 60 PO3YMIIOTB,
10 BiJ] HUX 3aJICKUTh Y SIKOMY CBITI BOHU OylyTh )KMTH 3aBTpa.

Jlns nutrHA Haﬁz[OCTynHimHMH ICTOpISIMU ISt canﬁMaHHﬂ € Ka3KH, caMe 4epes3 KaszKy
Yy AMTAYOMY Billl HAMKpALIE NPHIICTIUTH YIHAM JIF000B /0 piHoi 3emii, 10 mpupoau. Tomy Ha
YPOKax s 4acTo, BIAMOBIIHO 0 TEMH ONPALbOBYIO 3 AIThMH CKONOTTYHI Ka3KH, MPOBOAUMO
1HCIEH13alli 3a 3MICTOM, pO3IFPYEMO POJII.

Oxpemo xody ckazaTH MpO T€, IK MU BHUXOBYEMO B Y4YHIB MOBary J0 Nam’ STl HaIIUX
MPENIKIB, KUTTS SKUX YOcoOmoe ctape3Huil kieH. lle BikoBiuHe JepeBo, sIke BHCOYIE Ha
marop0bi B IEHTpl cena. 3a MepeKka3aMu CTAPOXKWIIB TMOCAIKEHE BOHO MOYyXKE IaBHO,
«TEPEKUII0» BIMHHM, YaCH JUXONITh Ta aKTUBHOI Po30ydOBHU ceya, ajie BUCTOsUI0. | Temep
TIIATh HAC CBOEK) MOTYTHICTIO Ta BEIMY4YI0. MU 3 NIITBMH YacTO HABIIYEMOCH JO IIHOTO
JepeBa, 100 MOMUITYBAaTUCS HOTO KPacor Yy pi3Hi mopu poky. Ta Bce )k Taku Hallla rojloBHA
MeTa — 30eperTu oro, o0 HIXTO HE MOCMIB 3a31XHYTH Ha Liel JereHaapHuil KieH. Tomy Mu 3
YUYHSAMH BHPIIIWIM B3SITH y4acTb Yy HpoekTi «BikoBl aepeBa TepHOMIIbIIMHMUY, SKUAN
opranizoBye TOKIIIIIO, mo0 Hagatu CUMBOIY HAIIOro ceja CTaTyC HaMm’ sITKH MiCLIEBOTO
3HAYEHHSI, @ TAKOXK JI3HATUCS 3a JOMOMOrol (haxiBIiB, CKUIBKH  HACIpaB/l POKIB LbOMy
MOTYTHBOMY JiepeBy. Takum YHHOM, s CIOAIBAIOCS, HAM BIACTHCS 30CPEITH LIO MaM STKY
MIPUPOAN BiJ] 3HUIIECHHS, Ta MEpeaTy A MaOyTHIX MOKOJIIHb.

[Ticns BuBUeHHs Temu «Boga», AiTH po3nuTanu 0aThKiB PO Kepena, K1 OyJau KOJUCh y
Hamomy ceni. Ha ocHoBI1 po3BigaHoi iH(opmaliii MU TpoBesH akIio «BpsaTyiiMo Kkepenbley.
Pa3om 3 6aTbkamu BIAHAMIIUIA Ta MOYUCTIIIA 3a0yTHUH MOTIYOK OONAIITYBAIN MICIIE, A€ 3-Ti]
3emuti 0’€ MaJICHBKUM CTPYMOUOK, 1 TETIep Yac BiJ] 4acy HaBiAyeMOCS 10 JpKepenbirst. L akiis
00’e/1Haa y4HiB, 0aThKiB, BUUTEIIB 1 J1ajia HAM 3pO3yMITH, III0 pa30M MU 3[1aTH1 3MIHUTH KUTTS
Ha Kpalie, 3MiIHUTH CBIT.

[TigBoasiuM MiACYMKH, Sl XO4Y BIIMITUTH, IO HA HAC, YUYUTENIB, MOKJIa/IeHa BAXKJIMBA MiCis
— BUXOBYBaTH HOBHUX JIFOJIEH, TUX sIKI O yCBIIOMIUJIM ce0€ YaCTUHOKO JKMBOTO Ha IUIAHETI, 1
BOJIHOYAC BIJIMOBIIAJbHUX 32 HABKOJNMIIHIA CBIT. L{e MOkHa peami3yBaTH TIIBKH TOM1, KOJIU
JTUTHHA Ha cOo01 BiAYy€ HecTayy THUX YU IHIIUX PECypCiB 1 Ha MPaKTUI[l OYHE BUPIIIYyBaTH,
pasom 3 JOPOCITMMH IPOOIEMHU ChOTOACHHS. MaiiOy THE MOKOMIHHS Ma€ CTaTH THMH «areHTaMH
3MiH», K1 TOBUHHI MOHATTS «IPUPOJOKOPUCTYBAHHS», «EKOJIIOT1YHA CB1IOMICThY, IEPEBECTU
B [PAaKTHYHY IUIOLIKHY. BOHH MatoTh OyTH IOTOBHMH B3sTH Ha Ce0C yBECH TArap BaApPBaPCHKOIO
SHUILCHHS PECYpPCiB, sIKe BIIOYBAEThCs OCTaHHIM YacoM. TimbKM y TakoMy pasi BCe XKHBE Ha
TUTAHETI, K 1 cama JIOJChKa IUBLII3al1lisl MAa€ IaHC HA MOPSITYHOK.

I[yxce MOKa30BUM (pakToM 3 z[aH01 nmpoOeMaTHKU € aKTUBHA MO3UIis aiBunHU 31 LBerrii
Iperu TynGepr, ska 3MOIIa OpraHi3yBaTH IOTYKHHIl NPOTECTHHI PyX MOJOAL IIOA0
100aNbHUX 3MiH KIIIMATY.

OTxe, BCEe B HAIlIUX pyKax, 1 TUIBKK BiJl HAC 3aJIEKUTh, UM 3yMIEMO MU yCBIJOMHUTH Ta
BYACHO BHUIIPABUTHU YyXke 3pOOJICHI TOMUIIKU MO0 PALIOHATBHOTO MPUPOJOKOPUCTYBAHHS, UM
MieMO HUIIXOM CaMO3HUIIICHHS. . .
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STRATEGY FOR CONSERVATION OF ARBUSCULAR MYCORRHIZAL FUNGI

Summary. The analysis of up-to-date expertise in cultivation and conservation of
arbuscular mycorrhizal fungi is presented. The techniques in situ and ex situ, which are
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reviewed, could contribute to the biotechnological use and utilization of plant root
endosymbiotic fungi in sustainable agriculture and biodiversity conservation.

Key-words: arbuscular mycorrhiza, diversity, conservation, in vitro culture,
autotrophic system, pot culture.

Arbuscular mycorrhizal (AM) fungi form symbiotic relationships with majority of plant
species. By colonizing root system fungi increase inorganic nutrients uptake by host plants, can
contribute in protection against pathogens, enhance plant tolerance to drought stress and soil
contamination, maintain stability and biodiversity within plant communities [1]. Today AM
fungi are considered to be promising bio-fertilizers and are important for regulation of plant
diversity in ecosystems, though providing the higher parasitism rates of herbivores [2].

AM fungi diversity in Ukraine is poorly investigated. Conservation of fungi, as a whole,
has been still limited and not enough promoted in Ukraine. There is an urgent need to protect
genetic resources of native AM fungi through the generation of culture collections and
cultivation under the artificial conditions. These could be solved by pooling field and laboratory
based biotechnological methods for successful cultivation of symbiotic fungi.

General approaches to strategy for conservation of arbuscular mycorrhizal fungi
are of two types: field-based or in situ and laboratory-based or ex situ. The first approach
1s based on in situ conservation of AM fungi in habitats where they naturally occur and
have evolved. Protected areas of national parks, nature reserves and other preserved
ecosystems, where the wildlife is under the care of national and international authorities,
represent an appropriate place for in situ conservation of AM fungi. These protected
areas provide such beneficial symbiotic fungi with adapted conditions together with
established complex networks of interactions with different components within each
specific ecosystem [3]. Most studies on AM fungi in protected areas have been
performed in America, Australia and Western Europe. Unfortunately, studies on AM
fungal diversity in protected areas of Ukraine are absent due to labor-intensive methods
of investigations and the small number of laboratories specialized in the study of this
group of fungi.

There are three main ex situ approaches used for cultivation and conservation of AM
fungi:

1. In vivo pot cultures on sterile soils or other support materials.

2. In vitro cultures with genetically modified root-organ culture of host plants.

3. In vitro autotrophic systems on artificial media with axenic plants.

In vivo cultures of AM species or isolates from different regions are currently propagated
in ex-situ collections. Such method of AM fungi conservation requires information about the
geography of the maintained isolates, their original habitat ecosystem and soil, type of
symbiotic relationships and performance under diverse environmental conditions [4].
Maintenance of pot cultures on sterile soil or other support materials is the most widely used
technique in operation for formation of AM fungi collections worldwide. Step-by-step principles
of AM fungi pot monocultures establishment are presented in basic publications of J. Blaszkowski
[5, p. 11]. Under the climatic conditions of Ukraine as host plants could be used: Coleus
scutellarioides (L.) Benth., Sorghum bicolor (L.) Moench, Zea mays L., different species of the genus
Plantago L. and Plectranthus L'Hér. (Fig. 1).

One of the disadvantages of pot culture is the risk of plant-culture contamination by
pathogenic fungi or damage by phytophagous insects that can cause the rapid loss of a
significant portion of AM fungi in culture. Such risks are reduced by the usage of multiple host
plants. The other disadvantage of pot cultures is possibility of cross-contamination of pots by
different AM fungi that could be transmitted by air or water under the greenhouse conditions.
There is option of formation of AM fungi collections in pot cultures with woody plants as hosts.
For example, pot cultures of AM fungi in association with Aesculus hippocastanum L. plants
cultivated from germinated chestnut seeds have been proposed (Fig. 1).
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Fig. 1. Options of arbuscular mycorrhiza pot cultures: @ — three-months culture with
Sorghum bicolor as a host plant; b — one-year old cultures with cuttings of Coleus
scutellarioides as a host plant; ¢ — seven-years old mixed AM fungi cultures with Aesculus
hippocastanum as a host plant (authors’ illustration).

In vitro cultivation of AM fungi is conducted by application plant biotechnology
methods. Genetically transformed plant roots (root organ culture) or sterile explants of
plant-symbionts are used. The main advantage of such approach is the absence of
microbial contamination. Specialized laboratories have crucial importance of
implementation in vitro technology for AM fungi cultivation. Besides, it should be stressed
that root organ culture is very sensitive to changes of cultivation conditions (humidity, temperature,
pH).

In vitro technique is rather progressive method that has opened the way for
cultivation of various AM fungi species from most genera, and offers tremendous
perspectives for germplasm collections. At the same time, it is not yet routine to cultivate
most of AM fungi in vitro on root organs [6].

In vitro autotrophic systems on artificial media with axenic plants are considered the
newest scientific method for cultivation and conservation of AM fungi [7]. This approach is
based on the establishment of two functional parts of plant-based system: mycorrhizal one and
photosynthetic one. Whole plants grow from a surface-sterilized seeds or axenic explants. Both
parts of the system or only mycorrhizal part must be sterile. There are proposed various types
of in vitro autotrophic systems with different host-plants and construction features. Nowadays
such type of systems is considered as an experimental model for modern AM fungi studies.

Thus, any of the conservation projects should take into account different strategies
designed to preserve AM fungi: the establishment and maintenance of ex sifu collections and
the assessment of AM fungi occurrence in protected sites, with the aim of promoting the
formation of in situ germplasm reserves. Ex situ collections are maintained in living cultures,
together with host plants, in all the laboratories where AM fungi are studied [3].

Preservation of AM fungi gene pool has become one of the most challenging aspects of
the XXI* century mycorrhizal research. Mycorrhizal fungi conservation biobanks have the aim to
preserve and provide viable and pure AM fungi starter cultures to researchers [8]. Biobanks may
contribute to the biotechnological exploitation and utilization of AM fungi in sustainable agriculture
and biodiversity conservation.

Five official AM fungal collections have been set up worldwide: The International
Culture Collection of (Vesicular) Arbuscular Mycorrhizal Fungi (INVAM) at the West Virginia
University, USA; The International Bank for the Glomeromycota (IBG), France; the
Glomeromycota In vitro Collection (GINCO), Belgium-Canada; the Christopher Walker
collection of Glomeromycotan fungi at the Royal Botanic Garden in Edinburgh, UK and hosted
by the Botanic Garden and Botanical Museum Berlin-Dahlem, Germany; The International

Culture Collection of Glomeromycota (CICG), Brazil.
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Kaneuox 51.1., 3aBiyBau Biily HayKOBO-IOCJ1IHOI pOOOTH
Ta €KOJIOT1YHOI OCBITH,
Ipupoonuii 3anogionux «Medobopu»

OCTAHHI 3HAXIZIKX YEPBOHOKHMN’)KHUX BU/IIB TBAPUH ¥
INPUPOJHOMY 3AHNOBIIHUKY «MEJ1OBOPW»

AHOTaNifA. y CTarTl HaBEACHO JaHl MPO YHCEIbHICTh Ha TEPUTOPIi MPUPOIHOTO
3anoBigHUKa «MenoOopu» Ta B HAMOMMKYMX HOTO OKONMISIX (DayHU 1 B TOMY YKCII PIAKICHUX
BUJIIB. BCTaHOBIIEHO 3HAYEHHS 3aMOBITHOI TEPUTOPIT sl 30€pEeKEHHS PEerioHaIbHOI (ayHHu.
BucBiTiieHO pe3ynpTaTd MO BUSBJICHHIO PIIKICHUX UYEPBOHOKHMKHUX BHJIB HAa TEPUTOPIT
3aIoBITHUKA.

Ki1i040Bi c;10Ba: mpupoHuii 3amoBiHIK, hayHa, papUTETHI BUIH.

ToBTpoBe MacMo — HaJA3BUYANHO IiKaBE IEONOr0-MOpGhOIOriyHe YTBOPCHHS B pebedi
Bomuno-Tlogimms. Icropuyno — e migBomuuii pud, cdopmoBaHuil y HpHOCPEKHIN 30HI
nasHboro Capmarcbkoro mMopst 15-18 mus. pOKlB tomy. OporpadiuHo, y cydacHOMY penbedi,
BOHO YiTKO BHpaXCHE HA MOBEPXHI Y BUINISAJI BY3bKOTO (IIMPUHOIO 3-5 KM) AYromnoaiOHOTrO
JIQHITIOTAa HEBUCOKUX TOPOIB 3arajibHOIO JOBXKUHOK 280 KM.

Haiikpame ToBTpoBe macMo BuUpakeHE B cepeauHHIN #oro uactuHi (Big M. Ckanar
Tepuoninscbkoi obmacti 10 M. Kam’sHus-Iloginbcekoro Ha XMeabHUYYHHI, A€ aOCOMIOTHI
BHUCOTH JocsTaroTh 10 413 M H.p.M. (T.boxiT) 1 GinbIne. I3 3aXiIHOT CTOPOHU BOHO Ma€ BUTIS
HEBHCOKHX Tip.

Cawme TyT, Ha BinTuHKy nipubau3Ho 40 kM (Big ¢. [oponuuns [ligBonouucskoro paitoHy
no c. JlnukiBui I'ycarwHChKOro paiioHy Ha TepHOMUIBIIMHI), 3aXOAUTHCS TEPHUTOPIS
MIPUPOJHOTO 3aMOBITHUKA «MeI[O60pI/I>> YTBOPEHOTO 8 motoro 1990 poky[8].

ToBTpoBe macMo BKpPUTE MO3aiKOIO JIICOBUX, CTEMOBHUX, JIYYHO-CTEHNOBUX Ta IyUYHUX
YIPYIOBaHb, 5IKi YEPryloThCs y 3aICKHOCTI Bill yMOB ix (bopMyBaHHH 4acTO YTBOPIOIOUH
ckyajHi popmarii. 3Haxon4KCh y OaceiiHi p. 30pyd, BOHO iICTOPUYHO BIIrpa€e poiib OIHOTO 3
TOJIOBHUX MUISXIB Mirpaiii MoHTiHChKUX BHUIIB (hayHu 3 Oaceliny /lHicTpa B MiBHIYHOMY
Hanpsamky Ao Llenrpansroi, CxigHoi Ta 3axigHoi €Bpomnu[8].

Jlist OaraThox BUIIB TBapUH CTAapOBIKOBI NMPUPOJHI JIiCOBI yrpyNOBaHHs Ha HAHOLIbLI
30epesxeHiil Tepuropii ToBrpoBoro macma — Meznobopax € pedyriymom, e pemikroBi BHAU
JIOKaJIbHO 30€pEerInCh i1 Yac OCTAaHHBOTO BHCZ[GHIHH}I

Benuke 610pi3HOMAaHITTS 1€l TEPUTOPIT MOB'A3aHE 3 TETEPOTCHHICTIO IPUPOJIHUX YMOB,
siKka 00yMOBJIEHA TPUBAIMM ICTOPHYHUM IEPI0JIOM TOCIOJAPCHKOTO OCBOEHHS MPUIATHUX IS
CUTBCHKOTOCIIOIAPCHKOTO BUKOPUCTAHHS MOJIOTHX cxwiiB. Lle mpusBeno 10 maiike MOBHOTO
3HUIICHHS JICIB, CTEMOBUX, JYYHO-CTEIIOBHX, JIYIHUX Ta OOJIOTHUX OI0IEHO3IB MO 00MaBa
6oku ToBTpoBOro macma. He po3zopaHuMU 3aauIIMIKCS JIMIIE HENPHUAATHI JUISl PLUTL KPYTi
CXWJIH, aJie i BOHU 3a3HAJIM 3HAYHOTO aHTPOMOTEHHOTO BIUTMBY BHACIIIOK BUKOIITYBAaHHS TPaBU
Ta BUNIacaHHs TBapuH. He3Baxkaroun Ha 11e, HEPO30paHi, X04 1 TpaHCPOPMOBaHI AUISTHKH, CTAIIN
MPUXUCTKOM ISl BEITUKOi KUTBKOCTI abopureHHUX BUAIB ¢uopu U ¢dayHU, 3aIHIIAI0YHCH
€IMHUM MICIIEM 1X BH)KMBAHHSL.

3BaKkar0YM Ha BEJHMKE PI3HOMAHITTS Ta BUCOKY YHCENIbHICTh PiJIKICHUX, €HACMIUYHUX 1
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