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Abstract

In agriculture, there is an urgent need for environmentally friendly biological products to control
plant diseases. In this regard, macromycetes are of great interest because they play an important role in
natural ecosystems due to their wversatility in nutrition and various interactions with plants.
Basidiomycetes are a rich source of various biologically active substances. The secondary metabolites of
Basidial fungi have antimicrobial, antitumor and antioxidant properties. This review is devoted to the
potential role of basidiomycetes as a basis for the creation of new promising environmentally friendly
phytotoxic and phytostimulating biopreparations to control plant diseases and weeds.
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In the process of increasing crop yields, all chemicals such as herbicides, insecticides,
fungicides as well as fertilizers and soil additives are now used more widely than in the past [1].
The continuous use of synthetic chemicals led to resistance to pesticides, toxicity to humans,
plants and animals, and therefore they are considered as environmentally hazardous [2]. In this
regard, it is necessary to use environmentally friendly plant protection products, which
contributes to the sustainable development of agricultural production with minimal damage to
the environment [3].

For a long time, farmers used technologies to make their crop fields more ecologically
homogeneous in order to increase yields, including tillage, controlled irrigation, and the
application of fertilizers and pesticides. Over the past 100 years, large-scale mechanization of
sowing and harvesting has further increased the environmental homogeneity present in
agroecosystems [4, 5]. The homogeneous genetic and physical environment of agroecosystems
has created a selective environment that favors the emergence of new, crop pathogens that
evolve faster and are more virulent than their "wild" ancestors are. The increased planting
density and genetic homogeneity of host populations in such agroecosystems facilitate the
transmission of the pathogen compared to natural ecosystems, which contributes to an increase
in the virulence of the pathogen [6]. These factors also increase the size of the pathogen
population, ensuring their greater genetic diversity by increasing the total number of mutations
[7].

Thus, the variety of pests and pathogens is constantly growing, and over time, new strains -
pathogens of diseases of agricultural crops constantly appear [8]. In this regard, scientists around
the world are looking for alternative safe and effective ways to control plant pathogens and pests.
In this regard, basidiomycetes are of great interest due to their wide range of medicinal
properties, easy availability and non-toxicity for non-target organisms [9].

Currently, among 140,000 species of basidiomycetes about 660 have medicinal properties
[10]. They produce substances of different chemical structures, including alkaloids, terpenoids,
phenolic compounds, flavonoids and many others, which have many valuable properties [11].
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According to their classification, basidiomycetes are a class of higher fungi with a well-
developed multicellular mycelium. Some compounds were isolated from wild-growing
basidiomycetes that inhibited the growth of bacteria, viruses, and fungi (Table 1), and also

showed nematocidal and insecticidal properties [12-25].

Table 1 - Active compounds isolated from different types of basidiomycetes

Fungal strain Active compounds Pathogen
Ganoderma lucidum Ganodermin Physalospora piricola; Botytis cinerea
Pleurotus ostreatus Pleurostrin Botryosphaeria berengeriana
Pleurotus eryngii Eryngin Mycosphaerella arachidicola
Lyophyllum shimeji Antifungal protein mLAP Physalospora piricola
Lyophyllum shimeji Lyophyllin Physalospora piricola
Albatrellus dispansus Grifoline Alternaria alternate; Pyricularia oryzae;
Rhizoctonia solani; Sclerotina
sclerotiorum; Fusarium graminearum;
Botytis cinerea; Gaeumannomyces
graminis; Gloesporium fructigenum
Hypsizigus marmoreus Hypsin Botryosphaeria berengeriana; Botytis
cinerea; Mycosphaerella arachidicola

Fungal plant diseases

Fungi can cause serious damage to plants because of the spores which provide copious
inoculums which may infect other plants. The time between infection and the production of
further infectious spores may be only a few days [26]. Spores, if wettable, can spread as a high
density inoculum with water [27]. Moreover, spores can produce phytotoxic compounds [28].

Thus, Colletotrichum phytopathogens cause anthracnose and root rot of various crops, such
as strawberries, gooseberries, etc. [29, 30]. Significant differences occur in crop and host range
with some strains capable of infecting many host plant species while othersare limited to a single
species [31, 32]. Rice, which is the main crop in the economy of many countries, is affected by
ascomycetes Pyricularia oryzae, Magnaporthe grisea, causing blast, which leads to 10-30%
annual yield loss [33]. Other grass species are also affected by P. oryzae, Eleusine coracana, or
similar species [34, 35].

Some fungi produce mycotoxins. For example, fumonisin toxins have been found for the
first time in South Africa. They were isolated from Gibberella fujikuroi and Fusarium
moniliforme grown on corn, and the most active compound was designated as fumonisin B1
(FB1) [36]. FBL1 is an analogue of sphinganine, which inhibits the synthesis of sphingolipids in
both plant and animal cells, causing the accumulation of sphingoid bases [37].

Basidial fungi as potential biocontrol agents

Activity of higher fungi against phytopathogenic fungi

The antifungal drug grifolin, isolated from the basidial fungus Albatrellus dispansus,
proved to be effective against a number of phytopathogenic fungi in vitro [38]. Phellinsin A
isolated from Phellinus sp. inhibits Gloeosporium orbiculare, Pyricularia grisea, Thanatephorus
cucumeris, Aspergillus fumigatus, and Trichophyton mentagrophytes [39]. The main fungicides
commonly used in agrochemistry were obtained from Strobilurus tenacellus [40]. Strobilurins
are a class of fungicidal compounds that are extracted from the mycelium of S. tenacellus
(Figure 1). Strobilurins A (Figure 1, a) and B (Figure 1, b), have a high fungicidal activity and
inhibit the respiration of yeast and other filamentous fungi [41].
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Figure 1 — Strobilurins of higher fungi ((a) - Strobilurin A; (b) - Strobilurin B; (c) -Strobilurin C; (d) -
Oudemansin B; (e) - Strobilurin E; () - Strobilurin D; (g, h) - Strobilurin F; (i) - Strobilurin H)

Strobilurins are considered to be the most significant group of fungicides that can be
classified as biofungicides due to broad spectrum of activity and environmental safety.
Strobilurins are site-specific (inhibition of mitochondrial respiration) and translaminar (systemic)
compounds that provide biological control of Oomycota, Ascomycota, Basidiomycota and
Deuteromycota fungi. (E)-B-methoxyacrylates of strobilurin C (Figure 1, c) and oudemansin B
(Figure 1, d) isolated from Xerula pudens inhibit many species of phytopathogenic fungi. Like
strobilurins A and B, they also inhibit fungal respiration [42]. Strobilurin E (Figure 1, €) is
another antifungal compound of the (E)-B-methoxyacrylate class, extracted from Crepidotus
fulvotomentosus. It was found that in addition to inhibiting fungal respiration it has been shown
to induce cell deformation [43]. Strobilurin D (Figure 1, f) is strobilurin extracted from the
basidial fungus Merismodes anomala; they contain cytostatic and antifungal antibiotics of the
(E)-B-methoxyacrylate class. These strobilurins inhibit many fungi and, like strobilurins A and
B, and also provid inhibition of mitochondrial respiration [43, 44]. Other strobilurins F (Figure 1,
g, h) and H (Figure 1, i) obtained from the culture liquid of Bolinea lutea inhibited Aspergillus
fumigatus, Botrytis cinerea, Microsporum canis and Sporothrix schenckii. These compounds also
inhibited respiration mushrooms.

Ganodemin isolated from G. lucidum inhibited the growth of phytopathogenic fungi
Botrytis cinerea, F. oxyporum and Peyronellaea arachidicolla [1]. Pleurostrin, an antifungal
peptide about half the size of ganodermin, isolated from the oyster mushroom P. ostreatus, had
an inhibitory effect on Fusaerium oxysporum, Mycosphaerella arachidicola, and Physalospora
piricola [45].

Activity of higher fungi against phytopathogenic bacteria

Secondary metabolites isolated from various basidiomycetes exhibit antibacterial
properties [46-49]. Ganodermatales, Poriales, Agaricales, and Stereales fungi demonstrate
antibacterial activity against various pathogenic bacteria and can become the basis for the
development of new antibiotics [50]. It was found that 15 extracts of Basidiomycetes have
moderate to high antibacterial activity. Among them 11 completely inhibited bacterial growth,
and 4 showed partial inhibition of potato bacterial wilt caused by Ralstonia solanacearum [51].

Clytocybe geotropa extract showed a wide range of inhibition against R. solanacearum,
Erwinia carotovora subsp. Carotovora, P. syringae pv. syringae, X. campestris pv. vesicatoria
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and Clavibacter michiganensis subsp. sepedonicus (causative agent of potato ring rot). The
purified clitocypin protein from C. geotropa was found to inhibit the disease caused by
Clavibacter michiganensis [52]. The fungicide strobilurin F 500 increases the resistance of
tobacco to the causative agent of Pseudomonas syringae pv. tabaci [53]. Coprinol isolated from
Coprinus sp. showed inhibitory activity against most phytopathogens [54].

Activity of higher fungi against phytopathogenic viruses

Compounds derived from higher fungi with activity against phytopathogenic viruses can
be divided into two main classes: biological response modifiers and virus inhibitors [55]. The
influence of basidiomycete polysaccharides was studied in human and animal viruses [56]. It
was found that strains of Ganoderma lucidum and G. applanatum are able to inhibit tobacco
mosaic virus with concentration of 1000 pg/mL [57]. The filtrate from the culture liquid of the
tinder fungus Fomes fomentarius is effective against tobacco mosaic virus [58]. Aqueous
extracts of the fruiting bodies of Agaricus brasiliensis and Lentinula edodes also showed
antiviral activity against tobacco mosaic virus [59].

Activity of higher fungi against nematodes

More than 4100 nematode species have a negative impact on economically important
crops. Damage caused by plant nematodes is estimated at 12.3% (US$157 billion) worldwide
[60]. The full degree of nematode infestation cannot be fully assesed since symptoms of disease
caused by nematodes can be difficult to detect [61, 62]. Researchers around the world are
showing increasing interest in reducing the use of chemicals against nemadodes [63-65]. A
recent study showed that some species of edible basidiomycetes, such as Pleurotus species, have
nematocidal activity due to the production of a toxin capable to inhibit the movement of
nematodes [66]. Such biological activity may be the result of the self-protection mechanism of
fungi, which acts against nematodes-myceliophages [67]. Other studies show that P. ostreatus
produces a peroxide-like toxin that inhibits the movement of nematodes and subsequently
destroys them, reaching 95% mortality in free-living nematodes Panagrellus redivivus (adults)
and phytopathogenic nematodes Bursaphelenchus xylophilus [68]. Another study showed that P.
eryngii causes 50% mortality from the phytopathogenic nematode Heterodera schantii, which
caused wilting in sugarcane and other crops. In general, the nematicidal activity exhibited by
different strains of P. eryngii ranged from 4.8-99.6%.

The nematocidal effect of basidiomycetes is affected by temperature, strain’s genetic
characteristics, and specific differences between nematodes [69]. Some dead nematode larvae
were found to have fungal mycelium inside the body, suggested that the death of the larvae was a
consequence of fungal mycelium invasion. Thus, Coprinus comatus exhibited nematicidal
effects against free-living nematodes Panagrellus redivivus and root-knot nematodes
Meloidogyne arenaria [70]. Mechanical damage to the free-living nematode P. redivivus was
detected 8 hours after infection by C. comatus mycelium, which led to the immobilization of
90% of the nematodes and their subsequent death after incubation at 24°C. Strains of edible
basidiomycetes Pleurotus ostreatus ECS-1123 and ECS-0152, P. eryngii ECS-1290 and ECS-
1291, P. cornucopiae ECS-1328 and ECS-1330, Lentinula edodes ECS-0401 also have high
nematocidal activity (from 82% up to 99% mortality) [65]. Moreover, it was reported the
potential use of bioactive compounds from luminescent Basidiomycete Neonothopanus nambi
for plant parasitic root-knot nematode Meloidogyne incognita control. Fungal concentration of
500 mg/l is highly toxic to M. incognita (100% mortality within 30 minutes) [71].

Fatty acids such as S-coriolic acid or linoleic acids isolated from Pleurotus pulmonarius
showed nematocidal activity against the saprophytic nematode Caenorhabditis elegans [72]. The
nematocidal monoterpene 1,2-dihydroxymint lactone, isolated from Cheimonophyllum
candidissimum, showed a nematocidal effect against the free-living soil nematode
Caenorhabditis elegans and a herbicidal effect against Setaria italica and Lepidium sativum [73].

New sesquiterpenes cheimonophyllons and chemonophilals (cheimonophyllons and
cheimonophyllal) were isolated from the wood-destroying basidiomycete Cheimonophyllum
candidissimum and exhibited nematocidal activity against the soil nematode C. elegans [74]. The
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furaldehydes 5-pentyl-2-furaldehyde and 5(4-pentenyl)-2-furaldehyde, isolated from Irpex
lacteus, which causes white wood rot, exhibited nematicidal activity against the rice leaf
nematode Aphelencoides besseyi [75]. The nematocidal cyclic peptide omfalotin isolated from
the Omphalotus olearius fungal biomass and 1-hydroxypyrene obtained from Crinipellis
stipitaria showed strong nematicidal activity against C. elegans [76]. The culture liquid filtrates
of the basidiomycetes Amauroderma macer, Laccaria tortilis, and Tylopilus striatulus exhibited
high nematicidal activity against the pine nematode Bursaphelenchus xylophilus [77].

Thus, due to the presence of compounds with different biological activity Basidiomycetes
are considered as an attractive source for the biotechnological application in plant protection.
The searching for new producers which synthesize a complex of bioactive substances with
antimicrobial, antioxidant, phytotoxic and phytostimulating properties to control plant diseases
and weeds is an extremely urgent problem of great scientific, practical and social importance. In
this regard, pure cultures of macromycetes as producers of various compounds with a different
spectrum of action can become a promising source of new biological products for plant
protection.
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BASUIUOMMUIETTEP - BUOBAKBIJIAY IBIH IOTEHIIUAJIIbI ATEHTTEPI

Tyiiin

AybII mapyambUIbIFBIHAA 6CIMIIIK aypylIapbIMEH KYPECY YIIIH SKOJOTHSIIBIK Ta3a OMOIOTHSITBIK
mpenaparTapra MyFbll KaKeTTUIK 0ap. OckiFaH OaiaaHBICTEI MaKPOMHIIETTEP YIKCH KBI3BIFYIIBLIBIK
TYABIPaabI, OUTKEHI OJIap TaOWFH dKOXKYHelIepae oapAblH TaFaMIbIK oMOeOaNThIFEI MEH OCIMIIKTEPMEH
OpPTYpJi e3apa OPEKETTECYiHIH apKachlHAa MaHbBI3ABI PeN aTKapajbl. basuawomurierTep opTypii
OMOJIOTHSITBIK OCIICeHII 3aTTapAblH Oait ke3i 0oybIn Tabbutanbl. Onap TY3eTiH eKIHIIUTIK METa0OIUTTED
MHKPOOKa KapChl, ICIKKE KapChl )KOHE aHTHOKCHIAHTTBIK KacueTTepre ne. byt moiry 6a3uanoMHALeTTepaiH
STHOJIOTHACHL OPTYPJII  OCIMIIK aypylapblMEH JKOHE apaMIIenTepMEH Kypecyle THIMAlI KaHa
MIEPCIICKTUBTI AKOJIOTUSIIBIK Ta3a (DUTOTOKCHUKAIBIK JKOHE (PUTOCTUMYJISITOPIBIK —TIpenapaTTapibl
’KacayIbIH HET131 PeTIHAET] QJICYETTI POITiH KapacThIPa k.

KinrTi ce3mep: xxoFapbl caHbIpayKyJIaKTap, OMONEeCTUITUATEDP, GUTOYBITTHUIBIK, (DUTOCTUMYJISIIHSL.
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AHHOTANUA

B cenbckom X0341CTBE CYIIECTBYET OCTpasi HOTPEOHOCTH B SKOJIOTHYECKH YHCTHIX OMOIpenaparax
I1st OOpeOBI ¢ OOJNE3HSAMH pacTeHH. B 3TOM OTHOINIEHWHM MaKpPOMHIIETHI TMPEACTABISIIOT OOJBIION
MHTEpPEC TIOCKOJNbKY OHM WIPAIOT BaXXHYI0 pOJb B TPUPONHBIX OKOCHCTEMax Ojaromaps HX
YHHUBEPCATBHOCTH B NMUTAHWW M Pa3HOOOpPA3HOMY B3aMMOJCHCTBUIO C pacTeHUsSMH. basuaumomuineTs
SABISAIOTCA OOTaThIM HMCTOYHHUKOM DA3IWYHBIX OWOJIOTMYECKH aKTHUBHBIX BemiecTB. OOpasyemble WMHU
BTOPUYHBIE METaOOIHUTHI obOnanarot MPOTUBOMUKPOOHBIMH, MIPOTHUBOOMYXOJEBEIMU u
AHTHOKCHJAHTHBIMHU CBoWcTBaMU. Hactosmuii 0630p MOCBAIIEH MOTEHUNAILHON POyl 6a3uIMOMHUIIETOB
B CO3JaHWM HOBBIX TEPCIIEKTUBHBIX JKOJIOTHYECKH YUCTHIX (PUTOTOKCHYHBIX U (PUTOCTUMYITHUPYIOIINX
[perapaToB pa3jIMyHOro CeKTpa AehHCTBYs, 3PPEeKTUBHBIX B 00phOE ¢ 0OIE3HAMHU PAaCTEHUH pa3InyHON
STUOJIOTUH U COPHIKAMHU.

KuroueBsle ciioBa: BoicIye TpHObI, OMONECTHIUABL, PUTOTOKCHYHOCTD, (PUTOCTHUMYJISALIS.

B Hacrosiee BpeMsi XMMHUECKHE CPEJICTBA 3ALUTHI PACTEHUH HIMPOKO MCIONb3YIOTCS IS
O00pbOBI C OOJIE3HSIMU W BPEIUTEISIMU CEIbCKOXO3SIMCTBEHHBIX KynabTyp [1]. IloBcemecTHOE
MPUMEHEHSAEMbIE XUMHUYECKUE CPEJCTBA 3alUThl PACTEHUN OKa3bIBAIOT HETaTUBHOE BIIMSHUE HA
YeJoBeKa M JKMBOTHBIX, B CBSI3M C YEM OHHM CUHTAIOTCS JKOJOTHYECKH HeOesomacHeiMH [2]. B
CBSI3U C 3TUM HEOOXOJMMO HCIIOJIb30BaHNE OMOJIOIMYECKHX CPEACTB 3aLIUThl paCTEHUH, IIIaBHOU
OCOOCHHOCTBIO KOTOPBIX SIBJISIETCA O€30MacCHOCTbh [UIsl YeJIOBEKa, OKpYKaolleH Ccpeabl,
KUBOTHBIX W JIpYTHX IMpeiacTaBuTenell OuoneHo3a. B OonpIIMHCTBE CiIyd4aeB B COCTaB
OuornpenapaToB BXOJAT KMBbIE€ MUKPOOPTaHU3MbI: OaKTE€pHH, TPUObI, BUPYCHI, KOTOPHIE MOTYT
IPOAYLIMPOBATH MPUPOAHBIC TOKCUHBI, aHTUOMOTHKHU M CTUMYJIATOPHI pocTa [3].

Ha npotsbkenun toicsueneTuii gpepmepsl M300peTann TEXHOJIOTHH, YTOOBI ClelaTh CBOU
3acesHHbIC MO Oosiee OAHOPOAHBIMU C SKOJIOTUYECKON TOUYKU 3PEHUS C IENbI0 MOBBIIICHHS
YpOXKaHOCTH, BKJIOYash OOpabOTKY IOYBBI, KOHTPOJIHPYEMOE OpOIIEHHE M MPUMEHEHUE
ynobpenuit u nectunuaoB. 3a nocnearre 100 getr mupokoMacmTadHas MEXaHU3aIHsI TTOCEBHBIX
u  yOOpouHBIX paboT emie OOJBIIE YyBEIWYMWIA OJHOPOJHOCTH OKPYXKAIOIMIEH Cpebl,
IPUCYTCTBYIOILIYIO B arposkocucremax [4, 5]. OnHoponHas reHeTndyeckas U pU3MUecKas cpeia
arpo3KOCHCTEM  coO3/aja YCJIOBUSA, CIHOCOOCTBYIOLIME TOSBJIECHUIO HOBBIX IaTOI€HOB
CENIbCKOXO3SHUCTBEHHBIX KYJIBTYpP, KOTOpBIE 3BOJIOIHMOHUPYIOT OBICTpee M SBISIOTCA Ooee
OMACHBIMH TI0 CPAaBHEHHUIO CO CBOMMH «IMKMMW» Mpenkamu. [IoBbIlIeHHas rycToTa MOCaIKu
pacTeHMii M TE€HETHYECKas OJHOPOAHOCTh MOMYJSALUN XO035€B B TaKMX arpo3KocHcTeMax
oOjneryaroT mnepenadyy BO30yauTeNs IO CPaBHEHHMIO C TMPUPOJHBIMU DKOCHCTEMaMH, 4YTO
CIOCOOCTBYET MOBBIIICHUIO BUPYJIEHTHOCTH BO3OynuTens [6]. bonee Toro, atu (hakTophl Takxke
YBEJIMYUBAIOT pa3Mep TOMYyJSALUUM [aTOreHOB, obOecreuuBas UX OONbIIOE TE€HETUYECKOe
pa3HooOpa3ue 3a cYeT yBeTMUEHHs 00IIero KoIruyecTBa MyTaruii [7].

Bce 5TO0 mpuBeno Kk HEYKIOHHOMY POCTY pa3HOOOpasusi BpeauTesied U MaTOTeHOB, U
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NOSIBICHUIO HOBBIX INTAaMMOB — B030ynuteneil OonesHel c¢/x KynbTyp [8]. B cBsizu ¢ atum,
yueHble BCEr0 MUpa MOCTOSHHO UIIYT allbTepHAaTUBHBIE Oe30macHble U 3()PeKTUBHBIC MyTH AJIS
O00pbOBI C TMAaTOreHaMH M BPEOUTEISIMH pacTeHHid. B 3Tom oTHomeHun OOJbIION HHTEpec
MPEJCTaBISIIOT 0a3uaualibHble TPUOBI B CBSI3M C HMX IIUPOKUM CIIEKTPOM JIEKapCTBEHHBIX
CBOMCTB, JIETKOM JIOCTYIMHOCTbIO 1 HETOKCUYHOCTBIO JIJIs1 HELIETIEBBIX OPTaHU3MOB [9].

B nacrosimiee Bpems uzBecTtHO 0Kosio 140 000 BuIOB 0a3MAMOMHIIETOB, CPEI KOTOPBIX
okojo 660 BumoB oOmamaroT jeueOHbIMH cBoiicTBamu [10]. OHM CHHTE3UPYIOT BELIECTBA
pPa3HOr0 XUMHUYECKOrO0 CTpPOEHHS, B TOM YHUCIE &IKAIOUABI, TEPIEHOUAbI, (HEHONIbHBIE
coenuHEHUS, (IABAHOUIBI 1 MHOTHE JPYTUE, MMEIOIINE MHOKECTBO EHHbIX CBOMCTB [11]. Ilo
cBoel kiaccuukanuu Oa3uaualIbHbIe TPUOBI MPEICTABISIOT COOOM KJIacc BBICHIMX T'PHOOB ¢
XOpOUIO Pa3BUTHIM MHOTOKJIETOYHBIM MHUIENIUEM, JOCTUTAIOIUM OOJIBIIOTO0 Pa3HOOOpa3us |
CIIOXKHOCTH cTpoeHus. M3 aukopacTymux 0a3uJMOMULIETOB ObUIM BBLACIEHBI COEIUHEHUS,
KOTOpbIE MHTHOMPOBAIIN POCT OakTepuil, BUPYCOB u TpuboB (Tabnuua 1), a Takxke oOHApYKUIH
HEMAaTOIM/IHBIEC ¥ HHCEKTHIIUAHBIC cBOicTBa [12-25].

Tabmmma 1 — AKTHBHBIC COCTMHECHHUS, BBIZICIICHHBIE M3 Pa3HBIX BUIOB 0a3MIHAILHBIX TPHOOB

I'pub AKTHUBHBIE COCTUHEHUS Bo30ynutensb
Ganoderma lucidum TaHOJACPMUH Physalospora piricola; Botytis cinerea
Pleurotus ostreatus TJICYPOCTHH Botryosphaeria berengeriana
Pleurotus eryngii SPUHTUH Mycosphaerella arachidicola
Lyophyllum shimeji IIpoTHBOTPHOKOBEIIt Physalospora piricola
6emok mLAP
Lyophyllum shimeji IO GUIUTHH Physalospora piricola
Albatrellus dispansus rpu¢oIrH Alternaria alternate; Pyricularia oryzae;
Rhizoctonia solani; Sclerotina
sclerotiorum; Fusarium graminearum;
Botytis cinerea; Gaeumannomyces
graminis; Gloesporium fructigenum
Hypsizigus marmoreus THIICHH Botryosphaeria berengeriana; Botytis
cinerea; Mycosphaerella arachidicola

['pubHBIE 60I€3HN pacTeHUI

['pubel MOTyT BBI3BIBATH CEPHE3HOE MOPAKEHUE PACTCHH MOCKOIBKY OHU 0O0pa3yioT
CHOpBI, KOTOpbIE SIBISIIOTCS HCTOYHMKOM 3apa)XeHHsl JApYrux pacTeHuil. Bpems Mexnay
3apaXeHHEeM M 00pa30BaHHWEM CIIOP MOXKET COCTaBIIATH BCETO HECKOJBbKO aHEH [26]. Cropsl,
€CJI OHM CMayMBaeMble, MOTYT PaCIpPOCTPAHATHCS B BUIE MHOKYJATAa BBICOKOW IUIOTHOCTHU
BMecTe ¢ Bojoi [27]. bonee Toro, cnopsl MOT'YT MpOIyLUPOBaTh (PUTOTOKCUYHBIE COCTUHEHUS
[28].

[TaTorensr pacTeHHWid MOTYT BBIBOAWTH IUTATENbHBIC BEIIECTBA W3 PACTCHUS IyTEM
BBIPAOOTKH WM HMHIYKIIMH PEryisaTopoB pocrta. Tak, ¢uromarorensl poma Colletotrichum
BBI3BIBAIOT AHTPAKHO3BI I KOPHEBBIC THIWIM PA3IHYHBIX KYIbTYp, TaKWX Kak 3eMIISTHUKA,
KpbDKOBHUK W T.A. [29, 30]. 3HaunTenbHbIC pa3anyus BO3HUKAIOT B KYJbType W JWAIa30HE
paCTeHHIA-X0351€B, TIPU 3TOM HEKOTOPBIE IMITAMMBI CITIOCOOHBI MMOPAKATh MHOTHE BHUJIbI PACTEHUH,
TOrJa Kak ApYyrue, OorpaHuyeHbl Juilb oaHuM Buaom [31, 32]. Puc, gBnstommiics OCHOBHOM
KyJbTYpoli B JKOHOMHKE MHOTHX CTpaH, Iopakaercsi ackomuueroMm Pyricularia oryzae,
Magnaporthe grisea, BbI3bIBasi MUPUKYIIAPHO3, YTO MPHUBOAUT K €KETOIHON MOTEpEe yposkasi Ha
10-30% [33]. Hdpyrue Buipl 371aKOB Takke mopaxatorcs P. oryzae, Eleusine coracana wiu
moao0HeIMHU BuiaMmu [34, 35].

HekoTtopsie TpulObl BBIpabATHIBAIOT CUIIbHBIE MHUKOTOKCHUHBI. Tak, TOKCMHBI ()yMOHH3MHA
BriepBbie ObutM OOHapykeHbl B HOkHOU Adpuke. OHM ObUIM BBIIETICHB U3 BO30ymuTenei
¢y3apuoza Gibberella fujikuroi u Fusarium moniliforme, BbIpameHHBIX Ha KyKypy3e, a
HanOoJiee aKTUBHOE coeanHEeHHEe Obuto oOo3HaueHo kak ¢ymonusun Bl (FB1) [36]. FBI1
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SIBIIICTCS. @HAJIOTOM C()MHTAHWHA, KOTOPBI KaK B PACTHTEIbHBIX, TAK U B YKMUBOTHBIX KJIETKAX
WHTHOMPYET CUHTE3 CHOUHTOIUIUIOB, BRI3bIBAs HAKOIJICHUE COUHTOMIHBIX OCHOBaHMM [37].

BasuanansHbie rpuObl KaK MOTEHITUAIBHBIE aT€HTHl OMOKOHTPOJIS

AKTUBHOCTB BBICHIMX IPHOOB MPOTHB (PUTONMATOTEHHBIX TPHOOB

[IpoTuBorpuOKoBEIii mpenapaT TpuOIUH, BBIACICHHBIH U3 OasuauaabHOro rpuda
Albatrellus dispansus, B wucciaemoBanusx in Vitro oxaszancs 3>(QQEKTHBHBIM IPOTUB psiaa
¢utonaroreHHsix rpudoB [38]. demmacun A, BhigeneHHbidt u3 Phellinus sp. momasmsn pocr
Gloeosporium orbiculare, Pyricularia grisea, Thanatephorus cucumeris, Aspergillus fumigatus
u Trichophyton mentagrophytes [39].

OcHOBHOI (PyHTHIM/I, TOBCEMECTHO UCIIOJIB3YEMBIH B arpOXUMHUH, OBLT MOJIyYeH U3 rpuda
cocHoBor mmmmku Strobilurus tenacellus [40]. CtpoOuinypuHBl TPEACTABISIOT COOOW Kitacc
(GYHTHIHIHBIX COETUHEHNH, KOTOPBIE SKCTparupyroTcs u3 mutenus S. tenacellus (pucynok 1).

‘ oj b it
i il
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Pucynok 1 — Ctpo6umypuHbl Beiciiux rpu6oB ((a) - ctpodypun A; (6) — ctpobypun B; (B) - crpobypun
C; (r) - ynemancuH B; (1) - ctpoOypuH E; (e) - ctpobypun D; (k, 3) - ctpoOypuH F; (1) - ctpoOypun H)

Crpobmnypuasl A (pucynok 1, a) m B (pucynok 1, 06), oGmagaromue BBICOKOU
(GYHTUITUAHON aKTUBHOCTBIO, MTOJIABIISIOT JABIXaHHUE APOXOKEH M IPYTHX MHUIIEIUATbHBIX TPUOOB
[41]. W3-3a mmMpoOKOro CreKTpa ACHCTBUS M MPAKTHUECKOW OE€30MacHOCTH ISl OKPYXKaIOIIEH
Cpelbl CTPOOUITYPUHBI CUMTAIOTCS HAaWOOJiee CYIIECTBEHHOW TPyMIoi (GyHTUIHUIOB, KOTOPHIC
MOYKHO OTHECTH K OMO(QYHTHIIMaM, TaK KaK OHU UMEIOT IPUPOHOE MPOUCXOXKICHHE.

CTpoOunypHHbl SBISIOTCS CalT-crienuuueckuMu (MHTHOMPOBAHUE MUTOXOHAPUAIBHOTO
IbIXaHWS) W TPAHCIAMHUHAPHBIMH (CHCTEMHBIMH) COCIUHEHUSMH, KOTOPBIE OOECIEYHBAIOT
ouonornyeckuii KoHTposib rpuboB Oomycota, Ascomycota, Basidiomycota u Deuteromycota.
(E)-B-meTokcuakpunatel ctpoounypuna C (pucyHok 1, B) m ymemancuna B (pucyHok 1, T),
BbIJIeNIcHHBIE 13 Xerula pudens WHrHOMPYIOT MHOTHE BBl (PUTOMATOTeHHBIX TpHOOB. Kak u
ctpoOunypunbl A u B, oHm Takke WHrHOMpYIOT AbixaHue TpuboB [42]. Crpobmnypun E
(pucyHok 1, ) - eme ogHO TpoTHUBOrpHOKOBOE coenuHeHue kiacca (E)-B-mMeroxcmakpunaros,
skcTparupoBanHoe u3 rpuda Crepidotus fulvotomentosus. Beiio ycTaHOBICHO, YTO MOMHMO
MHTUOMPOBAHUS JbIXaHUS TPHOOB OH BbI3bIBaeT Aedopmanuio kietok [43]. Ctpobunypun D
(pucyHok 1, e) skcTparmpoBaH u3 Oasumuomuiiera Merismodes anomala; ou comepkuT
[IUTOCTAaTUYECKUE M MPOTHBOIPHOKOBbIE aHTHUOMOTHKHU kiacca (E)-f-meroxcmakpunaroB. ITOT
CTPOOMIYpUH WHTHOMPYET MHOTHE TPUOBI M, KaKk U CTpoOmiypuHbl A u B, Takxke sBisercs
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MOIIHBIM HHTUOUTOPOM MHUTOXOHJpUAIBbHOTO nbixanus [43, 44]. dpyrue crpobunypussl F
(pucynokl, x), G (pucynok 1, 3) u H (pucyHok 1, u), mosiydeHHbIC U3 KYJIbTYPATbHOM KUIKOCTH
rpuda Bolinea lutea, maru6upyror Aspergillus fumigatus, Botrytis cinerea, Microsporum canis
u Sporothrix schenckii. Otu coenuueHust Tak)Ke HHTHOUPYIOT JAbIXaHUE TPHOOB.

lanomepmuH, BbIgeneHHbI w3 rpuba G. lucidum, momaBist pocT (GUTOMATOTEHHBIX
rpuboB Botrytis cinerea, F. oxyporum wu Peyronellaea arachidicolla [1]. TlmeBpoctpus,
MPOTUBOTPUOKOBBIN TMENTHI, pa3MepoOM MPHUMEPHO B JBa pa3a MEHbBIIE TaHOJICPMHHA,
BBIZICIICHHBI W3 BemieHkn P. ostreatus, oOiaman MHTHOMPYIOMHUM JEHCTBUEM B OTHOIIECHUU
rpuboB Fusaerium oxysporum, Mycosphaerella arachidicola u Physalospora piricola [45].

AKTUBHOCTB BBICHIMX IPHOOB MPOTHB (PUTONATOTEHHBIX OaKTepUid

N3BecTHO, 4TO BTOPHYHBIE META0OJIUTHI, BBIICICHHBIE M3 PA3IUYHBIX Oa3MIUOMUIICTOB,
MIPOSIBIISIIOT BBIPAKEHHBIC aHTHOAKTEpHAbHBIC CBOWCTBa [46-49]. IlpemcraButenu MOPSIKOB
Ganodermatales, Poriales, Agaricales u Stereales nemMoHCTpHpYIOT aHTHOAKTEPHAIBHYIO
AKTUBHOCTh MPOTHB Pa3HBIX BUIOB (PUTOMATOTEHHBIX OAKTEpUH W MOTYT CTaTh OCHOBOM MJisi
pazpabotku HOBbIX aHTHOMOTHKOB [50]. bBput0 ycTanoBnmeHo, uTo 15 3KCTpakTOB
0a3uIMOMHUIIETOB UMEIOT aHTHOAKTEPHAIbHYIO aKTUBHOCTh OT YMEPEHHOU /10 BBICOKOM. M3 HUX
11 momHOCTBIO MHIHOMpOBAIM pPOCT OakTepuii, a 4 JOEMOHCTPUPOBAIM YACTHYHOE
UHruOMpoBaHue OaKTepHaabHOro yBsaaHus kKaprodens, Bei3BanHoro Ralstonia solanacearum
[51].

Okcrpaktel w3 rpuba Clytocybe geotropa (roBopyiika mOJOTHYTas) OOHAPYKUIH
IIMPOKUI Tana3oH UHruOupoBaHus B oTHoIeHuu R. solanacearum, Erwinia carotovora subsp.
carotovora P. syringae pv. syringae, X. campestris pv. vesicatoria u Clavibacter michiganensis
subsp. sepedonicus (Bo30ymuTeNnb KOJBICBOW THWIM KapTrodesns). YCTaHOBICHO, 4YTO
ouMIeHHbIH Oenmok kiuTommnuH u3 C. geotropa wuHrHOupyer 3ab0oieBaHWE, BBI3BAHHOE
Clavibacter michiganensis [52]. ®yuruumn crpodwnypur @ 500 HOBBIIAET YCTOWYMBOCTH
tabaka K BO30yauTenro OakrepuanbHON psOyxu Pseudomonas syringae pv. tabaci [53].
Konpunon, Beiienennsiii 3 COPrinus sp., mokasan HHIHOUPYONYI0 aKTUBHOCTh B OTHOIICHUH
0obIIMHCTBA (GUTONATOreHOB [54].

AKTHBHOCTH BBICIIUX TPHUOOB MPOTHB (PUTOMATOTEHHBIX BUPYCOB

CoenuHeHus, TMONYYEHHbIE M3 BBICIIMX TPUOOB M OONagarouiye akTUBHOCTHIO MPOTHB
(UTOMATOTEHHBIX BHPYCOB MOXKHO pa3feiuTh HA JBa OCHOBHBIX Kjacca: MOIU(MUKATOPHI
OMOJIOTMYECKOTO OTBETa ©  HWHTUOUTOpPHI BHpycoB [55]. BnusHue mnonumcaxapuioB
0a3MMOMHLIETOB OBUIO HCCIEIOBAHO HA MOJECISIX BUPYCOB YEJIOBEKAa M JKMBOTHBIX [56].
Ycranosieno, uro mrammel Ganoderma lucidum u G. applanatum crmocoOHBI HHTHOUPOBATH
BUpYyC TabauHOW Mo3avku B KoHIeHTpamuu 1000 Mxr/mi [57]. @unbTpar U3 KyabTypaabHOU
KHJIKOCTH TpyToBHKa Fomes fomentarius s¢dexTrBeH B OTHOLICHUH BUPYCa TaOauHON MO3aMKH
[58]. Bomubie skctpakThl MmiaogoBbix Tea Agaricus brasiliensis u Lentinula edodes rtaxke
OOHAPYKUJIA TIPOTUBOBUPYCHYIO aKTHBHOCTh B OTHOIICHUHU BHpYca TabauHoW Mo3aukH [59].

AKTHBHOCTH BBICIIUX TPUOOB MPOTHB HEMATO/I

Ha ceromusmuamii nenp omucano Oosee 4100 BHIOB HEMAaTOa, KOTOPBIE OKa3bIBAIOT
OTPUIATENILHOE BIUSHUE HA YKOHOMUYECKU BAXKHBIE CEIbCKOXO03SUCTBEHHBIC KYJIBTYpPHI. Y1Iepo,
NPUYMHSAEMBI pPAaCTUTENBHBIMU HeMaTolaMu, oneHuBaercs B 12,3% (157 wmumumapaos
nosmnapoB CIIA) Bo Bcem mupe [60]. [lonHyro creneHb MopaxxeHus HEMaToJaMU HEBO3MOXKHO
OLICHUTh B IMOJIHON Mepe, MOCKOJIbKY CEIbXO3MPOU3BOAUTENN 3a4acTyl0 HE 3HAIT 00 HX
MPHUCYTCTBUH, TaK KaK CHMIITOMBI TOPXCHHUS HEMATOJOW y PACTeHHM HECHelU(UYHBI, YTO
3aTpynHseT auarHoctuky [61, 62]. MccnemoBarenu BO BCEM MHUpPE MPOSIBISIOT BCE OOJIBIINN
WHTEPEC K YMCHBIICHHIO HCIOJIB30BaHUS XUMHYECKHX CPEICTB NPOTUB HeManon [63-65].
HenaBnee nccienoBanue nokasano, YTO HEKOTOPbIE BHUIbI CheJOOHBIX 0a3uAMOMUIIETOB, TaKHUe
kak Buabl Pleurotus, o0mamaroT HEMAaTOIMIHONW aKTUBHOCTBIO OJarojapsi BhIPaOOTKE TOKCHHA,
KOTOPBIA CIOCOOEH TOAABJIATH JBM)KCHHE HemaTon [66]. Takas Owonornueckass aKTHBHOCTH
MOKET OBITh PE3yNbTaTOM MEXaHHW3Ma CaMO3alIUThl T'PUOOB, KOTOPHIA IEHCTBYET MPOTHUB
HeMaroa-mutennodaros [67]. Apyrue uccienoBanus mokasaid, yro P. ostreatus mpoaymupyer
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TOKCHH, TOJOOHBIN MEepOKCHIaM, KOTOPBIH IMOAABJISICT IABM)KEHHE HEMATOI W BIIOCICICTBUH
paspymiaet ux, gocruras 95% cmeptHocTH cBoOOIHOXUBYIIMX Hemaron Panagrellus redivivus
(B3pocibie ocobu) u ¢QuromaroreHHbix Hemarton Bursaphelenchus xylophilus [68]. dpyroe
uccienoBaHue Mmokasano, 4to P. eryngii BeibBaeT 50% CMEpTHOCTH (PHUTOMATOrCHHOM
HemaToabl Heterodera schantii, BeI3bIBaromell yBsgaHue caxapHOTO TPOCTHHUKA M JPYTHX C/X
KyJIbTyp. B 1emoM, HeMaToluaHas akTHBHOCTB, TPOSIBIIsIEMas Pa3IMYHBIMH IITamMmMamu P.
eryngii koneobsercs B npenenax 4,8-99,6%.

Ha nmemarornuaabiii 3¢hekT 6a3uaIuoMHUIIETOB OKA3bIBAIOT BIUSHUE Takue (aKTOPhI Kak
TeMIIepaTypa, BHyTPEHHUE TeHETUYCCKUE XapaKTePUCTUKH KKIOrO IITaMMa U BHYTPUBUIOBBIC
paznmuuus Mexay HemarogaMu [69]. Y HeKOTOPBIX MEPTBBIX JIMUMHOK HEMATO ObLIT OOHApYXKEH
IPpUOHOIN MUIICTHHI BHYTPU TeJla, B CBA3HM C YeM OBUIO CHIEIAHO MPEANOJIOKEHUE, YTO THOeb
JMYUHOK ObLTAa CIICJACTBHEM HHBa3uu rpubHOro muuenus. Tak, mramm Coprinus comatus
BBI3BAJI OpPaKEHUE CBOOOAHOKMBYIIEH Hemaroabl Panagrellus redivivus u rannoBoit HemMaTo b1
Meloidogyne arenaria [70]. Bbeuto  yCTaHOBICHO  MEXAaHHUYECKOE  IMOBPEKICHHE
cBOOOHOXKMUBYIIEH Hemaronsl P. redivivus depe3 8 wacoB mocie 3apaxkenuss muuenuem C.
comatus, uro mpuBenao K uMmmoOunuzanuu 90% HemaTon W MOCHEAYIOMIEH X THOETH Tocie
unkyoOaruu rpu 24°C. Hltammbl cbhenoOHBIX OazuanansHbIX rpudoB Pleurotus ostreatus ECS-
1123 u ECS-0152, P. eryngii ECS-1290 u ECS-1291, P. cornucopiae ECS-1328 u ECS-1330,
Lentinula edodes ECS-0401 Tax)ke mpOSBISUTA BBICOKYIO HEMATOLUAHYIO aKTUBHOCTB (0T 82%
10 99% cmeprHoctu) [71]. Bonee Toro, B iauTepaType MMEIOTCS AaHHbIE 00 HCIOJb30BAHUU
OMOAKTHBHBIX COCIUHCHHM M3 JIOMHUHECIEHTHBIX OasumamomuiieToB Neonothopanus nambi mus
60pbr0BI ¢ TasumoBoi Hemarto o Meloidogyne incognita, mapasuTupyromieii Ha KOPHAX pacTEHUIA.
PesynbTarel MccnenoBaHuii MoKaszanu, 4To KoHueHTpamus 500 Mr/m BbICOKOTOKCHYHA it M.
incognita, Be3biBast 100% cmeptHOCTH B Teuenue 30 munyT [71].

JKupHble KUCIIOTHI, TAKUE KaK S-KOPUOJIOBAs WJIU JIMHOJICBAs KUCIIOTHI, BBIJICICHHBIC U3
Pleurotus pulmonarius, mposBisii HEMATOLMIHOE ACHCTBUE MPOTHB CAanmpO(GUTHON HEMATObI
Caenorhabditis elegans [72]. Hemartouuanblii MOHOTEpreH 1,2-TUTHAPOKCUMUHTIIAKTOH,
BBIICIICHHBIH 13 OasmmmansHoro rpuba Cheimonophyllum  candidissimum  mposBisut
HEMaTOIMIHOE JICHCTBUE MPOTHB CBOOOTHOXMBYIICH MoyBeHHOW Hemaronwl Caenorhabditis
elegans u repounmaHoe aevictBue mpotus Setaria italica m Lepidium sativum [73]. Hossie
CeCKBHUTEpIEeHbl XeiMoHopuIoHbl U xemoHopunansl (cheimonophyllons u cheimonophyllal)
ObUTH BBIIEJICHBI M3 JepeBopaspymaroriero 6asuanomuiiera Cheimonophyllum candidissimum u
NPOSIBJISUTM HEMATOIMIHYI0 aKTHBHOCTh B OTHOIICHHH To4YBeHHOW Hematonsl C. elegans [74].
Oypanpaerunbl S-neHTWI-2-Qpypanpaerun u S(4-neHTeHun)-2-GpypaabIerul, BbIICICHHBIC U3
Irpex lacteus, BeI3bIBaroIero OeNyr0 THHIIb IPEBECUHBI MPOSBIISIIA HEMATOLUIHYIO aKTUBHOCTh
NpOTHB JINCTOBOM pucoBoii Hemaroabl Aphelencoides besseyi [75]. Hemaroruansiii
MUKIUYECKUH menTu oM(panoTHH, BBIICICHHBI W3 Ouomacchl rpuba omdanora MacInHOBOTO
Omphalotus olearius, u 1-TUAPOKCUNUPEH, MONYYEHHBIH W3 KPUHUIHILIECA IIEPOXOBATOIO
Crinipellis stipitaria oOHapyXwin CHIBHYIO HEMAaTOLMIHYIO akTHBHOCTH mpoTuB C. elegans
[76]. ®unbTparhl KyabTYpaabHON >XHAKOCTH OaswauanbHBIX TpuOoB Amauroderma macer
Laccaria tortilis u Tylopilus striatulus mposiBisi BBICOKYFO HEMAaTOLUAHYIO aKTUBHOCTH B
OTHOIIICHHH COCHOBOM HeMaTo s Bursaphelenchus xylophilus [77].

Takum oOpa3om, Onarojapss HAJIMYMIO B MHULCIUA W KYJIbTYPaIbHOW IKUIAKOCTH
0a3uIMaabHbIX TPUOOB COCIMHEHHM, OOIaMalOIIMX Pa3IMYHON OMOJOTHUYECKONW aKTUBHOCTHIO,
JTaHHbIC 00BEKTHI BECbMa MPUBJICKATEIBbHBI IS UCIIOJIb30BaHUS UX B 3amuTe pacteHuil. [Touck
HOBBIX COCIIMHEHHUHA C (PUTOMPOTEKTOPHBIMU U (PUTOTOKCHYECKUMHU CBOMCTBAMH Il OOPHOBI €
00JIE3HSIMU PACTEHUIN U COPHSAKAMU SBISCTCS YPE3BBIYAIHO aKTyaJbHOU MPOOJIeMO, UMEIOIIeH
0oJBIIIOE HAYYHOE, IPAKTUYECKOE W COLMAIBHOE 3Ha4eHHe. YHCThIe KyIbTYphl MAKPOMHUIIETOB,
KaK MPOAYIICHThI Pa3HOOOPA3HBIX COCAMHEHUI C pa3IHUYHBIM CIICKTPOM JCHUCTBUS, MOTYT CTaTh
NEPCICKTUBHBIM HCTOYHHUKOM HOBBIX JKOJOTHYECKH YHCTBIX OMOMpEnapaToB JJsl CEIbCKOTO
XO03SICTBA.
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