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PE3IOME

Glomus spp. e Hail-ronemmnaT pog oT
apbyckynapHuTe MUKOPU3HW Tbou (AM).
Bcuukn  BuMgoBe OT  TO3M  poA  umart
cnocobHocTM pga chopmupatr CUMOBUOTUYHK
OTHOLLEHUS C KOpPeHUTe Ha pacTeHusTa. B
3aBMCMMOCT OT MIBTHOCTTA, Ta3n cuMbuosa
MOXe fJa MMa 3HauuTeNeH MpuHOC 3a
pacTexa M YCBOSIBAHETO Ha XpaHWUTENHU
BewecTBa npu pacteHusTa. OCHOBHUAT
edpekT Ha Glomus spp. nNpu XpaHeHeTo e
pesyntat OT XUPasIHOTO TpaHcnopTupaHe
Ha HEenoABWXHW MWHepasHW ioHu. ToBa e
B&XHO MNpeaMMCcTBO, OCO6eHO 3a 6aBHO
AndpyHovpalim  MUHepanHu  MoHW  KaTo

SUMMARY

Glomus spp. is the largest genus of
the arbuscular mycorrhizal fungi (AM). All
of the species of this genus has abilities to
form symbiotic relationships with plant
roots. Depends of the density, this
symbiosis could makes a significant
contribution to the plant growth and
nutrient uptake. The major effect of
Glomus spp. on the nutrition is result from
the hyphal transport of immobile mineral
ions. It is important advantage especially
for the slowly diffusing mineral ions such
as phosphorus. The AM mycorrhizal fungi
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gochop. AM mMukopusHute 1bou Glomus
Spp. umat cnocobHocTTa fa noao6psisaT
YCTOWYMBOCTTa Ha KOpeHuTe KbM ataka oT
NnaToreHn, CblIO W MOMOXUTENEH NPUHOC
KbM MO4YBEHaTa CTPyKTypa W CTabuiHOCT.
MpunaraHe Ha nNpakTUKM, KOuTo 6naro-
NPUATCTBAT pasMHOXaBaHETO UM, MOXe Aa
O6bAe BaXeH acnekT Npu ynpas/IeHWETO Ha
nosapcteoTo. M3cnepgaHuaTa B TO3W npe-
rnep nNpeacTaBsT MexaHu3Ma Ha crMb6uosa
N nonesHute edpekTn Ha MUKOPU3HUTE TbOK
Glomus spp. BbpXy pacTexa, YyCBOSIBAHETO
Ha XpaHWTenHWTe BellecTBa, TONepaHT-
HOCTTa kbM 60M1€ecTu, NOYBEHOTO NIOAOPO-
Ave 1 MUKpo6Ha ekonorusa npu osata

KntouoBu gymu: nosa, apbyckynapHu
MUKOPU3HU 16K, Glomus spp., ycBosiBaHe
Ha XpaHUTeNHUTE BeLlecTBa, GUOKOHTPO,
MUKPOGHa ekosorus

YBO/,

ApbkyckynapHaTa Mmukokpusa (AM) e
CMMOMOTMYHA Bpb3Ka MeXAy pacTeHue u
rb6u, NP KOATO MbOHUTE XMW NMPOHUKBAT B
KNeTKUTe Ha KOPEHUTE Ha BUCLUM pacTeHus.
Ta3n acoumaumsi € M3BecTHa CbLO KaTo
Be3uKyno-apbyckynapHa mukokpusa (VAM),
nopaaum ob6pa3yBaHETO Ha  Be3uKynu
(MexypoBuAHM  CTPYKTYpu) U apobyckyniu
(pasknoHeHn xudn) cnes KosIoHN3NpaHe Ha
KopeHoBWUTE  kneTkn.  ApbyckynapHaTa
MUKOKpM3a € Hal-uyecTuaT Buf CUMOMO3HA
acouunauus. MNpepgnonara ce, ye 0o 90% ot
CBETOBHWTE pacTUTE/IHA BUAOBE UMaT
crnocobHocTTa fa obpasyBarT MUKOPU3HW
B3aMMOoOTHoweHnss (Bonfante and Genre,
2010).To3n TMN acouwaumns yeenuyasa
abcopbLMoHHaTa NOBBLPXHOCT Ha KOpeHa u
HOCK MOM3M OT pacTeHWeTo MO OTHOLLEHue
Ha YCBOSIBAHETO Ha BOoJa W XpaHWUTEsHU
BelwecTBa (Sylvia et al.,, 2005; Smith and
Read, 2008), u ocurypsiea 3awuTta OT
GUOTUYHN M abUOTUYHN CTPEeCcoBU hakTopu
(Zzhang et al.,, 2010; Yang et al.,, 2014).
M6HUTE XM ca p[Jocta MNO-TbHKM B
CpaBHeHMe C KOpeHWTe Ha pacTeHusaTa u
NecHo pocturaT [opyv A0  OrpaHuyeHu
npocTpaHcTBa B nouysaTa. PacTeHusTa um
ocurypsiBat 3axapu (Bbr/1epoAeH N3TOUHNK),
cuHTe3npaHn 4pes coTtocuHTesa (Allen et
al., 2003). AM HOCK 3HAuUUTEIHW NOA3M U 3a
okonHaTa cpefa, Tbii Kato BoAM A0
nopobpsiBaHe yCTOUMBOCTTa Ha eKocucTe-

Glomus spp. has the ability to improve the
root resistance to attack by pathogens,
also to contribute positively to the soil
structure and stability. Implementation of
practices that favors their multiplication
could be important aspect of viticulture
management.

The studies in this review
presented the mechanism of symbiosis
and the beneficial effects of mycorrhizal

fungi Glomus spp. on the grapevine
growth, nutrient  uptake, disease
tolerance, soil fertility and microbial
ecology.

Key words: grapevine, arbuscular
mycorrhizal fungi, Glomus spp., nutrient
uptake, biocontrol, microbial ecology

INTRODUCTION

Arbuscular mycorrhiza (AM) is a
symbiotic association between plant and
fungi, in which the fungus hyphae
penetrate into the cells of the roots of a
vascular plants. This association is also
known as vesicular-arbuscular mycorrhiza
(VAM) due to the formation of vesicles
(bladder-like structures) and arbuscules
(branched hyphae) after colonization of
root cells. Arbuscular mycorrhiza is the
most common type of symbiotic
association. It is assumed that up to 90%
of the world's plant species have the
ability to form a mycorrhizal relationship
(Bonfante and Genre, 2010). This type of
association increases the absorption
surface area of the root and brings
benefits of the plant in terms of water and
nutrients (Sylvia et al., 2005; Smith and
Read, 2008), and provides protection from
biotic and abiotic stress factors (Zhang et
al., 2010; Yang et al, 2014). Fungal
hyphae are much thinner than plant roots
and easily reach even limited surfaces in
soil. The plants provide it sugars (carbon
source) synthesized by photosynthesis
(Allen et al., 2003). AM also brings
significant environmental benefits as it
leads to the improvement of ecosystem
sustainability, maintenance and
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MuUTe, MoAAbpXaHe W nofgobpsiBaHe Ha
CTpyKTypaTa Ha noysata u gp.(Wu, 2017).

EBponeiickata nosa (Vitis vinifera L.),
€ efiHa OT Haii-BaXHUTe OT MKOHOMMUYecka
rnefgHa Touka KynTypu B CBeTa, C LUMPOKO
pasnpocTpaHeHo OTIiexJaHe U BUCOKa
Tbproecka crtoiHocT (Vivier and Pretorius,
2002; Balestrini, 2010)

PacTeHusTa B N030BUTE HacaxaeHus
ce noBnusiBaT MNOJIOKUTE/THO OT CbAbP-
XaHMeTo Ha MouyBeHW apByckKynapHM MUKO-
pusHu rvom (AMI) (Deal et al., 1971; Menge
et al., 1983; Nappi et al., 1985; Cheng and
Baumgartner, 2004; Oehl et al., 2009). Hait-
yecTo cpellaHuTe sugose AMIT 13n0n3BaHK
B Nno3apctBoTo ca Glomus intaradices,
Glomus macrocarpum, Glomus mosseae u
Paraglomus occultum (Menge et al., 1983;
Karagiannidis et al., 1997; Cheng and
Baumgartner, 2004, Oehl et al., 2005).

Bvonorma u ekonorms Ha apby-
CKy/nlapH1UTe MUKOPU3HU r'bbu oT p. Glomus .

XapakTepucTwuKa u cucremMaTumka

Glomus spp. e Hail-ronemmaT poj
ap6yckynapHu MUKOpU3HW bou  (AMI),
npuHagnexaw, kbm knac Glomeromycetes,
otgen Glomeromycota (Tulasne and
Tulasne, 1844.). Jo MOMeHTa ca onucaHu
85 BMga, Kato BCUMYKM  ObBpasysar
CYMOUOTNYHM BPB3KU C PaACTUTENHN KOPEHU
(Kirk et al., 2008)

BugoseTte oT pog Glomus ca 06/u-
ratHMu 6uoTpodn, 3aBucelym OT TAxXHaTa
MUKOPM3Ha acoumaums ¢ pacTUTenHu kope-
HW, 3a [a 3aBbpliaT CBOSA XWU3HEH LKL U
Ja npousBegat cnefBalloTo MOKOMeHne
crnopu (Purypa 1). Cnopute ca cnocobHun aa
NOKb/IHAT N 6€3 HA/IMYMETO Ha rocTonpuem-
HWK, HO NbpPBUYHUTE XUW pearnpaTr Ha
KopeHoBWTe ekcygatu (Hanp. CTpuronakro-
HW), KOMTO Ca B CbCTOSHWE fda uHAayuupart
npecumoénoTnyeH pactex Ha AMI cnopwu
(Tamasloukht et al., 2003; Akiyama and
Hayashi, 2006; Bicking et al., 2008;
Bicking et al., 2012). Te He moraTt ga 6baar
KynTuBMpaHu B nabopaTtopHu ycno-sus 6e3
Ha/iMyMe Ha pacTeHWe TroCTOMPUEM-HUK.
AMI Glomus spp. ce HamupaT B MNOYTU
BCUYKM CYXO3EMHU MeCToObuTaHus, BKJ/IIO-
ynTenHo ob6paboTBaemMu 3emu, MNyCTUHU,
nvBagn, TPONWYeckn Tropu UK TyHAPWU
(Bidartondo et al., 2002).

improvement of the soil structure, etc.
(Wu, 2017).

European grapevine (Vitis vinifera
L.) is one of the most economically
important crops in the world, with
widespread cultivation and high
commercial value (Vivier and Pretorius,
2002; Balestrini, 2010).

Plants in the vineyards are
positively influenced by the soil arbuscular
mycorrhizal fungi (AMF) (Deal et al.,
1971; Menge et al.,, 1983; Nappi et al.,
1985; Cheng and Baumgartner, 2004;
Oehl et al.,, 2009). The most common
AMF species reported from vineyard soils
have been Glomus intraradices, Glomus
macrocarpum, Glomus mosseae and
Paraglomus occultum (Menge et al., 1983;
Karagiannidis et al., 1997; Cheng and
Baumgartner, 2004; Oehl et al., 2005).

Biology and ecology of the arbuscular
mycorrhizal fungi from the Glomus spp.

Characteristics and systematics

Glomus spp. is the largest genus of
arbuscular  mycorrhizal  fungi  (AMF)
belonging to the Glomeromycetes class,
division Glomeromycota (Tulasne and
Tulasne, 1844). Up to now, 85 species have
been described, and all of them forms
symbiotic relationships with plant roots (Kirk

et al., 2008)
Glomus species are obligate
biotrophs,  dependended on their

mycorrhizal association with plant roots to
complete their life cycle and produce the
next generation of spores (Figure 1).
Spores are able to germinate without the
presence of a host, but germination tube
respond to root exudates (eg,
strigolactones) that are capable of
inducing pre-symbiotic growth of AM
spores (Tamasloukht et al., 2003;
Akiyama and Hayashi, 2006; Bicking et
al., 2008; Bicking et al., 2012). They
cannot be cultured in laboratory
conditions without the presence of a host
plant. AMF Glomus spp. are found in
almost all terrestrial habitats, including
arable land, deserts, grasslands, tropical
forests, and tundras (Bidartondo et al.,
2002).
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Fig.1. Life cycle and stage of development of Glomus spp. (Bicking et al., 2012).

Glomus spp. Tpsibea ga ce OTriex-
[JaT 3aefiHO C XuBa pacTMTesIHOCT 3a Ja
npefocTaBAT MaTepuan 3a HayyHu Lenwu,
NPaKTUYeCKN NPUIOKEHNS N TaKCOHOMUYHO
uscneasaHe. MnkopusHuTe rb6m o6ukHoBse-
HO ce pasMHOXaBsaT, KaTo ce u3nonssar
"CakCHHN KynTypn", KbAeTo WUHOKY/MpaHo-
TO pacTeHve ce OTIiexja B Mecbynnsa
noysa, C HUCKN CbAbpXaHue Ha pocchop.
Tes3un rbbu CbLLO Morat fga ce oTrnexaar c
nomMoLuTa Ha aepornoHuKa WM KOpPeHHO-
opraHHu kynTtypu (Jarstfer and Sylvia 1993).
Hali-uecto ce usnonseart cnopu, usonupa-
HM ot nouysa (Jarstfer and Sylvia, 1993;
Beveret al., 1996; Brundrett et al., 1996).
MouyBeHUTEe NPO6U YECTO CbAbPXKAT CNopu
1 Ha gpyru Bugose (An et al., 1990; Watson
and Millner, 1996; Koske et al., 1997;
Brundrett et al., 1999). Mo TO31M HauuH
noyseHuUTe rbO6HM M3o0NatTn npegcraBnsasar
CMecC OT rbbu, AMHaMUYHO MPOMEeHsLa ce
BbB BpemMeTo. [1pou3BOACTBOTO Ha XMBU
KynTypu ot AM 161 e ckbno, TPYLOEMKO U
OTHEMa MHOrO BpeMe, KOeTO B W3BEeCTHa
CTeMneH orpaHvyaBa wu3cnefpaHusAtTa W

Glomus spp. must be grown in
association with living plants to provide
material for scientific purposes, practical
applications, and taxonomic research.
Mycorrhizal fungi are usually propagated
using “pot cultures” where the inoculated
plant is grown in sandy soil with a low
level phosphorus content. These fungi
can also be grown using aeroponics or
root-organ cultures (Jarstfer and Sylvia,
1993). Spores isolated from soil are most
commonly used (Jarstfer and Sylvia,
1993; Bever et al., 1996; Brundrett et al.,
1996). Soil samples often contain spores
of other species (An et al., 1990; Watson
and Millner, 1996; Koske et al., 1997;
Brundrett et al., 1999). Thus, soil fungal
isolates are a mixture of fungi,
dynamically = changing over time.
Production of living cultures of AM fungi
is difficult and time consuming, and
consequently, is the main factor limiting
research activities and practical
applications with these fungi (Dighton et
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npakTM4yecknuTe MNPUIOKEHNS Ha Te3n rbom
(Dighton et al., 2005). MukopmsHute room
ce pasnpocTpaHsABar OBMKHOBEHO KOHLEH-
TpUpaHO Ha MNOBBPXHOCTHWUTE COEBE Ha
noysara, HO Morart fa ce MosiBAT U Ha no-
ronemn Abn6ounHn (o 4 m) B 6€3BOAHU
ekocuctemu (Virginia et al., 1986; Zajicek et
al., 1986). N,6aTa TpsbBa Aa 6bAE aKTMB-
Ha, KoraTo ce nosiBABa pacTexHa feiHocT
Ha Ha KOpeHa, Tbil KaTto KopeHuTe umar
orpaHuyeH nepvo Ha BbL3NPUEMYNBOCT
KbM KosoHu3upaHe (Hepper, 1985; Brundrett
and Kendrick 1990; Dighton et al., 2005).

YKM3HEH LUMKBA M MEeXaHM3bM Ha
cMMbro3a ¢ pacTUTENIHUTE KOPeHH

Cuuta ce, ye BugoseTte Glomus ce
pa3mMHoOXaBaT OCHOBHO M0 6e3M0/10B Ha4uH,
BbMNPEKM, Ya ca OTKPUTK AokasaTesicTBa 3a
Ha/IM4uMe Ha reHuM CBbP3aHM C MeiosaTa
(Halary et al., 2011; Halary et al., 2013).
CnopuTe ce Npou3Bexaar Ha BbpxoBeTe Ha
Xutnte, KakTo B KOpeHa Ha rocTtonpuem-
HMKa B nMo4yBaTa, Taka W W3BbH HeEro.
Mpepnonara ce, 4ye ca Xx1amugocnopw.
Te3n cnopu NOKbLNBAT M NbpBUYHATa Xnda,
KoATO ce ob6asyBa, pacTe npe3 noysarta,
[OKaToO He Bfie3e B KOHTaKT C KOpeHuTe

(Purypa 1 n 2).
Appressorium Hm\

al., 2005). Mycorrhizal fungi spread
usually concentrated on the surface
layers of the soil but may occur at greater
depths (up to 4 m) in arid ecosystems
(Virginia et al., 1986; Zajicek et al., 1986).

Fungi must be active when root growth
activity occurs, since roots have a limited
period of susceptibility to colonization
(Brundrett and Kendrick, 1990; Hepper,
1985; Dighton et al., 2005).

Life cycle and mechanism of
symbiosis with plant roots

Glomus species were considered
to be propagated mainly asexual,
although evidence of the presence of
genes associated with meiosis (Halary et
al., 2011; Halary et al., 2013).

Spores are produced at the tips of
hyphae either within the host root or
outside the root in the soil. Thought to be
chlamydospores. These spores
germinate and the germination tube that
is produced grows through the soil until it
encounters the roots (Figure 1 and 2).

_ZMoribund hypna

[ e—

\.\
Epidermis

Nucleus

of Cell

\\ Arbuscule

dur. 2. Cxema Ha TMNUYHa apbycKyslapHa MUKOpPMU3a, Nokassalla K/1eTKuTe Ha
KOpeHa 1 NPOHNKBAHETO Ha INbOUTE U TEXHUTE CTPYKTYPU.

Fig. 2. Diagram of a typical colony of an arbuscular mycorrhiza showing the root
and penetration by the fungus and their structures (http://bugs.bio.usyd.edu.au)
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Ha noBbpxHOCTTAa Ha KopeHa Ha
roctonpMemMHuka, AM rbbu dopmupar
cneundgnyeH anpecopuin (appressorium) —
xucponoguym (hyphopodium). Ms6HU Xxudn,
Bb3HMKBALLM OT HEro, MPOHUKBAT B KOpeHa
npes enuagepmanHute knetku (epidermis)
KbM cCbpuesBuHaTa (cortex). B kopTtekca
XucpuTe HaBM3aT B anoniactute u pacrat
CTPaHWYHO MO OCTa Ha KOpeHa ¥ NPOoHMKBaT
BbB BbTPELUHUTE KOPEHOBU KIETKM KaTo
obpasyBaT paskIOHEHW CTPyKTypu OT
xudpm-apbyckynu (arbuscule). kouto cnyxart
KaTo mecTa 3a O6MeH Ha XpaHuTesHu
BelllecTBa C pacTeHueTo. ApbGykynuTe ce
obpasyBaTt BbTPe B pacTUTENHUTE KIeTKu,
HO ca 3a06UMKO/IEHN OT HarbHaTa KIeTbyHa
MembpaHa nepuapbyckynHa MembpaHa
(PAM), Taka, 4ye ocTaeaT B anomnjacture,
6e3 ga HaeBnmsat B cumnaactute. Hskou
BuaoBe Glomus cbLlo 06pa3yBaT BE3VKyIu
(vesicle) — opraHn 3a CbXpaHeHue B arno-
N1acTuTe Ha KOPEHOBUTE KNeTkn (durypa 3).

On the host root surface, AM fungi
form a specific appressorium —
hyphopodium. Fungal hyphae that occur
from it penetrate into the root through the
epidermis to the cortex. In the cortex, the
hyphae enter into apoplasts and grow
laterally along the root axis and penetrate
the inner root cells to form branched
arbuscule structures, wich serve as
places for the exchange of nutrients with
the plant.

Arbuscules are formed inside the plant
cells but they are surrounded by the
folded cell membrane periarbuscular
membrane (PAM) and remain in the
apoplasts, without penetrating into the
symplasts. Some species of Glomus also
form vesicle — organs for storage of the
root cells in the apoplasts (Figure 3).

(b)

3 X
our. 3. KopeHn oT Ammophila arenaria, ouBeTeHu ¢ Kncen (pykcuH 3a oTKpuBaHe
Ha MHdeKUMn OoT apOycKynapHM MUKOPU3HWU bou (AMI). (a) HeuHdekTupaH
kopeH; (b) AMI" konoHusauusa (V, Besnkynu; H, xndun); Bap, 100 um (de la Pefa et
al., 2006)

Fig. 3. Ammophila arenaria roots stained with acid fuchsin to detect infection by
arbuscular mycorrhizal fungi (AMF) and nematodes. (a) Uninfected root; (b) AMF
colonization (V, vesicles; H, hyphae); Bar, 100 um (de la Pefia et al., 2006)

MuuenbT, KOWTO ce obpasyBa B KOpeHa,
WHTpapaguanHuat muuen (IRM) ce pasnu-
YaBa MOPXOSIOTUYHO U (PYHKLMOHAHO OT
ekcTpapaguanHma muuen (ERM), muuen,
KOWTO ce pasBuBa B noysata. ERM abcop-
6upa xpaHvTeNHW BellecTBa OT rnoysaTa u
r npegasa Ha KOpeHa Ha rocTonpuemMHuKa.
IRM, ot gpyra ctpaHa, ocBoboxjasa Xpa-
HUTENHWUTE BELLeCTBa B MEXAMHHMSA ano-

The mycelium that is formed within the
root, the intraradical mycelium (IRM)
differs morphologically and functionally
from the extraradical mycelium (ERM),
the mycelium that grows into the soil. The
ERM absorbs nutrients from the soil and
transfers these nutrients to the host root.
The IRM on the other hand releases
nutrients into the interfacial apoplast and
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naacT 1 npuema BbI1epofeH U3TOUHKK (3a-
Xapu) OT pacteHuneTo. M6ara usnonssa Te-
31 BBLI/IEPOAHM pecypcu 3a noagbpxaHe un
paswmpasaHe Ha ERM, 3a kneTbyeH meTa-
60113bM (Hanpumep nNpoLecu Ha norablia-
He, acummnnaumsa Ha asoT) U 3a pas3BUTMeTO
Ha CcrnopW, KOUTO ca B CbCTOSIHME [Aa
WHULUMPAT KOIOHU3aLMsA Ha ApYrU KOPeHu
(Purypa 2) (Blcking et al., 2012).
MoBbPXHOCTTA Ha crnopute Ha
Glomus spp. moxe ga 6bae rnagka (npu
noBevyeTo BUAOBE) UM Pa3IMYHO OpHAMEH-
TupaHa (Hanpumep G. multiforum, G.
pustulatum, (Koske et al, 1986;
Blaszkowski, 1994; Blaszkowski and
Tadych, 1997). Hsakon BuaoBE NPOU3BEX-
Jat cnopu c 06BMBKa, CbCTaBeHa OT npe-
nnetenn (G. motoroni, G. fuegianum), nam
ONXOMHO pask/ioHeHn (G. corymbiforme,)
xucpm (Bentivenga and Hetrick, 1991;
Blaszkowski, 1995; Blaszkowski et al.,
1998). NMoseveTo BUAOBe OT poga Glomus
npoussexaar OTAesIHW Cnopy B noysaTa.
[pyrn obpasysBar noBeye WM MNO-Masko
KOMNaKTHW arperatu OT crnopu (Hanpumep
G. minimum, G. agregatum), (Koske, 1985;
Blaszkowski, 1991; Blaszkowski et al.,
2000), wnn cnopokapnu (Hanpumep G.
remimioides, G. fuegianum, G. mosseae),
(Almeida and Schenck, 1990; Gerdemann
and Trappe, 1994; Blaszkowski et al.,
1998), cbCTOALLM Ce OT CNopu U NepuanymMm.
O6pasyBaHeTO Ha nepuavym Moxe pga
npegliectsa o06pa3yBaHeTO Ha cnopuTe
Unn aa ce paswmpy 3aeHo ¢ passmBallmTe
ce cnopw, Hanp. B G. mosseae un G.
coronatum (Giovannetti et al., 1991).

BropasHoobpasve n B3aumogeiicTene
B pacTuTeEeNnHaTa arpoekosorua

AMI moraT fa ocurypsiT MHoro npe-
OVMCTBaA 3a TeXHWUTEe pacTUTEe/IHW rocTonpu-
eMHMLM, KaTo No-406po ycBOABaHE Ha xpa-
HUTENHW BeLLecTBa, YCTOMYMBOCT Ha cylla
N ycTohuMBoCT Ha 6onectn. Cumbuosata
obaye He e B3auMHa NpPU BCUYKM OBCTOSA-
TeNcTBa U 4ecTo Moxe Aa 6bae napasuTHa,
C BpefieH edhekT BbPXY pacTexa Ha pacrte-
HMATa. PAOKO HAKOWM pacTUTesiHn BuAoBe
Morat ga napasuTu3upar Bbpxy rbbute
(Bidartondo et al., 2002) MuKopv3HUTe rbom
NOBNNSABAT KOPEHOBUS pacTeX, KOPeHoBUTE
ekcygartu, abcopbumsata Ha XpaHWUTEsTHU

exchanges them against carbon source
(sugars) from the plant. The fungus uses
these carbon resources to maintain and
expand ERM, for cell metabolism (e. g.
uptake processes, nitrogen assimilation),
and for the development of spores
capable of initiating colonization of other
roots (Figure 2) (Biicking et al., 2012).

The surface of spores of Glomus
spp. may be smooth (in most species) or
differently ornamented (e. g., G. multiforum,
G. pustulatum. (Koske et al., 1986;
Blaszkowski, 1994; Blaszkowski and
Tadych, 1997) Some species produce
spores enveloped in a hyphal mantle
consisting of interwoven (e. g., Gl. mortonii,
Gl. Fuegianum) or dichotomously branched
(G. corymbiforme) hyphae (Bentivenga and
Hetrick, 1991, Blaszkowski, 1995;
Blaszkowski et al., 1998). Most species of
the genus Glomus produce spores singly in
the soil. Other taxa form more or less
compact spore aggregates (e. g¢., G.
minutum, G. aggregatum (Koske, 1985;
Blaszkowski, 1991; Blaszkowski et al.,
2000) or sporocarps (e. g., G. coremioides,
G. fuegianum, G. mosseae) (Almeida and
Schenck, 1990; Gerdemann and Trappe,
1994; Blaszkowski et al., 1998) consisting
of spores and a peridium. The formation of
the peridium may precede the spore
origination or the peridium expands
together with the developing spores, as e.
g. in G. mosseae and G. coronatum
(Giovannetti et al., 1991).

Biodiversity and interaction in plant
agroecology

The arbuscular mycorrhizal fungi
could provide many benefits for their
plant hosts, such as better nutrient
absorption, drought tolerance and
disease resistance. However, the
symbiosis is not mutualistic in all
circumstances and may often be
parasitic, with a detrimental effect on
plant growth. Rarely, some plant species
may parasitize on the fungi (Bidartondo et
al., 2002). The mycorrhizal fungi affect
root growth, root exudates, nutrient
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BellecTBa 1 NOBMUSABAHETO Ha rocTonpuem-
HMKa KbM CTPECOBM YC/IOBUS Ha OKOJiHaTa
cpefa Kato rbOHM 1 HeMaTOAHU NaToreHu.
Bce owe HAmMa pokasatesnctea AMIT pga
B3aMMoAelicTBaT AUPEKTHO C naToreHute
ypes3 aHTaroHM3bM, aHTMbMo3a NN XULLHK-
yecTBo. Te MO-CKOpPO Bb3AEWcTBAT UHAU-
pPEeKTHO Ha B3aMMOAENCTBUETO pacTeHue-
natoreH. Hanpumep, ycTaHOBEHO e, 4e
HemaToauTe nopassBaT Hai-yecTo pacTe-
HUA ¢ gedmumTt Ha MuHepasim kato B, N,
Fe, Mg, Zn, P. Joka3aHo e, ye MnkopusaTa
nofobpsiea BOAHUSA TpaHCMOPT B pacTe-
HMATA M Hama/isiBa YA3BMMOCTTA KbM
60/1eCTH, MPUYUHEHN OT IbOW M HemaToau
WHEKTUPpaLLY KOpeHUTe. XUCTOXUMUUYHUTE
aHa/IM3n  Ha MUKOPU3MPaHU KOPEHW OT
6aHaH nokassaT NOBULLIEHO HATpynBaHe Ha
o6, hocchop, MUKPOESIEMEHTHN, aMUHOKK-
CesfiHK, heHoNU, NPoTeuHW, HepasTBOpW-
MW BbrexuapaTyi U HYKNeWHOBU KUCESTUHN
B CpaBHEHWEe C HEMWKOpPU3WNPaHW KOpPeHu
(Arya and Perelld, 2010; Ravichandra,
2014). MUWKOpPV3HUTE OTHOLLEHMS, YyCTaHO-
BEHN MeXOy KOPeHWTe Ha pacTeHuaTa u
noyseHuUTe oW NpeacTaBasaBaT XU3HEHO-
B&XXEH efIeMeHT B pacTuUTe/IHUTe eKocuc-
Temu. Bce noBeve ekcnepyMeHTasHU [aH-
HW npegnosnarar xunoresara, Ye 6akrepuu-
Te, He3aBUCUMO Aa/in ca c/1iabo Wan TACHO
CBbp3aHM C MUKOPWU3HUTE Ibbu, npeacTas-
naBar TpeTV KOMMOHEHT Ha MuKopu3ara.
MpoyyBaHeTO Ha MWKPOOHOTO 6GMOpasHo-
obpasue nokassa, 4ye bakTepuasiHuTe CbOb-
lectsa ce noBAMaABaT OT MUKOPU3HMTE
reou. B3anmopgeincteusita mexagy AM room
n bakTepuuTe npegnonarar KakTto 6naro-
TBOpeH echekT Ha rbLbute BBLPXY pasBu-
TMeTo Ha GakTepunTe, Taka U 06pPaTHOTO
(De Boer et al., 2005). HTepeceH npumep
e Paenibacillus validus, koiiTo camocTosi-
TeNHO MOAKPens pacrexa u crnopynupaHe-
T0 Ha Glomus intraradices, He3aBMCMMO OT
HannumeTo Ha pacteHueTto (Hildebrandt et
al., 2002; Bonfante and Anca, 2009).

Hakon npoyysaHusA nokassar, ue
OBWKHOBEHO MpPU MUKOPU3HUTE Mpexu B
pactuTenHuTe cbobLiecTBa UMa HAKOJIKO
06wy rb6m (Hanpumep Glomus intraradices
wmnn  Glomus mosseae), Kouto ce
CBbp3BaT C MNOYTU BCUYKM pacTeHus,
npuchLCTBALLM B OMnpefefieHa eKocuctema,
jokato pgpyru ca no-cneunduyHn  BbB

absorption, and the host's response to
stressful environmental conditions such
as fungal and nematode pathogens.
There is still no evidence that AMF
interact directly with the pathogens
through  antagonism, antibiotic  or
predation. Rather, they rely indirectly on
plant-pathogen interactions. For example,
it has been found that the nematodes
most commonly attack plants with deficite
in minerals such as B, N, Fe, Mg, Zn, P.
Mycorrhiza has been shown to improve
water transport in plants and reduce
susceptibility to root diseases caused by
fungi and nematodes. The histochemical
analyzes of banana roots inoculated with
mycorrhiza had been shown increased
accumulation of total phosphorus,
microelements, amino acids, phenols,
proteins, insoluble carbohydrates and
nucleic acids as compared to non-
mycorrhizal roots (Arya and Perelld,
2010; Ravichandra, 2014).

The mycorrhizal relationships
established between plant roots and sail
fungi are a vital element in plant
ecosystems. More and more experimental
data suggest the hypothesis that bacteria,
whether loosely or tightly associated with

mycorrhizal fungi, represent the third
component of the mycorrhizas. The study of
microbial  biodiversity =~ suggests  that

mycorrhizal fungi influence the bacterial
communities. Interactions between AM
fungi and the bacteria imply both a
beneficial effect of the fungi on bacterial
growth and vice versa (De Boer et al.,
2005). An interesting example s
Paenibacillus validus, which supports the
growth and sporulation of Glomus
intraradices independently of the presence
of the plant (Hildebrandt et al., 2002;
Bonfante and Anca, 2009).

Some studies have shown that
commonly in the mycorrhizal networks in
plant communities there are several
common fungi (e.g., Glomus intraradices
and/or Glomus mosseae) which s
associated with almost all plants present
in a particular ecosystem, while others
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B3aMMOelNCTBMETO C pacTUTeNHUTe BUAO-
Be, HO B3aumopfeictBaT C OCHOBHUTE
Bugose r6m (Opik et al., 2003; 2006;
Verbruggen et al., 2012; Heijden, 2015).
M3non3BaHeTo Ha NOKPUBHU KyNTypwu
(cover crops) B OCHOBHWUTE HacaXieHus e
LLUIMPOKOPAa3npoCcTpaHeHa npaxkTuka C nosio-
XuTeneH edpekT BbPXy CBOWCTBaTa Ha Mnoy-
BaTa, NaBHO MO OTHOLLEHWEe Ha CbAbpXa-
HMe Ha MUHepann U OpraHW4yHU BeLLecTBa,
BOLEH nOTeHuuas, W MUKPOOWOIOTNYHN
xapaktepuctukn (Guerra and Steenwerth,
2012; Tsvetkov et al., 2014). YcTaHOBEHO €,
4ye NOKPUBHUTE KYyNTYpW B NI030BM Hacax-
[JeHus yBenuuasart nonynauumrte Ha fokKal-
HUTEe AMI" B N030BUTE KOPEHU U B noyBaTa
okonio TAX (Baumgartner et al., 2005;
Cheng and Baumgartner, 2005). MNMpocTpaHx-
CTBEHOTO MPUMOKPMBAHE Ha KOPEHUTE Ha
no3nute U MOKPUBHUTE KyNTypu OT Apyra
cTpaHa BOAWM [0 MONoOXuTeNneH edekT
BbpXy B3auMMOAENCTBUATA Mexay pacTe-
HUATA U MUKOPWU3HWUTE Ibbu, TbiA KaTo ce
hopMmpatr 06N MUKOPU3HWU MpEeXu 4pes
T.Hap. ,AMI Bpb3kn“ (Leake et al., 2004).
My6nuKyBaHM ca Hay4yHW gokas3aTencTsa 3a
[OVIpEKTeH MPEHOC Ha XpaHuUTeNHW BeLlec-
TBa OT MOKPWMBHW KYITypy KbM J1030BM
pacTteHus (Cheng and Baumgartner, 2004).
Hskoun BMaoBe NOKPYBHY KyNnTypu, Morat aa
6baaT Nno-ehekTMBHM OT APYrK NO OTHOLLe-
HWe TpaHcepa Ha XpaHUTeNHW BellecTsa
KbM pacTeHusita oT AM rbbu. BeposATHO
TOBa Ce AbJ/KM Ha akymysnvpaHa cumbouosa
Ha pas3nuuHm Bugose AMI w/vmnn Ha
opmupaHata no-ronsMa 6uomaca Ha
KopeHuTe. Hanpumep, a3oTHUAT TpaHcdep
€ 3HauuTenHo Mno-rofiiM  OT  Tpesata
Bromus hordeaceu L. sp. molliformis kbm
1033, B cpaBHEHMe ¢ npeHoca oT 6060BOTO
pacTteHne, Medicago polymorpha L. kbM n03a.

MpunoxeHus " nonsu oT
apbyckynapHuTe MUKOpWU3HM rbbu Glomus
Spp. B /103apCTBOTO

MoBeyeTo OT  MUKOpU3MpaLLUTE
rvbu, M3non3BaHM B N103apcTBOTO, cCa OT
poga Glomus (Menge et al., 1983; Nappi et
al., 1985; Schubert et al., 1988). o MOMeH-
Ta ca [JoKnaABaHW MHOrO Mpoy4YBaHus,
KOUTO [0Ka3BaT [AMPEKTHW MpakTUyecku
non3v OT MWKOPU3MPAHETO Ha JI030BM
pacTteHus ¢ Glomus spp. (Tabnvua 1)

are more specific within plant species
interaction, but it is interactre with the fungi
common species (Opik et al., 2003; 20086,
Verbruggen et al., 2012; Heijden, 2015).

The use of cover crops in the basic
plantations is a widespread practice with
a positive effect on soil properties, mainly
in terms of mineral and organic content,
water potential and microbiological
characteristics (Guerra and Steenwerth,
2012; Tsvetkov et al., 2014).

Cover crops in vineyards have been
found to increase populations of local
AMF in grapevine roots and soil around
them (Baumgartner et al.,, 2005; Cheng
and Baumgartner, 2005). Overlap of
grapevine and cover crop roots affects
positively interactions between the plants
and the mycorrhizal fungi, as it's formed
general microbial networks by the so-
called "AMF connections" (Leake et al.,
2004).

Scientific evidence has been published
about the direct transfer of nutrients from
cover crops to grapevine plants (Cheng
and Baumgartner, 2004). Some species
of cover crops could be more effective
than others in terms of the nutrients
transfer of from the AM fungi to the
plants. Probably, it is due to the
accumulated symbiosis of different
species of AMF and/or to the formation of
the larger roots biomass. For example,
the nitrogen transfer is significantly larger
from the grass Bromus hordeaceu L. sp.
molliformis to the grapevine as compared
to the transfer from the legume Medicago
polymorpha L. to the grapevine.

Applications and benefits  of
arbuscular mycorrhizal fungi Glomus spp.
in viticulture

Most of AM fungi used in viticulture
are from genus Glomus spp. (Menge et al.,
1983; Nappi et al.,, 1985; Schubert et al.,
1988). Up to now, many studies have been
reported to prove the direct practical
benefits of the mycorrhizations of the
grapevine plants with Glomus spp. (Table 1).
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Ta6bnunual TlpegnmcTBa Ha AMIT Glomus spp. 3a /103apCTBOTO
Table 1. Benefits of AMF Glomus spp. for the viticulture

YctaHoBeHu nonsu ot AMI™ Glomus spp. 3a /103apcTBOTO/

Benefits of AMF Glomus spp. for the viticulture

Mogo6peHn MopdhonormyHm napameTpu (6poii nncTa, AbmkmHa Glomus
Ha cTbbnaTa u gb/mkMHa Ha kopeHa)/ Improved morphological

parameters (number of leaves, shoot and root length)

Mofo6peH Nprem Ha a3oT OT OpraHNYHN U HEOPraHWYHK
n3touHnum/ Enhanced nitrogen uptake from organic and

inorganic sources

loBuLWaBaHe Ha ToNEepPaHTHOCTTa KbM 3aco/isiBaHe Ha noysute/ Glomus Spp.

Increasing the tolerance to the salt stress

[Moao6peH NpMem Ha TpyAHO YCBOSIEMU MUHEpPauM kaTo chocdop Glomus spp. ,G.
(P), xensaso (Fe) n mea (Cu) n Zn/ Improved uptake of difficult

assimilable minerals such as P, Fe, Cu and Zn.

Mopo6psBaHe Ha hoTocHHTE3aTa U NOoBMLLIABAHE HA

X/10pOPMNHOTO ChabpPXaHve B mcta/ Improvement of the
photosynthesis and increasing of chlorophyll content in the

leaves

Mo-f06po pa3suTHE 1 aknMMaT3aLUms Ha 1030BY PE3HULN U
MUKpOpa3MHOXeHU pacTeHus/ Better development and
acclimatization of grapevine cuttings and micro-propagated

plants

MogobpsBaHe Ha ToNepaHTHOCTTA KbM 3acyllaBaHe Ha noysarta, G. etunicatum , G.
yCTMYHaTa NPOBOAMMOCT, HMBaTa Ha TpaHcnupauws / Improving macrocarpum, G.
the tolerance to soil drought, stomatal conduction, transpiration

levels

HamansiBaHe Ha CMMNTOMUTE Ha yBpeXaaHe, MPUYNHEHN OT

natoreHHu rL6u ot pogoseTe Rhizoctonia, Fusarium,

Glomus spp. M3TouHmK/ Source

Borde et al., 2009;

fasciculatum, G. Belew et al., 2010;

mosseae, G. Ozdemir et al., 2010
intraradices
Glomus spp. Cheng and

Baumgartner, 2004;
Patrick et al., 2004

Belew et al., 2010

Ortas and Rowell,

fasciculatum, G.  2004; Borde et al.,

mosseae , G. 2009; Ozdemir et al.,
intraradices 2010

Glomus Borde et al., 2009;
fasciculatum , G.  Nicolas et al., 2015
iranicum

Glomus spp, G. Kara et al., 2011; Wu,
mossae, 2017

G.innaradices,
G.agregatum,
G.etunicatum

Sylvia and Schenck,
1983; van Rooyen et
clarum al., 2004,
Glomus spp. Whipps, 2004; Pozo et

al., 2009

Verticillium, Phytophthora, Pythium n Aphanomyces / Reducing
the symptoms of damage caused by pathogenic fungi of the
genera Rhizoctonia, Fusarium, Verticillium, Phytophthora,

Pythium and Aphanomyces

HamansBaHeTo Ha BpeaHuTe edhekTy, MPUYMHEHM OT napasuTtHun Glomus spp., G.
Hematoau, kato Pratylenchus n Meloidogyne./ Reducing the
harmful effects caused by parasitic nematodes such as

Pratylenchus and Meloidogyne.

TloBuLWaBaHe Ha YCTOWYMBOCTTA KbM CTb6MEHN 6o1ecTn no

de la Pefia et al., 2006;

versiforme Lietal, 2010

G. intraradices Petit and Gubler, 2006.

nosata, NpuyrHeHn ot rbom Cylindrocarpon macrodidymum v
lyonectria spp./ Increasing the resistance to grapevine trunk
liseases caused by Cylindrocarpon macrodidymum and

lyonectria spp.

MoBuwaBaHe Ha TonepaHTocTTa KbM TeXkn metanu/ Increasing Glomus

the tolerance to heavy metals

EdekT BbpXy AMHAMMKATa Ha pacTex
MofobGpeHNs pacTex Ha J/1030BUTE
pacTeHuss BCNeACTBME Ha MuKopu3a e
yCTaHOBEH OT MHOro aesTopu (Schubert et
al., 1988; Biricolti et al., 1997; Linderman
and Davis, 2001). Borde et al. (2009)
cbobuasar, 4e MWHoOkynupauu ¢ Glomus
fasciculatum n1030BM pacTeHus nosulLaBat

Sambandan et al.
1992; Weissenhorn et
al., 1993

geosporum, G.
mosseae, G.
claroideum

Effect on growth dynamics

Many authors (Schubert et al., 1988,
Biricolti et al., 1997, Linderman and Davis,
2001) have reported the improved growth of
the grapevine plants due to mycorrhiza.
Borde et al., (2009) reported that inoculated
with Glomus fasciculatum grapevine plants
significantly increased their growth rates
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B 3HauuMTenHa CTeneH pacTexHuTe cu
nokasatenu (oT4eTeHn cboTBETHO 60 1 120
[OHW cnep, HOKynauus) CnpsiMo HEVHOKYN-
paHu KOHTPOJIHN pacTeHusi Mo OTHOLUEeHue
Ha O6poii sucta (50,84% wn  75,29%),
Ab/KMHA Ha cTbbnata (22.91% un 34.88%)
N ob/HknHa Ha kopeHa (10.99% n 19.67%).
Otgenunte BugoBe Glomus moraTt ga
NMoBNNABAT Pa3/IMYHO BBPXY OpraHuTe Ha
no3oBuTe pacTteHus. Pesynrtatu, foknagsa-
H1 ot Ozdemir et al. (2010), nokaseaT, 4e
G. mosseae mmat Mo-ronsiM edqekT BbpPXY
napameTpute Ha pactexa Ha CTb6/10TO
(yBenuuasatr cyxoTo Terno), pokato G.
intraradices B/sMsie MO-CKOPO BbPXy nNapa-
MeTpuTe Ha pacTexa Ha KopeHa. [pu opaH-
XEPWAHW YCNOBUS MUKOPU3HWUTE BUAOBE
CWIHO nojnomaratr pacTexa Ha J1030BU
ceMmeHadeTta (Purypa 4). Tasn TeHOeHUMN
MOXe Aa ce 06SiCHW CbC CTUMYynupaliuTe
edpektTn Ha AM 1bOM BBPXY KOPEHOBUS
pacTtex, [Ab/Kalwy ce Ha noJobpeHoTo
BCMyKBaHe Ha XpaHuTe/IHW BellecTsa OT
pacTteHuneTto roctonpuemHuk (Wu, 2017). B
[JONb/IHEHVe, pa3/IMYHUTE BUAOBE MUKOPU-
3a umat pasniMueH pactex nog pas/imyHu
cybetpatn. CemeHayeta oOTriexgaHu B
CMecC OT MACHK, NoYBa 1 OpraHNyHoO BeLlec-
TBO B 06eM CbOTHOWeHWe 6: 3: 1, HaTpyn-
BaT MNO-rofIIMO CyXO Tersio, B CpaBHeHWe C
Tesn, OTrIexaaHn B CMec OT Mo4yBa, MACHK
1 Topgh B 06eMHO cboTHOWeEHMe 3: 1: 1.

G.etinic y o ¥ x S =
* icatum Guintradices | G.elarium  G.caledonium Kokteyl | Dogal

Kontrol G.mossea

(evaluated at 60 and 120 days after
inoculation) relative to uninoculated control
plants in terms of leaf number (50.84% and

75.29%), shoot length (22.91% and
34.88%) and root length (10.99% and
19.67%).

Different Glomus species could influence
differently on the grapevine organs. Results
reported by Ozdemir et al. (2010) show
that G. mosseae have a greater effect on
stem growth parameters (increase in dry
weight), whereas G. intraradices has an
effect on root growth parameters. In
greenhouse conditions, the mycorrhizal
species strongly support the growth of
grapevine seedlings (Figure 4).

This trend could be explained by the
stimulating effects of AMF on root growth
due to improved uptake of nutrients from
the host plant (Wu, 2017). In addition,

different types of mycorrhizae had
different growth under different
substrates. Seedlings, growing in a

mixture of sand, soil and organic matter
in ratio of 6: 3: 1 by volume, accumulate a
higher dry weight than those growing in a
mixture of soil, sand and peat at ratio of
3: 1: 1 by volume.

dur. 4. EdpekT Ha pasnnyHu BuAOBE Glomus SppP. BbPXY MUKPOPasMHOXeHU

nososu pacTteHus (Wu et al., 2017).

Fig. 4. Effects of different mycorrhizae species on micropropagated grapevines

Kara et al. (2011) cbwo cbobLia-
BaT 3a NOMOXUTENHWU edekTn OT Npuso-
XeHneTo Ha Glomus spp. Npy BKOpeHsBa-
He 1 pa3BuUTME Ha N030BM 3pesin PesHu-
un. ABTOpUTE Ca W3NON3Ba/IM [Ba Tbp-
roecku AM npenapara kato Mycosym®
(G. intraradices) u MycoApply® (G.
mossae, G. intraradices, G.agregatum u
G.etunicatum), TecTBaHW BbpPXY MIaau

Kara et al. (2011) also reported
positive  effects of Glomus spp.
application in the rooting stage and
development of grapevines mature
cuttings. The authors used two
commercial AM preparations, such as
Mycosym®  (G. intraradices) and
MycoApply® (G. mossae, G. intraradices,
G.agregatum and G.etunicatum), tested
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pacTeHus oT pas/iMiHu COPTOBE rpo3ae
N nognoxka 41 B B oOpaHXepuiiHu
ycnoBus. OTYeTEHO e, 4Ye [JHeBHaTa
CKOPOCT Ha pacTex Ha MUKOpUsMpaHu
pacteHns c¢ G. inaradices e 60% no-
BMCOKA OT HEWHOKY/IMpaHuTe KOHTPOSW.
BbB BTOpMS €Tanm Ha €eKCNepUMEeHTUTE
npu nOMEeBU YCMOBMSA Ca NPOCNefeHu
BEreTaTMBHM PacTeXHU napameTpu kato
Ob/DKMHA Ha fleTopacTute U OTHOCUTES-
HO CbAbpXaHue Ha xsopodun B sMcTa-
Ta, KbETO OTHOBO MUKOPU3MpaHNTE pac-
TEeHWNs n3npesapBaTt 3HAYUTENHO KOHTPO-
NMTe MO OTHOLIEHWe Ha u3cnefBaHuTe
napameTtpu (durypa 5).

LT Jog e 7y 8

| Clorofila (SPAD)= 25,5+0,67

dur. 5. Pasnmkn B pactexa u

X0POOUNTHOTO  CbAbpXaHue

on young plants of different varieties of
grapevines and the rootstock 41B in
greenhouse conditions. The daily growth
rate of the mycorrhizated with G.
intraradices plants was reported to be
60% higher than uninoculated controls. In
the second stage of the experiments in
field conditions, vegetative growth

parameters were observed such as
shoots length and relative chlorophyll
content in the leaves where again the
mycorrhizated plants significantly exceed
the controls with respect to the tested
parameters (Figure 5).

o ’4, ‘=~ G. intraradices
A

s wrdy ALl

Mexay

HenHoKyNnupaHu nosn ot copt Merlot, npucageH Bbpxy SO4 U MUKOPU3MPaHU
TakmBa ¢ Glomus intraradices. (Nieto et al., 2012).

Fig. 5. Differences in growth and chlorophyll content between non-inoculated
varieties of Merlot varieties, grafted on SO4 and mycorrhized ones with Glomus

intraradices.

MpoyuyBaHUs BbPXY edekTa Ha Mu-
Kopu3HaTa MHOKyauus npy HecneumdunyHmn
npo6nemn Ha nNpucaxpaHe nokasear, ye TS
3HauMTeNHO nogobpsiea aduHUTETa W
AVHamuKaTa Ha pacTex Ha npucageHute
pacTteHus (Nieto et al., 2012).

MopobpsiBaHe Ha YCBOSIBAHETO Ha
XPaHUTENHN eleMEHTH

MHoro aBTOpW AOKMagBaT 3a Mosio-

Studies on the effect of mycorrhizal
inoculation on  non-specific  grafting
problems indicate that it significantly
improved the affinity and growth dynamics
of grafted plants (Nieto et al., 2012).

Improving  the
nutrient elements

Many authors report a positive

absorption  of
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XWUTeNHO BAuMsHMe Ha AMIT Glomus spp.
BbPXy NPUEeMaHeTo Ha XPaHUTesIHWN BeLec-
TBa W pPEecneKkTVBHO — BbpXy fobvsa K
KauecTBOTO Ha rpo3geto (Bavaresco and
Fogher, 1996; Schreiner, 2003; Aguin et al.,
2004;, Karagiannidis et al., 2007; Almaliotis
et al., 2008).

N3cnenBaHe Ha /1030BU NOAJSIOXKN,
WHOKYNMpaHu ¢ pasnuyHu sugose Glomus,
nokasea, Ye G. intraradices noeuLlaBa aky-
MynupaHeTo Ha P 1 Zn B nucrtata, Aokarto
npu mMukopusupaHe ¢ G. Mossae -—
KOHUEHTpaumaTa Ha CbliMTe enemMeHTn ce
okasBa no-Bucoka B cTbbnara (Ozdemir et
al., 2010).

[ByrogviHo npoyysaHe Ha Ma0A4o-
Jasawy no3a o1 copT KpUMCOH B yC/10BUA
Ha KankoBO HanosiBaHe W MHokynaums ¢ G.
iranicum, nokassa, Ye oOLle npe3 nbpeaTa
rogvHa e nocturHata onTumMasiHa KOJIOHM-
3auuaTa Ha KOpeHuTe Ha ekcrnepuMeHTasl-
HUTe pacTeHuss. OT4YeTeHW ca noBULLEH
[o6uvs, nogobpeHa ehekTMBHOCT Ha U3Non-
3BaHe Ha Bojara, (hoTocuHTe3ara, HaTpyn-
BaHe Ha Ha cKopbsana u npuemaHe Ha
XpaHUTesiHWN BellecTBa, no-cneumanHo P, K
n Ca. lNpe3 BTOpaTa roguHa, MNonoOXuTen-
HUS eddeKT OT MPUNOXKEHUTE MUKOPU3IHU
rebu npogb/mkasa, HO C TEHAEHUMA KbM
oTcnabeaHe. ABTOpuTe mnpenopbyBaT ne-
pYOAMYHO Ha KOMIOHU3auusiTa Ha KopeHa
npocnejssaHe U pevHOKyNMpaHe 3a ycToi-
4YMBM M eduKacHU pesynTatu B AbJrOCpo-
yeH nnaH (Nicolas et al., 2015). YcTtaHo-
BeHa cunHa obpaTHa Kopenauus Mexay
KOJIOHM3MPAHeTO Ha KOpeHa W MOYBEHUAT
chocchop. /1038 € BUCOKA MUKOPU3HA KOSO-
HM3auua nokassart Mo-ronsiMa KoHLUeHTpa-
uMs Ha Mn B iMcTa Y JIMCTHU APBXKKKU, Zn —
B JINCTHW [ApbXkn M Fe — B mucTa
(Karagiannidis and Nikolaou, 1999).

ApO6ycKynapHO MUKOPU3HUTE IbOKn OT
p. Glomus yBenuuaBaT AOCTBLMNHOCTTA Ha
onpejeneHn 0CHOBHU XpaHUTENIHU efleMeH-
TW OT pacTeHUeTO-TOCTONPUEMHUK KaTo
docchop (P), xenaso (Fe) n meq (Cu), 3a
KOMTO ce cuiTa, 4ye wumaT 6aBHa
noaswxHocT B noysata (Ortas and Varma,
2007; Schnepf et al.,, 2008; Borde et al.,
2009). OCHOBHOTO NPeAMMCTBO 3a XpaHe-
HETO Ha MUWKOpU3MpaHUTE pacTeHusTa e
TpaHcrnopTa Ha cnabonoaBMXHN MUHepaUl-
HNW WoHM 4pe3 xudmte. (Smith and

effect of AMF Glomus spp. on the
nutrients uptake and respectively on the
yield and grape quality (Bavaresco and
Fogher, 1996; Schreiner, 2003; Aguin et
al., 2004; Karagiannidis et al., 2007;
Almaliotis et al., 2008).

A study of grapevine rootstocks,
inoculated with different Glomus species,
showed that G. intraradices increase the
accumulation of P and Zn mostly in the
leaves, while in case of mycorrhization
with G. mossae - the concentration of the
same elements was found to be higher in
the stems (Ozdemir et al., 2010).

Two-year study of the fruit-bearing
Crimson grapevines varieties vineyards
under both drip irrigation conditions and
inoculation with G. iranicum showed that as
early as the first year, optimal colonization
of the roots of experimental plants has been
achieved. Increased yield, improved water
utilization efficiency, photosynthesis, starch
accumulation and nutrient uptake,
especially P, K and Ca, have been
reported. In the second year, the positive
effect of applied mycorrhizal fungi
continued, but with a weakening tendency.

The authors recommend regular monitoring
of root colonization and re-inoculation for
long-term sustained and efficient outcomes
(Nicolas et al., 2015).

A strong reverse correlation between root
colonization and soil phosphorus has been
established. Vineyards with high
mycorrhizal colonization showed a higher
concentration of Mn in leaves and leaf
petioles, Zn- in leaf petioles and Fe- in
leaves (Karagiannidis and Nikolaou 1999).
Arbuscular mycorrhizal fungi from
the genus Glomus increased the
accessibility of certain essential nutrient
elements from the host plant such as
phosphorus (P), iron (Fe) and copper (Cu),
which are considered to have slow mobility
in the soil (Ortas and Varma, 2007; Schnepf
et al., 2008; Borde et al., 2009). The main
advantage for the feeding of mycorrhizated
plants is the transport of slow-moving
mineral ions through the hyphae. (Smith
and Gianinazzi-Pearson, 1988). Fungal
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Gianinazzi-Pearson, 1988). 'b6HUTE Xucu
noemar u TpaHcnoptMpat N KbM rocTo-
npremMHuumTe OT HeopraHuyHu (Johansen
et al.,, 1992; Hodge et al., 1998; Mader et
al., 2000) n opraHMyHW a30THU U3TOYHMLM
(Hawkins et al., 2000; Aristizabal et al.,
2004), c KoeTo B 3HauuTesnHa cTeneH
noBuvlaBaT nNprvemMa Ha asoT OT JI030BUTE
pacteHus (Cheng and Baumgartner, 2004;
Patrick et al., 2004).

MoBuLLaBaHe Ha ToNepaHTHoCcTTa
KbM BOAEH feduunT

TonepaHTHOCTTa KbM BOAEH Aedu-
UMT € edHO OT MHOroTO npeauMmcTBa Ha
B3aMMOAENCTBMETO Ha /I030BUTE pPacTeHUst
¢ Glomus (Nikolaou et al., 2003; Schreiner,
2003; Schreiner and Linderman, 2005;
Schreiner, 2007). Tpu Buga Glomus — G.
macrocarpum, G. clarum n G. etunicatum,
NposiBABaT 3HAUYUTESNIHA TONEPaHTHOCT KbM
3acywaBaHe Ha noysata (Sylvia and
Schenck, 1983). B MHOro cnyyau, cnopure
Ha pa3/IMYHNTE BMAOBE NPOSIBABAT pas3/ny-
Ha WHeKUMo3Ha cnocobHOCT npu 3acylla-
BaHe, kaTo Hanpumep Glomus mosseae u
G. deserticola nokassart no-gobpa UHMek-
yuosHoct ot G. fasciculatum (Wu et al.,
2013). VHoOKynuMpaHeTO Ha njofofasallm
nosoBu pacteHnss ¢ Glomus iranicum
HamasisiBa 3HauMTeNHO nocneguumTe OT
BOAHWA CTpec, nofobpsisa (hoTocuMHTE3aTa
u pobuBa, M yckopsiBa Y3psiBaHETO Ha
nnogosete npu JecepTHuA copt
"Crimson*“( Nicolas et al., 2015; Lisek et al.,
2016).

MexaHu3MuTe Ha TO/IePaHTHOCT KbM
3acyllaBaHe ocTaBaT BCe Olle HejocTa-
TbYyHO npoyyeHn. Valentine et al. (2006)
nposexaar ekCnepuMeHTN C eAHOTOMULLIHN,
WHOKYMpaHn ¢ AM r1bbu opaHXepuitHo
OTrNexzaHn N030BK pacTeHus, NOA0XKeHN
Ha 4 cegMVYeH Mepvoj Ha 3acyllaBaHe.
Bbnpekn, ye CTpechT OT cywa BoAu [0
cnaf B Ko/ioHM3auusita Ha AM, ca oT4eTeHn
MO-BNCOKM HMBA Ha MPOVH KU Buomaca Ha
MUKOPU3MPAHUTE  pacTeHusaTa,  CnpsiMo
KOHTpO/MTE B nepuvoja Ha 3acyllaBaHe.
®OTOCMHTETUYHUSIT OTFOBOP Ha MUKOPU3U-
paHWTe pacTeHus NO BpeMe Ha 3acyllaBa-
He e CBbp3aH C yBe/IMyaBaHe Ha /iMcTHaTa
mMaca, Nof06peH eneKkTpoHeH TPaHCMopT U
No-BNCOKa aKTUBHOCT Ha eH3uMa RuBisCO

hyphae take up and transport N to hosts
from inorganic N sources (Johansen et al.,
1992; Hodge et al.,, 1998; Mader et al.,
2000) and organic nitrogen sources
(Hawkins et al., 2000; Aristizabal et al.,
2004), which significantly increasing the
uptake of nitrogen from the grapevine

plants (Cheng and Baumgartner, 2004;
Patrick et al., 2004).
Increasing tolerance to water

deficit

The tolerance to water deficit is
one of the many advantages of the
interaction of grapevine plants with
Glomus (Nikolaou et al., 2003; Schreiner,
2003; Schreiner and Linderman, 2005;
Schreiner, 2007). Three species of
Glomus- G. macrocarpum, G. clarum and
G. etunicatum, showed significant
tolerance to soil drought (Sylvia and
Schenck 1983). In many cases, spores of
different species showing different
infectivity under drought conditions, such
as Glomus mosseae and G. deserticola
which showed better infectivity than G.
fasciculatum (Wu et al.,, 2013). The
inoculation of fruit-bearing grapevine
plants with Glomus iranicum greatly
reduces the effects of water stress,
improves photosynthesis and vyield, and
accelerates ripening of the fruit in dessert
variety "Crimson“ (Nicolas et al., 2015;
Lisek et al., 2016).

The mechanisms of tolerance to
drought remain under-explored. Valentine
et al. (2006) performed experiments with
one-year old, inoculated with AMF
grapevine plants, cultivated under
greenhouse conditions, exposed to a 4-
week drought period. Although, drought
stress has led to a decline of the AM
colonization, the proline levels and
biomass of the mycorrhizated plants were
observed higher than the controls during
the drought period. The photosynthetic
response of the mycorrhizated plants
during droughts is linked with increased
leaf mass, improved electron transport,
and higher activity of the enzyme RuBisCO
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(Ribulose-1,5-bisphosphate
carboxylase/oxygenase), koinTo e cBbp3aH
C NMbpBata CTbMNka OT Bbrnepoa-gmkcaums-
Ta. Te3an pe3yntatM QAOeMOHCTpupar, ue
MWKOPU3MPaHNTE J1I030BWM pacTeHus ycns-
BaT fAa M3nos3BaT BodaTta Mo-eheKTUBHO
no Bpeme Ha BogHuA Aaeduumt. B
ponbnHeHne, Van Rooyen et al. (2004),
yCTaHOBABAT, Y€ yCTMyHaTa NpPoBOAUMOCT,
H/BaTa Ha TpaHcnuMpauuss U BOJAEH
noTeHuMan Ha Kkeunema Ha MUKOpPU3upaHmu ¢
G. etunicatum mnagy N030BU pacTeHusi ce
yBenmuyaBart B YC/10BMS Ha 3acyllaBaHe.

MoBuLwaBaHe Ha TonepaHTHoCTTa
KbM COJIEBU CTPEC N TEXKN METaNU

Belew et al. (2010), ycrtaHoBsBar
nogobpsiBaHe Ha AOMHaMMKaTa pacTex U
TO/MlepaHTHOCTTa KbM COMIeBW CTpec npu
MukopuampaHn ¢ AMI G. fasciculatum 5
N030BY NOAJIOKKM B CPABHEHWE C KOHTPOSI-
HUTe pacTeHus. Peauua aBTopu Jokniaj-
BarT, Yye WUHokynupaHe ¢ AMI ot p. Glomus
kato Glomus geosporum (Sambandan et
al., 1992), Glomus mosseae (Weissenhorn
et al, 1993; Turnau et al., 2001),
Scutellospora dipurpurascens (Del Val et
al., 1999; Wu, 2017) moxe pga MOBULLK
3HauMTeNHO TOMIepaHTHOCTTa Ha nnogoja-
BallM 1030BU pacTeHUss KbM MOYBMH,
3aMBbPCEHU C TEXKU MeTasiu.

MoBuLLaBaHe Ha ToNepaHTHoCcTTa
KbM BMOTUYEH CTPeC

Glomus spp. noBuwasa YyCTON4M-
BOCTTA Ha pacTeHuaTa KbM abuoTuyeH K
6uoTnyeH cTpec (Sylvia and Williams, 1992;
Hooker and Black, 1995; Pozo et al., 2009).
MoBeYyeTo NPOyYBaHUS BbPXY 3aliuTara oT
3ab0n5BaHNsA, MNPUYUMHEHW OT MOYBEHWU
dvTonaToreHHn rL6u, Nokassat HamasnsiBa-
He Ha 4ecToTata Ha cuMNTOMUTE Ha
yBpexaaHe, MNpUYMHEHW OT podoBeTe
Rhizoctonia, Fusarium, Verticillium,
Phytophthora, Pythium un Aphanomyces
npy  MukopusmpaHn pacteHus (Whipps,
2004; Pozo et al., 2009). Petit and Gubler
(2006) wu3cnepBatr BAusHWETO Ha @ G.
intraradices BbpXy CTbOMEHO THUEHE,
npuunHeHa oT rbbata Cylindrocarpon
macrodidymum Bbpxy Vitis rupestris cv. St.
George npu KOHTponupaHu ycnosusa. Ocem
MeceLa cfnej UHOKY/IMpaHeTO C naTorexa,

(Ribulose-1,5-bisphosphate
carboxylase/oxygenase) that is associated
with the first stage of carbon - fixation.
These results demonstrated that the
mycorrhizated grapevine plants manage to
use water more efficiently during the water
deficit. In addition, Van Rooyen et al.
(2004), found that the  stomatal
conductance, transpiration levels and water
potential of the xylem of G. etunicatum
mycorrhized young grapevine plants are
increasing during drought conditions.

Increasing the tolerance to salt
stress and heavy metals

Belew et al. (2010), reported
improvements of growth dynamics and
salt stress tolerance in 5 grape rootstocks
inoculated with AMF G. fasciculatum as
compared to the control plants. A number
of authors reported that inoculation with
AMF of genus Glomus spp. such as
Glomus geosporum (Sambandan et al.,
1992), Glomus mosseae (Weissenhorn et
al., 1993; Turnau et al, 2001),
Scutellospora dipurpurascens (Del Val et
al., 1999; Wu, 2017) can significantly
increase the tolerance of fertile grapevine
plants to soils contaminated with heavy
metals.

Increasing the tolerance to biotic
stress

Glomus spp. enhances the plant
resistance to abiotic and biotic stresses
(Sylvia and Williams, 1992; Hooker and
Black, 1995; Pozo et al., 2009). The most
studies on the protection against
diseases caused by soil phytopathogenic
fungi showed a reduction of the incidence
of damage symptoms, caused by the
genera Rhizoctonia, Fusarium, Verticillium,
Phytophthora, Pythium and Aphanomyces
in the mycorrhizated plants (Whipps,
2004; Pozo et al, 2009) . Petit and
Gubler (2006) investigated on the effect
of G. intraradices over grape black foot
disease caused by the fungus
Cylindrocarpon macrodidymum on Vitis
rupestris cv. St. George under controlled
conditions. Eight months after the
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MUKOpPU3NPAHUTE  pacTeHus passuBat
3HAUMTE/IHO MO-Masiko IMCTHU U KOPEHOBU
CUMNTOMMW, B CpaBHEHWE C HEeMUKpPOpU3M-
paHuTe. Pe3yntatute OT TOBa u3cnenBaHe
npegnonarar, 4e npunoxeHveto Ha G.
intraradices npegn 3acaxpaHe moraTt ga
nomMorHar 3a npefoTBpaTsiBaHe Ha 6osnecT-
Ta CTbOMEHO TMHEHE B pascajHuuuTe U B
N030BUTE HaCaXAeHWs. YCTaHOBEHO e, ye
NO30BUTE HACAXAEHWUS,, VHOKYNMpaHU C
Glomus intraradices ca no-manko nogatniv-
BM KbM YEpHO CTbOJ/IEHO THUEHE, MpUYMHe-
Ho OT llyonectria spp. (Jones et al., 2014).
UecTo cpeLlaHo npu MUKOpU3MpaHUTe pac-
TEHUS € HaMasIABaHeTO Ha BpefHuTe edek-
TW, NPUYMHEHW OT MNapasUTHU HemaToaum,
kato Pratylenchus n Meloidogyne (de la
Pefia et al., 2006). Li et al. (2010), Aoknaz-
BaT, Ye /1030BM PaCTEHUs WMHOKyNMpaHu C
G. versiforme Ha 3HauMTeNnHO nosuLiaBaT
TO/MIepaHTHOCTTa CU KbM eHJonapasnTHUTe
rasiosu hToHEMATOAM oT BMAa
Meloidogyne incognita (Lisek et al., 2016).

Opyrn npegMMmcTea Ha MUKOPU3HUTE
rb6u Glomus spp. B 103apo-BUHAPCKMSA
cekTop

MoHacTosweM, B /103apo-BUHAPCKMSA
CEKTOp € LUMPOKO pasnpoCcTpaHeHo W3Mos-
3BaHETO Ha XMMWUYEeCKU necTuuuam, KomTo
noTuckar pacTuTesnHMTe naTtoreHu, a pacre-
Xa Ha pacTeHusiTa ce CTUMy/upa OT CUHTe-
TUYHKU TopoBe. Tes3u npoueaypu BoAAT A0
HamasiiBaHe Ha MUKPOOPraHM3mMoBOTO 61O-
pasHoobpasve B nouysara M ce MOHWXaBa
LUAIOCTHOTO KayecTBO Ha pacTeHusTa.
[okato TonepaHTHOCTTa Ha pasnnyHuTe
natoreHn Kkbm nectuumante pacte, “oben-
HAABaHETO” Ha noyBuTe BOAM [0 chnaj B
Jobusa 1 KayecTBoTO. EfHa OT OCHOBHUTE
NpUYMHN e CBbp3aHa C HaMansBaHeTo Ha
NAbTHOCTTA  WWnM  n34yes3BaHeTo  Ha
€CTeCTBEHUTE MOYBEHN MUKOPWU3HU [bOU.
Te OT cBOA CTpaHa ca CBbp3aHn C Apyru
Nnosie3HN NOYBEHN MUKPOOPraHu3Mu, KOMTO
ca M3BeCTHM C nosuaBaHe Ha abcopbu-
pawarta NoBbLPXHOCT Ha KOpeHoBata cucTe-
Ma, npean3BuKBalikn nNofobpeHne Ha xpa-
HEHEeTO M pacTexa Ha pacTeHWeTo kaTo
UAano0, Kakto M € noBuWwaBaHe Ha
TONepaHTHOCTTa Ha pacTeHusiTa CnpsMo
natoreHn (Schreiner and Bethlenfalvay,
1995). Heobxoaummn ca HOBOBbLBEAEHMS B

inoculation with the pathogen,
mycorrhizated plants developed
significantly less leaf and root symptoms
than non-mycorrhizated plants. Results
from this study suggest that pre-planting
applications of G. intraradices may help
preventing black foot disease in the nursery

and in the vineyard. It was found that

vineyards inoculated with Glomus
intraradices were less susceptible to
grapevine trunk diseases caused by

llyonectria spp. (Jones et al., 2014).

Reducing of harmful effects caused by
parasitic nematodes such as Pratylenchus
and Meloidogyne (de la Pefia et al., 2006)
is common in mycorrhizated plants.

Li et al. (2010), reported, that grapevines
inoculated with G. versiforme significantly
increased their tolerance to endoparasite
root-knot  phytonematodes Meloidogyne
incognita (Lisek et al., 2016).

Other benefits of mycorrhizal fungi
Glomus spp. in the wine sector

Currently, the use of chemical
pesticides that inhibit plant pathogens is
widespread in the wine sector, and the
growth of plants is stimulated by synthetic
fertilizers. These procedures reduce the
microorganism biodiversity in the soil and
reduce the overall quality of the plants.

While the tolerance of different pathogens
to pesticides is growing, soil degradation
leads to a decline in yield and quality.
One of the main reasons is to reduce the
density and/or disappearance of natural
soil mycorrhizal fungi.

They are in turn associated with other
useful soil microorganisms known to
increase the absorption surface of the
root system, causing improved nutrition
and growth of the plant as a whole, as
well as increasing the tolerance of plants

to pathogens (Schreiner and
Bethlenfalvay, 1995).
Innovations in plant production are
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npoueca Ha pacTeHVeBbAHOTO MPOM3BOA-
CTBO 3a [a ce Cb3jajaT pacTeHusi, KOUTO
ca No-ToNepaHTHW KbM 4YecTo cpellaHuTe
naToreHn n ca no-eyMkacHuU B U3MNOJI3Ba-
HEeTO Ha ecTeCcTBEHWTE MOYBEHU pecypcu
(MUHepasiHM enemeHTW, BuAa U Ap.) BbB
BCMYKM (ha3n Ha KynTUBMpaHETO OT pascaf,
[o camoto no3e (Tsvetkov et al., 2014).
MuHanoto pJecetunetue ca MpoBefeHW
MHOrO6pOliHM NPOYy4YBaHUA Kacaelly Bb3-
JencTBreTo u edekTute Ha opraHuyHaTa
CNpsIMO  KOHBEHLMOHa/IHaTa cuUcTeMa Ha
noyseHu MUKpPo6HU aAnHamukn (Mader et al.,
2000a; Ryan and Graham, 2002; Purin et
al. 2006; Freitas et al., 2011). Pe3syntaTtute
nokasear, Ye MWKOPU3HUTE IbOU AonpuHa-
CAT 3HAUMTEsNHO 3a ONTUMAJIHUS XpaHuTe-
NeH cTaTyc Ha MfaauTe pacTeHUsi KakTo B
pascagHukoBa (pasa, Taka M B N030BUTE
HacaxgeHus. [pyr BaxkeH pesynTar e 6uo-
3aWnTHMA edpekT Ha apbycKy/apHO-MUKO-
pusHuTe rbbm oT oT p. Glomus cpely
nouseHu re6HU natorexun (Vierheiling et al.,
2008). Hewo noBe4ye, MNOYBEHUTE [bOHK
naToreHn ce cmATaT 3a efjHa OT OCHOBHUTE
NpUYMHN 3a «M3TOLlaBaHe» Ha noysaTta B
N030BMWTE MacuBu U  AOMbAHWTENHaTa
MUKOpPU3HA MHOKYNauus Ha J1030BUTE pac-
TEHUs e npenopbynTeNHa KaTto GMoTexHo-
NornyHa ajsTepHatMBa Ha KOHBEHLMOHasI-
HaTa cuctema 3a CrpaBsHE C TO3M
npo6nem (Nogales et al., 2008).

N3BOAV

3a [fga ce noHwxaT HeratuBHuTe
ethekT BBPXY OKO/HaTa cpefa M ga ce
NOBMLLUX NNOLOPOAMETO Ha MoYBMTE, arpap-
HWTe NonMTVKM Ha EBponeiicko u cBETOBHO
HVMBO npeaBwxaaT fa orpaHuyar usnosnssa-
HETO Ha XUMWYHU CYB6CTaHUMM KaKTo 3a
HaTopsiBaHe Taka W 3a pacTuTenHa 3aluTa.
Mpy KOHTpOMMpaHa MUKOpU3aLMS € Bb3-
MOXHO 3HauUTeNIHO Ja ce nofobpu AuHa-
MMKaTa Ha pacTex Ha /103uTe Npu opaHxe-
pviiHW 1 NoneBu ycnoBusl. PaHHOTO MHOKY-
NMpaHe Ha N030BU pacTeHus B MPOM3BOA-
CTBeHa (ha3a Moxe Aa JonpuHece Brnocnesa-
CTBME 3@ ONTMMAJIHOTO pas3BUTWE Ha Tesu
pacTeHusi B JI030BOTO HacaxaeHue, ocobe-
HO B C/ly4yauTe Ha HefoCTUI Ha ecTeCcTBEeHU
ap6yckynapHn MUKOPU3HKU TbOK n/unun Kora-
TO Ce YCTaHOBAT onpefeneHn GUOTUYHM U
abuoTMYHN CcTpecoBu ycnosusi. ToBa BOAU

needed to create plants that are more
tolerant to common pathogens and are
more efficient in using natural soil
resources (mineral elements, water, etc.)
in all phases from planting material up to
the vineyard (Tsvetkov et al., 2014).

In the past decade, numerous studies
have been carried out on the impact and
effects of the organic against the
conventional soil microbial dynamics
system (Méader et al., 2000a; Ryan and
Graham, 2002; Purin et al., 2006; Freitas
et al., 2011). The results show that
mycorrhizal fungi contribute significantly
to the optimum nutritional status of young
plants both in the nursery phase and in
the vineyard. Another important result is
the bio-protective effect of the genus
Glomus against soil fungal pathogens
(Vierheiling et al., 2008).

Moreover, soil fungal pathogens are
considered to be one of the main causes
of soil depletion in vineyards, and the
additional mycorrhizal inoculation of vines
is recommended as a biotechnological
alternative to the conventional system to
deal with this problem (Nogales et al.,
2008).

CONCLUSIONS

In order to reduce the negative
effects on the environment, and to
increase soil fertility, agrarian policies at
European and world level envisage
limiting the use of chemical substances
for both fertilization and plant protection.
In controlled mycorrhization, it is possible
significantly improve the growth dynamics
of grapevines in greenhouse and field
conditions. Early inoculation of grapevines
in the production phase can subsequently
contribute to the optimal development of
these plants in the vineyard, especially in
the case of deficiency of natural
arbuscular mycorrhizal fungi and / or
when certain biotic and abiotic stress
conditions are established.
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[0 NO-Masiko B/IOXEHUA B XMMUYHW npena-
paty v npy Npy ToBa Ka4yecTBOTO W ABLAIO-
CpoYHUTE pesynrtatu npeobnagasar Hap,
WHTEeH3M(KaumMaTa Ha Npou3BOACTBOTO.
MukopusmpaHeTo TpsabBa Ja ce pasrnexja
KaTo OCHOBEH (hakTop 3a NOYBEHOTO N040-
poave n 3a nogobpsiBaHe Ha MPOW3BOAM-
Te/IHOCTTa W 34paBHUSA CTATyC Ha J/1030BUTE
pacteHus. Te3n edpekTn BOAAT [0 Ona3BaHe
Ha OKo/sHaTta cpefa, Tbii kaTo Hamanssat
BXOAALLMTE KOJIMYECTBA XMMNYECKN B/IOXEHMNS
KaTo TOpoBe W/nn hUTOCaAHNTAPHN MPOAYKTU.

Bbaew, nporpec B MO3HAHWETO 3a
B3aMMogelcTBusATa noysa - no3a — AMI
Glomus spp., ngeHtTuguumpaHeTo Ha Map-
KepuTe, CBbp3aHN C MHAyumupaHaTta pesuc-
TEHTHOCT, KaKTO M reHepupaHeTo Ha npej-
ckasBawy Mogenu 3a pesyntar oT Tes3u
B3aMMOJEeNCTBMSA, Le MMaT BaXKHW NpakTu-
Yyeckun nocneamum 3a GMONOTMYHNSA KOHTPON
W UHTErpupaHoTO ynpas/ieHne Ha /1030BUTE
pascagHMKOBN W NPOW3BOACTBEHU Hacax-
AeHus.

This leads to less chemical inputs, and
the quality and long-term results prevalil
over the intensification of production. The
mycorrhization must be seen as a major
factor in soil fertility and in improving the
yield and health status of the grapevines.
These effects lead to environmental
protection as they reduce the inputs of
chemical inputs such as fertilizers and / or
phytosanitary products.

Future progress in the knowledge
of the interactions soil - grapevine — AMF
Glomus spp., the identification of markers
associated with induced resistance, as
well as the generation of predictive
models for the result of these interactions
will have important practical implications
for biological control and integrated
management of grapevine nurseries and
production plantations.
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PE3OME

Llenta Ha mu3cnegBaHeTo e ga ce
Npoyyn BNSAHMETO Ha PasIMYHN MUKO-
pY3HM IbOM BBPXY YCBOSIBAHETO HA MUHE-
panv 1 HaTpynsaHeTo Ha CyXO BeLlecTBO
npu pascafHMKOBM OBOLLHW pacTeHuns
'm3ena 6/BaH. HaTpynBaHeTO Ha CyxoO
BELLECTBO € aHa/IM3npaHo fBa NbTu npes
BereTauuMoHHuss nepuog (nNpe3 mali u
OKTOMBpW). [MapanenHo ca MnpoBefeHn
aHan3n Mno OTHOLUEHWE YCBOSIBAHETO U
pasnpefesnieHneTo Ha LeCT OCHOBHU
Makpo n mukpoenemeHtn (N, P, K, Ca,
Mg, Fe) oT ekcnepumeHTanHUTe pacTe-
HuA. TonyyeHuTe pesyntaTn nokassear, ye
Mo OTHOLIEHVe Ha cBexo Terno Glomus
BapuaHta wusnpesapsBa KoHTpona 1 ¢
14,47% wn KoHTpona 2 ¢ 22,60%. Tllo

SUMMARY
The aim of the study is to
investigate the influence of different

mycorrhizal fungi on the absorption of
minerals and accumulation of dry matter
in nursery fruit plants Gisela 6 / Van. The
accumulation of dry matter was analyzed
twice during the vegetation period (May
and October). Parallel analyzes were
conducted regarding the mineral uptake
and distribution of six major macro- and
microelements (N, P, K, Ca, Mg, Fe) from
the experimental plants. Obtained results
shows that concerning fresh weight
Glomus variant overrun Control 1 with
14,47% and Control 2 with 22,60%.

In case of the dry weight the same
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OTHOLLIEHME Ha CyXO0TO Terso, cbuuTe
NMpoOLLeHTV ca [opu NnoBeye — CbHLOTBETHO
21,93% un 27,13%. bBuxme mornn ga ot6e-
NeXnM CblLo, Ye BapruaHTUTE BK/IHOUBALLM
MUKOpu3HUTe rbbu Glomus n Trichoderma
nokassart no-gobpa cnocobHOCT 3a HaTpyn-
BaHe Ha cBexa M cyxa Ouomaca B
npucagHuKosaTa 4acT Ha pacTeHueTo,
KOETO e OT MHOI0 BaXHO 3HauyeHue 3a
[06poTO pasBuTMe Ha npucageHus copr.
[BaTa BapuaHTa OeMOHCTpupaT CbLo U
Hai-g4obpn nokazaTenn Mo OTHOLWEHNE
yCBOsIBAHE Ha MUWHEepasHU eJfleMeHTH:
BapuaHTbT Glomus — npu akymynupaHeTo
Ha N v Fe, a BapuaHTa Trichoderma — npu
akymynupaHeTo Ha Mg. Mo oTHoLweHWe Ha
YCBOSIBAHETO Ha MWHEPa/IHUTE e/IeEMEHTU
K n Ca, BCMUKM eKCnepuMeHTaslHU pacTe-
HWSI MOKa3BaT CXOAHW CTOWHOCTU, B pam-
KNTe Ha CTaHAapTHOTO OTKMOHEHNE.
KnrouoBu aymu: Glomus
intraradices, Trichoderma harzianum T22,
OBOLLIEeH pa3cajHuK, YCBOsiIBaHE Ha
MUHEepanHn efnieMeHTu MNpu pacTeHuAaTta,
HaTpynBaHe Ha CyxO BeLlecTBO

YBO[,

MwukopusnTe ca CUMOUOTUYHM aco-
umaumum Mexay nouBeHuTe rbou 1 KopeHuTe
Ha pacTeHusaTa. Te HacbpyaBaT yCcBOsiBaHe-
TO Ha BOJA M XpaHWTE/HU BeLlecTBa 4pes
06LMpHa Mpexa OT X1, KoeTo No3BOsIsABa
Ha pacTeHuaTa fJa YycBosiBaT MO-TofieMu
obemmn oT nousata (Pigna et al., 2014). Te
CbLUO CTUMYNMpAT MEXaHU3MUTE Ha 3aluTa
Ha pacTeHusiTa cpeLly 6MOTUYHN 1 aBUOTUY-
HK cTtpecosu dpaktopu (Carrillo et al., 2016).
M3non3eaHeTo Ha MNOMe3HM BMOMOTUYHN
B3aMMOAENCTBUSA, KaTto MuKopusmpallata
aKTUBHOCT, npejnara ecTeCTBEH HauvH 3a
nogobpsiBaHe Ha XpaHeHeTo Ha pacTeHusTa
MW YCMEWHOTO Cb3faBaHe Ha KynTypu.
(Castillo et al., 2008). MNMoBuLwEHUTE TEMNOBE
Ha pacTeX B MUKOpPU3VMpaHUTE pacTeHus
Hail-4ecTo ce Ab/hKaT Ha NOBULLEHO YCBOS-
BaHe Ha XpaHuTesiHK BelyecTBa. Vnu Muko-
pu3HMTe rbOU wn3rnexaga, 4e nosuasaTt
HaTpynBaHETO Ha XpaHUTE/IHW BeLLEeCTBa,
0COOEHO 3a efleMeHTH, KOMTO ca HENOABUX-
HV B NOYBUTE, 3aLL0TO HEOPraHWYHUTE NOHK
andyHampat 6asHo (kato P, Cu, Zn n Ca)

percentages are even more — 21,93% and
27,13% respectively.

We could noticed also that the variants,
including mycorrhizal fungi Glomus and
Trichoderma demonstrated more fresh
and dry biomass accumulation ability in
scion parts of the plant which is very
important for good development of the
grafted variety.

Both two variants shows also best mineral
uptake rates: the variant Glomus — in N
and Fe accumulations, Trichoderma — in
Mg ones.

Concerning K and Ca mineral elements
uptake all experimental plants showed
very close accumulation rates, in
framework of standard deviation.

Key words: Glomus intraradices,
Trichoderma harzianum T22, fruit nursery,
mineral elements uptake in plants, dry
matter accumulation

INTRODUCTION

Mycorrhizae are symbiotic
associations between soil fungi and the
roots of the plants. They promoting the
absorption of water and nutrients through
an extensive network of hyphae which
allowing plants to explore larger volumes
of soil (Pigna et al., 2014). They also
stimulate the plant’'s defense mechanisms
against biotic and abiotic stresses (Carrillo
et al., 2016). The use of beneficial
biological interactions such as the
mycorrhizal activity offers a natural way of
improving plant nutrition and the
successful  establishment of crops.
(Castillo et al., 2008). Increased growth
rates in mycorrhizal plants have most
often been attributed to increased nutrient
uptake. Either mycorrhizal fungi appear to
increase nutrient acquisition, especially
for elements that are immobile in soils,
because inorganic ions diffuse slowly
(such as P, Cu, Zn, and Ca) or when (like
both N and P) they are present in complex
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wnn korato (kato N u P) npucbereaT B
KOMM/IEKCHM OpraHnyHu dpopmm (Mondragon-
Valero et al., 2017). JHeC MUKOPU3HUTE IbOU
ca LUMPOKO W3MNOM3BAHM B CEJICKOTO CTO-
MaHCTBO, rPaAMHapPCTBOTO U TOPCKOTO CTO-
MaHCTBO, KakTo 1 3a peky/TMBaLms Ha OKON-
Harta cpefa, 3a yBe/iMyaBaHe Ha fobusa u
34paBeTo Ha pacTeHuaTa U 3a orpaHuya-
BaHe Ha NPWIOXKEHWETO Ha arpoxXummnkanun
(Smith and Smith, 2011; Beltrano et al.,
2013; Jiang et al.,, 2013). MwukopusHaTa
cMMbuosa ce cuuTa 3a BaxeH MeToj 3a
nognomaraHe Ha OTI/IeXAaHETO Ha MOJICKM
KyNTypu, 0OpW NpU BUCOKA COSIEHOCT WK B
paioHn CK/TOHHWM KbM HEA0CTUI Ha BOAa Un
xpaHutesnHu sewectsa (Malik et al., 2017;
Saxena et al., 2017). lokaTo HeecTecTBeHa-
Ta MHpeKuna e eeKkTuBHa B pascagHuLm-
Te, HAKOM nNpobriemun BCe OlLe He ca pelle-
HW, KaTo Hanpumep TpPyAHOCTTa Aa ce npo-
n3sefe rofiiMo KO/IMYECTBO KOMepCUasleH
CcBO6OOJEH OT MaToreHyn NPoAyKT, OCKbAHOTO
no3HaBaHe Ha B3auMOfencTBuATa Mexay
rOCTOMPUEMHMKA U MbOUTE, BEPOATHATA KOHKY-
peHuus ¢ NoYBEHUN IbbM, HEBB3MOXHOCTTA Ja
ce cTepuusMpa pascafjHukoBata noysa
(Bavaresco et al., 2011; Viera et al., 2017).

Llenta Ha u3cnenBaHeTo e pna ce
n3cnensa B/IMAHMETO Ha PasINYHN MUKO-
pU3HU rebU BbpXY YCBOSABAHETO Ha MUHe-
pasin N HaTpynsBaHETO Ha CyXO BELLECTBO
B pascajHNKOBW OBOLLHU pacTeHus Gisela
6/ Van.

MATEPVAJT N METOOU

In vitro NonyyeHn n MukopusnpaHu
(Tabnmuya 1) nopnoxkn Gisela 6 ca
nponseeneHn ot SME Fitotechniki-Greece
B pamkmTe Ha npoekt Ha EK FP7
SITINPLANT. Te ca 3acafeHu B 6bsrap-
CKOTO  EeKCMepUMEeHTa/IHO  MNojie  Ha
npoekta (o6nact CnuseH). MNognoxkute
ca npucageHun 5 meceua cnep sacaxjaHe
CbC cepTudULMpaHn MbNKM OT YepeLloB
copt "BaH" upe3 T-nbNkoBO npucaxpaHe
(10 cm oT HMBOTO Ha nouyBaTa, C efHo-
nbnkoBu npucagkn) (Hartman et al.,
1997)(durypa 1).

organic forms (Mondragon-Valero et al.,
2017). Nowadays, mycorrhizal fungi have
been widely used in agriculture,
horticulture, and forestry programs, as
well as for environmental reclamation, to
increase crop yield and health and to limit
the application of agrochemicals (Smith
and Smith, 2011, Beltrano et al., 2013,
Jiang et al., 2013).

Mycorrhizal symbiosis is considered an
important method to aid the cultivation of
field crops, even under high salinity or in
areas prone to water or nutrient
deficiencies (Malik et al., 2017; Saxena et
al., 2017). While the artificial infection is
effective in the nurseries, some problems
have not yet been solved, such as the
difficulty to produce a large amount of
commercial pathogen-free product, the
scarce knowledge on the host-fungus
interactions, the likely competition with the
soil borne fungi, the impossibility to
sterilize the nursery soil (Bavaresco et al.,
2011; Viera et al.,2017).

The aim of the study is to
investigate the influence of different
mycorrhizal fungi on the absorption of
minerals and accumulation of dry matter
in nursery fruit plants Gisela 6 / Van.

MATERIAL AND METHODS

In vitro obtained and mycorrhizated
(Table 1) Gisela 6 rootstocks were
produced by SME Fitotechniki- Greece in
framework of EC FP7 SITINPLANT
project. It was planted in the Bulgarian
project experimental field (Sliven region).
The rootstocks were grafted 5 months
after planting with certified buds from
cherry variety “Van” by T-budding (10 cm
from the soil level, with one-bud scions)
(Hartman et al., 1997) (Figure 1).
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Tabnuua 1. MuKopusnpaHe Ha ekcriepuMeHTasIHUTe pacTeHus Gisela 6/Van
Table 1. Mycorrhizations of the experimental plants Gisela 6/Van

Substances/Cyleranumnn
(abbreviation/abpesnarypa)

Quantity/Koanuecrno
per plant/ua pacrtenne (g)

Type of
application/Hauun na
npHAKKeHne

(TP)- Trianum P#- KOPPERT

0,27

liquid culture

{Crlomus intraradices)

(Trichoderma harzianum T 22) TeHHA KYATYPa
(TG)- Trianum G- KOPPERT 1.5 npax
( Trichodernra harzianum T 22)-granules
(AG)- Aegis®- ITALPOLLINA 20 npax

.

dur. 1. Gisela 6/cv.Van ekcnepMeHTasH
t0NIN-cenTeMBPU-HOEMBPI)
Fig. 1. Gisela 6/cv.Van experimental nursery plants (May-June-July-September-
November)

AHanu3anTe Ha HaTpynBaHeTo Ha
CBEXO / CyXO BEeLLeCTBO U YCBOSABAHETO Ha
MUHEpPaNHW efeMeHTM ca W3BbPLUEHN B
HayasloTo M B Kpasd Ha Beretauusita Ha
npucageHuTe pacTeHuss B LUKbAa Ha pas-
CaflHMKa. YHWLOXEHN ca U ca aHa/usu-
paHn no 3 WHAMBMAYaNHW pacTeHus
(pennvkaumun) 3a BCEKU eKcnepumeHTaneH
BapvaHT. BCAko pacTeHue e pasgeneHo Ha
yeTupm yactn (Npobu): KOpeH Ha NoasIox-
KaTa, ropHa 4yacT Ha nojoxkara, netopact
Ha copTa, aucta Ha copta (A, B, C, D).
AHanusn 3a akymynupaHeTo Ha cBexo /
CyX0 BeLLEeCTBO Ca M3BbPLUEHM 3a BCskKa
yacTt OT pacTeHueto (npobu). CpenHuTe
CTOMHOCTM 3a aKyMy/MpaHeTo Ha CBexo /
CYX0 BeLecTBO OT 1 pacTeHve ca usuncne-
H/M KaTo cyma OT CpefHuTe CTOMHOCTU 3a
BCSKa yacT Ha pacTeHueTo (A + B + C + D).
FW / DW cTo/HOCTUTE Ca M34YMCNEHM Ha
6a3a CbOTHOLIEHWETO Ha CpefHUTE CTOM-
HOCTW Ha CBEeXOTO Terno Ha UsanoTo pac-
TEHWE KbM CPefHUTE CTOMHOCTM Ha CyXOTO
Terno. Bcaka npoba e aHanusupaHa no
OTHOLLEHNE YCBOSIBAHE Ha LUeCT OCHOBHMU
Makpo u mukpoenemeHtn (N, P, K, Ca, Mg,
Fe), no metoan, onucaHm ot Penkov et al.
(1981).

Analysis of fresh/dry matter
accumulation and mineral elements
uptake were done at the start and at the
end of plant vegetation of the grafted
plants in nursery cycle. It was destroyed
and analyzed tree individual plants
(replications) per each experimental
variant. Every plant is separated to four
parts (samples): rootstock root, rootstock
upper part, variety shoot, variety leaves
(A, B, C, D). Fresh/dry matter
accumulation analyses have done for
each plant part (sample). Average values
of the plant fresh/dry matter accumulation
of 1 plant were calculated as aggregate
amount of average values of each plant
parts (samples) (A+B+C+D). FW/DW
ratios were present as coefficients,
obtained by dividing of average plant
fresh weight to average plant dry weight.
Each sample was analysed for mineral
uptake of six basic macro and
microelements (N, P, K, Ca, Mg, Fe) by
the methods described by Penkov et al.
(1981).
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PE3YJITATN N OBCb)XXAAHE

MonyyeHnTe pe3ynTatu nokassaT, ye
Mo OTHOLWleHVWe Ha cBexo Terno Glomus
BapuaHT usnpesapsa Control 1 ¢ 14,47% n
Control 2 ¢ 22,60%. [lNpu cyxoto Terno
CblUMTE MNPOLEHTM ca ouwe MNo-BUCOKN —
cboTBETHO € 21,93% un 27,13%. Moxem
CbLLO Taka ga oT6enexuMm, ye BapuaHTure,
BK/IOUBALLUM MUKOPU3HUTE oM Glomus u
Trichoderma  gemoHcTpupaT no-ronsma
CMNOCOGHOCT 3a HaTpynBaHe Ha cyxa W cyxa
6uomaca B MpuUCafHVKOBUTE YacTu OT
pacTeHMeTo, KOeTo € MHOr0 BaXHO 3a
[06poTo pa3BuMTME Ha npucajeHus copt
(Tabnuua 2, Tabnuua 3).

RESULTS AND DISCUSSION

Obtained results shows that
concerning fresh weight Glomus variant
overrun Control 1 with 14,47% and
Control 2 with 22,60%. In case of the dry
weight the same percentages are even
more- 21,93% and 27,13% respectively.
We could noticed also that the variants,
including mycorrhizal fungi Glomus and
Trichoderma demonstrated more fresh
and dry biomass accumulation ability in
scion parts of the plant which is very
important for good development of the
grafted variety (Table 2, Table 3).

Tabnumua 2. AKyMyinpaHe Ha CBEXO 1 CyX0 BellecTBO (Ha4asio Ha Beretayus)
Table 2. Accumulation fresh/dry matter (start of vegetation)

Variant Fresh Weight (g) Dry Weight (g) FW/DW ratio
Bapnant Cremo Terno Cyxo Terao CBOT ne
A B c D Plant A B c D Plant
Pacrenne Pacrenne
Trichoderma 48,62 864 32,72 5158 14256 2002 494 12,53 2411 61,60 2314
Glomus 74,61 10,78 2944 4658 16141 3198 6,02 11,03 21,79 70,82 2,279
Contfrol Sitinplant 78 50 2405 26,78 5092 18025 3362 15,12 10,03 18.07 76,84 2,346
Glomus + 62,67 1232 3232 4779 15540 2848 7,02 1260 2101 69,20 2,245
Trichoderma
Confrol Nursery 71,24 10,32 30,41 50,50 16247 2997 6,03 12,02 22,79 70,81 2,204
Tabnuua 3. AKyMy/MpaHe Ha CBEXO N Cyx0 BellecTBO (Kpaii Ha Beretaums)
Table 3. Accumulation fresh/dry matter (end of vegetation)
Variant Fresh Weight (g) Dry Weight (g) FW/DW
Bapuant Ceexo Temo Cyxo Terno ratio
CLOTHOWEHWE
A B C n plant A B C D plant
‘Trichoderma 7789 1771 5322 3859 18741 3298 879 2839 1858 88,74 2,111
Glomus 7813 4210 5351 4428 21802 4051 2420 2732 1853 110,56 1,972
Control Sifinplant 7672 4638 3251 3081 18642 3485 2568 14,49 11,29 86,31 2,159
Glomus + 7610 31,32 3679 2687 17108 2828 2097 2329 1147 83,01 2,061
Trichoderma
Control Nursery 87,32 2842 31,71 21,30 168,75 43,51 15,50 13,52 803 80,56 2,094

LEGEND: A-ROOTSTOCK ROOT, B-ROOSTOCK UPPER PART (up to grafting peint); C-VARIETY SHOOT; D-VARIETY LEAVES; PLANT=A+B+C+D
NErEHgA: : A-KOPEH HA NOOANOKKATA;, B-HAOIEMHA YACT HA NOONOMKATA (A0 MACTOTO HA NPUCAXOAHE), NETOPACT HA COPTA; D-NNUCTA
HA COPTA; PACTEHWE=A+B+C+D
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M pBata BapuaHTa nNoOKasBaT CbLO Haii-
BMCOKM CTOWHOCTU Ha YCBOSIBAHE Ha MUHe-
panHn enemeHtn (Tabnuuya 4): BapuaHT
Glomus npu akymynupaHe Ha N un Fe, a
BapuaHT Trichoderma — Ha Mg. Mo OTHO-
lWEeHVe Ha YCBOSIBAHETO Ha MWHEpasTHUTE
enemeHT K n Ca BCUYKM €KCNepPUMEHTaSTHM
pacTeHus nokasaxa MHOr0 6/IM3KN CTOMHOCTU
Ha akyMy/vMpaHe, B paMKuTe Ha CcTaHapT-
HOTO OTK/IOHEHME.

Both two variants shows also best mineral
uptake rates (Table 4): the variant Glomus —
In N and Fe accumulations, Trichoderma- in
Mg ones. Concerning K and Ca mineral
elements uptake all experimental plants
showed very close accumulation rates, in
framework of standard deviation.

Tabnuua 4. YcBosiBaHe Ha MUHepasTHN eNNieMeHTN OT eKCnepyMeHTa/THUTe pacTeHus
Table 4. Mineral elements uptake of experimental plants

Variant | Plant dry matter N {g} P(g) K (g} Cafg) Mg (g) Fe (ppm)
accumulation
I’
Bapuant TR—— {per plant! Iper plant/ Iper plant/ Iper plant/ Iper plant/ Iper plant/
Months | cyxo eewecTBo OT | /Ha pacTeHue/ {Ha pacTenwel IHa pacTeHue/ fHa pacTenmel IHa pacTerne/ JHa pacTenmel
M pacTeHueTo (g)
Roo'stock | Scion | Roolstock Seion Rootstock Scion Rootstock Scion Rootstock | Scion | Rootstock | Scion | Roofstock Scion
Mognowxa | Mpucagra | Nognowsa | MNpucagea | Mognowsa | Mpwcagsa | Nognowsa | Mpucagea | Mognowka | Mpucagka | Mognowxa | Moucagea | Mognowsa | Mpucages
June 2496 | 3664 | 0459 | 0843 | 0,065 0,085 | 0,05 | 0,348 0458 | 095 | 0052 | 0216 | 26,01 10,66
HOHH
October 4,77 | 46,97 | 0731 1,127 | 0,108 0122 | 0,228 | 0460 0,744 | *1,310 | 0,084 | *0,258 | 62,74 | *13,90
OKTOMEPH
June 3800 | 3282 | 0844 | 0820 | 0,087 0,089 | 0193 | 0,283 | 0684 | 0721 0,080 | 0187 | 3048 9,65
oHH
 October *64,71 | 4585 | *1,372 | *1,137 | *0,142 | *0,128 | *0,298 | *0,550 | *0,874 | 1,225 | *0,104 | 0,238 | *76,88 | 13,71

[ocber 0976 | 0757 | 011 | 02 | 035 | 0768 | 0% | 0074 | 0251 | 6225 | 1aET
June 36,00 | 2481 | 0679 | 0694 | 0082 | 0060 | 0158 | 0,196 | 0644 | 0689 | 0061 | 0129 | 3870 | 644
HOHH
October | 49,01 | 30,55 | 0380 | 0,825 | 0,132 | 0089 | 0,240 | 0,299 | 0,789 | 0852 | 0,074 | 0,159 | 67,18 | 11,27
Legend//lereHpa: experimental variants/ekcnepumeHTaIHN BapnaHTu
Trichoderma Glomus Glomus + Trchoderma Control Nursery
n3Boan CONCLUSIONS
HawwuTte npoyuyBaHusi nokaszaxa, 4e Our studies showed that

MUKOPU3HUTE TPeTUpaHUs uUmat nosoxuTe-
NeH edekT BbpXy HaTpynBaHeTO Ha MuHe-
pasiv U cyxo BeLLecTBO Npu pascagHNKOBU
0BOLLHKN pacTeHus Gisela 6 / Van. M6HUTE
WHOKyNnaummn, CcTUMyaupar pacTtexa Ha
pacteHusiTa, HaTpynsaHeTo Ha 6Guomaca u

mycorrhiza treatments have a positive
effect on mineral uptake and dry matter
accumulation of Gisela 6/Van nursery
plants. The fungal inoculations promoting
plant growth, biomass accumulation and
mineral nutrients absorption and could
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abcopbumsiTa Ha MVHepasiHW XpaHWUTESTHU
BellecTBa 1 6uxa mMorny fa gajaT BaxkeH
MPUHOC 3a MNO-HaTaTbLIHOTO pa3BuUTME Ha
OBOLUHWNTE pacTeHusl. [MpUNoXeHMeTo Ha
MWKOPU3HU b6V B pascagHUKOBUS LMK
usrnexga ob6ellaBallla TeXHUKa, HO ca
HeobXo0AUMY  AONBAHUTESTHU MNPOYYBaHWSA,
3a ga ce pasbepaT no-gobpe B3ammogeii-
CTBMSATA pacTeHue-noyYsa MUKPOOPraHn3mm
(ecTecTBeHM MOYBEHM W [OCTaBEHW) U Kak
Ja ce 3anasu eekTMBHOCTTa Ha U3KycTBe-
HATE WHOKY/lyMU MO BpPEME Ha XXWU3HEHWs
LVKBN Ha pacTeHnsTa.

make an important contribution to further
fruit plants development.

The implementation of mycorrhizal fungi
in the nursery cycle seems to be a
promising technique, but further studies
are necessary in order to have better
understanding of plant- soil-
microorganisms (natural soil- borne and
supplied) interactions and how to keep
effective the artificial inoculums along the
plant life cycle.
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PE3OME

3arybata Ha OWO/IOrMYHO pasHo-
obpasve e OCHOBEH npobsiem Ha so3ap-
CTBOTO B cBeTa. lMocnefHuAT goknag Ha
Ocmara cecua Ha paboTHata rpyna Ha
MexaynpasuTencrseHata  TexHMyecka
Pa6otHa Mpyna 3a PactutenHu eHeTunu-
Hun Pecypcu nokassa, ye camo 8-9 npo-
LeHTa OT Ha/IMYHWTE CBETOBHW COPTOBE
Ce 13Mnos3Bar 3a Nnpou3BOLCTBO rpo3ae u
BnHO (FAO, 2016). OCHOBHMAT NbT 3a
peLleHneTo Ha To3W HapacTsall, Nnpobiem
e noJobpsiBaHeTO Ha TreHeTUYHUTE W
Ce/leKUMOoHHNTE nporpamn npu nosarta,
ype3 epekTVBHO N3NON3BaHE Ha reHeTuy-
HWA NOTEHLUMaN Ha HeNpPoOy4YeHOTO MECTHO
6uopasHoobpasue (EC, 2013). B cnyvas
Ha gvBara o3a, ApYr CbllecTBeH Npob-
NleM e 3arybBaHeToO Ha Beye MapKupaHu
VHAMBUAYAHN hopMy nopagn KnnMmaTuny-
HV NpoMeHwu, ypbaHusaumsa nam npomMsHa
Ha cTatyca Ha eCcTeCTBeHWTe UM MecCTo-
obvTaHusA. ToBa npegnonara TbpceHe Ha

SUMMARY
Biodiversity loss is a major problem
in viticulture worldwide. The last report of

the Eighth Session of the
Intergovernmental  Technical Working
Group on Plant Genetic Resources

showed that only 8-9 percent of the
available world varieties are used for
grape and wine production (FAO, 2016).

Principal way to the resolution of this
growing problem is the improvement of
the grapevine genetic and breeding
programs by effective use of the genetic
potential of unexplored local biodiversity
(EC, 2013).

In the case of wild grape, another
significant problem is the loss of already
tagged individual forms due to climate
change, urbanization or change the status
of their natural habitats. This assumes
finding ways for initial preservation and
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Ha4YMHU 3@ MbPBOHAYA/IHO CbXpPaHeHue u
pasMHOXEeHWE Ype3 WH BUTPO KynTypu u
BK/IIOYBAHE Ha afjanTupaHu uHauBuayan-
HN obpasun B reHbaHkn 1 amnenorpad-
CKW KOMeKumm.

Llenta Ha HaCcTOALLOTO uscnensaHe
e Aa npoyun admHuTeETa U AMHaAMUKaTa
Ha pacTex Ha cejfiekTMpaHa 1 pasMHOXe-
Ha dopMa AvBa i03a, nNpucageHa Bbpxy
4 pas3niM4yHM NoAJMOXKKM, noaxogsawm 3a
ycnoesusitTa Ha bBbarapus. Pesyntature
rnokaseaT CpaBHMTENHO A06bp adnHMTET
Ha gvBaTta /103a KbM BCUYKWN U3CnenBaHu
noanoxkn (Bapupady, ot 75 % go 91 %).
Mo oTHOWeEeHWe pJga [AvHamukaTa Ha
pacTtex Ha npucageHute pacTteHusl, npu
nognoxkara SO, ca MoONyyYeHW Hai-
[0o6pn  KOMNJEKCHW — pe3yntatu Mo
OTHOLUEHME Ha pacTeXHW nokasatesim u
€[HOroMLLIEH 3PS/ npupacT.

KntouoBu gymu: Vitis vinifera ssp.
Sylvestris, N1030BM TEHETUYHU PeECYPCH,
arpobropasHoobpa3ve, onasBaHe Ha
61ONOrMYHOTO pasHoobpasmne

YBO/,

No3zapcTBOTO AonpuHacs ¢ Npméun-
3uTesniHo 15 munmnapga espo roguiHo 3a
MKkoHoMmunkata Ha EC un oTroBapa 3a
noseye oT 200 000 npekn paboOTHU MecTa
(EC, 2012). Bbnpeku cnomeHaTtoto no-
rope WKOHOMWUYecko K rnobasiHo 3Haude-
HUe, reHeTUUYHUAT NnoTeHuman Ha nosata
ocTaBa Hef0CTaTbYyHO M3CfeABaH, C OKO-
no 10 000 copTa no3a no ceeta, OT KOUTO
camo 35 npepcrtaBnasar 66% oT si034TA.
TeHaeHUUUTE Npes3 nocsefHoTo AeceTu-
netme ca oue no-06e3noKouTesIHn —
MoyTK NOMOBMHATA OT CBETOBHUTE HaCax-
JeHuna ca oTyeTeHn ¢ 21 copta npe3 2000
r. n camo ¢ 15 npe3 2010 r. (Anderson
and Ariel, 2013). MHOrO MeCTHM, KakTo
aBTOXTOHHW, Taka U HOBOCbH3JaZleHn cop-
TOBe Morar ga 6baar 3arybeHu, Tbii KaTo
TEXHUAT THProBCKM MOTEeHUMan ce npe-
Hebperea, KOETO [ApacTUYHO HamassiBa
reHeTMYHOTO 6GropasHoobpasve Ha sio3ata
(Carimi et al., 2012; Biagini et al., 2016).

BbTpeBnagoBOTO 60raTtcTtso M pas-
HoobOpasve Ha pasnyHuTe 6motunose

propagation by in vitro cultures and
include adopted individual accessions in
genebanks and ampelographic
collections.

The purpose of this study is to
explore the affinity and dynamics of
growth of selected and reproduced form
wild grape grafted on four different
rootstocks suited to the conditions of
Bulgaria. The results show a relatively
good affinity of wild grape to all tested
rootstocks (ranging from 75% to 91%).

With regard to the dynamics of growth of
the grafted plants, the rootstock SO,
received best comprehensive results in
terms of growing parameters and mature-
year shoots yield.

Key words: Vitis vinifera ssp.
Sylvestris, grapevine genetic resources,
agrobiodiversity, biodiversity conservation

INTRODUCTION

The viticulture contributes by
approximately €15 billion annually to the
EU economy and is responsible for more
than 200,000 direct job positions (EC,

2012). Despite the above mentioned
economic and global importance, the
genetic potential in grape remains

undiscovered with about 10,000 grape
varieties worldwide from which only 35
account for 66% of the vineyards. The
trends in the past decade are even more
disturbing — almost half the world’s
plantings were accounted to 21 varieties
in the year 2000, and to only 15 in 2010
(Anderson and Ariel, 2013). Many local,
both autochthonous and newly bred,
varieties may be lost as their commercial
potential is ignored which is reducing
drastically  the  grapevine  genetic
biodiversity (Carimi et al., 2012; Biagini et
al., 2016).

Within  species richness and
diversity of the different biotypes, wild
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OVIBU 11031 ca ecTecTBeHa npeanoctaska
3a oborarsaBaHe Ha reHodhoHaa (Tsvetkov
et al., 2006; Oceta et al., 2007), upe3s
0TO60p Ha opMKU C NoBULLEHA YCTONYM-
BOCT KbM BMOTUYEH M abMOTUYEH CTPEC U
OpYyrn CTOMNaHCKM UEHHM KayecTBa, KOUTO
umaT BaXHO 3HaYeHWe 3a reHeTmkara wu
cenekyuaTta (Arroyo-Garcla and Revilla,
2013, Cantos et al., 2017).

LlenTta Ha HacToALWOTO n3cnegsaHe
e Aa npoyun admHuTeTa U AMHaMUKaTa
Ha pacTex Ha cefieKkTMpaHa 1 pasMHoXe-
Ha dhopmMa AvBa n103a, npucajeHa Bbpxy
4 pasniMyHM NOoAJ0XKKKM, noaxodsawm 3a
ycnosusta Ha Bwarapus.

MATEPVAN N METOAN

CenektupaHa e noaxopaLia
avsopacTawa copma Vitis vinifera L. ssp.
sylvestris (T-1) oTkputa npe3 2004
rofvHa, B NOAHOXMETO Ha HronsToyHuTe
Pogonn, B paiiloHa Ha TpakuiAicKoTO
ceeTuvwe kpaih ceno Tatyn (369 m
HaJmopcka BucounHa) (durypa 1).

grapes are natural prerequisite for
enrichment of the gene pool (Tsvetkov et
al., 2006; Oceta et al., 2008), by selection
of forms with increased resistance to
biotic and abiotic stress and other
economically valuable qualities that are
important for the genetics and breeding
(Arroyo-Garcia and Revilla, 2013, Cantos
etal., 2017).

The purpose of this study is to
explore the affinity and dynamics of
growth of selected and reproduced form
wild grape grafted on four different
rootstocks suited to the conditions of
Bulgaria.

MATERIAL AND METHODS

It was selected a suitable wild-type
form of Vitis vinifera L. ssp. Sylvestris (T-
1), discovered in 2004, at the foot of the
southeastern Rhodope Mountains, in the
region of the Thracian sanctuary, near the
village of Tatul (369 m above sea level)
(Figure 1).

dur. 1. TpaKMMCKOT CBTI/II/Ie Kpaii c. Tatyn
Fig. 1. Thracian sanctuary nearby v. Tatul

Cnefi NbpBOHAYA/IHU  (PMTONATOSIOTMYHM

(Genov et al., 2006; Kamenova et al., 2007) | al.,

n monekynsapHu (Dzhambazova et al., 2009)

After initial phytopathological (Genov et
2006; Kamenova et al., 2007) and
molecular (Dzhambazova et al., 2009)
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aHanusn n MukpouHudpmkaums (Dincheva
et al., 2011), ca B3eTU 2 ABYNbMNKOBU
3peny pesHMuU, KOUTO Ca BKOPEHEHU U
BKJ/THOYEHW KaTO N3X0A4HN obpasun B /1030-
BaTta reHbaHka Ha ArpoGUOVHCTUTYT -
Cothusa. ChblmTe ca U3MN0A3BaHM KaTo
M3TOYHMK 3a W3XOAHW EKCM/IaHTW 3a WH
BUTPO BbBEXAAHE W MUKPOPa3MHOXa-
BaHe. OrpaHuyeH 6poil aganTupaHn WH
BUTPO pacTeHus ca 3acafjeHu Ha nose, c
Uen nbpBUYHO MpepasMHOXaBaHe U
BK/THOYBAHE B CE/IEKLMOHHM nporpamu. 3a
CpaBHUTENIHUTE NPOYYBaAHUSA NO OTHO-
weHne aduHUTET W  BIMSHWE BbPXY
OVHamMuKaTa Ha pacTtex ca WU3nosi3BaHu
I030BM pacTeHus, MOJIyY4eHn 4Ype3 npu-
caxjaHe Ha 3pesMm pesHuuym ot T-1
NnpepasMHOXeHNs  matepuasl,  Bbpxy
YTBbPAEHM B Mpaktukata  1030BU
noanoxkn: asa knoHa (102 n PT) Ha
nognoxkara SO4 (V. berlandieri x V.
riparia, sel. Oppenheim 4), 41 B kn. 195
(V. vinifera cv. Chasselas x V.
berlandieri) n ®epkan kn. 262 (BC1 x 333
EM). lMpoyyBaHMsiTa MO OTHOLWIEHWE Ha
ajantauusaTta, apuHuTeTa U guHaMukata
Ha pacTex ca OCbLIEeCTBEHW MO CTaH-
OapTHW MeToauKKW, onucaHu oT Babrikov
(1979), Lilov (1979) u Radulov et al.
(1992). 3a nonyyaBaHETO Ha eKcrnepumeH-
Ta/IHATE pacTeHUs] € NpUIoXKeHa YTBbP-
[eHa TexHosorMsi 3a MNpPoM3BOACTBO Ha
N030B NocafbyeH MaTepuasn Nno KapToHa-
XeH MeTog Ha OnuTHa cTaHuua no
N103apcTBO M BMHaApcTBO, rp. Centemspw
(Tsvetkov et al., 2007) (Purypa 2).

\l

dur.

€CTEeCTBEHOTO MecToobuTaHne -—

analyzes, and microvinification (Dincheva
et al.,, 2011), two buds mature cuttings
were taken, which were rooted and
included as starting specimens in the
grapevine genebank of Agrobinoinstitute-
Sofia. They are used as a source for
initial explants for in vitro insertion and
micropropagation. A limited number of
adapted in vitro plants are planted in a
field for primary replication and inclusion
in  breeding programs. For the
comparative studies on affinity and
influence on growth dynamics, it was
used grapevine plants, obtained by
grafting of mature shoots of T-1 pre-
propagated material on approved in
practice grapevine rootstocks: two clones
(102 and PT) of the SO4 rootstock (V.
berlandieri x V. riparia, sel. Oppenheim
4), 41 B clone 195 (V. vinifera cv.,
Chasselas x V. berlandieri) and Fercal
clone 262 (BC1 x 333 EM).

Studies concerning adaptation, the
affinity and the dynamics of growth were
carried out by standard methods,
described by Babrikov (1979), Lilov
(1979) and Radulov et al. (1992). For the
production of the experimental plants, a
well-established technology for the

production of grapevine planting material
by cartonage method of Experimental
Station of Viticulture and Wine-growing-
Septemvri was applied (Tsvetkov et al.,
2007) (Figure 2).

WH BUTPO
npucaxgaHe BbpPXY

& - :
2. [OuBata nosza (T-1):
NbPBUYHO MNpepasMHOXeHNe —

MWKPOpPa3MHOXaBaHe —
NO30BU NOAIOXKUN — 3acaxaHe Ha NpucageHnTe pacTeHus

Fig. 2. The wild grape (T-1): natural habitat — in vitro micropropagation — first pre-
propagation — grafted on grapevine rootstock — planting of grafted plants

262



PE3YJITATU N OBCBXAAHE

Pesyntatnte nokasBaT cpaBHUTEN-
HO A06bp admHMTeT Ha gmBaTta no3a (T-1)
KbM  BCUYKM  U3CNefBaHW  MOOJIOXKKM
(MpoueHT KpbroB Kanyc Bapupau, oT 75 %
0o 90,5 % B MACTOTO Ha npucaxjaHe wu
CcboTBeTHO OT 77,5% pno 91% — B nertata
Ha NoAN0XKoBUA pe3Huk) (Purypa 3).
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RESULTS AND DISCUSSION
The results show a relatively good
affinity of wild-type grapevine (T-1) to all
tested rootstocks (percentage of circular
callus ranging from 75% to 90.5% at the
place of grafting and 77.5% to 91%, at
the heel of rootstock  cutting,
respectively) (Figure 3).

MpouenT Ha kpLros kanyc B: A- MACTOTO Ha npucawaane, B- netata Ha NOANOMKOBHA PEaHWK
Percentage circular callus in: A- place of grafting, B- the heel of rootstock cutting

A I [
Depran/Fercal
75 715

. . . .
ap

235 B4

dur. 3. AdomHUTET 1 KanycoobpasyBaHe Ha npucageHnTe pacTeHns
Fig. 3. Affinity and callus formation of the grafted plants

MO-HUCKNAT MPOLEHT KanycoobpasyBaHe,
noslydyeH Mpu BapuaHTa C MNoAsioxkara
depkan e cxofeH ¢ NogobHN n3cnenBaHus
3a aouHMTETa Ha cbljara Noa/iokKka KbM
pas/iMyHM  KOMEpPCUasIHW COPTOBE /103U
(Gokbayrak et al., 2007). Mo oTHOLWeEHNE
Ja AMHamukaTa Ha pacTex Ha npucajeHu-
Te pacTteHus, npu nognoxkara SO, kn. 102
ca nonyyeHW Haii-gobpu  KOMMIEKCHU
pesyntatu no OTHOLEHWE Ha PacTeXHu
nokazatenu (Tabnvua 1) n egHoroguleH
3pan npupact (durypa 4). [Mpeactoat
cnefpawim €KCMepUMEHTM, CBbp3aHn C
npoyyYBaHe Ha BIUSIHUETO Ha pas/iMyHUTe
NOA/IOKKN BbPXY KOMYECTBOTO M Kayec-
TBOTO Ha M/I040BETE U1 C Les nogobpsBaHe
Ha paHAeMaHa Ha reHoTuna ¢ 6anaHcu-
paHO 3ana3BaHe Ha KauyeCTBeHWUTEe Xapak-
TepucTvkn. YacTt oT npeactaBeHUTe U3-
cnefBaHua ca AMCKYTUpaHu u ofobpeHu
KaTo npumepu 3a MHOBATUBHMW MpPaKTUKK 3a
YCTONYMBO U3M0/3BaHe Ha GropasHoobpa-
31eTOo 3a NnofobpsBaHe Ha CeneKUMOHHNUTE
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The lower percentage callus formation
obtained with the Fercal rootstock
variant is analogous to similar affinity
studies of the same rootstock to different
commercial varieties of grapevines
(Gokbayrak et al., 2007). Regarding the
growth dynamics of the grafted plants,
the best complex results were obtained
in the rootstock SO, cl. 102 with respect
to the growth indicators (Table 1) and
one-year maturity increase (Figure 4).

Future experiments are under way to
study the impact of different rootstocks
on the quantity and quality of fruits and
to improve the yield of genotype with a
balanced preservation of the quality
characteristics. Part of the presented
study have been discussed and
approved as examples of innovative
practices for sustainable wuse of
grapevine biodiversity for improving the
breeding qualities and tolerance to



KayecTBa 1 TONIepaHTHOCTTa KbM CTPECOBHU
(hakTopu Ha nosarta Ha lNbpBaTa PaboTHa
Cpewa Ha EBponeiickute Ekcneptn KbM
®okyc Npyna 23 ,bonectn n Henpusatenu B
nosapcTtBoTo” Ha EBponelickoto MapT-
HbOPCTBO 3a VHoBaumm B o06s1acTTa Ha
cenckoto crtonaHcteo (EIP-AGRI), 25-
26.10.2016, rp. [llopto, [MopTtyranns
(https://ec.europa.eu/eip/agriculture/en/con
tent/diseases-and-pests-viticulture).

stress factors at the First Working
Meeting of European Experts on Focus
Group 23 "Pests and diseases in
viticulture" of the European Innovation
Partnership for Agriculture (EIP-AGRI),
25-26.10.2016, Porto, Portugal
(https://ec.europa.eu/eip/agriculture/en/c
ontent/diseases-and-pests-viticulture).

Tabnuuya 1 / durypa 4. JnHammka Ha pacTex M 3psisla YacT Ha eAHOroguLleH

npmnpacT Ha npncageHnTe pacteHns

Table 1 / Figure 4. Growth dynamic and mature part of annual shoots of the

grafted plants

BapuaHTn  BKopeHeHu Bpoii CpegHa Bpoii CpefHa abmkuHa Ha CpefHa aebennHa
nosu CTbNa/HAN ObxvHa netopacTu efjHoroamLIeH Ha eHoroAuLLIEeH
KOpeHu Ha 1 kopeH npupact npupact
Variants Rooted Number of  Average length  Number of Average length of  Average thickness
grapevines stepping roots of 1 root shoots annual shoot of annual shoot
(%) (nebenviHa Hag (cm) (Ha 1 nosa) (cm) lenght
1mm) (per 1 plant) (mm)
(thickness over
1 mm)
SO4 PT/T-1 84 12,6 19,2 2 81,60 3,76
41B 195/T-1 76 12,8 17,8 2 66,36 3,44
Fercal/T-1 68 12,5 16,5 2 51,84 3,22
S04 102/T-1 92 13,1 19,7 2 82,76 4,09

Legend: T-1 - Tracian sanctuary wild grape form, rootstocks: SO 4 (V. Berlandieri x V. Riparia), 41 B (V.vinifera x V.berlandieri),
Fercal (cnoxeH xvubpug mexay BC1 (Berlandieri x Colombard) x 333EM (Cabernet Sauvignon x Berlandieri).

3pANa YacT HA EAHOTOAMWEH NPUPACT Ha AWBaTa dopma
T1 BBpXY pasys
Mature part of annual shoot of the wild form
T-1 grafted on different rootstocks
23
25
22
215
21 —
205 1
=
20
195
19
18.5 1
18 T4
50 4 102 2233
m41 B 195 19,56
BFercal 20,05
mS0 4 PT 2138
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N3BOAV

1. Pesyntatute nokassaTr cpasHU-
TeNHo Jo6bp admHWUTET Ha AuBara sosa
KbM BCUYKW MU3CiefBaHn MOLSTOXKN

2. [MO-HUCKNAT  MPOLLEHT  Kasnyco-
obpasysaHe, MOMyYyeH Npu BapuaHta C
noanoxkara depkasl e cxofeH ¢ NofooHU
uscnefBaHna 3a aduHuTETa Ha CbluaTa
NnoasioKKa KbM pasnvyHU KOMepCuasiHu
copToBE /103K

3. Mo oTHoWweHVe pfAa AuHamuKata
Ha pacTex Ha mnpucageHuTe pacTeHus,
npu nognoxkara SO, kn. 102 ca nony-
YeHN Hail-gobpy KOMMIEKCHW pesyntaTu
MO OTHOLLEHWE Ha PacTeXHU nokasaresv

CONCLUSIONS

1. The results show a relatively good
affinity of wild grape to all tested
rootstocks

2. The lower percentage callus
formation obtained with the Fercal
rootstock variant is analogous to similar
affinity studies of the same rootstock to

different commercial varieties of
grapevines
3. Regarding the growth dynamics of

the grafted plants, the best complex
results were obtained in the rootstock
S04 cl. 102 with respect to the growth
indicators and one-year maturity increase

n egHoroanieH 3psana npmpact
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