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AI'POXUMMUSA U ITIOYBOBEJIEHUE

Hayunas cratbs
YK 631.4
doi: 10.17223/19988591/58/1

Pa3mep u copep:kaHue OPraHMYeCKUX YACTHIl B KOMPOJIUTAX
H0xeBbIX uyepBeil Aporrectodea caliginosa v Lumbricus rubellus
(MoaeIbHBIN IKCIIEPUMEHT)

1,2 . .3
Ouner Anexceesnd @posoB’°, EBrenunii lOpseBny MusianoBckuid

! Moueennwiii uncmumym um. B.B. [oxyuaesa, Mockea, Poccus
2MIY um. M.B. Jlomonocosa, Mocksa, Poccus,
3 Hncmumym ghuzuxo-xumuyeckux u 6uonocuteckux npoonem noueoeedeHus
Poccuiickoii akademuu nayx, IIywuno, Poccus
12 hups:/oreid.org/0000-0001-6950-2269, 6.40.7.4@mail.ru
? milanovskiy@gmail.com

AHHOTauusA. 3aMETHYIO pOib B IIPOLECCAX HAKOIUICHWs, IEPEeMEIMBaHUS U
npeoOpa3oBaHus MOYBEHHOIO OPraHMYECKOr'o BEIECTBA MIPAIOT JIOKACBBIE YEPBH.
Vi3MeHeHHe TapaMeTpoB COCTOSHUS IIOYBEHHOIO OPraHMYECKOro BeIIecTBa
OKa3bIBaeT BIMSHUE HA TIPAHYJIOMETpPUUSCKHMH cocTaB moyB. OpHaKo a0 CHX
HEJJOCTaTOYHO SICHO KaK TI'PaHYJOMETPUYECKHMH COCTaB IIOYB MEHSETCS B XOJe
TpaHc(OPMALIMK PACTUTENBHBIX OCTATKOB IOYBEHHBIMH JOXKIEBBIMU YEPBSAMU.
ITosTOMYy B I@aHHOM HCCIEIOBAaHUHM M3Y4aloCh BO3/ICHCTBHE ABYX BHIOB IOYBEHHBIX
NOXKIEBbIX uepBeit (Aporrectodea caliginosa w  Lumbricus  rubellus) Ha
IrpaHyJIOMETPUYECKUI CcOCTaB TMOYBBl. B Xoie wuccnenoBaHWid NpPOBEPsUTM  JIBE
THIOTE3bl: a) JOXKAEBbIE YEPBH H3MEHSIOT TIPAaHYJIOMETPUYECKHH COCTaB IIyTeM
U3MEJBUCHHUS OPIaHUYECKOro BEIIECTBa; 0) I0XK/IeBbIC YePBU HE OKA3bIBAIOT BIUSAHUS
Ha TpPaHYIOMETPUYECKUH COCTaB MHHEpaTbHOM YacTu 1ouB. /[l OmbITOB
UCHOJIL30BAIN 00pa3sibl U3 TYMYCOBOIO I'OPM30HTA arpod4epHO3éMa MHIPallIOHHO-
MHLEIUIIPHOr0. ['paHyJI0MEeTpHYECKU COCTaB ONpENessIM B YeThIpeX BapHaHTax
11a00paTOPHOr0 MUKPOKOCMA: TI04Ba 0e3 oraja; [ouBa ¢ ONaJioM; I04YBa C ONaJIoM U
SHJOreHHBIMU TOXKICBBIMU YepBsIMU (A. caliginosa); mouBa ¢ OMazoM U SIMUTeHHBIMA
noxaeBbiMu  uepBsimu (L. rubellus). T'panymoMeTpudeckuil COCTaB H3MEPsUIH
METOAOM Ja3epHOoi audpakiuu. lccnenoBaHue IOATBEPAMIO TONBKO IEPBYO
rUIOTe3y, Tak Kak B KomponuTax A. caliginosa w L. rubellus oOGHapyxeHbI
MHUHEpaJIbHbIe YacTHLbl pa3mepoMm Oonee 100 MKM, OTCYTCTBYIOIIME B HCXOIHOM
noyBe. Ckopee BCEro 3TO CBA3aHO C IOCTYIUIGHMEM (UTOIMTOB M3 omajga U
HAKOIUICHHMEM MX B Komponurtax. Iloka3aHO, 4YTO [OK/ACBbIE YEpPBU H3MEHSIOT
IPaHYJOMETPHYECKUH COCTAaB IOYBBI 332 CYET M3MEIbYEHHUS PACTUTEIBHOTO ONaja.
B cBsi3M ¢ MOCTyIIGHMEM OpraHM4YecKMX YacTHL[ W3 Olaja JOXIEBble YEPBU
YBEJIMYMIIM JIOJIF0 KPYITHOIO TIeCKa B necuyaHod (paxuuu. JloxaeBble 4epBU BHzAa
A. caliginosa KOHLEHTPUPYIOT B KOIPOJIUTaX MUHEPAJIbHbIE YAaCTHIIbI MEJIKOTO MecKa
(+0,46%), cpennero mecka (+0,37%), xpynHoro mnecka (+0,07%), a L. rubellus
KOHLICHTPHUPYIOT yacTuibl uia (+3,8%) u menxoro necka (+0,36%). Takum oGpazom,
[IOKa3aHO, YTO J0XK/EBbIC YePBH M3MEHHIN IPAHYIOMETPUUECKUNA COCTaB MOYBBIL.

KiroueBble cjioBa: uepHO3eM, J0XKIEBBIC 4YEPBH, OPraHUYECKOE BEILECTBO
IOYBBI, 3JIEMEHTapHbIC IOYBEHHBIE YACTHLIbI, PACIIPEACIICHIE YaCTHI] 10 pa3Mepam

Hcrounuk pmHACHPOBAHMSI: UCCIICAOBAHKUE BBIMOJIHEHO MPHU (PUHAHCOBOW MOIICPIK-
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Summary. Being part of a wide variety of soil invertebrates, earthworms play an
important role in soil organic matter (SOM) accumulation, mixing and transformation.
The goal of this study is to detect organic and mineral particles in the particle-size
distributions (PSD) of the casts of Aporrectodea caliginosa and Lumbricus rubellus.
The two hypotheses of this study are as follows: (a) earthworms change PSD by
grinding organic matter (OM), and (b) PSD without OM does not vary in all the
variants. For the first time ever, the authors studied PSD before and after OM
oxidation in casts. For the first time ever, they also described the increase in the
content of mineral particles in the casts of 4. caliginosa and L. rubellus that was not
observed in the control samples. The soil did not contain particles of >100 pm (based
on the performed particle-size distribution analysis).

The experimental site was located 15 km to the north of V. V. Alekhin Central
Black Earth State Biosphere Reserve. In 1947, a black earth plot having an area of 0.6
hectares was ploughed under regularly mowed virgin motley grass-meadow
vegetation within the Reserve territory (51°34'12.5"N 36°0522.5" E). In this study,
we used a model experiment based on microcosms with earthworms. We took soil
from the arable black earth horizon of Kursk Region (51°37'17.1" N; 36°15'42.0" E).
This type of soil was Protocalcic Chernozem (Loamic, Pachic). The microcosms
belonged to four variants: soil, soil&litter, soil&litter and worms (4. caliginosa),
soil&litter and worms (L. rubellus). All the variants had four replications. We took a
total of 24 samples (an average sample from 10 different parts of the microcosm)
from each variant based on replications and sampling timing (Figure 2). We measured
the total content of C after dry combustion in an oxygen stream at 1,000 °C with the
AN-7529 carbon analyzer (Gomel Plant of Measuring Devices, Republic of Belarus)
using the method of automatic coulometric titration. For our PSD analysis, we used
the laser diffractometer Malvern Mastersizer 3000E with a helium-neon red light at a
wavelength of 632.8 nm, and the 600ml Hydro LV dispersing device. The
measurement ranges of particle sizes were from 0.01 to 2,000 pum (Malvern
Panalytical Inc., GB). We determined PSD in soil samples and casts before and after
OM oxidation. The laboratory model experiment variants had four replications. We
performed a carbon content analysis in three dimensions for each sample. We
obtained PSD results in six replications, each of which being an average value of three
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sample suspension scans. The figures show arithmetic mean values for the
replications and the confidence intervals of a standard deviation at the significance
level (o = 0.05) calculated using Excel (2010). We made an analysis of variance
(ANOVA) and a principal component analysis (PCA) using additive logarithmic ratio
transformation for data normalization.

The contribution of the earthworm A. caliginosa to SOM accumulation is
insignificant. The TOC in the casts of 4. caliginosa is 0.32+ 0.06% higher vs. the
reference variant “soil.” The TOC in the soil with the epigeic soil-litter earthworm
L. rubellus (4.99+ 0.4%) and its casts (5.03+0.24%) is significantly higher vs. other
experiment variants (Figure 3). Earthworms changed the soil PSD, which led to a
redistribution of particles (Table 1). Owing to the intake of organic particles,
earthworms increased the share of coarse sand in the sand fraction (vs. the particle
fraction (PF) of the control sample — soil without litter and earthworms) for
A. caliginosa (very fine sand +1.05%, fine sand +1.07%, medium sand +0.4%, coarse
sand +0.22%) and L. rubellus (very fine sand +3.36%, fine sand +4.7%, medium sand
+2.24%, coarse sand +1.03%) (Figure 4). The earthworms 4. caliginosa concentrate
mineral particles of fine sand (+0.46%), medium sand (+0.37%), and coarse sand
(+0.07%) in their casts, while L. rubellus concentrate silt particles (+3.8%) and fine
sand (+0.36%) (Figure 5). The loss of vol.(%) after oxidation in all fractions in all the
variants is caused by soil organic matter (Table 2). We used PCA to assess the effect
of earthworm species and litter on the size and content of organic particles in casts
and soil (Figure 6). The PCA results show important fractions for detection of organic
(>100 pm) and mineral (250-500 pm, 500-1,000 pm) particles in the PSD. We
assessed the effect of the size and content of organic particles in casts using ANOVA
(Table 3). The most important factors are earthworm species and litter (based on the
partial n-square). We assume that the source of mineral particles in the casts of
A. caliginosa are phytoliths from the litter of Acer platanoides (L). The earthworms
L. rubellus have a stronger effect on soil vs. A. caliginosa. The study does not confirm
some of our hypotheses. Earthworms change PSD through OM grinding, but the PSD
without OM is different in all the variants. We hypothesize in our paper that the
reason is the destruction of phytoliths from litter and their accumulation in casts. One
may distinguish between organic and mineral components in samples through
determination of PSD before and after organic matter removal. We recommend
determining a particle-size distribution both before and after organic matter removal
from initial samples.

The paper contains 5 Figures, 3 Tables, 54 References.

Keywords: chernozem, earthworms, soil organic matter, elementary soil particles,
particle-size distribution
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BBenenne

Cpemu OONBIIOTO Pa3HOOOpa3Wsi IMOYBEHHBIX OCECIIO3BOHOYHBIX BaXKHYIO
pOJIb B MPOIIECCaX HAKOIUICHHUS, IEPEMEITMBAHIS U Pe0Opa3oBaHus MOYBEHHO-
ro opranmdeckoro Beriectsa (ITOB) urparot noxnessie uepsu [1, 2]. [Tormome-
HUE JJOKAECBBIMHU YEPBSIMU [TOYBEHHOW MAcChl 'YMYCOBBIX TOPH30HTOB JIOCTHTa-
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et 200—400 mr cyxoro Beca Ha 1 T Macchl Tella TOKIEBOTO YEPBS B CYTKH; CKO-
POCTh TIPOXOKICHHSI 110 KAIIICYHUKY JTOYKAEBOTIO YEePBs KOJIEOIETCS OT HECKOJb-
KHX 49acoB N0 CYTOK [3]. AKTMBHO BO3ICHCTBYS Ha TOYBY, NOXKICBHIE UEPBU
MEHSIIOT €€ CBOWCTBA. Pe3ynbTaT ®KU3HEAESITEIILHOCTH JOXKACBBIX YepBEH B T0Y-
BE OTpa)kaeTcs Ha CBOWCTBAX IMOYBBI: COICPIKAHUE YIiIepoia OpraHNYECKUX CO-
equHenuit (Copr) U ero crabunnzanus [4—8], HOpUCTOCTh, YCTOHYMBOCTD U BiIa-
rOOTTaJIKMBAIOIIME cBoiicTBa [9—11], conmepkaHne OOMEHHBIX KaTHOHOB, pH
[12—-14], BnusiHuE HOp MOKIEBBIX YepBEH Ha MUTpaIruio Biard. JloxmaeBbie uep-
BH BO3CHCTBYIOT HA MOYBY M KaK MPUPOIHYIO CHCTEMY, U KaK CEIbCKOXO03sH-
CTBeHHBIN 00BeKT [15—17]. Hanmpumep, no-till BRI3pIBaET yBeUUEHUE CoNEpIKa-
Hust [1OB [18, 19]. Bkiag B 3T0 yBennueHHWE BHOCSAT BCE MHUKPOOPTaHHU3MBI
TTOYBHKI, KHBOTHBIE, B TOM YHCIIE W JIOKAEBbIE YepBU. ECTh McciteoBaHus, CBU-
JICTEIBCTBYIOIIME O TOM, YTO YHCICHHOCTh JOXJEBBIX UepBEH BO3pacTaeT MpH
HCIIOJIb30BAHUH CHCTEMBI 3emiienenus no-till [20].

OrieHka BO3JCHCTBUS JIOXKICBBIX YepPBEl Ha MOYBY OCHOBBIBACTCS Ha H3yde-
HUW TOYBBI C JIOKJCBBIMU UYEPBSIMH M CPaBHEHHH €€ C ATAJIIOHHBIM 00pa3loM
MTOYBKI 0€3 0K IEeBBIX uepBed. Takol MoaXoa He TTO3BOJSAET TOYHO ONPEICIUTh,
YTO BBI3bIBAECT U3MEHCHHE TE€X MJIM WHBIX CBOMCTB MOYBHI. B acTHOCTH, HE BCe-
IJIa SICHO, MPOW3OIILIO JIM U3MEHEHHE 3a CYET MOSBJICHUS Ha IMOBEPXHOCTH pac-
THTEJIBHBIX OCTATKOB M MPEoOpa30BaHUs WX MHUKPOOPraHU3MaMH WA Pas3iIHYIHs
BBI3BaHBI JIEATEITLHOCTHIO TIOYBCHHBIX JKUBOTHBIX. Takke MpH OIEHKE CBOWCTB
MOYBHI B IIEJIOM, TJi¢ OOWTAIIN JIOKJICBBIC UEPBH, HEM30CKHO OyJET MPOUCXO-
JUTh yCPEIHEHNE W HAJIOKEHHE Pe3yJIbTaTOB, TOrJa Kak Hanboliee aKTHBHBIC
MPOIIECCHl ¥ U3MEHEHHUS TPOUCXOAAT UMEHHO B KOIPOJIUTAX, KOTOPBIE SBISAIOT-
CSI «TOPSTYUMU TOYKAMID) JJISI MUKPOOPTaHU3MOB [4].

B npupone, ocoOeHHO B YCIIOBUSAX arporieHo3a, 3HAaUCHUE JOXKIIEBBIX YepPBEH
TpyAHO TiepeonieHuTh. B pabore P. Hedénec et al. [21] mpoBeneH 3KCIIEpUMEHT C
Lumbricus rubellus, pe3ynbTaT KOTOPOTO TMOKa3aJ, YTO HAWOOJbIIAs YUCIICH-
HOCTh M BBICOKas aKTHBHOCTh MUKPOOPTaHH3MOB IPUYpOUYCHA K JpHIIochepe.
ABTOpBI, K COXAaJICHHIO, KOMPOJIUTHl HE BBIACIMIIA B OTHCIBHYIO TPYIIy, a
BKIIFOUMIIN B «puiiochepy». TeM He MeHee MoydeHHbIe pe3yabTaThl HCCIIe0-
BaHUS COTJIACYIOTCS C HANIMM MPEIIONI0KCHHEM — MaKCUMAJBHBIA 3P (dEKT 1
pe3yabTaT BO3ACHCTBUS JOKICBBIX UepBel Ha IMOYBY JIOKAJIM30BaH B KOIPOJIH-
Tax. B psge uccnenoBanuit [22, 23] orMedaeTcs BaXHOCTh MPUCYTCTBUS JTOXK-
JICBBIX YEpPBEH B MOYBAX CEILCKOXO3SMCTBEHHBIX YrOAWM, HX BKIIAJ B CTAOWIIH-
3aruro 110B [7].

B pabore [7] mokazaHo, 4TO CIIM3b JOXKIEBBIX YepBEld CTUMYIHUPYET MUKPO-
OHoJIornYecKoe pasiiokeHue opranudeckux Bemects (OB) B mouse, T11e MHKpO-
OpraHW3Mbl HaXOAATCS B aATre€3WpPOBAaHHOM cOCTOsSHUU [23]. YBennueHue 1mio-
IaJd TIOBEPXHOCTH OPraHWYECKHWX YACTHI[ CIOCOOCTBYET POCTY MHKPOOHOM
OMoMacchl M Kak CJEICTBHE OOIIeld CKOPOCTH YIPAaBIsAEMBIX MMH IIPOIECCOB.
Bonbmas turomaap MOBEPXHOCTH OPraHUYECKHX YACTHI[ CITOCOOCTBYET POCTY
KOJIMYECTBA MHUKPOOPTraHW3MOB MTOMHMO CITH3H. JlOKIEBBIC UepBU pa3pyIIal0T
PacTUTENBHBIC OCTATKH, TAKHM 00pa3oM YBEIIMYWBAs IIOMA/b TTIOBEPXHOCTH Opra-
HUYECKUX YacTHII [24], 4TO CBUACTENBCTBYET 00 H3MEHEHUH IPaHyJIOMETPUICCKOTrO
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cocraBa (I'C) ¢ yuerom OB. M3mMmenbueHHe pacTUTENBHBIX OCTATKOB JO0XKICBBIMU
YepBSIMH SBIIACTCS HEOOXOMUMBIM YCIOBHEM 3((HEKTHBHOTO (DYHKIIMOHHPOBAHUS
MOYBEHHBIX AKochcTeM. ['C TOUBBI SBISIOTCS €€ (PYHIAMEHTAIBHON (DHU3HYECKOM
xapakrepuctukoil [25]. CooTHOIIEHHE pa3HOpa3MEPHBIX AJIEMEHTaPHBIX TTOYBEH-
HbIX yactull (OITH) B I'C 1 uX THTI 3aBUCAT OT CBOIMCTB M TeHE3Hca IMOYBHI [25, 26].

O I'C xompoauTOB M3BECTHO HEMHOTO, HECMOTPS Ha OOJIBIIOE KOJIMYECTBO
myOMUKaIMid O XapaKTEepHCTUKE CBOWCTB KOMPOIWUTOB WM BIMSHHUU JOKIEBBIX
yepBer Ha mouBy. ['C KOMPONUTOB MO3BOISIET OIIEHUTH POJTH JOXKACBBIX YEPBEH
B M3MCHEHHH (U3MYECKUX CBOMCTB IOUYBHI (TIOTHOCTH, IOPHCTOCTD, arperar-
HBII COCTaB MOYBHI  JIp.), ONPENEIIMIONNX €€ TUIOOPOANE M arpOTEXHIMUECKYIO
neHHocTh. CyliecTByromye IuTepaTypasie anapie mo ['C KomponuToB TpyaHO
COIIOCTaBUMEI, TaK KaK OHH ITONy9YEHBI Pa3HBIMH METoIaMu (IIPOCEHBAaHUE, Ce-
MUMEHTANNSA, JlazepHas TU(PaKIus), a Takke JIMOO0 JUISI MUCXOIHBIX 00pas3IoB,
6o nocine ynaneHus n3 Hux OB, HO He TSI IBYX BapHaHTOB OJJHOBPEMEHHO.

O. llynmemann u A. TuynoB [27] aHanmM3WpOBad KOMPOIUTHI JOKIEBBIX
YepBeil CUTOBBIM METOIIOM B Tpex AuanazoHax (2-3, 1-2 u 0,5-1 mm) ¢ yuerom
WX cyOcTpaToB (IIECOK CMENIaHHBIA ¢ oranoM). OHHU MOKa3aJd, YTO CKOPOCTh
KopMIIeHHsI Lumbricus terrestris CHWXajach, Korma He ObUIo mecka. B pabote
[28] moka3zaHO, YTO HalWYHE TMECKa MOJE3HO JUISl TOKIAEBBIX udepBer. [[pyroit
aBTop [29] mokazan, 9TO KOMIOCTHBIM JOXAEBBIM YEPBSIM HE HYKEH IECOK.
KocBennoe mpenmnonoxerne 00 m30MpaTeT-HOM HAKOIUICHUH TECKa JTOXKIEBEI-
MH YepBSIMHU MPOAEMOHCTPHPOBaHO B padote [30], rae oTMEUeHO yBEIWUYCHHE
coIepKaHMs KPEMHUS B KOTIPOITUTAX.

Hamm uccnenoBanms [31] moka3any MOBBIMIEHHOE COJIEP)KaHWE MEIKOW U
cpenneid ppakiuii mecka B ['C KOIIPOIUTOB 110 CPaBHEHHIO ¢ TIOYBOH (B KOTOPOH
KA JOKICBBIC YePBH ) U3 MUKpOKocMa. OcTaeTcsl HessCHOM prudrHa (TeHe3unc)
00oTramIeHns KOPOINUTOB JOXKIEBHIX UYepBeil IECIaHbBIMU YaCTHIIAMH — H30Hpa-
TENbHOE TTOCTYIUICHHE/HAKOIUIEHHIE B KHIICYHUKE YePBS U3 BMEIIAIOMICH TTOYBEI
WM 3TO CBSI3aHO C OPTaHUMYECKUM T€HE3HUCOM.

Taxum 00pa3oM, ompeneNieHne CONEPKAHUI OPraHMIECKUX U MIHEPaIbHBIX
gactun B ['C xorponutoB Aporrectodea caliginosa w Lumbricus rubellus HeoO-
XOINMO IJTSl TOHUMAHUSI MEXaHU3MOB, BIIHSIOIINX Ha (QYHKIIMOHUPOBAHHE MTOY-
BEHHBIX HKOCHCTEM H, CIICIOBATENHHO, Ha ()YHKIIMOHIMPOBAHIE OONBIIOTO YHCTa
Ha3eMHBIX 9KOCHCTEM, KaK €CTECTBEHHBIX, TaK M aHTPOIOTeHHEIX. Llens nccme-
JOBaHUSI 3aKJII0YAEeTCsl B OOHAPY)KEHUH OPraHUYECKIX W MIHEPAJIbHBIX YaCTHIL
B I'C xonponutoB A4. caliginosa u L. rubellus. TIpoBepeHs! aBe Tumnoressl. [lep-
Basi — noxaeBbie uepBr n3MeHstoT ['C mytem m3mensuenns OB. Bropas — mox-
JICBBIC YEpBU HE OKA3BIBAIOT BIMSHHS Ha TPAaHYIOMETPUYECKHI COCTaB MHHE-
panbHOW YacTH TOYB.

O0BLEeKTHI 1 METOABI

Oobpa3zubl nouesl. B naHHOM HCCIETOBAaHWN HCIIONH30BAIA MOACITHHBIA KC-
MIePUMEHT, OCHOBAaHHBIA HA MUKPOKOCMaX C TIOKACBHIMHU YepBsiMu. [1ouBa B3siTa
W3 MMaxOTHOr'O TOPU30HTA arpodepHo3eMa MUTparmoHHo-MuteisspHoro (Kiac-
cupukamuss © adarHoctika TmouB  Poccumu, 2004) Kypckoit obnmactm
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(51°37'17,1"N; 36°15'42,0"E). Orta mouyBa quarHocTupoBaHa B [32] kak Proto-
calcic Chernozem (Loamic, Pachic) m umeeT Goiblioe arpoTeXHHYECKOe 3HaYe-
Hue. [lnoTHOCTD TBepaoil (assl B cnoe 0—20 cM cocraBiser 2,55 r/em’ [33].
IImotHocT mouBEl B cimoe 0-20 cm cocraBmser 1,18 oM’ [44], pHuwo —
6,32+0,11 [34]. IOxHee, B 15 kM oT Mecta orbopa 00pa3nos, pacnonoxkeH lleH-
TpainbHO-YepHO3EeMHBIN TOCYJapCTBEHHBIN onocdepHsbIit 3aITOBEIHUK
nMm. B.B. Aitexuna. B 1947 1. Ha TepputTopum 3amoBemaHuka (51°34'12,5"N;
36°05'22,5"E) Obl1 pacniaxaH y4acTOK 4epHO3eMa IO/ PeTyJIsSApHO CKalliBaeMOou
LETMHHONW Pa3HOTPAaBHO-TYTOBOM pPACTUTENBHOCTHIO Tuiomanpio 0,6 ra [35].
[IpoBeneHHOE HMCCenOBaHUE BAXKHO IJISI HHTEPIIPETAIIMH PE3YIBTATOB H3yde-
HUS TpaHC)OPMAIIHH TI0YB ATOTO PACIAXaHHOTO YJIaCTKa.

Muxkpoxocmel. Bo3mymHo-Cyxas IoYBa XpaHWIIACh B TCUEHHE IBYX JIET, UTO
00€eCIIeYnBacT MUHHUMAIBHOE OCTATOYHOE BO3ICHCTBHE COOCTBEHHOW OMOTBHI 00-
Pa3loB MCXOAHOW TOYBBI Ha JIOXKIEBBIX uYepBeld. [IpoObI MOYBHI IS BapHaHTOB
OITbITa OTOMPATM U3 (paKIKi CyXOro pacceBa UCXOMHOM MOUBBI Ha cuTax 10; 7,15;
5; 3,15, 2; 1; 0,5 m 0,25 MM (amrumutyna koneOaHwid 2,5 MM, BpeMs 2 MUH,
(Anallysette 3 Spartan Fritsch, ['epmanmust)) cornmacHo meroauke B [36].

[epen mpoBeaeHMEeM OIBITA BIAKHOCTH TOYBEI JOBOIMIIHU IO TIOJIEBOH BME-
ctumoctH (25%), TIOYBY TIepeMEIINBaId U PaBHOMEPHO PACIIPENEIISUIN 110 MHUK-
poKocaMm, TPEICTABISIFOIIAM COO0M MUIMHIPUYIECKHE cocyabl 00bemMoM 500 ML
Hcxomabie Macchl BO3AYIIHO-CYXOW TMOUBBI cocTaBisuma 350 1. DKcriepuMeH-
TallbHBIE COCY/IBI BBIIEPIKABANIH B TeMHOTE Tipu Temmepatype 17-22 °C u rpa-
BUTAMOHHOW BiaxkHoctn 35-40% B TeueHWE YeThIpex MecsleB. BrakHOCTh
MOYBHl TIOANCP)KUBAIN ITYyTEM PaBHOMEPHOTO JOOABIEHUS BOABI HA ITOBEPX-
HOCTH TIOYBHL. YPOBEHB BJIAKHOCTH KOHTPOJHPOBAIH B3BEUIMBAHHUEM BEICY-
meHHbIX (105 °C) 00pasoB mouBHl (HCXOIHAS Macca 5 T') cO BCeX MUKPOKOCMOB
OJIMH pa3 B MecsI.

Jiis nccitenoBanus ObUTM OTOOPAHBI SHIOTeHHBIC OXKIIEBBIC YepBU Apporec-
todea caliginosa (TIOYBCHHBIC IOKICBHIC UYEPBH, >KUBYIINEC B MHHEPAIBbHON
TOJIIIE TTOYBHI, SBISIOTCS MUKpodaramMn) U SIHUTCHHBIC JTOXKIEBBIC YepBU Lum-
bricus rubellus (MOYBEHHO-TIOJCTUIIOYHBIC JIOXKACBBIC YEPBH, KUBYIIUE Ha TI0-
BEpPXHOCTH MOYBKI, Me3odaru [37, 38]). OTOop AOKIEBHIX YepBEl MPOBOIUIH
corimacHo MexayHapogHoMmy craHmapty [SO 23611-1, BumoByro mpuHAIIEK-
HOCTh JTOKJEBBIX YepBel ompenersuy mo onpenenurento [39]. Joxnessie uep-
BH OBUTH TIPEACTABIICHB! IOBCHIIEHBIMH U TIOJIOBO3PEIBIMH OCOOSIMH B PaBHBIX
nporiopuusix. JloxkmeBbix uepBeir nByx BumoB A. caliginosa w L. rubellus co-
Zep Kad pa3fenbHO B cOCynax ¢ omaxoM (0TOOp BECHOH IEepe3nMOBABIIMX JIH-
ctheB) Acer platanoides (L.). Macca noxaeBbIX uepBeit B MEKpokocMme 10 T.

Baocumu 5 T omazma B BUE BO3OYIIHO-CYXUX IENBHBIX JINCTHEB Ha ITOBEPX-
HOCTh IMOYBHI 0Oe3 mepeMerinBanus. B oriawune ot uccnenoanmii [7, 9, 12] B
Hamrel paboTe pacTUTENBHBIN OmMaj IOMEIIAJCS Ha TOBEPXHOCTh IOYBHI 0e3
MIPEeIBApUTENHHOT0 U3MENBUYCHHS M CMEIIMBAHUS ¢ MHHEpaTbHON Maccoil. Kire-
HOBBIC JIUCTBS, JICKAINE Ha TOBEPXHOCTH IOYBHI, MMHTHPYIOT €CTECTBCHHBIC
YCIIOBHS B JTAOOpaTOPHOM dKcniepuMenTe (u3 ctathu [40]). D10 mo3Boser 00b-
€KTHBHO OIIPENeNNTh (PYHKIINN JOKACBBIX YepBEH IO Iepexoy U Tpanchopma-
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[UA OPraHMYECKOro BEIECTBA U3 OMajga B TOPU3OHTHI MouBbl. Onaja u3 KIeHO-
BBIX JIACTHEB OBbUI BBIOpAH KaK XOPOILIO MOTPEONISIEMBbIi [T0XKICBBIMU YEPBAMHU
[3, 40, 41].

Bbinu clienaHbl MUKPOKOCMBI B YETHIPEX BapHUAHTAX: [MOYBA M MOYBA C OMa-
JIOM B Ka4€CTBE TAJIOHOB; [TOYBA C OMAaJIOM U uepBH A. caliginosa, no4sa ¢ omna-
oM 1 4epBH L. rubellus. Bce BapuaHTBl UMENTN YETHIPEXKPATHYIO TTIOBTOPHOCTb.
Bcero orobpano 24 npo0s! (cpemHss npoda u3 10 pa3HbIX yacTeld MUKPOKOCMa)
M3 KaXJI0r0 BapHaHTa YCIOBHUH C Y4E€TOM MTOBTOPHOCTH M BpeMeHH 0TOOpa mpobd
(puc. 1). TIpoObl ATalIOHHOM TOYBBI OTOMpaNU ¢ TIYOWHBI 0—2 CM, CYTOUHBIC
KOTIPOJIUTHI COOMpAIM C TIOBEPXHOCTH IMOYBHI. [IpoObl 0TOMpaIM 4yepe3 OIuH,
[IBa, TPU W 4YEThIpe Mecsia MpeObIBaHHS [OXKAEBBIX YepBE B MUKPOKOCME.
JlaHHbIe 32 Bce MeCAIIbI aHATIM3UPYIOTCS B €IMHOM MacCHBE.

__; Cnyctal mecay, }——) O O

Aga cpeanux obpasya us 10
Y4YacTKOB MMKpOKOCMa

Mousa (KoHTponb)

“f"?q,‘\\ [Ba cpeaHnx o6pasua us 10

Y4acTKOB MMKpPOKOCMa

O O

Aea cpeaHux obpasua us 10
YYacTKOB MUKpPOKOCMa

Moysa&Onap

(KoHTpOAB) '

W3 1-ro mukpokocma scero 6

obpasuoB.

B utore 24 o6pasua gna ogHoro

BapuaHTa (Hanpumep, NoYsbl)
Mousa&Onap +

A. caliginosa ‘ '

Bcero 96 o6pasuos ana aHanmsa

skl

I'C c ynaneHnem u Ges ynaneHus

OpraHMYecKoro seLecTsa
MeTo/IOM NasepHoi AUPPaKLMHM,
onpeAeneHns opraHU4ecKoro

MNousa&Onag +
L. rubellus

yrnepoga.

Puc. 1. [Iuzaiin sxcnepuMeHTa
[Fig. 1. The experimental setup]

Cooepircanue opzanuueckozo yanepooa. O0uiee copepkanue yrieposa mocie
cyxoro cxkuraaus B Toke kuciopozaa pu 1000 °C n3mepsn Ha aHaIM3aTOPE YT-
nepona AH-7529 (I'omenbckuid 3aBOJ M3MEPUTENBHBIX TpHOOpOB, Pecrybimka
Bemapyce) MeromoM aBTOMAaTHYECKOTO KyJOHOMETPHUECKOTO THUTPOBAHMSL
B maxoTtHOM TOpH30HTE YepHO3eMa KapOOHATHI OTCYTCTBYIOT (OHU TiIyOxe 40 cm),
a BECh aHATM3UPYEMBIN YTIIEPOI] — YIIIEPO OPraHMUIECKUX COSIMHEHMH [42].
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Jlazepuotii ouppaxuyuonnstii ananuz pazmepa uacmuy. Jns anmanuza ['C
WCIIONB30BANIK J1a3epHbId qudpakromerp Malvern Mastersizer 3000E, ocha-
MIEHHBIA TeTUH-HEOHOBBIM KPACHBIM CBETOM Ha JUIMHE BONMHBI 632,8 HM, Awmc-
niepratop Hydro LV o6semom 600 M1, Arama3oHbl U3MEPEHUS pa3MEpOB YaCTHI]
ot 0,01 mo 2 000 mxm (Malvern Panalytical Inc., Benukoopuranus). I'C ompe-
IeTsUT B 00pasnax MmoYBHl M KOMPOJIUTAX 10 M rmocie okucieHus OB.

Ompenenenne I'C crnenyeT mpoBOIUTH TOCIE Pa3pYIICHUS arperupOBaHHBIX
gactull B oopasie. [Ipumenenne mupodocdara HaTpUs Win rekcameradocdara
HATPHSL TS OTOH e HEeBO3MO)KHO. OOMEHHBIE KaTHOHBI U3 ITOTIIONIAFOIIETO
KOMITJIEKCA MOYBHI MEPEXOIAT B MPAaKTHUCCKH HEPACTBOPHMBIA B BOIE OCaIOK
¢dochaToB KaIbIUI U MarHU, YTO MIPUBOTUT K HECOOTBETCTBHIO IIPH OIIpEAETIe-
Huu ['C MeTomnom naszepHoid nudpakmun [25].

[IpenBapuTenpHBIC UCTIBITAHUS ITOKA3AJIH, YTO YIBTPA3BYKOBOE IHCIIEPIHPO-
BaHWE BOIHOW cycrieH3nn obOpasia Ha Hydro LV He obecrneunBaeT MOJHOTO
pa3pyIIeHus] arpeTUPOBaHHBIX YacTril. OOpa3bl AUCTIEPTHPOBAIH C TOMOIIBIO
MPEBAPUTEIIEHO OTKATHOPOBAHHOIO YIBTPa3BYKOBOro jaucrepraropa Digital
Sonifier S-250D (Branson Ultrasound, CIIIA). K Bo3aymrHO-cyxoii ipobe 10-
6apstmn 30 mut quctrmmupoBanaoit H,O (120-130 mr ¢ OB, 100-110 mr mociie
okucineHuss OB) m IuCHeprupoBaiiil CYCIIEH3WIO IIPH SHEPTUU YIBTPa3ByKa
450 JIx/MI cTaHIAPTHBIM POTOBBIM HakoHEYHHKOM [43—45]. Tlpu anamm3se uc-
MTOJTL30BAJIACH TEOPHSI PACCESIHUS CBeTa cheprueckor yacTuiei Mi ¢ mokasare-
JIeM TIperiomiieHus: TBepmor dasel 1,55, koaddunmentom mormomenus 0,1 u
ToKazateneM npenaomieHus Boasl 1,33 [46, 47].

Knaccudurammst dpakmuit I'C nposenena mo USDA/FAO: un (0-2 MkM),
meutb (Menkas 2—20 MM, kpynHas 20—50 MKM) B TiecoK (oueHb MeENKHi 50—
100 mxm, memkmit 100-250 mxwm, cpemamit 250-500 mxwm; kpymabIE 500-
1000 MxM), obecrieurBaroas IeTaTu3aIuio Gpakiyuii MBUTH U ITecKa.

Oxucnenue OB. Moxkpoe okucnenne opranudeckoro Bemecrsa H,O, mpoBomau-
JIM TI0 METOJIMKE, OMMCaHHOH B padote [48]. B aToit mpolienype ncnonb»30Baii Ko-
TdgecTBO 0Opasia, o0ecIeunBarolee YpoBeHb 3aTeMHEHHS Jla3epHoro Jryda > 10%
npu onpenenernu ['C. 1-2 M 30% H,0, nobasmsmm x 100-110 mMr obpasua B po-
oupke «Falcon» (50 mur) mpu KOMHATHOM TemrepaTtype. Ha cnemyrommuii neHs o0-
pastel iomerianu B Tepmoctat (40 °C). ExenneBno nobdasisim ceexyro H,O, mo
nipekpainenns Bekumanus (10—15 nueit). [ocne okucieHust 0Opasibl BEICYIIIMBAIA
mipu 40 °C 1 UCNoNb30BaNM TS TPAHYJIOMETPHYECKOr0 aHAITN3A.

Cmamucmuka. AHamu3 COEpKaHUs yTriepoaa MPOBOAWIHN B TPEX M3Mepe-
HUSAX U KaXIO0ro MHKpokocMa. Pesynbrarel ['C ObUIH TIOTYyYeHBI B 24 MOBTO-
pax utst Kaxmoro o0bekTa (M. pHc. 1), KaXkIblii U3 KOTOPBIX MPEICTABISACT CO-
001 cpenHee 3HAUYEHUE TPEX CKAaHUPOBAHWHA CycIieH3WH oOpasina. Ha prcyHkax
MIPEACTAaBIICHBI CpelIHUe apu(pMETHIECKIEe 3HAYCHUS W NOBEPUTEIBHBIC HHTEP-
BaJIbl CTAHJAPTHOTO OTKJIOHEHHS Ha ypoBHe 3HaumMoctd (oo = 0,05), paccuu-
TaHHBIE C moMmolibio mporpamMmbel Excel (2010). JlucrmepcroHHBIH aHAH3
(ANOVA) u aHanu3 MeToJioM TiaBHBIX KoMoHeHToB (MI'K) paccuuTsiBamu ¢
WCIIOJIE30BAHNEM TIPe0Opa30BaHUsl aANTHBHOTO JOTapu(MHUECKOTO OTHOIIE-
HUS UTS HOPMAJIN3aIiN JaHHbIX.
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Pe3yabTarhl cciiefoBaHus U 00CYy:KIeHHE

Oo6uwuit opzanuyeckuit yenepoo. 11o cpaBHEHHIO C KOHTPOJIBHBIM BapUaHTOM
«moyBa» cozepskanue Copr B II0YBE U3 BapPHAHTA OIBITA «ONaJ—II0YBa» YBEJIH-
guBaercs Ha 0,30+0,05%, B Bapmante «omam—mouBa—A. caliginosa» — Ha
0,39+0,08%, B Bapuante «oman—tiouBa—L. rubellus» — wa 1,33+0,4%. Brian
JoxzaeBoro uepss A. caliginosa B HaxkoruleHHe Mo4BeHHOTO Copr HE3HAYUTEINEH.
Ilo cpaBHEHUIO C KOHTPOJIBHBIM BAapUAHTOM «1104Ba» copepkaHue Cop B KO-
nponurax A. caliginosa nossieno Ha 0,32+0,06%. Conepxanne Copr B IOUBE C
IOXIeBBIM uepBeM L. rubellus (4,99+0,4%) u ero xompomuramu (5,03+0,24%)
JIOCTOBEPHO BHIIIIC, UM B IPYTUX BapHaHTaX OMbITa (pHC. 2).

4JIIIIL

Copnepixanue
OpraHuyeckoro yrinepoja (%)

(8]

nouea nouea & nouea & |xomporumsl| nousa & |xonporumut
onad onao onad

Koumpoas A. caliginosa L. rubellus

Puc. 2. Conepixanne Cypr (%) B pobax MOYBBI H KONIPOTUTAX
[Fig. 2. The content of OC (%) in the samples of soil and casts]

YacT KICHOBBIX JIHNCTHEB W3 OIMAJa, IIEPEBAPEHHOTO MOXKICBHIMH UEpPBSIMI,
MPOCTPAaHCTBEHHO JIOKATM30BAaHBI KaK Ha TOBEPXHOCTH IOYBHI (OTKyIa OBLIH
B3STHI IPOOBI), TAK U BHYTPHU HEe.

I'panynomempuueckuit cocmag nouesl u xonpoiumoe (¢ OB). I'panyno-
Metpuuecknii coctaB (I'Cop) 00pasmor mouskl U KonponuTos (¢ OB) npencras-
JIeH Ha pHC. 3, U3 KOTOPOTro BUAHO U3MEHEHNE COOTHOIICHUS TPaHyIOMETpHYe-
CKUX (pakIuii 3a CYET 3HAUNTEIHHOTO YBEITMUCHISI COINCPKAHUS TIECUaHBIX Ya-
ctutl ¢ OB pa3zmepom Gonee 100 MKM MO CPaBHEHHIO C UX COJCPKAHHEM B TEX
ke oOpasnax, Ho nociie okucieHust OB.

I'panynomempuueckuit cocmae nouevl u Konpoaumos (6e3 OB). Mexny-
HapoaHbI MeTon ompeaeneHus ['C ModB mpemycMaTpyBaeT MpeIBapUTEIHEHOE
ynanenne OB u3 obpasna [47, 48]. Pe3yabTathl onpeneneHus rpaHyjIoMeTprye-
ckoro cocraBa (I'Cy.o,) mocne okucieHuss OB mepokcuoM Bomopoaa Tpei-
CTaBIIEHBI Ha pucC. 4.

Conepkanue (00. %) mmictot (ppakuuu B 00pas3max MOCTETIEHHO CHIKAETCSI
or 12,5+0,4 B ucxonauoit mouse g0 12,2+0,4 B korponurax L. rubellus (tabm. 1).
B I'C miouBsI 1 KoIIpoNTMTOB TIpeobianaeT mpuieBartas ¢ppakmuus (2—50 mxm). [1o-
BEIIICHHOE COJCpIKaHME IMBUTH B KomponuTax L. rubellus (83,4 06. %) o0Oycnos-
JIeHO coepkanueM cyodpakiuit 2—20 MM (53£2,6 00. %).
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Puc. 3. 'panynomeTpuyeckuii cocTaB 10 OKHCIIEHHUSI OPTaHUUECKOT0 BELIeCTBa
B 00pasiax Mo4YBbl U KOMPOIUTAX
[Fig. 3. The PSD before the organic matter oxidation in the samples of soil and casts]
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Puc. 4. I'C nocne okucnenuss OB B 00pa3iax mo4Bbl U KOMPOJIUTOB
[Fig. 4. The PSD after the OM oxidation in the samples of soil and casts]

CpenmHee conepkaHHE YacTHIl pasMepoM 2—20 MKM B Tpo0ax «ImouBay,
«moyBa—omaa» W Kompoiurtax A. caliginosa CyImecTBEHHO HE pa3lndaeTcs U
coctapiser 49,1-49,4 06. %. Hons wactun pazmepom 20—50 MM KoebneTcs B
npexenax 30-31,5 06. % Bo Bcex BEIOOpPKAaX W CTATHCTHUCCKH HE PA3THYACTCS.
Cpenmu geTbipex (pakiuii mecka (04eHb MEKHMA, MEITKUH, CPSAHUNA W KPYITHBIHA
MeCoK) TMpeobiazaer odeHb Melkuid necok (50-100 mMxM). MakcuMaiabHOE €ro
conepkanue (7,3+0,8 06. %) oOHapy>keHO B 00pas3Iie MOYBHI U3 BapHaAHTa «I10Y-
Ba—onamy. Muanmym (4,5+1,8 00. %) — y komponutos L. rubellus. B «mmouBen-
HOM) BapHaHTE U KONponnuTax A. caliginosa conep>kaHue O4eHb MEJIKOT0 TecKa
cocraBusier 6,5+0,8 n 6,4+1,8 00. % coorBercTBeHHO. ColepKaHHEe MEITKHUX
YaCTHUII TIeCKa B «I0uBe» odeHb Hu3koe (0,02+0,03 06. %), HanpoTHB, €ro co-
JeprkaHie 3HAUATEIBHO BBIIIE B 00pa3liax BapHaHTa «II0YBa M OMaly, KOIPOJIH-
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tax A. caliginosa u L. rubellus B 9, 23 n 18 pa3 cooTBeTCTBEHHO. YacTHIIBI
cpemHero pasMepa Iecka B oOpasie «mouBa» He HabOmomamnch. B BapmanTax
ombita  «omag—mnousay (0,07+0,05 06. %) wu xompommrax L. rubellus
(0,04+0,02 06. %) comepxaHne 3TOH (PaKIUK CPABHUMO C IOTPEITHOCTHIO H3-
Meperns. U Tonpko B konponutax A. caliginosa 3HaYAMO TIPUCYTCTBUE CpeIHE-
ro necka (0,4+0,1 06. %). Kpymusiii mecox (500-1000 MKM) NpHCYTCTBYET
tonbko B I'C xonponutoB A. caliginosa (0,07+0,03 06. %).

Cmamucmuueckuit ananus. Conepxanne (00. %) mwimcToil ppakunu B 00-
pasnax MCXOJHOW IMOYBBI U KOpoysuToB L. rubellus coctrapnser 20,41+0,41 u
14,60+1,55 coorBercTBeHHO, uTo B 1,6 11 1,2 pasa Beime, yem B ['C mociie okuc-
nerust OB. B mpobax «oman—iouBa» u Konponutax A. caliginosa conepxanue
nnucroid ¢paknun ¢ yaerom OB yBemmuwmiiock B 1,5 paza go 18,16+£0,69 u
18,83+0,50 06. % cooTBercTBeHHO (TabmI. 1).

Taonuma 1 [Tablel]
CpaBHenue coep:xanus yactuy (00.%) B I'Cop (10 oxuciienust OB) ¢ I'Cyy 0,
(nmocJie okucyienuss OB) o6pa3uos ¢ ucnonb3opanuem U-kputepuss ManHa—YUTHH
[The content of particles (Vol.%) in the PSDoy (before oxidation of OM)
and in the PSDy20; (after oxidation of OM). Mann—Whitney U Test]

KOHPC;IHH_ KornpomnuTst 0 0
q])lll);l(_ Oxucite- ca;iblin.osa L. rubellus TaJ M Toasa o1Ba

MKIVI e OB C £ Cpen- 1 | Cpen- 1 > | Cpen- 1 2

PEIHEE | e P Hee p p Hee p p

02 10 18,83 14,6 0 | 18,16 | 0,15 0 20,41 | 0 0
rocie 12,25 11,79 | 0 | 12,29 0 0 12,49 (0,02| 0

220 10 53,27 49,14 | 0 | 54,04 | 0,62 0 54,99 | 0 0
rocie 49,7 53,35 (0,23| 49,13 | 0,01 | 0,98 | 49,56 | 0 |0,41

2050 110 21,91 21,68 21,78 | 0,85 0 21,36 (0,04 0
rocie 30,72 30,03 (0,28 31,07 | 0,59 | 0,03 | 31,47 | 0,05| 0,01

50-100 10 4,25 6,56 0 4,93 | 0,85 0 32 10,04] 0
rocie 6,44 4,43 10,28| 7,26 | 0,59 | 0,03 | 6,46 |0,05|0,01

100-250 10 1,12 4,74 0 0,92 0,4 0 0,04 (0,03 0
rocie 0,45 0,36 |0,55| 0,18 | 0,63 | 0,86 | 0,02 |0,01|0,01

250-500 110 0,4 2,24 0 0,13 | 0,66 0 0 0,02 0
rocie 0,37 0,04 |0,21| 0,07 0,1 | 0,93 0 0 10,02

500— 110 0,22 1,04 0 0,04 | 0,52 0 0 0 0

1000 nocje 0,07 0 0,03 0 0 1 0 0 1

Tpumeuanue. p1 — cpaBHeHHUe ¢ Konponutamu 4. caliginosa, p2 — CpaBHEHHE C KOIPOIUTAMHU
L. rubellus.

* JKupHBIM BbIACIICHBI IOCTOBEPHO pasinyaroiuecs napsl mpu p < 0,05.
* Significantly different pairs are highlighted in bold at p < 0.05.

Cymma ¢pakmuii uina u Menkoi meuta (76,4 + 70,8 00. %) mpeobnamaer B
I'Cop 00pa3ioB Bcex BapuaHTOB ombiTa B cirydae ['Cyop. I3MeHeHHE conepika-
Hus Menko# et (2—20 MM) B I'C ¢ OB ucXoaHbIX Mpod 00paTHO MPOIOPITH-
oHabHO pe3yabTaty I'C mpob 6e3 OB. MakcuMaiabHOE KOJIMYECTBO MEITKOW
MU HAOJTIOAJIOCh B «TIOYBeHHOM» BapuaHTte (54,99+0,38 006. %), MUHUMAITb-
HOe — B KonponuTax L. rubellus (49,14+£2,13 06. %). Conepxkanne (21,4+0,3 +
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21,9+0,3 06. %) xpymHo#t meiH (20—-50 MKM) B 00pa3nax IMOYBEI U KOIIPOIHUTAX
HAMeEET CITa0ble Pa3TudHsl.

Pazmmaue mexny I'Cop u I'Crpo, KoppenupoBaiio ¢ Copr B 00BEKTaX 3TOTO IKC-
nepumenTa (tabm. 2). [Torepu 00.(%) mocie okucieHns BO BeeX (PPaKIisax BO BCeX
BapraHTax OOYCIIOBIICHBI Pa3jIOKCHUEM ITOYBEHHOI'O OpPraHWYECKOro BeIecTBa.
CymmapHoe conepkanue recyanbix (pakimidi B ['Cop W IO YacTHIl pa3MepoM
50-1000 mxMm cocraBisirot 3,2/0,04% (mousa), 6/1% (mouBa—omnamn), 6/1,7% (xompo-
muTHl A. caliginosa), 14,6/8% (xonpomutst L. rubellus). [lpyrue 3HaUSHHUS TS 9THX
¢paxmmii 6prm TomydeHs! B ['Crpoon: 6,5/0,3% (mousa), 7,3/3,3% (mouBa—oman),
6,4/2,2% (xonpormutsl 4. caliginosa), 4,4/8,2% (xorpomutsl L. rubellus).

TaoOnuia 2 [Table2]
OTtHowmenne coaep:xkanus yactuu B ['Cop k ux conepxanuio B 'Cyo.
U1 Kazknoil ppakuuu (JieBblii cros0en Tadauubl). JInneliHasi Koppeasiius MexIy

¢ppaxkuusmu I'Cop u conepxanueM oduiero yriiepoga. CooTHOLIEHHE MexKIY

¢pakuueii yactun (y = I'C(006.%)) u conepxanunem Cp, (x = Cop (%))
[The ratio of the particles content in the PSDoy () to their content in the PSDy,02;
the linear correlation between “a” and the TOC. Relationship between particle fraction
(the Y = PF(Vol.%)) and OC content (the X =O0C (%))]

Konrpons Konponutst

dpakuus, Omann | A, caligi- R 3aBHUCHMOCTh

MKM Iousa \IL. rubellus| I'C (06. %) 1 Copr (%)
o4Ba nosa

0-2 1,6 1,5 1,5 1,2 0,97 y =-4,0556x + 34,89
2-20 1,1 1,1 1,1 0,9 0,99 |y=-4,3061x + 70,795
20-50 0,7 0,7 0,7 0,7 0,05 |y=-4,3061x+ 70,795
50-100 0,5 0,7 0,7 1,5 0,9 y =2,2504x — 4,6386
100-250 2,7 5,1 2,5 13,2 0,999 | y=3,4892x — 12,825
250-500 — 1,9 1,1 62 0,98 y=1,7338x — 6,5296
500-1 000 — — 2,9 — 0,97 y =0,7984x — 3,0022

MI'K ucrionb3oBanu [Jisi ONEHKH BIWSHUS BUAOB JOXKIIEBBIX YEPBEH W OMaja
Ha pasMep U CoAepkKaHUe OpraHMYECKIX YACTUI] B KONPOJIUTAX | IoYBe (puc. 5).
Pesynbratel MI'K BBISBISIOT OCHOBHBIC (hPaKIUM Il TUATHOCTHKH OpraHuve-
ckux (> 100 MmxM) 1 MuHepanbHBIX (250-500, 500—1 000 Mxm) yactur B I'C.

C momormibio ANOVA mipoBesicHa OIleHKa BIUSHHS (aKTOPOB Ha Tiepepac-
MpeieliecHue YacTUIl 0 pa3MepaM B kKomposmrtax (Tabm. 3). PaccmarpuBaimch
(akTOpHI: HAMYUE OMana, HAJHMINE JTOXKICBBHIX YepBEi, HANMMUME OMaaa U JI0XK-
JICBBIX YEepBEH, HAMYKME Olajia U JIOKIEBBIX uepBer (¢ yuerom Buaa). [locien-
HUE JIBa BapuaHTa ObUIM HanOoyiee BaXXKHBIMH (Ha OCHOBE p-ypoBHS (alb(a =
0,05)). Bugsl noxkneBsix uepBed BimsiroT Ha ['C komposmToB (Ha OCHOBE Ya-
CTHUYHOTO T-KBajpaTa). Hambonee BaxHbIMU (haKTOpaMH SIBIISFOTCS BHIBI JIOXK-
JIeBBIX YepBeil W omaja (Ha OCHOBE YacTHYHOTO M-KBazaparta). Ha mx momio mpu-
XOIUTCS OCHOBHAs 4acTh aucrepcudl ['C B moYBe 1 KOMPOIUTAX.

YBenmuueHne comepkaHus OOMIEro yriepoJa B BaphaHTaX («OHaa—IioyBay,
«omnag—mousa + A. caliginosay», «onan-nousa u L. rubellus») o0ycioBiieHO T0-
CTyIUICHHEM: 1) MEJKIX CErMEHTOB JINCTHEB KIIEHA; 2) BOIOPACTBOPHMEIX ITPO-
IYKTOB MHKPOOHOIOTHIECKOr0 IPeoOpa3oBaHusl Olajga, MUTPUPYIOMINX B MOY-
BY U YBIIXKHEHUH OIaa.
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Mpoekuus 06bLEKTOB Ha haKTOPHYIO MNOCKOCTb
Bnuncei pasHbl 95% AOBEPUTEINILHOMY UHTEpBANY

I'Ipoekuml nepemMeHHbIX Ha d)aKTOpHle MNOCKOCTb
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B — 6e3 yuera OB mouBbI) A71st pa3inuHbIX 00pa31oB (II0YBa—OIMa, KOIPOIUThI
A. caliginosa, xonponutst L. rubellus)

[Fig. 5. Principal component analysis (PCA) ordination diagram based on coprolites and control on a
factorial plane based on volume percentages of PSD fractions (A - with OM, B - without OM) for various

samples (soil, soils with litter, coprolites of A. caliginosa, coprolites of L. rubellus))

TaoOnuia 3 [Table3]
Pe3yabTaThl 1ucnepcuoHHoro anajauza (ANOVA) no cpaBHeHHIo

IPaHyJIOMETPHIECKOIr0 COCTaBa oﬁpasuos C YAQAJICHUEM OPraHUY€eCKOro Beuecrsa

MEePOKCHIOM BOI0OpoAa U 0e3 3TOoil nmpoueaypbl
[Results of analysis of variance (ANOVA) comparing particle size distribution
of samples with and without removal of organic matter by hydrogen peroxide]

Effect df Error df p-ypOBeHb YacTUyHBIH
1-KBaJpar

oB 14 69 0,00001 0.47
JloxeBble uepBH 14 69 0,00042 0,4
OB u nox/eBbie 28 136 e 04
YepBH
OB u BuIBI § 0 200 o0 oo
JTOKIEBBIX YepBeit

CootHomeHne U cofepykaHUe MECYaHbIX YacTUI] B 00pa3lax 0 OKUCIICHHS
MPUHIMITHAIEHO HHOE, YeM 1ociie. [t Beex ¢pakuuii mecka OT 04eHb MEITKOTO
0 KPYIHOTO COJIEpKaHWE YacCTUI[ B COCTaBE ITUX Ke (Ppakmuil MOCTENICHHO

18



Dponos 0.A., Munanosckuit E.FO. Pazmep u codepricanue opzanuiecKux 4acmuy

YBEIMUMBaCTCS («IIO0UBa» < «OMan—TouBa» < «KOMponuTHl A. caliginosa» <
«konposuThl L. rubellus»). C qpyroil CTOPOHBI, COACPIKAHHUE TIECYAHBIX YACTHII
B IIpo0ax OMHHX W TeX K€ MOYBCHHBIX BAPUAHTOB M KOIPOJIHUTAX YMEHBIIACTCS
OTHOBPEMEHHO C YBEITMYECHHEM Pa3MEPOB TIECYAHBIX YACTUI[. Y BEIHUCHHUE TOTH
MecKa MPOUCXOIUT 3a CUET YMCHBIIICHUS TONH TIMHBI H TOHKOH ITBLTH B ITOYBE U
konponuTax. Mcrounukom KpymHbIX dactull B I'C BapuanTa 6e3 okucienus OB
SIBIISTIOTCSL JIUCTHSI KIIEHA, YTO MOATBEPKAACTCS BHICOKOW KOPpEISIHeEH ¢ coaep-
KaHUEeM yriepona B obpasuax. [locienane Tpu BapuaHTa HAaIIEro OMBITA BKITIO-
Yay oraj Ha TOBEPXHOCTH TOYBHI U Pa3INYajIiCh HATHINEM W BHIOM IOXKIC-
BEIX depBedl. Ha OCHOBaHWMH TpeIBapHTENFHOTO HCCICIOBAHUS, BBISBHBIIETO
pa3Nuyns B TPaHyIOMETPHIECKOM COCTaBE MPU HUCIOIB30BAHUN OJHOTO MUKPO-
kocMa [31] m maHHOTO MCCIIEeIOBaHUS, MPEATIONATaeM, YTO HaTu4He, pa3IndHoe
conepikanne u cootHomieHne yactun B ['Cop CBSI3aHO ¢ yKa3aHHBIMH BHIIIE
(hakTopamu.

OO0paiaer Ha ceOsi BHUMaHHE U TpeOyeT OOBSCHEHHUS HECOOTBETCTBHE pe-
3yIBTAaTOB ONPENCTICHUS (HPAKIIHA ecka B ICXOAHBIX MPpodax ! Imocie yoaJeHUs
OB. B I'Cop HE3aBHCHMO OT BapuaHTa OINbITA COACP)KAHUE YACTHIl (DpaKIH
IecKa MaKCHMaJbHO B KomponuTax L. rubellus, oOUTarONMX Ha TIOBEPXHOCTH
mouBkl. OHaKo nocite ynaeHus OB 13 o0pa3iioB 4acTHIIBI ITecKa MpeodIagaroT
B KOIMPOJHUTAX SHIOTCHHOr0 AOXKIEBOro YepBs A. caliginosa. JloxneBbie yepBr
HAKaIUTMBAIOT OOJNIBIINE ITECUNHKH 33 CUET M3MEIBUYCHUS PACTUTENBHBIX OCTaT-
koB [28]. B nHamelt paboTe HakoImieHHE KPYIMHBIX MUHEPAIBLHBIX YaCTHI[ OTMeE-
9eHO TONBKO s A. caliginosa. MuHepanbHBIE YacTHIBI pa3MepoM Ooiee
250 MKM TIpaKTHYECKH OTCYTCTBYIOT B KOHTPOJIBHOH TIOYBE, HO HEOOJbIIAas
9acTh TAKMX YACTHII ITOTIAJIA B TIOUBY C OIAJ0OM H KOIPOIHUTAMH.

OnHa M3 BOBMOXHBIX MPUYHH 3aKII0YAeTCsl B TOM, UTO 3TO pa3iudne 00y-
cioBieHO HenoaHbEIM okuciaeHrneM OB mouswsr H,O, [49]. Ognako Torma He sic-
HO, moueMy ['C ObUT pa3HBIM B BapHaHTaX «OIMaJ—I104Bay», B KOIPOIHTAX A. ca-
liginosa w L. rubellus. TlpenmonaraeM, 4to (PUTOTUTHI U3 KICHOBBIX JINCTHEB
SIBJISIFOTCST OJHOW W3 MPUYMH M MCTOYHUKOM 4acTull kpynHee 100 MxMm B Bapu-
aHTax ombITa ¢ onagoM. [lo muTepaTypHBIM AaHHBIM, X)uBble [50] 1 omaBmme
nmucThs KieHa [51-53] comeprkat 1ocTaTO9HOE KOMMYECTBO KPEeMHUS. B MUCThsIX
KJIEHa BBISIBJICHO BBICOKOE COJICPKaHHE (PUTOIMTOB pa3ivdHOW (GOpMBI (BBITS-
HYThIE, IIAPOBUIHBIC, COWICHEHHBIC) U KPYIHBIX pa3mepoB (=150 mkm) [54].
K coxanenwnro, Acer platanoides He BOIIEN B YACIO BOCKMH HpOaHATH3NPOBAH-
HBIX aBTOpaMH BUIOB. JIJIs1 MPOBEPKH 3TOW THIIOTE3BI B JAJIbHEUIIIEM HEO0XO-
IIMMO TIPOBECTH aHANW3 (PUTONHUTOB B 00pa3Iax MOYBEI, KOMPOIUTOB JOKIEBBIX
4gepBell U IUCTBeB Acer platanoides. Taxxe HEOOXOIUMO BBISICHUTH NPUIHHY
HECOOTBETCTBHSI COJepyKaHUs opraHndeckux (mo okucnenus OB) m muHepais-
HbIX (TIocite okucieHuss OB) gactuil pasmepom Oonee 250 MKM B KOMPOJIHTAX
A. caliginosa w L. rubellus. Ecnu SKCIEPUMEHTANIBHO YAACTCS TMOITBEPINTD
OoJbIION pasmep GHUTOMUTOB B NHCThAX Acer platanoides, ToO BO3MOXHas TpH-
yuHa ot B I'C xomponuToB Moriia Obl OBITh 00BSICHEHA Pa3TUIMsIMU B (H-
suosioruu A. caliginosa L. rubellus. B xutieunom tpakre L. rubellus dnenu-
cThIe (DUTOTUTHI U3METBYAIOTCS U pa3pymaroTcs, a y A. caliginosa 3T0T 3PQeKT
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BBIpPaXKCH MEHbIIE. 3HAaHHE MOP(OIOTHH PUTOIUTOB TTO3BOIMT HACHTH(PHUIIHPO-
BaTh M ONPEACTUTH pa3Mep YaCTHI] MUHEPAIbHOW MacChl KOMPOIUTOB A. caligi-
nosa v L. rubellus. ITonTBepKIaeTcs TATIOTE3a O TOM, YTO JOXKIECBbIC YSPBH H3-
menstioT ['C mytem m3menpuenus yactur; OB. MccnenoBanne He moaTBEepKIaeT
runote3y o ToM, uto ['C 6e3 OB ocTaércst HeM3MEHHBIM TIPH BO3JICHCTBHUH JIOXK-
JIEBBIX YEPBEH.

BriBoabI

JubdepeHManys OpraHMYeCKUX W MHHEPAJIBHBIX YacTHI[ B MPOOax BO3-
MoxxHa Tipu onpeneneanu 1'C 1o U mocie yaajaeHUs OpraHNIeCKOro BEIIECTBA.
MBEI peKOMEHTyeM MPOBOIUTE OIpeeTICHNE TPAHYIIOMETPUIECKOT0 COCTaBa KakK
710, TaK | TOCIIE YAAJICHUS OPraHUIeCKOr0 BEIIECTBA U3 NCXOAHBIX IIPOO.

Joxnesbie uepeu u3MmeHsroT I'C myrem naMensbuenus OB, Ho naxe 6e3 OB
I'C Bo Bcex BapmanTax paznuuaercs. OpraHu4ecKre YacTHUIIBl B COCTaBe KOIMpPO-
JUTOB pacrpeneNeHbl o GpakunsM mecka. s konpomuToB A. caliginosa yBe-
nu4yeHue oobeMHoU Jonmu Bo (pakiusax ['Cop OTHOCHTEILHO MCXOMHOW ITOYBBI
COCTaBMJIO: OY€Hb Menkui mecok +1,1%, menkuit mecok +1,1%, cpemuunit mecok
+0,4%, xpymHbIii iecok +0,2%. AHAIOTHYHO I KOponuToB L. rubellus yBe-
JIMYEHUE COCTABHIIO: OY€Hb MEIKWU mecok +3,4%, menkuit mecok +4,7%, cpen-
HuM necok +2,2%, kpynHo3epHUCThIN necok +1%. Hecmorpst Ha He3HauUUTENb-
HOE KONMYECTBO W/WJIHM OTCYTCTBHE MHHEpATBHBIX YacTHIl pa3MepoMm Ooree
100 MKkM B TIOYBE 0€3 JOXKIEBBIX YEpBEH W onana, OHW MACHTHU()HUIIMPOBAHBI B
cocraBe KonmposmToB A. caliginosa (mecok cpeanmii +0,4%, TECOK KPYITHBIH
+0,1%) u L. rubellus (menxwii necok +0,4%, cpenunii mecok +0,1%). Boamox-
HO, YTO (PUTOIHUTHI U3 KICHOBBIX JINCTHEB SBISAIOTCS OXHOW M3 MPUYHUH U UCTOU-
HHUKOM TTecqyrHOK kpymHee 100 MKM B BapraHTax OIBITa C OMaI0M.
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Annoranus. [IcuxpoduipHble MUKPOOPTaHH3MBI IIMPOKO PACIPOCTPAHEHBI IO
BCceMy MHpPY. V3 BBIJENCHHBIX M OXapaKTEPU30BAHHBIX TAKCOHOMHYECKHX TPYIII
NCHXPOMHIBHBIX MHKPOOPTaHM3MOB —IIOAABISIONICE OONBLUIMHCTBO COCTAaBIISIOT
Gakrepun. Ha OCHOBe JHTEpaTypHBIX [JaHHBIX PAacCMOTPEHO pa3HOOOpasue
ncuxpodmibHeIX Oaktepuii. I10Ka3aHO, YTO OHM BCTPEYAIOTCS B MOpSX, OKEaHax,
[yOOKOBOHBIX CONCHBIX 03€pax, BO JIbAaX APKTHKH, ITOYBAX TYHIPHI M BEPIIMHAX
TOPHBIX MAacCCHUBOB, meiepax. llcuxpoduibHble Oakrepur 00IaNAIOT EHHBIM
OPUPOAHBIM PECYPCOM C MOTCHIMATIOM B PA3IHYHBIX OHMONOTHYECKHX 00TacTsIX,
IPOSIBILSIL Pa3HOOOPa3Hy OHMOXHMMHYECKYI0O aKTHBHOCTh. B MpHpome BCTpedaroTcst
GaKTepHy, UMEIOLINE OTIMYUTEIbHBIE OCOOCHHOCTH CTPOCHHSI KJICTKH, HAIpuMep,
[PHUCYTCTBUE B KIETOYHOH CTEHKE BOCKOB U JIMIIMIOB SIBISICTCS OJHUM H3 CIIOCOGOB
ajanTand K XOJOAHBIM YCIOBHAM. JIisi 3aliuThl OT 3aMep3aHds HEKOTOpbIe
Oakrepur  BBIACISAIOT  aHTUdpu3Hble Oenku. Ocoboe  BHUMaHue — yACIHIN
Ouopa3HooOpa3ui0  NCUXpPOUIbHBIX ~ OakTepuid,  CHOCOOHBIX  IPOM3BOIHUTH
MPOMBIIUICHHO 3HaYMMBbIe (hepMeHThI. BbIsiBIeHsI Hanbosee 3HAYMMBIC U HHTEPECHbIC
[PEACTABUTENN JAHHON TIPYIIBI MUKPOOPTaHU3MOB. XOJOIOAKTUBHBIC (HEPMEHTHI,
BBLIEISIEMbIE  MCUXPO(MIBHBIMUA ~ OaKTepUsIMH, HMEIOT  OOJbBIIOW  IOTEHIHAI
OPUMEHEHHST MX B OHOTEXHOJOIHMH, MEIWIMHE, CEIbCKOM XO3SHCTBE, TCHHON
HHEKCHepUH. V3BEeCTHBI NCUXPO(HUIBI, KOTOPBIE SBISIOTCS  ASCTPYKTOPaMHU
HE(TEIPOAYKTOB 1 TePOULIIOB.
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Summary. Psychrophilic bacteria are a large group of microorganisms that
prevail in low-temperature ecosystems. Psychrophilic bacteria have undergone a
number of adaptations that help them exist in such conditions. One of such
adaptations is the use of enzymes with a high specific activity at low temperatures.
Such enzymes are usually called “cold-active.” These enzymes have potential
applications in biotechnology and industry. In our review, we considered individual
genera of psychrophilic bacteria, current global trends in the study of cold-active
enzymes, their applications, and place in industrial biotechnology. Thus, the main
goal of this study was to explore the diversity of psychrophilic bacteria, as well as
opportunities of their application in biotechnology.

The natural ecological sites of psychrophiles are numerous and varied.
Psychrophiles form a permanent microflora of eternal cold regions, polar regions and
oceans. Bacteria belonging to this group are found in soil, water or associated with
plants and animals. An important site for psychrophilic microorganisms is a low-
temperature water reservoir. At present, many new genera of psychrophiles and
psychrotrophs have been derived from the bottom sediments and sea waters of the
Arctic and Antarctic and described. Psychrophilic microorganisms are found in caves
and in ancient ice crystal structures. The latter testifies to the very possibility of the
super-long anabiosis phenomenon, as well as vital capacity preservation without
division for a long period of time.

Psychrophiles do not have a single form, they belong to at least several
phylogenetic groups. Psychrophilic forms are found among the representatives of a
large number of genera. There are no common physiological and biochemical
parameters typical of psychrophilic bacteria. They comprise rods, cocci, vibrios,
gram-negative and gram-positive bacteria, bacteria that produce and do not produce
spores, strict aerobes, facultative and strict anaerobes.

We lay greater emphasis on the diversity of psychrophilic bacteria capable of
producing industrially important enzymes. The review considers bacteria belonging to
the genera Vibrio and Aliivibrio, Pseudomonas, Achromobacter, Arthrobacter,
Pseudoalteromonas, Bacillus, Clostridium, Micrococcus, Psychrobacter,
Psychromonas, Flavobacterium, and psychrophilic methanotrophic microorganisms.
These bacteria enzymes are used in agriculture, biotechnology, pharmaceuticals and
household chemicals, as well as other sectors of the national economy.

Psychrophilic bacteria produce a chemical compound that can be used in
medicine. For example, Pseudomonas antarctica contains a cluster of genes encoding
microcin B, R-type pyocins, adenosylcobalamin, and pyrroloquinoline quinone. Thus,
P. antarctica has antibiotic activity. Psychrobacter proteolyticus also has an
antineoplastic action and secrets an extracellular cold-adapted metalloproteinase being
able to inhibit the space-occupying process. Cold-active metalloproteinases are also
widely used as detergents, in currying, food sector and molecular biology. The
immunogenic Pal conformable protein was derived from the psychrophilic strain of
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Aliivibrio salmonicida suggested for use as an effective component of vaccines and in
pathogenicity studies.

The representatives of the genus Arthrobacter capable of metabolizing diuron and
petroleum products have an important property. 4. agilis produces a red pigment, a
bacterioruberin-type carotenoid being interesting as an antioxidant. A.
psychrochitiniphilus is promising for cleaning water areas, oil-polluted coastlines, as
it decomposes oil and petroleum products. Flavobacterium limicola is a potential
source of cold-active protease. This bacterium is characterized by an increase in
protease secretion as temperature decreases. Thus, F. limicola can be used in
environmental biotransformations and bioremediations.

The psychrophilic bacteria of the genus Bacillus are the participants of active studies.
Their cold-active enzymes have a high potential in various areas of biomedicine,
immunology, decontamination, and various industrial applications. The antifreeze proteins
of psychrophilic Clostridia are considered a promising biotechnological product for use in
medicine, food, beauty products, fuel, and other industries.

This study reviews literary sources and indicates that at present obligate and
facultative psychrophiles (psychrotrophs) and their cold-active enzymes are of
scientific interest throughout the world. A significant part of the research is focused
on a general understanding of the distribution of psychrophilic bacteria and a local
study of enzymatic activity. A further study of psychrophilic microorganisms
producing enzymes at low temperatures will reveal new ways for the development of
biotechnologies in various sectors of the national economy.
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BBenenne

Cpenu MHUKpOOPraHHU3MOB, CIIOCOOHBIX K POCTY MpH HHU3KHX TEMIEepaTypax,
BEIEISIIOT N1BE (PH3MOJIOTWYECKUE TPYIIBI — OOJMHMTaTHBIE W (DAaKyJIbTATHBHEIE
nicuxpoduisl (MHOTIa Ha3bIBaeMble rcuxporpodamu) [1, 2]. OHM pa3audaroTcs
IO CBOMM DKOJIOTMYECKIM HHIIAM M MEXaHH3MaM aanTanu K xomoxy. Oo6mu-
raTHO TICHXPO(HIBHBIE MHKPOOPTaHU3MBI pacTyT IIpH TEMIepaTypax HHXKe
20 °C (ontumyMm Hike 15 °C) BIDIOTh 0 OTPHUIIATEIBHBIX 3HAYCHHWN TeMIIepa-
Typ. @akyJIbTaTUBHBIC TICHXPOQIIIBI CTOCOOHBI pacTH U pa3BuBaThes mpu 0 °C ¢
TeMIiepaTypasiM onTuMyMoM oT 25 1o 30 °C u TeMrepaTypHBIM MaKCHMyMOM
okono 35 °C. Takum oOpa3oM, GakyIbTaTUBHBIC IICUXPOQIIILI CIIOCOOHBI PACTH
B YCIIOBHSIX, OJATrONPHUATHBIX JUTsI Me30(DWIOB [3, 4], MPH 3TOM OCYIIECTBIISIFOT
TIOJTHBIN IIUKJI Pa3BUTHSI PU HU3KHUX TeMmepaTypax [5].

[pn noHMKeHNN TeMIIepaTypsl HOpMaJIbHBIE TIPOIIECCH )KU3HEAESTEEHOCTH
KJICTOK HapyIIaloTCs: HAOIIOAeTCsl CHIDKCHNE aKTHBHOCTH (DEPMEHTOB M TEKY-
yecTd MeMOpaH [6], HapylIaeTcsl TPAHCIIOPT MUATATENBHBIX BEIIECTB U MPOIYK-
TOB MeTabonu3ma [7], CHUXKAETCSI CKOPOCTh TPAHCKPHUTIIMK, TPAHCISIIIANA U Jie-
JIeHNsT KJIETOK, HAONIOMAIOTCS XOJOIHAS JCHATYpalHs W CBOpadMBaHHE Oenka

30



Cuodopenko M.JL, Pycakosa /I.A. Paznoodpaszue ncuxpogunvuolx daxkmepuii

[8]. B HU3KOTEMITEpaTypHBIX PKOCHUCTEMaX, KaK MpaBUiIO, TOMUHUPYIOT OakTe-
pun [9]. TlcuxpodunbHble GakTepuu BHIPAOOTANH PSJ allaNTAlWN, TO3BOJISIO-
IIMX WM CYIIECTBOBaTh B MOAOOHBIX yCIOBHSAX. OIHOM M3 TakuX alamTalui
SIBIISICTCS MICTIONIB30BaHNE (PEPMEHTOB, 00JIAAAIONINX BBICOKOW YAENbHON aKTHB-
HOCTBIO TIpH HU3KUX Temmeparypax. Takwe (epMeHTH OOBIYHO HAa3BIBAIOTCS
XOJIOA0aKTUBHBIMH [3].

Bospacraronmii mHTEpeC MHUpPOBOTO HAYYHOTO COOOIIECTBA K TMCHXPOQHIH-
HBIM MHKpPOOPTaHHM3MaM CBSI3aH C MX XOJIOJOAKTHBHBEIMU (pepMEHTaMH, KOTOPEIE
SIBJSTIOTCSI TIEPCIIEKTUBHEIM PECYPCOM TIPHAMEHEHHS B OHMOTEXHOJOTHMH W TIPO-
MBINIICHHOCTH. biarogapst BRICOKOH KaTaTMTHYECKOW aKTUBHOCTH TIPH TEMIIepa-
Typax HHKe 25 °C, OHM SBISIFOTCS MPEBOCXOAHBIM OMOKATAIM3aTOPOM, HE Tpe-
OyIOIIMM HarpeBaHWs, 4TO obecrieunBaeT OoJiee BHICOKOE KauecTBO MPOMYKIIHH,
YCTOWYMBOCTh M A(PQPEKTUBHOCTh MPOMBIIUICHHBIX MporieccoB [8]. [Tomumo ak-
TUBHOCTH TIPH HU3KHX TEMIIEpAaTypax, HHTEPECHA TAaKXKe BBHICOKAS TEPMOIaOMIIb-
HOCTb XOJIOJIOAKTHBHBIX (DEPMEHTOB, KOTOpas 00eCIIeunBaeT BO3MOXKHOCTh OBICT-
pO¥ WHAKTHBAIMU STHX (PEPMEHTOB ITyTEM MSTKOH TEPMUIECKOW 0OpaOOTKH, UTO
MPEJICTABIIICT OCOOBIA MHTEPEC B MHIIEBOM MpoMbImieHHocTH [10, 11].

B 0030pe MBI paccMaTpuBaeM OTAEIBHBIC poja MCHXPOPHIBHBIX OaKTEepHid,
CYIIECTBYIOIINE MUPOBEIC TCHACHIINH K M3YIECHHIO XOJIOT0aKTHBHBIX (DepMEHTOB,
WX TPAMEHEHNE W MECTO B IPOMBINUICHHOH OnoTexHonoruu. Ocoboe BHIMaHUE
yACTHIH OHOpPa3HOOOpa3HI0 MCHXPOPHIIBHBIX OaKTepHid, CITOCOOHBIX IPOU3BO-
IMTH POMBIIIUICHHO 3HAYNMBIE (pepMEHTHI. TakiM 00pa3oM, OCHOBHAS II€Th 3TO-
IO WCCIIEJIOBaHUS COCTOSUIa B TOM, YTOOBI M3YYUTh pa3HOOOpasne MCUXpoduib-
HBIX OAaKTEPHH, a TAK)KE BO3MOXKHOCTH MIX PUMEHEHHUS B OMOTEXHOJIOTHH.

MHuoroo6pa3ue cpea o0uTaHusi NcUXpoduiion

[IpupomHBIe 3KONOTHYECKHE HUIIN ICUXPO(UIOB MHOTOYHCICHHB X MHOTO-
00pasnbl. [Tcnxpoduitel OpMUPYIOT MOCTOSHHYIO MHUKPOGIOPY PETHOHOB BEd-
HOTO XOJIOZA, TOJISIPHBIX PETHOHOB M OKeaHOB. OKeaHbI 3aHUMAIOT OOJBIIYIO
4acTh XOJOMHBIX MecTooOuTanmid (70%), 32 HUMH CIIEIYIOT 3aCHE)KCHHBIC Mac-
cuBsl cym (15%), a ocTaibHBIE COCTABISIOT MUKPOKIMMATHIECKIE XOJIOHBIC
30HBI ¥ @aHTPOITOTeHHBIC XOJOoAHbIe 00nacTy [1]. bakTepuu maHHOM rpymIbl 00-
Hapy>XEHBI B MIOYBE, BOJIE MII CBS3aHBI C PACTEHUSIMH W KUBOTHBIMHU [ 12].

B necHbIX KproreHHBIX TIouBax ceBepa CpemHeidr CHOUPH BBISBIICHO MPEUMY-
IIECTBEHHOE PA3BUTHE KOMIUIEKCOB IICHXPOTONEPAHTHBIX OAaKTEpHH M MHKPO-
mutietoB [13]. TlcuxpodmibHble OakTepun 0OHAPYKEHBI TAKKE B BEICOKOTOPHE —
TbNUiACKUX mmouBax [14]. M3 3a00104eHHON TIOYBBI TYHIPBI BBIICICH MEPBbIA
NICUXpOPHITbHEI MeTaHoTpod Methylobacter psychrophilus (rpamMoTpUIaTelb-
HBIE KOKKU ¥ TUIDIOKOKKH), ONTHMAaJIbHAS TEMITEpaTypa €ro pocTa COCTaBIIIA S—
10 °C [15]. B TyHape oO6HapyxeHO MeTaHOTPO(hHOE TICUXPO(UITEHOE COOOIIECTBO
OakTepui, W3 KOTOPOT'O BBIJICIICH ICHXPOTOJICPAHTHBIA a3pOOHBIA reTepoTpod-
HBIW MPENICTaBUTENh TpocTekobakTepuid pona Caulobacter [16].

BaxHpIM MecTOoOOHTaHNEM TCHXPO(UILHBIX MHKPOOPTaHU3MOB SIBILSIOTCS
HU3KOoTeMIeparypHbie BogoéMbl. Mccnenopanus B.B. [lapdeHosoii ¢ coaBT. mo-
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Ka3aJi, YTO TEMIIEPATyPHBIAH ONTHMYM pocTa OOJNBIIMHCTBA OaifKalIbCKUX OakTe-
puii HaxoguTes B oomactu ot 18 mo 22°C [17]. CnemyeT moa4epKHYTh, YTO TICH-
XPpOGIIB MUPOKO PaCIpOCTPAHEHEI B IIPUPOJIE, TOCKOIBKY OHU (hOPMHUPYIOT TI0-
CTOSIHHYIO MHKPO(JIOPY PErMOHOB BEYHOT0 X0iofa. B HacTosmee BpeMst U3 10H-
HBIX OTJIOXEHHHA W MOPCKUX BOA APKTHKMA M AHTAPKTHKH BBIJEIICHO M OIMCAHO
MHOT'O  HOBBIX  pOIOB  TicuxpoduinoB ®  TcuxpoTpodoB  cemeicTBa
Flavobacteriaceae [18, 19] u Chryseobacterium [20]. BonbmmHCTBO OGakTepui,
BBIJICTICHHBIX M3 MOPCKOTO JIbJa, MMMTMEHTHPOBAHBI, XOPOIIO aTallTHPOBAHBI K
XOJIONY, @ HEKOTOPBIE CITIOCOOHBI 00Pa30BbIBATH I'A30BBIC ITy3BIPKH [4].
[cuxpodunpHEIE MHKpOOpPraHU3MBI OOHApy)XeHBI B Temepax. V3ydeHue
MUKpoOroTs retiep Cpeanelt Cubupr [21] okasano IpUCYTCTBHE B €CTECTBEH-
HBIX MUKPOOHBIX COOOIIECTBAX MCUXPOPIIIBHBIX M IICHXPOTOJICPAaHTHBIX OaKTe-
P, CITOCOOHBIX K POCTY B MHTepBayie Temmeparyp ot 3 go 20 u ot 3 mo 28 °C
cooTBeTCTBEHHO. [1pr 3TOM 001I1ast TICIEHHOCTE OaKTEpHii B IeMepax BO MHOTHX
CIly4asix COOTBETCTBYET UHCIICHHOCTH OAKTEpUi M B HA3€MHBIX DKOCHCTEMaX pe-
THOHA WK Jaxke mpeBocxomut €€ [22]. B teicsuenetnux npaax nemepsl CKapu-
moapa (ropsl AmryceHn, Pymbraust) oOHapy»eHbI TICHXpOGUIIbHBIC OaKTepuH, Je-
MOHCTPHPYIOIIE IIMPOKHHA CHEKTP YCTOHYMBOCTH K IPOTHBOMHKPOOHBIM IIpe-
mapaTtaM W 3HAYUTENBHYIO KaTAIUTHIECKYI0 aKTUBHOCTB, SBISIACH, TAKAM OOpa-
30M, [ICHHBIMH KaHIUIATAMHA I OMOMEIUIMHCKIX W OHMOTEXHOJIOTHMYECKHX
npuMeHeHui [23]. OOHapyKeHHEe MHKPOOPTaHU3MOB B JIPEBHUX KpHCTAIIIAYE-
CKHX CTPYKTypax JbJa CBHUACTEIHCTBYET O MPUHIUIIAAIEHON BO3MOKHOCTH SIB-
JICHUS! CBEPXINTTEIIFHOTO aHa0Mo03a, 0 COXPaHSHUH KU3HECTIOCOOHOCTH APEBHETO
MTOKOJICHUS! O€3 JeNIeHNs B TCUCHHE MPOJOIDKUTENFHOTO BpeMEHHOT0 reproza [9,
24]. IeuxpoTpodsl GoJice MIMPOKO PACIPOCTPAHEHBI, YeM OOJIMTATHBIC ITCHXPO-
¢wiel. [Ipu Temneparype 0 °C oOmuraTHbIE IICHXPOQIITBI PacTyT ObICTpEE, YTO B
KOHEYHOM cUeTe M oOecIieunBaeT MX JOMHUHHPOBAHHE B MeCTaX OOMTAHMS C TIO-
CTOSSHHO HW3KWMH 3HAa4eHUSMH TeMmIiepatypsl [25]. B ycnoBusx ymepeHHOTro
KJIMMaTa BECHOM, KOTa Temreparypa nogaumaercs A0 25-30 °C, oHa CTaHOBUTCA
MOIIIHBIM CENEKTUBHBIM (PaKTOPOM, OJIArONMPHATHBIM IJISI TICHXPOTOJIEPAHTHBIX
MHUKPOOPTaHW3MOB M HCKITFOUYAIOIUM oOsiraTHeie (opmbl [26]. B permonax c
MTOCTOSIHHO HU3KUMH TEMIIEpaTypaMH HCUXPO(IIbHBIE OaKTEPHH UTPAIOT CYIIIe-
CTBEHHYIO POJIb B IPEBPAIIECHUH BEIIECTB. B TaKMX yCIOBHSIX AEATEIEHOCTD Me-
30MILHON MUKPO(IOPH TOJHOCTHIO OJIOKMpOBaHA HHU3KMMH TEMITEPATypaMH,
OITHAKO OJarojaps McUxpoduiiaM KpyroBopoT BEIIECTB He IpephbiBaeTcs [4].

buopa3nootpasue ncuxpoPpuiabHbIX OaKTepUil

[Ncuxpoduitsl He 00pa3yroT SIMHON MM XOTS ObI HECKONBKUX (hUITOreHEeTHYC-
ckux Tpynm [1, 27]. VI3 BbACNEHHBIX ¥ OXapaKTEPU30BAHHBIX TaKCOHOMHYECKUX
TPy NCUXPO(UIBHBIX MHAKPOOPTaHM3MOB TOJIABILSIOIIEE OONBITIHCTBO COCTAB-
nsiroT Oaktepuu [4, 12]. Cpent HUX €CTh MAJIOYKH, KOKKH, BUOPHOHBI, TPpaMOTpHIIa-
TeJbHBIE ¥ TPaMITOIOKHUTENBHEIE, 00pa3yIOIIne CIIOpEI M He 00pa3yIoIIe HX, CTPO-
THe a3po0bl, hakyapTaTUBHBIC U cTporue aHaspoOk! [28]. TlcuxpodmibHbie GopMbI
OOHapyKeHbI cpemu TpencTaButeneii ponos Vibrio, Aliivibrio, Pseudomonas,
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Achromobacter, Aeromonas, Alcaligenes, Alteromonas, Arthobacter, Bacillus,
Clostridium,  Corynebacterium,  Nitro-bacter,  Nitrozomonas, —Micrococcus,
Myxococcus, Sorangium, Proteus, Psychro-bacter, Psychromonas, Streptococcus,
Flavobacterium, Janthinobacterium v np. [5, 7, 28, 29].

B 1970-e rr. ooHapyxwmu (aru ncuxpoduiabHBIX OaKTepHii, KOTOPHIE B
OONBIIMHCTBE CITyYaeB CaMH MPOSBILIIOT MCHXPO(UIBHBIE CBOMCTBA. BrineneHs
(aru, crienuduIHbIe UTSl TPAMOTPHUIIATEIbHBIX OaKTepUi, B YaCTHOCTH, JUIS BH-
noB Pseudomonas M HEKOTOPBIX MOPCKUX OaKTEpHid, W IJISI TPAMITOIOKUTEIh-
HBIX (Haripumep, Micrococcus cryophilus) [29].

Cpemn poTOTPOhHBIX MHKPOOPTAaHU3MOB BCTPEUAIOTCS TICHXPOQHIIBI, CIIOCO0-
HBIC pa3BUBATHCS HA TOBEPXHOCTH CHEra WM Jibaa. OmyOnuKOBaHBI CBEACHHS O
COCTaBe MHUKPOOHOTO COOOIIECTBA «KPACHOTO CHEra» MpUOpeXHOro paiiona Bo-
CTOYHOH AHTapKTHABI, XapaKTepHas OKpacka KOTOPOro OOYyCIIOBIICHA HAIMIHEM
MIITMEHTa ACTAaKCAHTHHA, HAKATUIMBAIOIIETOCS B PE3yNbTaTe pocTa (POTOTPOPHBIX
OakTeprii Ha TIOBEPXHOCTH CHETa, MPHHAUISKAMNX K HECKOIBKAM TaKCOHOMMYE-
ckux rpymnmaM Bacteroidetes, Actinobacteria, Firmicutes u Proteobacteria [30].

IIpeacraBurtenu poaos Vibrio u Aliivibrio

Vibrio — pox rpaMOTpUIIATENILHBIX OaKTepui, 00anaromux GopMoit H3orHy-
TOW MaJIoYKy (3amnsATol ). Buibl BHOPHOHOB, OOBIYHO BCTPEYAIOIIHECS B COJICHOMN
BOJIE, SIBJSIFOTCSI (PaKyNbTATHBHBIMU aHa’pOOaMU, KOTOPHIE MAIOT MOJIOKUTEIh-
HBIA pe3ylbTaT Ha OKCHIAa3y W He o0pa3yloT cmop. Bce mpencraBurenu poxa
MOABIDKHBL. OHM MOTYT UMETh TOJISIPHBIA WJIH JIATePATBbHBIA JKI'YTHK C 0007I09-
kamu wim 6e3 Hux [31]. H. Urbanczyk et al. mponemoncTpupoBanmu (uioreHe-
THYECKHE ¥ (PEHOTHITNIECKUE OTIUYHS TPYIITEI MHKPOOPTaHMU3MOB OT JIPYTHX
ponoB cemelicTBa Vibrionaceae W TPEIJIOKWIM HOBBIH pox Aliivibrio. Pon
Aliivibrio Bxirodaet 4etbipe Buna: Aliivibrio fischeri U Tpu TICHXPOTOJIEPAHT-
HBIX Buaa — Aliivibrio salmonicida, Aliivibrio wodanis u Aliivibrio logei [32].

U3 npenaxnoro 6acceiiHa 3aBojia 1o epepaboTKe prIOONPOAYKTOB BBIJCIICH
mTaMM IcuxporpodHoi 6akrepun Vibrio rumoiensis ¢ ONTUMAIILHOW TeMIIepa-
Typol aKTUBHOCTH Katanasbl okoiio 30 °C. DToT mraMM TMpemioKeHO MpUMe-
HSATH JIJIS1 OYACTKU CTOUHBIX BOJI C HU3KHM dHepronorpedienueM [33].

Aliivibrio salmonicida — rpaMOTpHIIaTEIbHAS MOPCKast OaKTepHsl, SBJISIOIIA-
sics TIPHYUHOW XOJIOJHOBOJHOIO BHOpHO3a Y aTIAHTHYECKOro Jiococs (Salmo
salar), Tpecku (Gadus morhua) n wHOTHA pamyxHoi dopenu (Oncorhynchus
mykiss). C. Karlsen et al. Beraenmiim u3 cycrneH3uu Kietok A. salmonicida Pal-
MOTOOHBIA OEJTOK — JTUTIONPOTENH [34], KOTOPBHIA MOYXHO CUHTATh MOTCHIHAIIb-
HO TIOJIE3HBIM KOMIIOHEHTOM IpH pa3pabOoTKe BaKIMH M HCCICIOBAHUSIX IATO-
TeHHOCTH B OyaymieM. HemaBHWe McciaenoBaHus NOKa3alu, 4yTo A. salmonicida
MOXKET pasjaraTth ¥ MeTa0oNMM3upoBaTh XUTHH [35]. XWTHHA3HAS aKTHUBHOCTH
OaKTepHil SBIACTCS MEPCIEKTUBHBIM HCTOYHUKOM B KaUecTBE MMOTCHIINAIBHOTO
OMOMHCEKTUIINIA U OnodyHTHIMA [36].

C.A. XpynbHOBa ¢ cOaBT. W3yumii Quorum sensing, peryJisiiiaio SKCIIPECCHHI
lux-reHoB U CTpyKTYpy lux-onepoHa y 6akrepuii Aliivibrio logei, KOTOpBIE SBISIOT-
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cs1 icuxpodunamu (pactyt ripu 4 °C, u He pactyt nipu 30 °C). OtH BUOPHOHBI 00-
HapY>KUBAIOTCSI WCKIIIOYHTENHFHO B CBETOBBIX OpraHax KajlbMapoB pona Sepiola,
OOHTAOIINX B TIYOOKHX M XOJIOMHBIX Bojax Amiantukd [37]. [TomydueHHble 3HaHUS
B oOylacT mccienoBanus Quorum sensing MO3BOJISTIOT TIPUMEHSTh X B OOprOe ¢
PE3UCTEHTHOCTHIO AaHTHOMOTHKOB TI0 OTHOIIEHHIO K OMOIUIEHKaM, Tak Kak Quorum
Sensing JeicTBYeT Kak MEXaHH3M, KOTOPBIA OINpPEIENseT PEryssiiui0 CKOOPINHH-
POBaHHOT'O IOBEIEHMS OaKTEPHii Ha YPOBHE MOMMYJIISIIIH.

IIpeacraBurenu poaa Pseudomonas

Pseudomonas — pon TpaMOTPULIATEIBHBIX a3pPOOHBIX HECIIOPOOOPa3yIONIUX
Oaktepuii. [IpencraBurenu poxa Pseudomonas TOIBWXKHBI M HMEOT (HOPMY
MPSMBIX I M30THYTBHIX TaJIOYEK W [[Ba HOJSAPHO PACIIONOKCHHBIX JKTYTHKA
[31]. OHM MHPOKO MCMONB3YIOTCS B XO3SMCTBEHHOW MPAKTUKE, IS MTPOU3BO/-
CTBa aHTHOMOTHKOB, U3BJICYCHHUS OCTATOUHOW He(DTH U3 CKBAXKHH, JJIs1 OOPHOBI C
3arpsIsHEHNEM OKpPYKaloIle cpebl, a Takke B KauecTBE MOJEINEH I MHOTO-
YUCIICHHBIX TEOPETHIECKUX HCcenoBanni [2, 33].

N3  mpecHoW Bompl AHTapKTHKW BBIACIHCH TCHXPOQHIBHBIA — INTAMM
Pseudomonas antarctica, KOTOPBIN TIPOSBIISIET aHTUMUKPOOHYIO aKTHBHOCTH 3a
CUeT comepKaHMs KiacTepa TeHOB, KOAMPYIOIINX MHUKPOLUUH B, WHrHOMpyIOmImii
perymsimmto JIHK. Kpome toro, P. antarctica MoXkeT IpomylipoBaTh MAOUHBI R-
THUIIA, & TAKKE COACPXKHT TTONHBINA HAOOp OCITKOB JyIsi OMOCHHTE3a aJICHO3MITKOOAa-
MHHA ¥, BOSMO)KHO, CTUMYJIMPYET POCT PACTEHUH IyTeM ITOAYN MOJICKYI MHPPO-
noxuHoNmMHA kKBUOHOHA [38]. B nccnenopanmsax S. Kumar et al. 3amokymeHTHpOBaH
MPOTEOM  THMAJIAWCKOrO  TMCHXpoduiibHOrO  jauazotpoda  Pseudomonas
helmanticensis v TIOKa3aHa €ro CeTh B3aMMOJICHCTBHS OSITOK-0EIIOK MPH X 0JI0I0BOM
crpecce [39]. JlaHHBIE HCCIEIOBAHUS TO3BOJIIOT MOIPOOHO HM3YUUTh MEXaHU3M
aanTaI|y MCUXPOPIIIEHBIX OAKTEpU K XOJIOJZOBOMY CTPECCY, BBISIBUTH MHOTO-
00eImaronMX KaHIMIAaTOB IS N3y9YeHMs SBOMIOIMN PE3UCTOMBI OKpPY KaIOIIeH cpe-
JI6l M TIOJTYYEHHSI HOBBIX aKTHBHBIX OHOMOJIEKYJ T OOPhOBI C KPU3UCOM aHTHOHO-
THKOB ¥ IICHHBIX OMOKaTaIN3aTOPOB, aKTUBHBIX TIPA HU3KHUX TEMITEpaTypax.

N3BecTHBI citydyan 0OHapyKCHHS OMOKATaJIM3aTOPOB, 00JIaTafOIHUX BBICOKO-
3¢ (GEKTUBHBIM H 3HEProcOCperarnuM KaTATUTHYECKAM CBOMCTBOM, Yy aai-
TUBHBIX K xojoxy Oakrepuid [40]. Y. Luo et al. Beigenmwm ymmaszy B68 w3
Pseudomonas fluorescens, koTopast UMeeT OONBIINE MEPCICKTHBEl TIPUMEHCHHS
B TNPOHM3BOACTBE OMOMU3EIBFHOrO TOIUTHBA. [IOCKONBKY MpPOM3BOICTBO OHMOIM-
3€BHOI'0 TOIUIMBA OCYIIECTBIISCTCS ITOCPEICTBOM JICHCTBHS JHUIA3HI IIPH TEM-
niepatype 35-50 °C, Hanmmumne BEICOKOAKTHBHOM JIUTIA3BI TPH HU3KOW ONMTHMAlTh-
HOW TeMmIepaType MOXET O0ECHEUUTh CYIIECTBEHHYIO SKOHOMHIO SHEProIo-
tpebnenus [41]. Takas ncuxpodunpHas nunasa (LIPB68) MoxeT mpencraBisaTh
c000l BEICOKOKOHKYPEHTHBII SHEProcOeperaroInii OHOKaTaIm3aTop.

IIpeacraBurenu poaa Achromobacter

Achromobacter — pon Oaktepuii, Bxoasmuii B cemelictBo Alcaligenaceae
nmopsiaka Burkholderiales. Kiierkn mpencraBisioT coOOW rpaMOTpHIIATEIBHBIE
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MPsIMBbIE TIATIOYKW W TIOJIBMIKHEI 32 CUET MCMONb30BaHus oT 1 1o 20 meputpuxu-
QIBHBIX JKTYTHKOB. OHH CTPOTrO a’pOOHBI W BCTPEYAIOTCSI B BOAE (IIPECHOM U
MOpCKOii) 1 ouse [31].

N3 00pasiioB moyB, 3arps3HEHHBIX opraHoochoHaTaMu, BHIICITAINA OaKTepUr
Achromobacter sp. MPS 12, Achromobacter xylosoxydans GPK 1 [42] nu
Achromobacter sp. BKM B-2694 [43], criocoOHbIE UCTIONB30BaTh B KAYECTBE CIIMH-
CTBEHHBIX HCTOYHUKOB (ocdopa rimdochar wium MeTHIHOCHOHOBYIO KHCIIOTY.
Bricokast mecTpyKTHBHAsT aKTHBHOCTh W3O0IITOB COXPaHsUIACh IPH IIUTEIHHOM
XpaHEHUH KIIETOK B IMO(UIHLHO BHICYIIIEHHOM COCTOSIHHH, ITPH 3aMOpPaKHBAHUH JI0
—20 °C [42, 43]. OTi mTaMMbI MOXXHO HCIIOIB30BaTh I OYMCTKHA TIOYBBI M ITO-
BEPXHOCTHBIX BOJI, 3arPsI3HEHHBIX (POCHOpOpraHMICCKAMHI COCIIMHEHUSIMH.

IIpeacraBurtenu poaa Arthrobacter

Bce Bunsl pona Arthrobacter — rpaMITONOKUTENbHBIC O0IMTaTHBIE a3pPO0HI,
KOTOpBIC TIPEICTABILIIOT COOOH MAIOYKH BO BPEMs AKCIIOHEHIINAITFHOTO POCTa U
KOKKH B CTarmoHapHO# (aze. OHM OOMTAIOT B MTOYBE, MIIAX, MOA3EMHBIX MeEIIe-
pax, MOPCKHX, JICTHUKOBBIX HJIaX, CTOYHBIX BOAAX, BO3IYIIHBIX TMOBEPXHOCTSIX
pacTteHul, oBomax, ppl0ax W PasIMYHBIX BUIax KHBOTHBIX [31]. HekoTtopbie
BHJBI SIBISTIOTCS TICHXPO(QHUIBHBIMA U TICHXPOTPO(HBIMU, MOTYT HCIIONB30BAThH
apOMaTHYECKHE COCAMHEHUS [44], IIMPOKHA CIICKTP OpPraHUYECKUX CyOCTpaToB
Y He TpeOyIOT BUTAMHHOB M JIPYTUX OpraHWYEcKUX (hakTopoB pocta [45].

Bonee 600 pa3nuyHBIX KapOTHHOWJOB BHIPa0ATHIBAIOTCS OaKTEPHSIMH,
BOAOPOCISAMH, TpuOaMH, pacCTEHUSMH U KUBOTHBIMH. OTHUM H3 MIPEACTABH-
Telel ABNAETCS MCUXPOTPOHBIN mTamm Arthrobacter agilis, BbIIETESHHBIN
W3 MOPCKOT'O JIbJa AHTapKTHUKH, OOJIaJaroIIHid CBOWCTBOM BHIPaOATHIBATH
KpacHbIH murMeHT kapotuHou] tuma C-50 [46]. Ha ceromnsmiHuii AeHb Ka-
poruHOHIBI OakTepuopydeprHoBoro tumna C-50 BBIIEIEHBI TOIBKO W3 KC-
TpeMOUIBHBIX OaKkTepuii © HECKONBKHX apxed, BKIIOYas BHJIBI
Halobacterium [47] u Haloferax [48]. Bce 3Tu opraHu3mbl TpeOYyIOT ajarl-
THBHBIX MEXaHHU3MOB, YTOOBI CIIPABISATHCS C HKCTPEMANBHBIMH yCIOBHSIMH
OKpY)KaIoIIeH Cpeasl W IMPOM3BOIACTBOM OakTepuopyOeprHa, MUTMEHTE MO-
TYT CIOCOOCTBOBATH TaKOH agamTanmud. DTO HAONIONEHWE COTIAcCyeTcs ¢
KOHIICTIIIMEH aJalTHBHON poJin OaKTepuoOpyOepHHOB B CTAOMIIM3AI[UH MEM-
OpaH Impy HU3KOH TeMIiiepatype [46].

UsBecren eme oamH ncuXpouibHBIA T1TaMM  Arthrobacter psychro-
chitiniphilus ARC 42 BKIIM Ac-2076, xoTopblid 00JagaeT crocoOHOCThIO K
JECTPYKIIMK HePTH ¥ HeTEIPOIYKTOB MpH TemmepaType oT 2,5 no 20 °C, u4ro
JeTaeT ero YHUKAJIBHBIM M HanOoliee MEPCIeKTUBHBIM B HCIIONB30BAHUH [UIS
OYHCTKM aKBAaTOPHH BOMOEMOB, OEperoBOil JHMHUH, 3arpsA3HCHHBIX HE(PTHIO H
HedTenpoaykraMu [49].

TamMer poma Arthrobacter akTHBHO TPUMEHSIOTCS HE TOJNBKO Kak Je-
CTPYKTOPBI He()TH W He(YTEIPOIYKTOB, a TAKXKE B PA3IOKEHUN repOHIMIoB. 1x
WCIIONIb30BaHUE CIOcOOCTBYeT Oosice 3((HEKTUBHOMY YCBOCHHIO 3JIEMEHTOB
MUHEPATBFHOTO MMUTAHUS U3 ITOYBHI U YIOOPEHHIA, YCUIINBAET POCTOBBIE MIPOIIEC-
CBI, 3alAIIAECT OT OAKTEPHAIBHBIX W TPHOKOBBIX MH()EKIW, TTOBBIIIAET TOJIE-
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PaHTHOCTh PACTCHHH K HEOJArompHATHBIM (akKTOpaM Cpeibl W YBEIUYHBACT
MPOAYKTUBHOCTL ToceBOB [50]. BriaeneHHbIH W3 TOYBBI TaMM Arthrobacter
Sp. MeTabOJIM3UPOBAI TUYPOH TIph Temrepatype 18 °C, 4To TOBOPHT O €ro Icu-
XPOTOJICPAHTHBIX CBOMCTBaX. [Ipeobpa3oBaHue MUypOHA B Pa3IMYHBIX KOHIICH-
TpalMsIX SBISUIOCH Oosiee 3(h(DEKTUBHBIM B MPUCYTCTBUU aJIbTCPHATHBHBIX HC-
TOYHHKOB yTiiepoJia u azota [S51].

IpeacraBurenu poaa Pseudoalteromonas

Pseudoalteromonas npencraBieH MHOrOYMCICHHEIMA MOPCKAMH BHIAMH TeTe-
POTPOGHBIX TPAMOTPHIIATEEHBIX KTYTHKOBBIX OakTepuid. B 1995 1. G. Gauthier et
al. mpeanoxwm BeIEUTh Pseudoalteromonas B Ka4eCTBE HOBOTO Pojia, KOTOPBIN
CIleyeT OTHENHTH OT Alteromonas. IlpencTaBuTeny 3TOro poma MPOU3BOIAT DS
COCIMHEHMI, aKTUBHBIX IPOTHB PA3NIMYHBIX OPraHN3MOB-MHIICHEH, KOTOpbIE MO-
T'yT MPUHECTH OONBIIIYIO TONB3Y KIeTKaM Pseudoalteromonas B nX KOHKypPEHIIUH 32
MM TaTENFHBIC BEIIECTBA M KOJIOHU3AIMH TTOBEpXHOCTEH [52, 53].

depMeHTHI ICUXPOPHITFHBIX MUKPOOPTaHU3MOB XapaKTepPU3YIOTCs HE TOIb-
KO BBIPQKCHHOW TEPMOJIA0MIIEHOCTHIO, HO W BBICOKOH YIIENIbHOW aKTHBHOCTBIO
IpU HU3KAX M YMEPEHHBIX Temmeparypax. [IcuxpodunbHas o-amuiiasa, BbIIe-
neHHast u3 Pseudoalteromonas haloplanktis, imeer B ceMb pa3 Goliee BHICOKHE
3HAYEHHsI CKOPOCTH peakmuu mpu 4 °C, ueM offH U3 ee Me30(HIIbHBIX aHajo-
roB. B Teopuu TEIOCTOMKOCTD, a TakkKe BBICOKAs yaeIbHas aKTHBHOCTH SIBIIS-
FOTCS CIICIICTBHEM TIOBBITIIEHHOW MOJICKYJIIPHOW THOKOCTH, TpeOyIomiel B Kade-
CTBE KOMITCHCAIIUM CHIDKEHHSI CKOPOCTH pEaKIW! TIPH HU3KUX TeMIlepaTypax
[54]. U3-3a cBoell BHICOKOW YyAENHHOW aKTHBHOCTH TIPH HU3KUX TeMIIepaTypax
ncuxpouibHas o-aMriIa3a MPEeNCcTaBisieT OONBIION ITOTEHIMAIBHBI HHTEpEC
MPUMEHEHHS B TPOMBIIIUIEHHBIX TpoIeccaX, TAKMX KaK MPOM3BOIACTBO MOIOIINX
CpenCTB, TMBOBApPEHUE U BBITIEUKA [55].

[IpoBeneHs! nccaeqOBaHM, HAIIPaBICHHBIC Ha H3YUYeHHE CBOUCTB (hepMeHTa
mienouHol ¢ocdaraspl, BBHIJCICHHON W3 TcHXpodribHOM OakTepuu Pseudo-
alteromonas undina. CorilacHO TIOJyYeHHBIM JaHHBIM, IelouHas ¢ocdarasa,
BbIICIICHHAS U3 P. undina P2, sBisercs TepMoinaOuiIbHBIM (GEPMEHTOM M MOXKET
OBITH MCIIOB30BaHa B MOJEKYISIPHOW OMONOTHH IUISl yIAIeHHsI KOHIIEBBIX (oc-
(haTHBIX TPYII U3 MOJIEKYJI HYKJIEHHOBBIX KHCIIOT [56].

IpeacraBurenu poaa Bacillus

Bacillus — poa rpaMITOJIOKUTENLHBIX MAJIOYKOBHIHBIX OaKTepHid, 00pa3yro-
IIUX BHYTPHKIICTOUHBIE CIOPHI, SBISIOTCSA a’podaMu mwin (paKyIbTaTHBHBIMH
aHa’poOaMu, OOJIBITMHCTBO IMPEICTABUTENCH — XeMoopranorereporpodsl. He-
KOTOPBIE BUJIBI CITOCOOHBI K HUTpaTpeAyKiuu [31].

Bakrepun pona Bacillus, BBIIETICHHBIEC U3 TIOYBHI M BOJBI, POIEMOHCTPHAPO-
BaJl ONTHUMAIIbHYIO TeMmepaTypy pocta oT —4,5 1o 30 °C [57]. Ilcuxpoduis-
HBIIA epMEHT allaHMHpaIeMasbl, BeIICICeHHBIN U3 Bacillus psychrosaccharolyti-
cus, obmamaer Ooiee BBICOKOH KaTaJUTHYECKOH AKTHBHOCTBIO, Y€M COOTBET-
CTBYIOIIUH TePMOGUIBHEIN (DEPMEHT IPH BBICOKHX TeMIiepaTypax [58].
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B mocnienmHee BpeMst OONbION HAYy4YHBIM HHTEPEC HAITPABJICH HA U3Y4eHUE U 00-
pazoBaHHe OaKTEPHSMH HAHOYACTHI[ Pa3iMYHBIX MeTawioB. Bcee mpomeccsr 6mo-
CHHTE3a HAHOYACTHUI] 30J10Ta, O KOTOPBIX COOOIIANOCH IO HACTOSIIErO BPEMEHH,
ucronp3oBam Temmeparypy 6omnee 20 °C [59]. Omgnako B 2020 r. K.R. Das et al.
MIPOBEITN UCCIICIOBAHMS IICHXPOTONIEPAHTHOTO Tamma Bacillus sp. GL1.3, koTo-
PBI MOXKET BHEKJIIETOYHO CHHTE3MPOBATh HAHOYACTHIIBI 30710Ta pazmepom 30-50
HM Tipu Temriepatype 4 °C. DTi HaHOYACTHIIBI 00NanaroT anTH-SRB-addekrom B
3aBHCHMOCTH OT JIO3BI, YTO MOKET OBITH ITOJIC3HO IS POPHIAKTHKH Pa3IHIHBIX
3a00JIeBaHMiA, BBI3BAHHBIX CyJbhaTpenynupyrommmu Oakrepusvu (SRB) [60].
Hanowactuiie! 30mora 00MagaroT OTPOMHBIM TTOTEHIIHATIOM B Pa3fIMYHBIX OOIa-
CTSIX OMOMEIUIIMHBI, UIMMYHOJIOTHH, ISl OYMCTKH OT 3arpsA3HSIONINX BEIICCTB U
Pa3IIYHBIX TPOMBIIUICHHBIX TPUMCHEHUH.

Nzydenne BrnusiHus MeTabonutoB Bacillus sp. M3, BBIIEICHHOTO U3 MHOTO-
JIETHEMEP3JIBIX TIOPOJl, HA YPOBEHb CEKpeluu MOHOHYyKJeapamu mpo- (PHO-a,
WII-1B, NII-8, NJI-2, U®H-y) u nporuBoBoctnamutensabix (MJ1-4, NJI-10) ou-
TOKMHOB KakK IOKazaTelell MMMYHOJIOTHYECKOH PEeaKTHBHOCTH, HPEICTABIIETCS
AKTyaJbHBIM B IIEPCTIEKTUBE CO3/IaHMSI HOBBIX IMMYHOTPOITHBIX TTpenapaToB [61].

IIpeacraBurenu poaa Clostridium

Bakrepun pona Clostridium — rpaMIToNOXUTEIbHBIC OOJUTaTHBIE aHAdPOO-
HBIE crIOopooOpasyromue 0aKTeprH, Y KOTOPBIX pa3Mep CIOPHI IPEBHIIIAET I10-
MEPeYHNK KIETKH, W MOITOMY OHH IPHHUMAIOT (opMy BepeTeHa, TeHHUCHOM
paketkn wiu OynaBku [31]. Clostridium npuHHMAIOT ydacThe B KPyroBOPOTE
BEIIECTB B IpHpoe. braromaps crmopooOpa3oBaHNIo OHH CIIOCOOHBI JITHTENBEHO
BEDKUBATD, & MIPU OIPEACIEHHBIX YCIOBUSIX — BETCTUPOBATH B OOBEKTAX OKPY-
JKaromien cpens [62].

CymIecTBYIOT CIy9ad BBIACICHUS ICUXPOTPO(MHBIX MHKPOOPTaHM3MOB poia
Clostridium, xoTOpbIe HE SBISIOTCS TOKCHYHBIMH JJIS1 YEJIOBEKA, OJHAKO MMEIOT
OTPOMHOE KOHOMHUYECKOE BIUSHHIE Ha MSCHYIO MPOMBIIIICHHOCTE. J. Wambui
u R. Stephan Beinenunu Clostridium estertheticum W3 BaKyyMHO YIIaKOBaHHOTO
Msca. ABTOpEI B cBOEH paboTe MpeAronaraioT, YTO HMEHHO 3TOT MHKPOOpra-
HU3M SBISICTCSI IPUYMHON «B3PBIBA BaKyyMHOH YIIaKOBKH C MSCOM», TaK Kak
rmopya TPOJyKTa MPOUCXOJUT Oe3 HapyIIeHHs TeMIepaTypHOro pexkuma [63].
C. estertheticum Tipemyaraercss IPUMEHATH ISl OOHAPY)KEHHSI TTOPYM MSCHOM
MPOAYKIIMYA C TEIhI0 TPEHOTBPAIICHUS B3pHhIBA BaKyyMHOW YIakoBKu [64].
B 2022 r. 3admkcHpoBaHBI Pe3yNbTAThI AKCIEPUMEHTA, ITOKA3BIBAOIINE, YTO
C. estertheticum TIPOU3BOAMT CTAOMIIbHBIC OAKTEPHUOIIMHBI, 00JIaAFOIINE aKTHB-
HOCTBIO MPOTHUB KIIMHWYECKH 3HAYUMBIX MaTtoreHoB [65]. OmmcaHo HECKOIBKO
MCUXPOMUIBHBIX KIOCTPUANN B AHTApKTHYECKAX MHUKPOOHBIX MaTax C TeMIIe-
paTypHBIM ONTHMYMOM pocTa B auanazoHe 4—16 °C, crnocoOHBIX (epMEHTHPO-
BaTh TIIFOKO3Y, GPYKTO3Y, HHYJIMH U KCHIIO3Y [66].

[TcuxpoduitbHbIE OaKTEpPUH TPOAYIHUPYIOT Pa3JIMYHBIC COCTUHECHHS, YTOOBI
3aMIUTATH ce0s OT BHYTPHUKIETOYHOTO 3aMEP3aHUS WM CBECTH K MHHHUMYMY
BpEIHOE BO3IEHCTBHE (POPMHUPOBAHUS KPUCTAILIOB Jbaa. OMH U3 MEXaHU3MOB —
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3TO 00pa3oBaHHe aHTHU(PPHU3HBIX OENKOB [67]. AHTH(PH3HBIC OCIKH CYUTAIOTCS
MEPCIIEKTUBHEIM OMOTEXHOIOTHIECKIM IIPOTYKTOM /ISl IPAMEHEHHS B MEIUIINHE
Y TIUIIEBOM, KOCMETHYECKOW, TOTUTMBHOM W JPYTUX OTPACISIX MPOMBIIIICHHOCTH
[68]. LLItamm Clostridium tagluense A121 obpasyer aHTH(PU3HBIC OSNKH, 32 CYET
TeHOMa KOJWPYILETO YeThIPe TeHa OCIKOB XOJIOIOBOTO IIIOKA, KOTOPEIE ACHCTBY-
10T Kak manepons! it MPHK Bo Bpemst xomomoBoro moka [69].

OaHMM U3 BaXKHBIX CIIOCOOOB BHIKMBAHHS OaKTEPHI CUMTAETCS 00pa3OBaHKE
BHYTPUKJICTOYHBIX MOJIMMEPHBIX BEHICCTB (ITOJMCAXAPUAOB, JHITHUIOB, ITOJH-
¢docdaros) [1]. U3ectHo, uto Clostridium algoriphilum obnanaer cBOHCTBOM
HaKaIUTMBATh ITONIMCaxXapHll B KieTke. [Ipenmonaraercs, 4ro monucaxapul 0ax-
tepun C. algoriphilum He TONBKO HANPAMYIO YJacCTBYET B OMOXMMHYECKHUX pe-
aKIWsIX, HO U MOXKET CIIOCOOCTBOBATH OOPa30BAHUIO ONTUMAIBHON ITHTOILIA3-
MaTHYECKOH BSI3KOCTH [UISI HU3KOTEMIIEPATypPHOTO MPOTEKAHUS OMOXUMHYECKUX
peakiuii. 3To B KOHEYHOM UTOre MPUBOIUT K BhDkUBaHUio C. algoriphilum B
YCIOBUAX Kpuomdra (OA3eMHBIC IPUPOTHBIE 3aCOICHHBIC BOMIBI, HMEIOIINE OT-
puIaTenpHyIo Temieparypy) [70].

IIpeacraBurenu poaa Micrococcus

Micrococcus — poxn chepruyeckux OakTepuil cemeiicTBa Micrococcaceae.
Bakrepun poma Micrococcus UMEIOT TPaMITONIOKHUTENBHBIE CeprIecKue KIieT-
KH JraMeTpoM mpuMepHo oT 0,5 10 3 MKM W OOBIYHO TOSIBJISIOTCS TETpaJaMHu.
OHH KaTana3oIoJIOXKHUTENBHBI, OKCHIA30MOIOKHUTENFHBI, WHIOIOTPHIIATEIEHBI
n nuTpatorpunaTtenbHel [31]. Bce MUKpPOKOKKH copepaT <«GKUBOTHBIM Kpax-
MaJ» TJIHUKOTEH, KOTOPBIH BBIONHSET PONb 3aIlaCHOTO BEIIECTBA KIIETKH.
Y GONBIIUHCTBA BUAOB ONITUMYM TeMItepaTypsl pocta 25-30 °C. MHorue BUIbI
MHKPOKOKKOB MOT'YT pa3BuBatbcs rmpu 5—8 °C [71].

Ha kwuraiickoit crannmu Great-Wall B AHTapkTHIC, BRIJCICH aIalTHPOBAH-
HBIA K xonony Micrococcus antarcticus (tutamm T2T), coxpaHSIONIMIA JKU3HE-
cniocobHOoCcTh TipH 0 °C ¢ onTUMalbHOW TeMmmepaTypoil pocra 16 °C, ruapomnu-
syrommid kpaxmait u TBuH (20, 40, 80) [71]. I3 M. antarcticus BeIIeWIN aaar-
THPOBAaHHYIO K XOJIOy aMUJIa3y, KOTOpas Mmokas3alia yCTOHYNBOCTh K WHAKTHBA-
un 0,1% HEHMOHOTEeHHBIX MOBEPXHOCTHO-AKTUBHBIX BEIIECTB, TAKUX KaK TBUH
80, Tpuron X-100 [72].

IpeacraBuresnu poaa Psychrobacter

Psychrobacter — pon TpaMOTpUIIATENBHBIX, OCMOTOJECPAHTHBIX, IICHXPO-
(UIBHBIX WM TICUXPOTOJEPAHTHBIX a’pOOHBIX OakTepuii, MpHHAIICKANNX K
cemeiictBy Moraxellaceae u xiraccy Gammaproteobacteria. @opma npencrasiie-
Ha B BUje KOKKOB M KokkoOarwmi [31]. E. Juni u G. Heym omnucanu pox Psy-
chrobacter mns pa3MeIIeHus] TPaMOTPHIATENFHBIX, KOKKOBBIX WM TaJIOYKO-
BHJIHBIX OaKTepHid, 00JaalOIIUX CTPOrO OKUCIUTEIBHBIM METa0O0IM3MOM, KO-
TOPBIM HE XBaTaJo MOJABMXKHOCTHU [73]. M3BecTHO, uTO OakTepuu pona Psychro-
bacter SABISIFOTCS OONUTATHBIMH WITH (DaKyTBTATUBHBIMHU ITCUXPO(HUIIAMHI U H30-
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JTUPOBAHBI M3 MIMPOKOTO CIIEKTPa MECT OOMTAHUS, BKITFOUAsI IIHITY, KITHHAIECKHIE
00pasIpl, KOXKY, )KaOpbl U KHIIEYHUK PbIO, MOPCKYIO BOAY B AHTapKTHKe, AH-
TapKTUYECKUH MOPCKOH JIe] ¥ OTIIOKEeHUS SIMOHCKUX BHaauH [74].

AHTapKTHYECKass Mopckas Oaktepusi Psychrobacter proteolyticus BbineneHa
W3 KeyaKa aHTapkThdeckoro kpwis (Euphasia superb). P. proteolyticus cBou-
CTBEHHO BBIIENATH aJallTHPOBAHHYIO K XOJIOAY BHEKJIETOYHYIO METAJUIONPOTE-
nHazy [75]. I3BecTHO, YTO METAUIONPOTENHA3bl — 3TO IIUHK-3aBUCUMBIEC JHJIO0-
MENTHIA3b], CIOCOOHBIC Pa3pyIIaTh BCE THIIHI OEIKOB BHEKIIETOUHOI'O MaTPHKCa
[76]. CooTBeTcTBeHHO, P. proteolyticus MOTYT TIPUMEHSTHCS B OMOTEXHOJIOTHH
U MEIWITMHE, TaK KaK METalpOTeHHA3bl HTPAIOT OOJNBIIYIO POJH B PEMOIEIHPO-
BaHWU TKaHCH, aHTHOTeHe3e, Mmponudepar, Murpanu 1 auddepeHnnanumn
KIIETOK, arloITo3€e, CIEPKUBAHUH pocTa omyxone [77].

Psychrobacter namhaensis MOXHO pacCMaTpHBaTh B KauyecTBE KOPMOBOM
N00aBKH, TaK KakK MOJTYYEHBI MOJOKUTEIBHBIE PE3YyNbTAThl MCCIEIOBAHUS II0
oreHke 3(h(hEeKTHBHOCTH B OTHOLICHUH ITOKA3aTeNel pocTa 1 MMMYHHOTO OTBETa
HUIbCKON THISIINH (Oreochromis niloticus) [78].

IIpeacraBurenu poaa Psychromonas

Bakrepun poma Psychromonas npuHaminexar K kiaccy Gammaproteo-
bacteria W SABNSAIOTCA TICHXPOQIIBHBIMU, a3POTOJICPAHTHBIMHA aHa’dpPOOaMHU.
Knerkn mpencraBisiioT co0Oi TpaMOTpHLATENHHBIC HEMOABIDKHBIC KPYITHEBIE
Tanouku anuHon 6—14 MM u mmpuHoi 1,25—1,5 MKM, BCcTpedaromnirecs mooam-
HOouke wnu mapamu [79]. Ha ceromssimHmii AeHb OMHCAHBI MSATHAALUATH BHIOB
pona Psychromonas [80-81].

[ltamm Psychromonas ingrahamii 37T W301HpOBaH U3 MOPCKOTO JIbJa HE-
nmaneko ot [loitHT-Bappoy (Anscka). P. ingrahamii — TpaMoTpuniaTeNibHas Oak-
TepHs MAJIOYKOBUIHOW (POPMBI, BOCCTAHABIMBAET HEOPraHMUECKHE HUTPATHI U
SIBIISIETCS TETEPOTPO(OM, HCIONB3YIONIIMM MHOTHE OpraHUIECKIE COCIHHCHS B
KadecTBe HCTOYHHUKOB yriepona. [TokazaHo, uto P. ingrahamii pacTeT Ipu TEM-
mepaType HWKE TOUKH 3aMep3aHms (camasi HH3Kas TeMIlepaTypa pocTa Cpean
BCEX HM3Y4YEHHBIX J0 CHX MOp opraHu3MoB) —12 °C co BpeMeHeM T'eHepalriu
240 4 [79]. U3 ncuxpodunbHOil Oaktepuu P. ingrahamii BbIIENEHa HyKJea3a
(PinNuc), obiamaronias CHOCOOHOCTBIO PACHICILIATH Pa3InYHbIe (HOPMBI HYKIIE-
WHOBBIX KHCIIOT. JTOT (DEPMEHT CONEPXKHT IIECTh ITUCTEHHOBBIX OCTATKOB,
Hau0oJIee BEPOSITHO, YTO BCE OHH CBSI3aHBI C TUCYIIb(OUIHBIMI MOCTHKaMH [81].

[cuxpodunpras 6akrepust Psychromonas arctica Taxxe BBDKHBAET TPH OT-
pHILIaTENBHBIX TEMIEpaTypax, aJalTHPOBAaB HECKOJIBKO 3aITUTHBIX MEXaHH3MOB
MIPOTHB 3aMep3aHus, aKTUBUPOBaB Oenku xonoaoBoro moka (Csp). I[lepBbie uc-
CIIEIOBaHMS OCIIKOB XOJIOOBOTO IIOKA B OCHOBHOM HM3ydaiH Ha CSp Me30( b
HoWl Oakrtepuun Escherichia coli [82], a He Ha TCHUXPOPWIBHBIX OaKTEPHIX.
B manpHeimeM NpeANpUHSIIN TIONBITKA TIOHATH MOJCKYISIPHBIE MEXaHHU3MBI
NCUXPO(UIBHBIX OaKTepHuid, KOTOPBIE TTO3BOJISIOT UM BEIIEP)KUBATH 3aMOPAXKH-
Banue. Y.H.Jung et al. xioHMpoBaNM T'eH, KOOUPYIOMUKA OCIIOK XOJIOJIOBOTO
moka CspA(Pa), uz P. artica KOPRI 22215 u cBepXdKCHPECCHPOBAIIA €0 B
E. coli, aT0 BBI3BAIIO MOp(ONIOTHIEcCKOe YAIHHEHHE U 3aMEIJICHHE pocTa Kile-
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ToK. MIHTEepecHo, uto cBepxakcnpeccus CspA(Pa) B E. coli, pe3ko yBenmnumiia
XOJIOIOCTOMKOCTh XO35MHA OoJiee 4eM B JECATHh pa3, YTO TOBOPHUT O TOM, UTO
3TOT OCJIOK CIIOCOOCTBYET BRIKUBAHHIO B IOJIIPHBIX yCIOBHX [83].

IIpeacraBurtenu poaa Flavobacterium

Flavobacterium — 310 pon rpaMOTpUIIATENBHBIX, HETIONABHUKHBIX U TTOJBIIK-
HBIX IMAJIOYKOBUIHBIX OaKTEpHil, KOTOPBIH cocTOUT u3 130 mMpU3HAHHBIX BUIOB.
[pencrasurenu poxa Flavobacterium MHAPOKO pacIpOCTPAaHEHBI B IIOYBE U BO-
1e; 0OHAPY>KEHBI TAKKE B CBIPOM MSICE, MOJIOKE M IPYTUX IHIIEBHIX MPOAYKTaX
[31]. TIcuxpodumpHBIe (OPMBI MUKpPOOPraHu3MoB pona Flavobacterium B oc-
HOBHOM SIBJISIFOTCSL TIPEICTaBUTEISIMA AHTapKTHUECKOH (IIOPBI, Takhe Kak
F. gillisiae, F. degerlachei, F. frigoris, F. xinjiangense, F. xanthum, F. om-
nivorum, F. frigidarium, F. gelidilacus, F. limicola, F. tegetincola, F. micromat,
F. Hibernum, F. psychrophilum, F. fryxellicolan F. psychrolimnae [3, 4, 8, 84].

Flavobacterium limicola nmeeT nuama3oH Temreparyp pocta ot 0 go 25 °C,
TIPH 3TOM ONTHUMAIEHBIA pocT mporcxoaut mpu 15-20 °C. F. limicola ciocoGHBI
THIPOIM30BaTh Ka3eWH, KEJTaTHH, KpaXMal, arap, 3CKyJlWH, MOYEBHHY, MOUe-
BYIO KHCJIOTY M THPO3WH, a TaKXe JIM3UPOBATh KIETKH Escherichia coli n
Pseudomonas putida. Natepecen tot ¢akr, yro st F. limicola XapakTepHO
YBEIMYECHHE CEKpEIMU MpOTea3bl M0 MEpEe CHIDKEHWS Temmeparypel [84].
F. limicola sBnsercs mepcIeKTUBHBIM HCTOYHUKOM XOJIOT0aKTUBHOH IPOTEas3Hl,
KOTOpasi B TEOPHH MOXKET HUCIOIBb30BaThCs B crienuuueckux Onorpanchopma-
nUsAX U OuopeMenuanusx okpyxaroiei cpenst [85]. B 2002 r. u3 dekanuii aH-
TapKTHYECKUX MWHTBUHOB BbLIENeH Flavobacterium faecale WV33(T), obna-
JTATOIINH arapa3Hoil akTHBHOCTEIO ipu 16 °C [86].

B xome ckpuHUHTa ICHXPOQHUIFHBIX MUKPOOPTaHU3MOB, BBIJICTICHHBIX U3 3a-
IpA3HEHHOW HE(PTHIO apPKTUYECKOH ITOYBBI, OOHApPYKWIH OaKTepraIbHBII
mTaMM, o0IagalonIuii CBOMCTBOM pasiiaraTh TU3EIFHOE TOIUIHBO, I KOTOPOTO
NpeUIoKuIN Ha3Bauue Flavobacterium petroe [87].

N3 ncuxpodmisHoid 6akrepun Flavobacterium sp. YS-80-122 BbineneH HOBBIH
(epmenT — 1-kapparenasa (CgiF), KOTOpbIil TIPOSBIISET XONOMOAKTHBHBIC U TEPMO-
YCTOMYMBBIE CBOMCTBA. XOIOAOBAs aanTalys U TEPMOYCTOMYNBOCTh JENAI0T €T0
OTJIMYHBIM KaHIMIATOM IS TPOMBIIUICHHOTO MTPUMEHEHHNS B TPOM3BOICTBE ONH-
TOCaxapy/IOB 1-KappareHa u3 MoJMCcaxaprI0B MOPCKHUX Boopocieit [88].

IcuxpopuiabHbie MeTAaHOTPOGHBIE MUKPOOPTaHU3MBI

MeraHoTpo(hbl — yHHKaJbHAS TPYIIa MHKPOOPTaHU3MOB, CIIOCOOHBIX HC-
MOJIH30BaTh METaH B KAYECTBE €AMHCTBCHHOIO MCTOYHHKA YTIIEPOAa W SHEPTUH.
Oxucnenrne MeTaHa OCYIIECTBIIIETCS UMH KaK B a9pOOHBIX, TaK U B aHAPOOHBIX
yeroBusax [89]. UucTble KyabTypbl NMCUXPOMUIBHBIX M TICHXPOTOJICPAHTHBIX
METaHOTPO(OB BBINECICHBI M OXapaKTEPH30BaHBI KaK HOBBIC POIBI M BUBIL:
Methylobacter psychrophilus, Methylosphaera hansonii, Methylocella palustris,
Methylocella silvestris, Methylocella tundrae, Methylocapsa acidiphila n
Methylomonas scandinavica [90].
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CucreMaTndeckue UCCICIOBaHHUSI METAaHOTPO(OB IICHXPOchepsl MPUBEIH K
BBIICNICHUIO W3 TYHIPOBOH IIOYBHI IIEPBOTO IICHXPOQMILHOIO MeTaHOTpoda
Methylobacter psychrophilus [91]. M. psychrophilus pacTter mpH TemiepaTypax
ot 3,5 no 20 °C, ontumansHo nipu 5—10 °C. CoriiacHO TPOBEIEHHOMY TOTHOMY
TeHETHYECKOMY aHan3y, mTamMMm M. psychrophilus SPH1T obnagaer TeHOMHBIM
MOTEHIIAAIOM U OMOCHHTE3a TOMAHOMIOB, KOTOPBIH HEOOXOANM UIS TTONIep-
JKaHHsI BHYTPHITUTOIIA3MATHICCKUX MeMOpaH [92].

N.IO. Omkun ¢ coast. (Oshkin et al.) BeIaenvim u3 aHTAPKTHUECKUX 03ep 8
IITAMMOB METaHOTPO(HBIX MUKPOOPTaHU3MOB, OITMCAHHBIX B Ka4eCTBE HOBOTO
Buna Methylosphaera hansonii. Kitetku M. hansonii npecTaBieHbl HEMOABIK-
HBIMH KPYITHBIMH KOKKaMH, aCCHMIIIMPYIOMIAMHA YTIEPOA MO0 PUOYI030MOHO-
¢dbocharaomy mytH. IlItaMmber M. hansonii SBIAIOTCS TICUXPO(QHIILHBIMH, C OI-
TUManbHOM Temmepatypor pocta 10-13°C m makcumanenoit 16-21 °C [93].
Taxxe coo0IIanoch 0 CrrocoOHOCTH M. hansonii K OMOCHHTE3Y CHEITU(PUISCKAX
4,4-TIMETUIINPOBAHHBIX U 4-METHIIMPOBAHHBIX CTEPOIIOB [94].

Brocdepnas porns mpeacraBuTeneil mCHXpoQUIHHEIX METAHOTCHOB HAMHOTO
MPEBOCXOUT TaKOBYIO y TEpMO(DHIOB, TaK KaK MMEHHO XOJIOIOBBIE IKOCHCTE-
MBI SIBIBTIOTCS OCHOBHBIMH HICTOYHHKAaMH METaHa, IIOCTYIIAIOMIET0 B aTMOchepy
3emun, omHAKO METabONMM3M M MEXaHHM3M PETYJSIIAN aKTHUBHOCTH METaHOTPO-
(hOB XOJIOJTHBIX IKOCHCTEM OCTAFOTCS MaJIO H3y4eHHBIMH [93].

3akirouenne

O030p nUTEpaTYPHl CBUACTEIBCTBYET O TOM, UTO B HACTOSIIEE BpeMs 00JIH-
raTHble U (haKyJIbTaTHBHBIC MCUXPOPUIBI (ICHXPOTPO(BI) U UX XOJOIOAKTHB-
HBIe (PepPMEHTHI MPEICTABILIIOT HAYYHBIH MHTEpeC BO BceM mupe. CyliecTBeH-
Hasl 9acTh MCCIICIOBAaHUI HOCHT 00Iee MOHUMAHUE PACIpPOCTPAHEHUS TICUXPO-
(UIBHBIX OaKTepHid W JIOKAJIBHOE HW3ydeHWEe (EpMEHTATUBHOW AKTHBHOCTH.
B manHOM 0030pe MBI PacCMOTpENH Pa3HOOOpa3We MPOMBIIUICHHO 3HAYNMBIX
MICUXPOGUIBHBIX OaKTEPHH, CTPYKTYPUPYS UX IO POIAM.

PaszHooOpasne ncuxpodiibHbIX OakTepuid MMpoko. Cpeld HUX BCTPEUYarOT-
csl IPEICTABUTENN PA3INIHBIX POJOB U BHIOB, KOTOPBIC MPEICTABICHB AJIOY-
KOBUJHBIMH U KOKKOBBIMH (hOpMamu, 0Opa3yroIlnue CIopbl M He 00pasyromniue
WX, TPaMOTPHILIATENbHBIE W TPAMIIOIOKHUTENBHBIE, CTPOTHE adpoObl, (PaKyIbTa-
THBHBIC U CTporue aHa’poOsl. OOHapy)eHBI Takke Gard MCUXpPOPHITBHBIX Oak-
TepHil.

Peaknus GakTepuiit Ha CHIDKEHUE TEMITEPAaTyphl HMeeT o0Ine 4yepThl. OqHO-
TUIHOCTh PEAKIHNX Ha JCHCTBHE XONOIa CaMBIX Pa3HBIX BHUIOB M POIOB OaKTe-
pHii TOATBEPIKAAETCSl TAHHBIMH, IPUBEICHHBIMH B BBIIICH3IIOKCHHOM MaTepra-
ne. Xomo HHAYNHPYET TeHBI XO0JIIOI0BOT0 III0Ka, B PE3YNBTaTe STOr0 MPOHCXO-
ISIT 3HAUATENTFHBIC H3MEHEHHNS B PETYISIIAH CHHTE3a OEJIKOB, ITOIABIISIETCS CHH-
T€3 OCHOBHEIX OEITKOB MHUKpPOOHOH KiIeTKH. OIHAKO CHHTE3UPYETCS MHOKECTBO
HOBBIX O€JIKOB — OEIKOB XOJI0I0BOr0 IIOKA.

B Hacrosimiee BpeMst X0MOJ0aKTHBHEIE (DepMEHTHI HMEIOT OTPOMHOE 3Hade-
HUE. D(POEKTUBHOCTh MPUMEHEHHS B MPOMBIIUICHHOCTH TAKUX XOJIOIOAKTHB-
HBIX (PepMEHTOB, Kak JIMIIa3a, aMuiiasa, Iporeasa, 3cTepasa, ¢ocharasa, pac-
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CMOTpEeHa BO MHOTUX paboTax. DTH (epMEHTH aKTHBHO UCIIONB3YIOTCS B MPO-
W3BOJNICTBE OBITOBOM XUMHH, CEITLCKOM XO03SHCTBE, (hapMameBTHKE U APYTUX OT-
pacisax HapoJHOro xo3siicrBa. CKpUHUHT HOBBIX MUKPOOPTraHU3MOB U UX XOJIO-
JOAKTHBHEIX (PEPMEHTOB OTKPHIBAET HOBBIC M OOJiee MPOCTHIC ITyTH JJIsl CHHTE-
THYECKUX TporeccoB. ClegoBaTeNbHO, TO MOXKET IaTh HOBEIC PEHICHUsS OHO-
TEXHOJOTMIECKUX M IKOJIIOTHYECKUX MPodIeM.
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Summary. The authors obtained samples of chemically pure, crystalline, micro-
and nanostructured cellulose of various modifications using two approaches — biolog-
ical and chemical. They studied these cellulose samples via scanning electron micros-
copy (SEM), thermogravimetric analysis, and infrared (IR) spectroscopy. To prepare
cellulose microcrystals, they used the mild acid treatment method based on glycerol-
acid mixtures for treating cotton fibers. They showed that the chemical processing of
cotton fiber ensured its dispersion with generation of microcrystals surrounded by a
partially preserved amorphous shell. The authors produced bacterial cellulose (BC)
films using the Komagataeibacter xylinus C3 strain in surface cultivation conditions.
With a view of obtaining higher-quality SEM images, they applied chemical fixation
of lipids and proteins with critical drying to fix the process of nanofiber synthesis by
bacterial cells. The two-step fixation method helped find the fibrillar structure of a
cellulose film, while the morphology of bacterial cells was not deformed. The authors
made a comparative analysis of the IR spectroscopy results between chemically syn-
thesized cellulose microcrystals and BC. The obtained cellulose samples do not con-
tain lignin and hemicellulose, both samples are highly crystalline. The BC has an or-
dered structure, higher crystallinity and gets carbonized when exposed to air pyroly-
sis. A thermogravimetric analysis of the samples shows the absence of thermally sta-
ble impurities. Both cellulose samples of biological and chemical origin are thermally
stable, and the initial decomposition temperature is high enough for cellulose materi-
als. These results show that the authors have managed to create nanocellulose materi-
als that might be potentially applied in various industries, such as pharmaceuticals,
functional composites, engineering, etc.

The paper contains 6 Figures, 2 Tables, and 36 References.

Keywords: Bacterial cellulose, cellulose microcrystals, morphology, IR
spectroscopy, thermogravimetry
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AnHoTamus. B paGore Obutd mOMy4eHbl O0Opasibl XHMHYECKA YHCTHIX,
KPUCTAJUTMYECKUX, MUKPO- M HAHOCTPYKTYPUPOBAHHBIX LIEJUIIOJIO3HBIX MaTepHaloB
Pa3IM4HBIX MOAM(UKALMH C MCIONB30BAHUEM JBYX IOIXOI0B — OMOJIOrHYECKOro U
xumuueckoro. IlonmydeHHble 00pasupl LEJUIION03bl  HUCCIENOBANIM C  IOMOLIBIO
CKaHHUpPYIOIIEH 3JeKTpOoHHOH Mukpockonuu (COM), TepMOrpaBUMETPUYECKOrO
anHanm3a u uHdpaxpacHoit (MK) cnekrpockoruu. J{ist momy4eHus: MUKPOKPHCTAIIIOB
LIEJUTIONIO3bI HCIIOJIb30BaIH METO/] CJIa00KKCIIOTHOH 00pabOTKM Ha OCHOBE TIIMIICPHH-
KUCJIOTHBIX CcMecedl Juii OOpaOOTKM XJIOIKOBBIX BOJIOKOH. YCTAHOBJIEHO, YTO
XUMHYeckass ~ oOpabOTka  XJIONKOBOrO  BOJIOKHAa  CIIOCOOCTBOBaja  €ro
JIUCTICPTUPOBAHUIO C 0OPAa30BAHMEM MUKPOKPHCTAIIOB, BOKPYI KOTOPBIX YaCTHYHO
coxpansiercss amopduasi odonouka. [lnenku G6akrepuanpHoii 1emtono3sl (BL) Obun
MOJTy4eHBl C UCIIONb30BaHueM wramma Komagataeibacter xylinus C3 B ycloBUsAX
MOBEPXHOCTHOTO KynbTUBHpOBaHus. [yisi momydenust Oonee kadecTBeHHbIXx COM-
n300paXkeHuit Oblila MpPOBEACHa XUMHUYECKash (HUKcAlusl MPOTESHMHOB W JIMIKAOB C
UCHOJIb30BAHUEM  KPUTHYECKOW CyIIKM 18 (UKCAlMd  Ipolecca CHHTE3a
HAHOBOJIOKOH OaKTepuajbHbIMU KJIETKaMu. B pesynbrare merona JBYCTYNEHYaTON
¢bukcaimu Obiia oOHapyxeHa (UOPHIULSIpHAs CTPYKTypa LEIUTFONIO3HOM IUICHKH, a
Mopdosorusi GakTepuaIbHBIX KIETOK He mojaBepranach aedopmauun. IIpoBeneH
CpPaBHUTENbHBIM aHanmu3 pe3yabraroB HK-crmexTpockomuun Mexay XHMHUYECKH
CHHTE3UPOBAHHBIMUA MHUKpOKpucTauiaMu 1eintono3sl u Bl [omydeHnsie oOpasipt
LEJUIIONIO3bI HE COZep)KaT JIMTHMHA M TeMHLEIUIIoNo3bl, 00a obpasua sBISIOTCS
BBICOKOKpUCTAIUINYECKMMH. BLI UMeeT yrnopsgodeHHyo CTPYKTypy, Ooee BBICOKYIO
CTENEHb KPUCTAJUIMYHOCTH M IOJABEpraercss KapOOHM3alMM @pH IHPOJIM3e Ha
Bo3ayxe. TepMmorpaBUMETpUUYECKMH aHaiaM3 OOpasloB IOKa3ajl  OTCYICTBHE
TEPMHUYECKH YCTOHUYMBBHIX mpumeceil. Oba o0pa3ua LeUTIoN03bl OUONIOrHYECKOro U
XMMHYECKOTO TPOUCXOXKICHUS TEPMHYECKU CTaOWIbHBI, a HadalbHas TeMIeparypa
pa3ioKEeHUsT JOCTATOYHO BBICOKA JUIS LEJUIFOJIO3HBIX MaTepuanoB. Pesynbrarsl
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MPOICMOHCTPUPOBAIIM, YTO HAHOLEJUIIOJIO3HBIE ~MaTepuaibl ObUIM  YCIIEIIHO
MOJTy4EeHBI M MOTCHIMAIBHO MOTYT OBITH IPUMEHEHB! B PA3JIMYHBIX 00JACTSX, TAKUX
Kak (papmaneBTHKa, HYHKIMOHAIBHBIE KOMIIO3UTbI, MH)XEHEPHUS U T.J.
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Introduction

Cellulose is the most abundant polymer in nature. It is an important structural
component of the plant cell walls. Cellulose could also be produced in living
organisms such as bacteria and even some marine animals [1]. It consists of -
1,4-linked glucopyranose groups, which form a linear homopolymer, where the
monomers are rotated 180° relative to each other [2].

Despite the common chemical composition, depending on structural features,
there are several types of cellulose: cellulose nanofibrils, also known as
nanofibrillated cellulose; cellulose nanocrystals, with other designations such as
nanocrystalline cellulose, cellulose (nano)whiskers, rod-like cellulose
microcrystals; bacterial cellulose (BC), also known as microbial cellulose [3].

By subjecting microfibrils to a certain mechanical, chemical, or enzymatic
treatment, it is possible to extract highly crystalline regions of cellulose microfi-
brils, which in turn leads to the formation of cellulose nanocrystals [4]. Normal-
ly they are rigid particles with rod-like structure. In contrast to cellulose with
high content of amorphous fractions, nanocrystals have high specific strength
and modulus of rigidity, as well as significant surface area. Tensile strength of
cellulose nanocrystals is 7.5-7.7 GPa, which is significantly higher than that of
steel wire and Kevlar [5].

Another important property of cellulose nanocrystals is their ability to be-
have like liquid crystals. Under suitable conditions and critical concentrations,
asymmetric rod-like and lamellar particles tend to self-assemble into ordered
structures. Size, charge, electrolyte, and other factors affect the liquid crystal
properties of cellulose nanocrystals. Combined with the ability to refract rays, it
leads to interesting optical phenomena. The acid used for hydrolysis also affects
the process. For example, the use of sulfuric acid results in negatively charged
nanocrystals, which facilitates the formation of water dispersion. Cellulose crys-
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tals obtained with sulfuric and phosphoric acids usually lead to chiral nematic
structures, whilst crystals obtained with hydrochloric acid and sulfonation are
likely to form a birefringent glassy phase [6].

Along with plant sources, the non-pathogenic bacteria Komagateibacter, for
example, K. xylinus, could be highlighted here [7]. Some strains of these bacte-
ria, amenable to isolation from various sources, are capable of producing highly
crystalline cellulose networks and fibers that form biofilms of various thickness-
es to maintain high oxygen levels on the surface and create a protective barrier
against drying, radiation, and contamination [6].

In addition to such pros as biodegradability, non-toxicity, and biocompati-
bility, an important advantage of BC in comparison with plant analogs is its
unique purity, which in practice allows skipping additional purification stages.
The chemical composition of such biological celluloses is equivalent to cellulose
of plant origin; however, an important advantage is that BC does not contain
such by-products as lignin, pectin, hemicellulose, and other substituents in lig-
nocellulosic materials [8].

BC is a nanostructured polymer with diverse levels of organization (protofi-
brils - ribbons - pellicle). It is obtained by fermentation in a medium containing
only microbial cells, nutrients, and secondary metabolites, which could be easily
removed to obtain the purest nanostructured cellulose films. Films formed in this
way possess a unique three-dimensional structure that is not inherent for plant-
based celluloses. As a result, physical and mechanical properties also differ.

BC aggregates form long fibrils (about 1.5 nm wide), providing high specific
surface area, elasticity, resistance, and flexibility [9]. It is important that the
physical properties of BCs strongly depend on their method of production and
processing. Hereby, for dried samples, it was stated that, as a rule, tensile
strength is about 240 MPa, Young's modulus is approximately 10 GPa and max-
imum deformation is about 3%, although it is believed that the modulus for a
single fiber can reach 114 GPa [10].

Regarding hydrated samples (water content 98%), results showed the follow-
ing properties: tensile strength 380 kPa, maximum deformation 21%, and water
vapor transmission rate 2,900 g*m™ *d™' [11]. Determined compression modulus
for such samples was 0.06 MPa.

Concerning morphological properties of hydrated samples, it was found that
BC had a specific surface area of about 60 m’/g, a specific pore volume of
0.2 cm’/g, and an average pore diameter of about 13 nm [12].

Another important parameter in the analysis of BC applicability is its water-
retaining properties. To assess it, there are quantitative parameters such as water
capacity and water release rate. The water capacity of cellulose is 60 to
700 times its dry weight, depending on synthesis conditions. In typical films
cultured under static conditions, cellulose weight itself consists of about 1% of
total weight [13].

The use of various strategies during the synthesis of nanostructured cellulose
films can increase their water retention capacity [14]. There is a direct relation-
ship between pore size and the ability to regain moisture [15]. It was found that
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a decrease in pore size and surface area resulted in a decrease in water retention
and an increase in the rate of water release. The ability of BC fibers to retain and
release water is especially important for biomedical applications.

Due to the flexibility and strength of such cellulose films, it is possible to
create flexible electronics for flexible displays, portable electronic devices, and
electronic skin. Some of the main applications are reflected below in Fig. 1.
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Fig. 1. Nanocellulose materials applications

From an ecological point of view, it is relevant to search for methods that
will cause minimal harm to the environment, for example, obtaining cellulose
using bacteria, which gives a chance to perform waste-free production of chemi-
cally pure nanostructured cellulose. However, like any product of biosynthesis,
the production cost of BC is quite expensive, since the development of the pro-
ducer requires a nutrient medium and operating costs [16]. It is easier to obtain
cellulose from cotton fiber since nearly 90% of the cotton fibers are cellulose
[17].

Table 1 shows the comparison between nanocrystalline cellulose and BC
(source of isolation, production method, and structural features).

59



Buomexuonozua u muxpoouonozusa / Biotechnology & Microbiology

Table 1

The main characteristics of nanocrystalline cellulose and bacterial cellulose

Type of Cellulosic source Preparation Features References
nanocellulose methods
Cotton, wood, . Rod or needle-like particles,
Acid hydrol- |, . . .
Nanocrystal- |wheat straw, corn- | . . high crystallinity and specific
line cellulose |cob residue, cellu- > oxida- surface area, biocompatibility.
’ tion method, |, . . . >
(cellulose lose from algae, . biodegradability, optical
. enzymatic .
(nano)whis- |cornhusk, sugar- hvdrolvsi transparency, low cost, high
kers, rodlike |cane bagasse, blue iczlnircoliysf(,i tensile strength, elasticity, low | [3, 18-27]
cellulose agave bagasse, qu density, and purity; crystallini-
microcrystals, |jute, spruce bark. treatment, ty index: 54-88%; degree of
cellulose , lax i’lbers inea . [suberitical ol er.ization' SbO-IS 000;
> p X p Water hy_ p 1 ynl i} '. .’ >
nanocrystals) |ple leaf and coir, drolvsis width: 4-70 nm; length:
banana y 100-6,000 nm
Mechanical strength, biocom-
Aerobacter, Agro- patibility, polyfunctionality,
bacterium, Rhizo- purity, non-toxicity, high sta-
. bium, Gluco- bility of the single cellulose
Bacterial -
nacetobacter . . fibers and thermal stability;
cellulose (presently Koma- Microbial water holding capacity: from 1,3, 18,
(microbial presently fermentation g capacity: Ire | 28,29]
cellulose) gataeibacter), 60 to 700 times its dry weight;
Acetobacter, crystallinity index: 84-89%;
Sarcina, and degree of polymerization:
Pseudomonas 800-10,000; diameter:
20-100 nm

Thus, the development of mild modifications of acid hydrolysis, making it
possible to obtain micro- and nanostructured cellulose crystals in accordance
with the principles of green chemistry, becomes a promising task. Since, as pre-
viously known, BC obtained by microbial synthesis can be attributed to nanocel-
lulose, nanocrystalline cellulose obtained by mild acid hydrolysis was compared
with BC in several key parameters. This was the purpose of this research work.

Materials and methods

Obtaining BC in static cultivation condition. Synthesis of cellulose by Ko-
magataeibacter xylinus C-3 strain was conducted in Hestrin-Schramm (HS) nu-
trient medium (pH 6), which consists of following components (g/L): glucose -
20, peptone - 5, yeast extract - 5, Na,HPO, - 2.7 and citric acid - 1.15. The inoc-
ulum was a 48-hour culture of acetic acid bacteria grown in a medium contain-
ing yeast extract and beer wort (6° Balling) in a 1:1 ratio with 2 wt. % of glu-
cose, 1 vol. % of ethanol.

To obtain BC films of regular shape and equal diameter (0.5 cm), cellulose-
producing microorganisms were cultured for 7 days under stationary conditions
in a 24-well plate at 28°C.
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Cellulose was separated and periodically washed with 0.5-1% aqueous
NaOH solution while boiling until removal of cells. Then, the cellulose film was
washed from NaOH solution with distilled water, 0.5% acetic acid solution, and
again with distilled water until neutral pH. The resulting cellulose was stored as
a gel film in distilled water at 5°C. Membranes were subsequently dried to de-
termine their morphological and physicochemical properties. Biomass of BC
samples was determined after preliminary drying in a dry heat thermostat at
80°C up to constant sample weight.

Obtaining microcrystals using mild acid hydrolysis in glycerol. To obtain
cellulose with a high degree of crystallinity, dried cotton fibers were subjected
to acid hydrolysis with an excess of 9% sulfuric acid solution in glycerol. Then,
the reaction mixture was heated in a water bath at 90°C for 3 hours.

After cooling, the mixture was centrifuged to remove the hydrolysis solution.
The resulting precipitate was repeatedly redispersed in water and centrifuged to
remove residual acid and glycerol. Finally, cellulose crystals were characterized.

Obtained samples of cellulose were investigated by scanning electron microsco-
py (SEM), thermogravimetric analysis (TGA), and infrared (IR) spectroscopy.

Characterization of cellulose samples by SEM. Samples of cellulose were
precoated with a thin layer of a platinum-palladium alloy (Pt/Pd 80/20) and ex-
amined using a scanning electron microscope SUPRA 55VP-31-04 (Zeiss,
Oberkoche, Germany). Image analysis of SEM micrographs was performed us-
ing Image J software (version 1.8.0, National Institutes of Health, Bethesda,
MD, USA).

Determination of the IR spectrum. The Fourier transform IR spectra of the
polymers were measured using an FT/IR6200 spectrometer (Jasco, Easton, MD,
USA). The spectra were obtained with a resolution of no higher than 4 cm™ (4-
poir}t apodization function) after more than 50 scans in the range of 4000-400
cm .

TGA. Cellulose materials of various origins were analyzed by the thermo-
gravimetric method by measuring the rate of weight change. In addition, the
samples were analyzed by TGA to determine the amount of water. Setaram Set-
sys 92-12 (Setaram, Lyon, France) was used in the range of 50-9,000°C at a
heating rate of 100°C min”.

Statistical analysis. Statistical comparison was performed using an unpaired
test, followed by a one-way analysis of variance (ANOV A) using Dunnett's mul-
tiple comparison test. All statistical data of the analysis were carried out using
SPSS software package (version 16.0, SPSS Inc., Chicago, USA).

Results and discussion

BC synthesized by acetic acid bacteria can be obtained by superficial cultiva-
tion of producer strains. At the first stage, it was necessary to obtain stable and
durable BC films. For this, producer strain Komagataeibacter xylinus C-3 was
grown on HS medium for 7 days. Obtained films of cellulose synthesis are
shown in Fig. 2.
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Fig. 2. BC gel-film obtained after 7-day static cultivation of producer strain:
A - BC gel-film; B - wet discs of BC; C - dried cellulose films

Samples of BC films obtained using K. xylinus strain were examined by
SEM. This method is one of the most important methods in the study of bacteri-
al samples. Of special interest is the possibility to record the process of nano-
fiber synthesis by bacterial cells.

To obtain better images, a two-stage fixation of proteins and lipids was per-
formed to preserve the structural appearance of fibers and cells. Lipid fixation
was carried out using Karnovsky's fixative and osmium tetroxide [30]. During
the interaction, osmium dioxide is placed at polar groups in lipid micelles, al-
lowing them to be fixed and further investigated by various microscopic and
chromatographic techniques.

Besides lipids, it is also important to fix proteins in cells. For that, the most
versatile critical drying method was used. During this process, water molecules
in biological tissues are replaced by an inert liquid, whose critical temperature
for achieving appropriate pressure is just slightly higher than ambient tempera-
ture. In this work, carbon dioxide was used, the critical point of which is 35°C.
Thus, water in the cell structure was replaced by liquid CO,, followed by heat-
ing above a critical temperature. As a result, the liquid-gas phase transition of
CO; occurs without changing density. This helps to avoid surface tension ef-
fects, responsible for morphology distortion. The method also uses ethanol to
achieve complete mixing with carbon dioxide.

From the images of SEM in Fig. 3, it could be seen that as a result of this
two-step fixation, not only the fibrillar structure of the cellulose film was detect-
ed, but also, the morphology of bacterial cells was perfectly preserved without
any deformation. The images show that bacterial strain is viable and participates
in synthesis under created conditions. Each bacterium produces many nano-
fibers, surrounding itself with a three-dimensional network.

BC synthesis by K. xylinus occurs between outer and cytoplasmic mem-
branes assisted by a cellulose-synthesizing complex that binds to pores of the
bacterial surface. During the synthesis, glucose chains created inside the cell are
released through tiny pores in the cell membrane. About 30 cellulose molecules
are formed into larger units known as elementary fibrils (protofibrils), which are
then gathered into microfibrils, later assembling to form cellulose ribbons [31].
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a b

Fig. 3. SEM images of the process of synthesis of cellulose nanofibers by K. xylinus strain
at 20,000-fold magnification (a), at 30,000-fold magnification (b)

Microfibrils connect by hydrogen bonds, making possible the formation of
fibers, flat layers, and film structures. As a result, flat fibers containing cellulose
are formed on the surface of the bacterial cell. These fibers, with diameters from
10-20 to 30-40 A°®, are built side by side on the horizontal axis.

Cells producing cellulose-like fibers move forward parallelly to microfibrils
[32]. Hence, the bacteria will move forward as they secrete cellulose in a jet
propulsion manner. As a result, cellulose synthesis forces cells to rotate along
their longitudinal axes as they push and twist the cellulose fibers. Since K. xy-
linus is an aerobic bacterium, it tends to move towards the surface of the liquid
medium, where the oxygen level is higher [33]. A ligament formed by "zigzag
movement" and cell division forms a branch of delamination. As a result, micro-
fibrils crystallize into a bunch of fibers, which form ultrafine reticular structure
and thick cellulose mat-film [34]. Cellulose molecules bind to each other
through hydrogen bonds near the cell surface.

Thus, during the formation of a gel film, K. xylinus cells move in the oppo-
site direction of polymer chain secretion. It is believed that cells of bacteria syn-
thesizing cellulose are immobilizing in a polymer network to maintain the entire
population in the space between air and liquid. Therefore, the biosynthesis of
cellulose is physiologically expedient and is an important evolutionary mecha-
nism for the survival of cellulose producers.

As a result of mild acidic treatment of cellulosic material, their amorphous
shells are destroyed resulting formation of crystalline particles. The treatment
was carried out in a glycerol-sulfuric acid system for 3 hours. The resulting
product - a mixture of suspended cellulose particles in a liquid phase - could be
used independently, for example, to obtain thin films, or can be dried to acquire
micronized powder cellulose powder.

The resulting white powder was characterized by SEM to assess the effec-
tiveness of acidizing treatment of cotton fiber. SEM images are shown in Fig. 4.
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Fig. 4. SEM images of samples obtained by mild acid hydrolysis at 2,000-fold magnification
(a), crystal structure at 1,610-fold magnification (b), crystalline and amorphous structures of
an individual particle at 5,000-fold magnification (c), at 1,000-fold magnification (d)

As could be seen from the images, in this case, the chemical processing of
cotton fibers led to obtaining particles with heterogeneous size distribution and
morphology (Fig. 4a). In images 4b and 4c, we observe that the particles demon-
strate predominantly crystalline structure, however, in many particles, their
highly crystalline core seems to be surrounded by an amorphous shell preserved
even after treatment with sulfuric acid. This indicates that highly crystalline cot-
ton fiber requires more severe processing conditions to remove the amorphous
phase. Thus, to obtain nanocrystalline particles, it is necessary to change the
parameters of acid hydrolysis (an increase in acid concentration, temperature, or
processing time), or improve the availability of crystalline regions by introduc-
ing structural defects using mechanical activation. Therefore, mild acid treat-
ment based on glycerol-acid mixtures for treating cotton fibers is more suitable
for obtaining microcrystalline cellulose.

For our research, it was interesting to carry out a comparative analysis of IR
spectroscopy results between chemically synthesized cellulose (microcrystals
obtained by the method of soft glycerol hydrolysis) and BC.

Comparing the spectra of obtained compounds (Fig. 5), several conclusions
could be drawn. First of all, the purity and ordering of biological and chemical
samples could be estimated using IR spectra. In both cases, the spectrum does
not have vibrations at 1740 cm™ and 1600 cm’, corresponding to hemicellulose
and lignin impurities, respectively. The presence of such impurities, as a rule, is
especially frequent for celluloses isolated from natural plant raw materials. It
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happens since, in plant materials, cellulose is traditionally accompanied by lig-
nin and hemicellulose, which are relatively difficult impurities to remove. Cot-
ton is a chemically pure cellulosic raw material. As could be seen from the spec-
trum, microcrystal samples obtained from cotton do not require additional puri-
fication from this type of contamination.

T

.)EE \
\. ™ [ Y I

o ] P o A

ol VAN I

u ?%M\.Am'."*l'ﬁ,ﬂ'ﬂ

T e

4000 300 3600

A 4 P\
_ i /
P st A / !
=4 SR
S S \ g

U 0 00 10 %00 £ 20 210 1600 1600 140 120 000 L ] a0

Fig. 5. Comparison of spectra of chemical crystalline (1) and bacterial (2) celluloses

In general, evaluating the spectra, it is obvious that in the case of the biologi-
cal sample, peaks are generally more pronounced. Exceptions could be found in
regions of 3200-3600 cm™ and 2800-3000 cm™, which characterize vibrations of
methine and methylene groups, as well as stretching vibrations of hydroxyl
groups. These peaks are always well-pronounced in cotton-originated celluloses,
hereby they are more pronounced for chemical cellulose isolated from cotton
fiber. For the rest, chemically synthesized cellulose generally has a more diffuse
spectrum, which may correspond to its less ordered structure and the presence of
a neglectable amount of impurities.

Structure ordering could be 2 types: inter- and intramolecular. The first one
is determined by the interaction between molecules and the conformation of
polymer chains. The second one is responsible for the interposition of units in
the chain and the conformation of hydroxyl and pyranose groups [35]. To char-
acterize intermolecular three-dimensional ordering, as a rule, X-ray diffraction
methods are applied. IR spectroscopy, in turn, makes it possible to draw conclu-
sions about intramolecular interactions. According to [35], absorbance in ranges
of 1200-1400 and 800-900 cm™ indicates rotation of CH,OH groups in crystal
regions and, thus, makes it possible to estimate intramolecular ordering. These
peaks are well pronounced in spectra of both samples, meaning high crystallinity
and structure ordering. However, absorbance at these frequencies is more in-
tense for biological cellulose, indicating the most ordered structure here. The
structure of chemical microcrystals is also quite crystalline but contains more
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amorphous regions. This result is in accordance with SEM data, which has con-
firmed that a partially preserved amorphous shell is still present in the chemical-
ly extracted sample.

Additional information about the structure could be obtained by evaluating
vibrations between 1700 and 1650 cm™'. They indicate deformation vibrations in
H-O-H bond and, therefore, correspond to the presence of bound water in the
sample structure. This peak is more visible for BC, which contains a greater
amount of water even after drying. This feature is provided by its fibrous,
nanostructured morphology.

Integral graphs of TGA from Fig. 6, allowed us to carry out a comparative
analysis of different cellulosic materials.

L+

Sample weight
| |

22 53 81 112 142 173 203 234 265 295 326 356 387 418 446 477
Temperature

Fig. 6. Thermogravimetry spectra for samples of chemical (1) and bacterial cellulose (2)

Thereby, it was found that weight loss associated with dehydration was long-
er for an extremely hydrophilic fibrillar BC sample than for crystalline cellulose.

The location of the main TGA parameters, given in Table 2, in general, is
quite close for both samples. Both samples are thermally stable, and the IDT
(initial decomposition temperature) is high enough for cellulosic materials.

In 235-330°C zone, we can observe that stage of oxidative pyrolysis begins
for both materials. Temperatures of maximum decomposition rate were deter-
mined using differential TGA plots. Two pyrolysis regions were observed for
BC, which, remembering IR spectroscopy data, could be caused by the presence
of three-dimensional ordering - the necessity to destroy intermolecular bonds
responsible for the formation of ordered fibrillar structure.
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Table 2
Comparative analysis of TGA spectra for biological and chemical celluloses

Values for | Values for
Parameter Description chemical | biological
cellulose | cellulose
IDT Initi.al deco.m.position temperature, at vyhich‘the material
(onset) begins to disintegrate. This parameter is an indicator of 260°C 235°C
the thermal stability of the material
MRDT |Maximum rate of decomposition temperature 298°C 1221 OCC’
Dy, Temperature at which 50% of material is decomposed 307°C 400.5°C
FR Final residue - the amount of material at the end of heating, 0g, 0.75 g,
indirectly characterizes the composition of test sample 0% 23.5%

Half-decomposition temperatures and final residue weight describe the final
stage of the pyrolysis process. The absence of any residue during pyrolysis may
indicate a lack of thermostable impurities, however, 23.5% of BC residual mass,
altogether with other data and characteristics of synthesis, permits us to suggest
that this material, as in [36], undergoes carbonization with the formation of sta-
ble graphitized films.

Higher values inherent in chemical cellulose are suitable for use in functional
composites, engineering, and lithography, while BC could be involved in medi-
cal applications, such as developing wound healing dressings or capsules for
targeted drug delivery.

Conclusion

As a result of the studies, we obtained samples of chemically pure, crystal-
line, micro-, and nanostructured cellulose of various modifications using two
approaches - biological (bacterial synthesis to obtain nanostructured films) and
chemical (glycerol hydrolysis of cotton fiber to obtain crystalline powder).
It was demonstrated that mild acidic hydrolysis in glycerol promoted the disper-
sion of cotton fiber with the formation of microcrystals surrounded by a partially
preserved amorphous shell.

Comparative analysis of the samples shows that both are stable, and do not
contain lignin and hemicellulose, as well as any heat-resistant impurities, more-
over, both samples have a crystalline structure. The BC sample has a higher de-
gree of crystallinity and chemical purity, and during pyrolysis in air, it is getting
carbonized.

The study showed that chemical fixation of lipids and proteins with the use
of critical drying was required to obtain qualitative information on the structure
of bacterial cells and cellulose nanofibers of biological origin.
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AnHoTanus. Ha ocHOBE KOHLETIMH AUCKPETHOTO OMMCAHUS OHTOTEHE3a PACTECHHH,
aJaNTHUPOBAaHHOW [UISl JIMIIAHHUKOB, BblAENCHO 4 mepuoda U 12 OHTOreHEeTUYECKHX
COCTOSIHUI LMaHONUIIaiHNKa Peltigera praetextata B CpeHETa&KHBIX COOOIIECTBAX:
JIATeHTHBIH (Sp), NpereHepaTuBHbIN (pr, prt, j, iml, im2, im3, vi, v2), TeHepaTUBHBIN
(g), mocrrenepaTuBHBIA (ss, s). [ns Ta/mioMOB KaXIOM CTaluM ONpEAETICHBI
Mopdooruueckue, aHATOMHYECKHE M HEKOTOpble (DPU3HOIOrMYecKHe OCOOCHHOCTH.
Haubosnpias ©3MEHYMBOCT YKa3aHHBIX APAMETPOB XapaKTEpHa UL PAHHUX CTaJUK
oHToreHesa. Cpelny HM3y4eHHBIX CTPYKTYp TajuloMa HamOOJblas W3MEHYMBOCTH B
psSly OHTOI€HETHYECKHX COCTOSHHN PETHUCTPUPOBANIACH JUIS JUIMHBI PU3HH, HIUPUHBI
KWIOK W TOJILMHBI CEPJUEBMHHOrO CJ0s, a HauOONBIIMM IOCTOSHCTBOM
XapaKkTepu3oBagach  JAONS  albrajJbHOro  ciaosi B Tauiome.  V3yueHHble
(U3MONIOrNUeCcKrue XapaKTePUCTUKH TAJUIOMOB P. praetextata OTIIMYaINCh Y Pa3HbIX
OHTOM€HETHUYECKUX COCTOSHMI M MMENIM MAaKCHMAJIbHbIE 3HA4EHHS y F€HEPaTHBHBIX
TaUIOMOB,  JUI1  KOTOPBIX  3apEerMCTPUPOBAHO  HOPMAlbHOE  COOTHOLICHHE
(OTOCHHTETHYECKUX HMUIMEHTOB, MAKCHMAJIbHOE BOJOHACHIIICHHE U MAaKCHMaJbHas
BOZIOYJEpXKMBAOIIast  CocoOHOCTb.  IlonydeHHble  JaHHbIE  MOATBEPIMIM
000CHOBAHHOCTH BbIJICJICHHBIX OHTOI'€HETHYECKUX CTAUMH.

KiroueBble ciioBa: OHTOreHe3, JIMIIAMHHMK, (OTOCHMHTETHYECKHE IHMIMEHTHI,
BOZIOYIEPKUBAIOIIAs CIOCOOHOCTB, crienuduyueckas Macca TaioMa

BaarogapHocTH: aBTOpbI BBIP)XAKOT OJIAr0JapHOCTb CTAapLIEMy Hay4HOMY COTpYI-
HUKY JabopaTopun 6uorexuonoruu pacrenunii KapHL] PAH (r. [erpo3aBozck) Urna-
TeHko P.B. 3a npenocraBieHHYI0 BO3MOXHOCTh cOOpa 00pa3loB Ha 3aJI0)KEHHBIX UM
MOCTOSIHHBIX MPOOHBIX mioazsx B ['TI3 «Kusauy.
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Summary. The goal of this study is to describe the cyanolichen Peltigera praetex-
tata ontogenesis stages and reveal some of their morphological, anatomical, and phys-
iological features.

This paper analyzes 300 P. praetextata thalli taken in 2019 from aspen trunks in
the aspen-spruce communities of the middle taiga territory in Kivach Nature Reserve
(62°15'15.9"N, 33°58'746.1"E) from permanent sample plots. The authors determined
the ontogenetic state of each thallus based on morphology and anatomy data using the
concept of a discrete approach to the description of ontogenesis (Suetina, 2001). They
registered the following thalli parameters: length, width, presence and length of
rhizines, presence and width of veins, presence of phyllidia and apothecia, number of
notches and lobes, shape, edge curl, and surface tomentum. They studied the anatomi-
cal parameters (thallus total thickness, tomentum thickness, cortical layer, algal layer
and medulla thickness, algae cell size) using sections of thalli samples in all ontoge-
netic states from the apical, medial, and basal parts in triplicate. They measured the
content of photosynthetic pigments spectrophotometrically with preparation of alco-
holic extracts. To assess the parameters of the water regime of thalli having different
ontogenetic states, the authors calculated a specific thallus mass (STM) and water
holding capacity (WHC). They made a statistical data measurement using one-way
ANOVA and regression analysis. They also calculated the coefficient of variation
(CV) to assess the variability of the features under study.

The study identified four periods and 12 ontogenetic states of P. praetextata: latent
(sp), pre-generative (pr, prt, j, iml, im2, im3, vi, v2), generative (g), and post-generative
(55, s). The values of the morphological and anatomical parameters of the thalli increase
during their development. The early ontogenesis stages demonstrate the highest variabil-
ity of the parameters. The highest variability of the thallus structures under study within
the ontogenetic states is registered for the rhizine length, vein width, and medulla thick-
ness, while the highest constancy is typical of the share of the algal layer in the thallus
that varies within a very limited range (22—-32%) and reaches the minimum values in the
post-generative period. The mycobiont increases in volume through a medulla growth.
The physiological characteristics of the P. praetextata thalli differ in various ontogenetic
states, while the generative thalli characterized by a normal ratio of photosynthetic pig-
ments, maximum water saturation, and maximum water holding capacity have the max-
imum values. Thus, at early development stages, the thalli demonstrate a lower ability to
retain moisture and may represent a critical stage in a lichen life cycle. On the one hand,
the revealed wide variability of the morphological and anatomical parameters of young
thalli testifies to their high adaptability, but the physiological parameters of water satura-
tion indicate the vulnerability of these stages. These parameters confirm the validity of
the ontogenetic stages identified.

The paper contains 5 Figures, 5 Tables and 55 References.

Keywords: ontogenesis, lichen, photosynthetic pigments, water holding capacity,
specific thallus mass
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BBenenne

lpaHoMMIIaifHUKA B HACTOSIIEE BPEMS SIBILIIOTCS IOMYJSPHBIM OOBEKTOM
OOJIBIIIMHCTBA HAIPaBIICHUH HCCIICAOBAHNHN B JIMXeHONOTHH. OHU TIPEICTABIISIOT
coboii rpyrmy mumaiHuKoB (13—14%) [1], KoTopBIe comepkaT HINaHOOAKTEPHH B
KauecTBE OCHOBHOT'O (pOTOOMOHTA B TAJUIOME WM JIOTIONHHUTEIFHOTO — B CIICIH-
QITBHBIX CTPYKTYpax (1edagoansx) Ha ero MOBEPXHOCTH W BHOCST 3HAUNTEIIHHBIN
BKJIQJT B a30THBIN OalaHC Pa3IMYHBIX SKOCUCTEM, GUKCUpYs a30T oT 1,5 mo Ooiee
gem 17 krra ‘rox ' [2-5]. CIpYKTYpHBIC M (DM3HOIOTHYECKHE OCOOCHHOCTH
OIIPEAEISIOT TyBCTBUTEIBHOCTD STOH TPYIIIHI JIMINAHHIKOB K N3MEHEHUSIM YCIIO-
BUI MECTOOOWTAaHWS, BBHI3BAHHBIM KaK NPHPONHBIMH, TaK W aHTPOIOTECHHBIMH
(akropamu [6—11]. Tak, HapuMep, HUTPOTeHa3HAS AKTHBHOCTD [THAHOJTUIIIAHH-
KOB UYTKO pEarupyeT Ha M3MEHEHHS CpPe/bl, B TOM UYMCIe KInMaThudeckue [12—
13]. CymecTBeHHbIH BKITAl B TOHUMAaHUE TTPUYNH YSI3BUMOCTH JIHIIARHIKOB MO-
T'YT BHECTH MCCIIEIOBAHMS X0Ja HX OHTOTCHE3a, a TAakKe CTPYKTYPHBIX U (HHU3HO-
JIOTUYECKUX TIOKa3aTeNell TayuIoMOB, HAXOIAIIMXCS Ha pa3HBIX OHTOTCHETHe-
ckux cramusx. Kpome Toro, aTi 3HaHMS HEOOXOIMMBI M IS aKTHBHO Pa3BHBAIO-
IIMXCS B COBPEMEHHOW JIMXEHOIOTUH OMYIIIIIMOHHBIX HCCIICIOBAaHUI — OHTOTe-
HETUYECKHE XapaKTCPUCTUKH SBILIIOTCS HEOOXOMMMOW OCHOBOW IUIs aHaIM3a
CTPYKTYPBI HOMYIISIHI U POTHO3MPOBAHUS X COCTOSHISL

Peltigera praetextata (Florke ex Sommerf.) Zopf — nmenpTHrepa okaiimiieH-
Hasl, OTHOCUTCS K [IMaHOOMOHTHBIM JIMINAHUKAM ceMeiicTBa Peltigeraceae [14].
Bun mmpoko pacmpocTpaHeH B OOpealbHBIX COOOIIECTBAX M MOCETSETCS II0-
BEpX MXOB, Ha KAMHSX, OCHOBaHUSX JIEPEBBEB, TTOUBE U Bajexe [15]. Dto kpym-
HBI JINCTOBATHIA JIMINAHHUK, (POTOOMOHTOM KOTOPOTO SIBJISIOTCS ITMaHOOaKTe-
pun poma Nostoc, pacIONOKEHHBIE B allbralbHOM CJIO€ TajutoMa. Takum oOpa-
30M, [IHAaHOOAKTEPHUAIBEHBI KOMIIOHEHT B TAJUIOME 3TOTO BHJIA HECET IBOWHYIO
Harpysky, obecrieurBas ce0s ¥ MUKOOMOHTA MPOAYKTaMHU (POTOCHHTE3a, & TakK-
e OCYIIECTBIISIA mporiece a3oTdukcanun. Bun P. praetextata sBiseTcss 00BbeK-
TOM Pa3HBIX HCCIENOBAaHUI, COTTTACHO HEJABHUM M3 KOTOPBIX 3TOT JIMIIAWHIK
PEKOMEHIOBaH KaK MHAMKATOP TEHOTOKCHYHOCTHU 3arps3HUTENer Bo3ayxa [16].
Kpome Toro, m3y4anuch Takxke ero (pOTOCHHTETHYECKas aKkTHBHOCTH [17-18],
HHUTpOTeHa3Hast aKTUBHOCTH [19], mapameTpsl BogHOrO peknma TauioMoB [20],
YCTOWYMBOCTH K 3arpsizHenHuio [21]. Cieqyer oTMETHTh, YTO CTaIusI OHTOTEHE3a
TAJJIOMOB HE YYHTHIBAJACh B HCCICIOBAHUSAX W CPaBHEHUS MEKAY pa3HBIMHU
BO3PACTHBIMH COCTOSHUSIMH HE TpoBoawitnck. OQHAKO B psime paboT mcciemno-
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BaTeIM OTMEUYAIOT HEOOXOJWMOCTh YYHUTHIBATh BO3PACTHYIO CTAJIMI0 TaJloMa
JUIS JIy4IIero MOHMMAaHHS TPUHIIMIIOB B3aMMOJCHCTBHS KOMIIOHEHTOB JIHMINAK-
HHUKOBOW accOIManuy, (POPMHUPOBAHUS TOMYJIAITUOHHOW CTPYKTYPBI U MPaBHIIb-
HOM OIEHKH COCTOsHUS momyisann [22-24]. BeiaeneHrne OHTOr€HETHYECKHUX
CTauid ¥ M3ydeHue (PU3HOIOTHYECKHX MapaMeTpOB C MPUBS3KOH K HHUM OCO-
OCHHO Ba)XKHO JUTSI MOIYJBHBIX OPraHWU3MOB, ITOCKOJIBKY 3TO IO3BOJISET ITOJHO-
CThIO OXapaKTepU30BaTh Pa3BUTHE JINIIAWHUKOBON acCOIMAIINH, Bellb €€ OHTO-
TCHETUYECKOE PAa3BUTHE BKIIFOYAET B CeOS MIOCTOSIHHOE TTOJUIEP)KaHNE CIIOKHOTO
JMTHAMHYECKOTO PaBHOBECHS B cHCTeMe Moxyiel. OmnpeneneHue mapaMeTpoB
0€3 TIPUBS3KH K CTAIUSAM MOXET MPUBECTH K TONYYEHHIO PA3IMIHBIX pe3yIbTa-
TOB JJIsS OTHOTO M TOTO ke Buaa [25-26]. Pacnpoctpanenue Buaa P. praetextata,
MOp( OJIOTHS TaJUIOMa W YYBCTBUTEIBHOCTh K YCIOBHSAM OOWUTAHHS JIENIAIOT €ro
YIOOHBIM 00BEKTOM MOHUTOPHHTOBBIX WCCIICIOBAHWHA BIHMSHUAS U3MEHEHUH IMa-
paMeTpoB OKpyXKarolield cpelbl Ha OpraHW3M Ha BCEX YPOBHSAX €ro OpraHu3a-
nuu. MccnmemoBaHus Xoa OHTOreHe3a, U3MEHEHHUsS B TEUCHHUE BPEMEHHU CTPYK-
TypHO-(U3HOJIOTHIECKAX OCOOCHHOCTEH TaJIZIOMOB MOTYT BHECTH CYIIECTBCH-
HBII BKJIQJI M B IOHUMaHKE YA3BUMOCTH 3TOTO KOMIIOHEHTA 3KOCHCTEM Ha TIpH-
YUHHO-CJICICTBEHHOM YPOBHE.

Iens HACTOSAIIETO MCCACAOBAHMS — ONMCAHHE 3TAIIOB OHTOreHE3a I[HaHOJIH-
maitHuka Peltigera praetextata M BBIABICHHE WX HEKOTOPBIX CTPYKTYPHBIX H
(hM3HOTOTMYECKUX OCOOCHHOCTEH.

MarepuaJbl 1 METOAMKH HCCIEA0BAHUS

Tammomer P. praetextata s McCleNOBaHHS COOpaHBI CO CTBOJIOB OCHH B
CXOXKHX DJKOJIIOTHYECKUX YCIIOBHSX CMEUIAHHBIX OCHHOBO-EIIOBBIX COOOIIECTB
CpemHell TaWTrW Ha TEPPUTOPHH TOCYAApCTBEHHOTO IPHPOIHOTO 3aIIOBEIHHKA
«Kupau» (62°15'15,9"N, 33°58'746,1"E) B 2019 T., Ha TIOCTOSHHBIX MPOOHBIX
momanax [27] pasmepom 1 ra, Ha KOTOPBIX BBIONHEHBI MTOJHBIC Te000TaHIYe-
CKHE OITUCAHUS COOOIIECTB MO TPATUITMOHHON MeToanKe [28].

B naGopaTopHBIX yCIOBHSX 00pa3ibl W3yYajHCh C IMOMOIIBIO OWHOKYIISIpa
«Muxkpomen-MC2» (Poccust), pu 3TOM pEerHCTPUPOBAIUCH CICIYIOIIUE TIPH-
3HaK{ TaJUIOMOB: JUIMHA, IPHUHA, HATMYWE U [UIMHA PU3HH, HAJHYHAE U IINpPUHA
KUJIOK, Halmgue GWIDTHINNA U aloTelHEeB, YUCIO BEIEMOK U JiomacTel, Gpopma,
Kyp4aBOCTh Kpasi, pa3BUTHE BOMIJIOKA Ha MOBEPXHOCTH. s TammomMoB (ukcu-
POBANKCH MaKCHMAJBHBIE pa3Mepbl M3ydaeMoro mapamerpa. AHATOMHUYECKHE
mapaMeTpbl OTACNBHBIX CTaauid (00IIas TONIIMHA TauIoMa, TOJNIMHA BOWIIOKA,
TOJIIUHA KOPOBOTO CJIOSI, TOJIIUHA aJblalFHOTO CIOS, TOJIIUHA CEPALCBUHEI,
pa3Mepsl KIETOK BOIOPOCIIEH) H3yJalnuCh C TOMOMIBIO IIPUTOTOBICHHS CPE30B U
MuKpockona «Axio Scope Al» (I'epmanus). Cpe3bl BHINONHSIUCH C 00pa3ioB
TaJUIOMOB BC€X OHTOTEHETMUYECKUX COCTOSHUM C aluKalbHOM, MEeIualbHOW U
0a3aJIbHOI YacTeil B TPEXKPATHOW MTOBTOPHOCTH.

Ha ocHOBaHMM nMaHHBIX MOpP(OIOTHM W aHATOMHH YCTaHABIMBAJIACH IIPH-
HAJISKHOCTh TAJUIOMOB K ONpENelIEHHBIM OHTOT€HETHYECKUM COCTOSHHSM B
COOTBETCTBUU C KOHIICTINCH ITUCKPETHOTO OMUCAHWS OHTOTEHE3a pPaCcTEHHMA
PaborHOBa—Ypanosa, aganrtupoBanHoi 10.T. CyeTuHo# Ut TMIIaiHUKOB [29].
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Camble paHHHE CTaIUH OHTOreHe3a (IIPOTOTAJLIIOC, IPOTEPOTAILIIOC, IOBSHHIIb-
HBII TAJJIOM) HE W3y4alliCh; NX ONHCaHHE JAHO COTJIACHO JHUTEPaTypHBIM JIaH-
HBIM, OOIIKM yis1 JimaidaukoB [30-31], a Takke pe3ysbraTaM, MOJyYCHHBIM
MPH KYJIFTHBHPOBAHWU ATOTO BHJA B JIAOOPATOPHBIX yCIOBHAX [32]. AHanm3
BBITIONTHEH Ha ocHOBe onucanus 300 tammomoB P. praetextata, mpon3pacTaBIINX
Ha OCHOBAaHUSX CTBOJIOB OCHH. MUHHMAIBHBIN pasMep aHAIN3HPYyEMOro TaJlIo-
ma coctaBuia 0,03%0,03 cm. [Tockonbky ompeneneHne BUIOBOW MPUHAIICKHO-
CTH TaJUIOMOB HEOONBIINX Pa3MEpOB paHHUX OHTOT€HETHYECKUX CTaJWil BBI3BI-
BaeT 3aTpyJHEHUE BCIEACTBHE HEC(HOPMHPOBAHHOCTH BaKHBIX Mop(oormue-
CKUX TPH3HAKOB, MOJIOMIBIE TAJJIOMBI OTOMPANNCH CPEAN 3PENBIX U3 MOHOBUIO-
BOHM «KypTHUHBI» P. praetextata.

ConepkaHue (OTOCHHTETHYECKHX MUTMEHTOB H3MEPSUIOCH CIIEKTPOQOTO-
MeTpudeckuM MeTonoM («CD-2000», Poccus) ¢ MPUTOTOBIEHUEM CIHUPTOBBIX
BEITSDKEK. KOHIIEHTpamus U conepykaHue XJIOpopmiia @ U KapOTHHOUIOB Pac-
CUNTHIBANINCH O (popMyIle, TpEeNCTaBICHHOW B MeToauke BuHTepMmaHca u
He Mortca [33].

OreHKa TapaMeTpoB BOJHOTO PEKIMa TAIUIOMOB Pa3HBIX OHTOT'€HETHYECKUX
COCTOSTHHH TIPOBOJMIIACH TPaBUMETPUIECKUM METOJOM COTJIACHO HW3BECTHON
Metoauke [34] ¢ mcronp30BaHHEM 3JIeKTpOoHHBIX BecoB «OHAUS, Discovery»
(IIBeitapusi). PaccunThIBamMCh Clenyromue MMapaMeTpbl BOJHOTO pPEXHMA:
cneruduaeckas macca tamutoma (specific thallus mass, STM) u Bomoynepxu-
Baromas crrocoobnocts (water holding capacity, WHC).

B xozme mccrenoBanus TpoBEIEHBI OMICAHUS MOP(OIOTHYECKIX MapaMeTpoB
300 TammoMoB, WISt KOTOpPBIX mpoBeaeHo okono 4 000 m3mMepeHnii aHATOMHUYECKIX
napamerpoB, 117 m3mepenuii conepkanusi murMeHToB U 102 n3Meperns mapamer-
pOB BomHOrO pexknMa. Bee m3mepenns cienansl B TpEXKpaTHON oBTopHOCTH. CTa-
TUCTHYECKUH aHAJM3 JaHHBIX MPOBENIEH C MCIOIb30BaHUEM OTHO(DAKTOPHOTO JIHC-
niepcronHoro (OJ1A) m perpeccronHoro anammsa [35] B cpene Microsoft Office
Excel 2010. JlanHple Ha pPUCYHKaX M B TaONMIAX TPHBEACHBI B BUAC CPEIHHX
apu(hMETHIECCKUX CO CTAaHIAPTHBIMHU OMMOKaMH. JIJIs OIIEHKH BapbHUpPOBAHUS U3Y-
YaeMBIX MPU3HAKOB PACCUMTHIBAICS KodduimeHT Bapuamun (CV).

Pe3yabTarhl ncciiefoBanus U 00Cy:KIeHUE

Mopgonozuueckue ocobennocmu OHMOeHEMUYECKUX COCHOAHUN -
wannuka P. praetextata. B xone viccinenoBaHus BBIJICICHO U OMHICAHO 4 TIepHo-
Ja W 12 OHTOTEHETHYECKUX COCTOSIHMWA BUIA P. praetextata: NMAaTSHTHBIA (sp),
TIpereHepaTuBHBIN (pr, prt, j, iml, im2, im3, vl, v2), TeHepaTUBHBIN (g), TIOCTTe-
HEPaTUBHBIH (S5, §), TPEACTABICHHBIX B Ta0IMI. 1.

[omamas B OmaronpusTHEIE YCIOBUS, CIOPHL P. praetextata ipopacTaioT, 00-
pasyst npororamnoc (pr). CornacHoO JaHHBIM HCCIIEIOBATENCH, OCYIIIECTBHUBIITHX
cuHTE3 TamioMa P. praetextata B n1abOpaTOpHBIX ycIoBHSAX [36], mpopacTraHue
rud HauMHAETCS ¢ 000MX KOHIIOB BEPETEHOBUIHBIX CIOp. B mpucyrcTBun nma-
HOOMOHTA TH(BI HAUNHAIOT BETBUTHCS H (DOPMHUPOBATH MUIIETHIA, YTO TPUBOIJHT
K 00pa30BaHMIO PHIXJION ACCOMMAINH MHUTIEIHS M IHAaHOOAKTEPHH. ACCOIHAIINH
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MOCTETICHHO CTAHOBATCS IMAPOBHIHBIMH W TPHUOOPETAIOT COPEIHENONOOHBIH
Bux (soredia-like stage) — KJIeTKM IMaHOOMOHTA 3aKIJIFOYSHBI B TU(BI Tpuba. Jla-
Jiee OT ATHX CTPYKTYP OTXOASAT pamuaibHble TH(BI, GopMupys momodue may-
TrHHOU ceTH (arachnoidal stage). CxomHbIe TIporiecchl HAOIIOAANMCH HCCIIEO-
BaTeNsIMU MPU Pa3BUTHW APYTHX JINCTOBATHIX JHIMaliHUKOB [37-38]. B crnemy-
folei ¢ase pa3BuTHs (depe3 5—6 Mec) COCECAHUE COPEANEITONO0HBIE CTPYKTYPBI
CIIMBAKOTCS ¢ 00pa3oBaHWEM HeTUPQEPEHIIMPOBAHHOTO CKOIIJICHHSI, pa3Mep KO-
TOPOT0 3aBUCUT OT KOJIMYECTBA CIMBIIUXCS CTPYKTYp [36]. DTa Macca pa3BuBa-
eTcsl B 3a4aTOYHBIA TAJUIOM, KOTOPHIH MMEEeT HaKUITHYIO KU3HEHHYIO (hOopMy U
COOTBETCTBYET FOBEHMJIbHOW cramuu (j). JJIs JTUCTOBATOro NHAaHOMUINAHHIKA
Lobaria scrobiculata (Scop.) P.Gaertn., u3 Toro e ceMeHcTBa, 4YTO W
P. praetextata, Ha 3TOW cTamuy OHTOTCHE3a IMOKa3aHA yXKe MUQQepeHINANNs
AHATOMUYECKUX CIOEB B TAJDIOME — XOPOIIO Pa3BHTHI KOPTEKC, allbrajbHBIN
coii, chopMUpOBaHHBIN KileTkaMu Nostoc sp., ¥ ceparieBrHa [38].

Taobnuma 1 [Tablel]
OHTOreHeTH4YecKUe COCTOSIHUSI HUAHOOUOHTHOIO Inuaiinuka Peltigera praetextata
[Ontogenetic states of the cyanobiont lichen Peltigera praetextata)

OHTOreHeTHUEeCKUe
[epuon COCTOAHMA [Ipuznaku
[Period] 1 ux HHL_[eKC]’I [Features]
[Ontogenetic states
and their indexes]
Crniopa 4eThIpEXKIETOYHAs, BEPETEHOBU/IHAS,
JlarenTHbII *Cnopa rpuba (sp) |Gecusernas, (29-38-58(—65) x 2,5-5 Mkm
[Latent] [*Ascospore] [The spore is 4-celled, fusiform, colorless,
(29-38-58 (—65) x 2.5-5 um]
*TIpororamntoc (pr) |O6pazoBaHue U3 CrIOp U MULIEITHS
[*Protothallus] [Hyphae formation from ascospore]
OO0BuBaHUE TPUOHBIME TU(AMU KIETOK CHHE-
*[Tporeporaiuioc 3es1EHOit BOIOpOCiH, 00pa30BaHKe 3a4aTOYHOrO
(prt) CIoeBUIIa
[*Proterothallus] [Hyphae entwinements of blue-green algae cells, forming
an embryonic thallus]
OKpyTrIIBbIi, BBITYKIIBIH, KAIJICBUIHOH (OPMBI
*HOBeHUITBHBIN HAKHUITHOW TaJIoM ¢ TG epeHIMPOBAHHBIMU
TasoM (j) AHATOMMYECKUMH CIIOSIMU
[*Juvenile] [Rounded, convex, teardrop-shaped crustose thallus
[Ipereneparus- with differentiated anatomical layers]
HBIH JlucroBatslii TasuIoM B (hOpME OKPYTIION ITACTHH-
[Pregenerative] KH; K CYOCTpaTy MPUKPEIUIAETCS 6a3aibHOM
Hmmatypuoe 1 (iml)|yactbio, HHOrIA 3aMETEH BOWIOK
[Immature 1] [Foliose thallus in the form of rounded plate; attached to
the substrate by the basal part, sometimes tomentum is
noticeable]
Tasmtom okpyrioii popmbl, ¢ 1-3 BeieMKamu; Kpast
cierka Kypuasble. Ha HIDKHEW OBEpXHOCTH SACHO
Wnmmatyproe 2 (im2) BUJIHA OJJHA )KUJIKA, OT KOTOPOi oTxoasaT 1-2 mpo-
[Immature 2] CTbI€ PU3HHbI
[Round-shaped thallus with 1-3 notches; slightly curly
edges. One vein is clearly visible on the lower surface,
from which 1-2 simple rhizines extend]
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OkoHyaHnue Tabm 1[Table! (end)]

[epuon
[Period]

OHTOreHeTn4ecKue
COCTOSIHUSE
U MX UHICKCHI
[Ontogenetic states
and their indexes]

[Ipuznaku
[Features]

HUmmarypnoe 3 (im3)
[Immature 3]

[NosiBnstI0TCS KypUaBble 3a4aTOUHBIC JIONACTH.
JKunku BUAHBI JOCTATOUHO XOPOIIO; HA HUX
(OPMUPYIOTCSI PU3UHBL

[Curly rudimentary lobes appear. The veins are clearly
visible; rhizines are formed on them]

Buprununsaoe 1

(v1)
[Virginal 1]

Tamiom uMeeT XxapaKTepHbI 3pesiblii 00K, XOPO-
110 chOPMHUPOBAHHBIE JIONACTH C KYpYaBbIM KpPaem,
PAa3BUTYIO CETh XKWIOK U IIPOCTHIE, CIIErKa BETBS-
yecs: Kocuieodpa3Hble pu3nHbl. Boiiinok pa3Bur
Ha alMKaJIbHBIX YaCTAX TaJUIOMa, 4aCTO UCTOHYACT-
csl ¥ mpomnajaet K 0a3anbHOM yactu. Tamiom cre-
PHIbHBIN, 6€3 PENPOLYKTHBHBIX CTPYKTYP

[Thallus has a mature appearance, well-formed lobes with
a curly edge, a developed network of veins and simple,
slightly branching braid-like rhizines. The tomentum is
developed on the apical parts of the thallus, often becomes
thinner and disappears towards the basal part. Thallus
sterile, without reproductive structures]

Buprununsnoe 2
(v2)
[Virginal 2]

Tamtom ¢ punuausvu. OUILTHINNA BEPTUKATEHO
OpPHEHTUPOBAHbI, 00Pa3yIOT IPYIIIbI U IPEOHH B
MECTax MOBPEKACHUI TaJUIOMa U O KpasiM JIona-
creii. CaMH CIUTIOCHYTBIE; B 0CO00 KPYIMHBIX CKOII-
JIeHUSIX (POPMHUPYIOT KOPAJUIOBUIHBIE CTPYKTYPHI.
CocrosiHue v2 MOXKET He HaOII0AaThCs, TAJUIOMBI
MOryT He (POpMHUPOBaTh PUILTUANH

[Thallus with phyllidia. Phyllidia are vertically oriented;
they form groups and ridges at the sites of thallus damage
and along the edges of lobes. Phyllidia are flattened, in
especially large clusters they form coral-like structures. State
v2 may not be observed, thallus may not form phyllidia]

I'enepaTuBHbIi
[Generative]

I'enepatuBnoe (g)
[Generative]

Tasmiom ¢ ceanoo0pa3HbIMU anoOTELUsIMHU, Pa3BHU-
BaIOIMMUCS Ha KOHIax Jonactei. Ha ramnome
MOr'YT OBbITh U priIHINN

[Thallus with saddle-shaped apothecia developing at the
ends of lobes. There may be phyllidia on the thallus]

[octreneparus-
HBIH
[Postgenerative]

CybcenunpHoe (s55)
[Subsenile]

HacTu4HO pa3pyIIeHHOE CIOEBUILE, Y KOTOPOro
MOJIOZIBIX JIOTIACTEH MO CPaBHEHHIO CO CTApOH Ya-
cThi0 TaJuIoMa He Oonee 30%, MOsBISAIOTCS HEKPO3bI
[Partially destroyed thallus, young lobes in comparison
with the old part of the thallus are no more than 30%,
necrosis appear]

CeHnuipHOE (5)
[Senile]

Pacnan kpymnHOro tanioma, Haaudue OOJBIIOro
KOJIMYECTBA HEKPOTHYECKUX 00pa30BaHUii; MTOJTHOES
OTCYTCTBHE MOJIOJIBIX JIOTIACTEH

[The decay of a large thallus, presence of a large necrotic
formations; complete absence of young lobes]

Tpumeuanue. * OnucaHye COCTOSHUN TAHO COTJIACHO JIUTEPATYPHBIM AaHHbIM [30-32].
[Note. *Description of the states is given according to the data from literature].
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Puc. 1. Tannomsl Peltigera praetextata pa3HbIX OHTOI€HETHUECKUX COCTOSIHUIA:
A —iml (x56); B—im2 (x56); C—im3 (x32); D—vil; E—v2 (x16); F—g; G—ss; H—s
(doro I A. BuponaiineHa)
[Fig. 1. Thalli of Peltigera praetextata at different ontogenetic states: A —iml (x56); B — im2 (x56);
C—im3 (x32); D—vl; E—v2 (x16); F— g; G —ss; H—s. Photo by Pavel Virolainen]
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JlaypHeHImmi 3Tarm oHToreHe3a cBsi3aH ¢ HOPMHUPOBAHUEM JIICTOBATOTO TaJl-
nmoMa. M3ydeHHBICe UMMATYpHBIC TAJLUIOMBI (iml) uMend GopMy OKpYIIIOHN TuIa-
CTWHKH, TI0 TUIOIIaM HE MpeBBImaromei 25 10% em® u MIPUKPETUISIOMENHCS K
cyOcTpaty Ga3anpHOM dacThio (puc. 1, A). B OHTOreHETHYECKOM COCTOSHHH
nMMaTypHoe 2 (im2) Ha JIMCTOBATOM CJIOCBHIIE IIJIOMIABI0 J10 92 - 10 em? mo-
SIBJISTIOTCSL BBIEMKH (0T 1 o 3) — Oymymue 3a4aTKH JIOMACTEH, Kpas KOTOPBIX
clerka KypuaBble. MBI cepAneBUHHOTO ci10si GOPMHUPYIOT YITIOTHEHHBIE TS-
KM — CTAHOBUTCS SICHO BUJHA JKUJIKA, OT KOTOPOH OTXOIAT 1—2 pu3uHBI Oesroro
nBera (puc. 1, B). Ta/toMbl OHTOr€HETHUYECKOT'O COCTOSHUS WUMMATypHOE 3
(im3) XapaKTepH3yIOTCsI HANMYIAEM 3a4aTOYHBIX KypUyaBBIX JIOMACTeH U B Cpel-
HEM uMenr wiomans 21 - 107 cm?. Ha HuxHeit TTOBEPXHOCTH aKTHBHO Pa3BUBa-
eTCsl CEpALEBUHHBINA CIOH: BCE sSICHEE MPOSIBIISIOTCS KKK, Ha KOTOPBIX (op-
MHUPYIOTCSI TipocThie pu3nHbI (puc. 1, C). TammoM nmpuodpeTaer 3peiblii 00JIMK B
OHTOTCHETHYECKOM COCTOSHHH BUPTUHIIBHOE 1 (v]), XapaKTepu3ysch HaJIMIH-
eM CpOpPMHUPOBAHHBIX JIOMACTEH C Kyp4aBBIM KpaeM, Pa3BUTOrO BOWIIOUYHOTO
MTOKPOBA Ha alMKAIBHBIX YacTSAX TaJUIOMa, YaCcTO MCTOHYAIOIIETOCS M IpOoIraga-
FoIIero K 06a3aIbHOM YacTH, XOPOIIO PA3THYMMON CEeTH KHIIOK, OOJIBIIOrO KOJIH-
YyecTBa MPOCTHIX, CIIETKa BETBSIIUXCS KOcHIeoOpasHbIx pu3uH [39]. CpenHss
IJIONIA b TAJUTOMa COCTOSIHUS v/ B M3y4eHHOU BbIOOpKe — (0,448 oM’ Ctpykry-
PBI PAa3MHOXKEHUS Ha 3TOW CTAaJIMH Pa3BUTHS TaLIOMa OTCYTCTBYIOT (puc. 1, D).

N3 OHTOreHEeTHYECKOTO COCTOSIHHSI BUPTHHIUTbHOE 1 (V/) TaljioM MOXeT Tie-
pPEHUTH B COCTOSIHWE BUPTUHUIIBHOE 2 (v2), 00pa3ys GHILINANN — CTPYKTYphI Be-
TeTaTUBHOI'O pasMHOXeHHUs (puc. 1, E) wiu cpa3y B reHepaTHBHOE (g) COCTOSI-
Hue (puc. 1, F), dopMupys Ha KOHI[aX JIOMACTESH TaJIOMa CEJIOBHIHBIC TIJI0J0-
BBIC TeJla — alOTEeHUH. JTO HAOII0AaIO0Ch, HAPUMEP, MPU KyJIbTHBHPOBAHUH
Buna Peltigera didactyla (With.) J.R. Laundon — oxono 60% TammomoB cdop-
MHUpPOBAaJO COPEIHH, a OCTAlbHBIE Cpa3y MEepenuld B TCHEPATHBHYIO CTaIHIO,
chopmuposas anorenuu [40].

B n3ydenHol BEIOOpKE BCe 00pa3iibl TEHEPATUBHBIX TAJNIOMOB P. praetextata
uMenun  Qmummauu. CpemHue 3HA4YCHWS IWHBI W [IHPUHBL  (pUIUTH I
P. praetextata cocrasunm 0,028+0,003 u 0,039+0,002 cm, coorBercTBeHHO. CoO-
TJIACHO JIUTEPATypHBIM JaHHBIM, B JIA0OPATOPHBIX YCIOBHSX TaJUIOMBI
P. praetextata dopmupoBanu ¢wmmmanu yepes 20,5 Mec mociie pecuHTe3a, OJ1-
HAKO IIPH ATOM TIepeXoja B CTaIMIO g 3a 3 Toza KyJbTHBAIMH JOCTHYL HE yaa-
70¢ch [36]. Oumumuim, BeposTHEE BCETO, MOT'YT TaKKe 00pPa30BBIBATHCS Ha Tall-
JIOMe YKe TTocie (POPMHUPOBAHIS TUIOIOBBIX TEIL.

[pu dhopmupoBaHMM TUIONOBEIX TN Ha TaiioMe P. praetextata mepBoHa-
YaJIbHO Ha Kparo JionacTd (OpMHUPYyeTcs 3aMKHYTHIN arnorenuid (puc. 2, A), mox
KOTOPBIM BBIPAacTaeT CTPYKTYpa, BO3BEHIIIAIOMIAS €TI0 HAJ TAJNIOMOM — HOXKKa
(puc. 2, B). TlocnenoBaTenbHOE yBEITUYEHHUE KOJNMYECTBA CYMOK CO CIIOPaMH
BBI3BIBACT TOCTEIIEHHOE packpbiThe amorenus (puc. 2, C, D). ChopmupoBan-
HBII arotenuil P. praetextata MIAPOKO OTKPBIT, HMEET CEI000pa3Hyto hopMy
(puc. 2, E) [30, 41]. U3BectHO Takxke, uTo P. didactyla B eCTeCTBEHHBIX YCJIOBH-
X (GOPMHUPYET aIoTeNH depe3 6—7 MeCsIIeB MoCie Pa3BUTHS TalIoMa U3 cope-
maii [40].
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Puc. 2. OcHOBHBIC 3Tallbl Pa3BUTHU ATIOTELMs HA Taiuiome Peltigera praetextata, yBenuieHue
%16 (mosicuenust naubl B Tekcre) (¢oro [1.A. Buponaiinena)
[Fig. 2. The main stages in the development of apothecia on the thallus of Peltigera praetextata,
magnification x16 (explanations are given in the text). Photo by Pavel Virolainen]

Jlnst TamtoMoB cyOCEHHITBHOW CTanu (s5) OTMEUYEHO TOSBIICHHE HEKPO30B,
cocrasstronux 10 20-30% moBepxHOCTH TajutoMa. HoBble Tonactu Ha TaioMe
9TOM craguu GpopMupyrotcs peako (cMm. puc. 1, G).

CeHWIBHBIC TAIOMBI (S) P. praetextata KpynHbIe TI0 pa3MepaM (TJIOMIaab B
cpeHeM 93 ¢M°), HMEIOT GONBIIYIO TLIONA/h HEKPO3OB, JOCTHTAIOMIYIO HHOT/IA
70%, a TakXKe YIaCTKH C YKe pa3pylIeHHBIM TawIioMoM (cM. puc. 1, H).

Heckonbko TamnomMoB cpean M3y9eHHBIX XapaKTEPU30BAINACH OYEHBH OONb-
[IMM KONMAYECTBOM (DMIDTHIHIA 1T0 KpasiM JIOMACTEH, a TakKe B pa3phIBax M Tpe-
IIMHAX KOPOBOTO Cllos. BeposiTHee Bcero, MIMEHHO TakKHMe TAJIOMBI MOTYT Tie-
PEUTH B COCTOSTHHE S§ Cpa3y U3 V2, MUHYS TeHEPATHBHOE COCTOSHHE.

HaunHas ¢ BUPrUHHIBHON CTaJluM M JI0 CEHWJIBHOW, y TAJULIOMOB HaOJrO/Ia-
eTCs TOCTENIEHHOe TUTMEHTHPOBAHNE CEPAIICBHHHOTO CIIOSl M €ro 00pa3oBaHMi
(>KMJIOK W PH3WH) OT aNMKalIbHOH (KpacBoi, Oojiee MOJIOJION) YacTH B Harpas-
JICHUH TEHTpaNbHOW (0a3abHOM, Oojiee 3pelioii) 30HBI: HYDKHSAS TOBEPXHOCTD
Ta;yioMa Oypeer, pH3UHBI TOCTENICHHO OT KOHYMKA K OCHOBAHHUIO OOpETAaIoT ce-
PBIA 1 TEMHO-CEPBIN IBET, KIJIKA TEMHEIOT 10 TEMHO-KOpHYHEBOro 1BeTta. Of-
HAKO IMUTMEHTALMIO CIOEBUIIA HEJB3sl OTHECTH K MPH3HAKAM, MapKHPYIOITHM
OHTOTCHETHYECKOE COCTOSHUE, TaK KaK 3TOT IPOIECC, BEPOATHEE BCEro, 3aBH-
CHT HE OT CTAagWH Pa3BUTHI, a OT YCIOBHH MHKpoMecTooOWTaHHs. M3BecTHO,
YTO METAaHU3aIMs KOPOBOTO CIIOS TAjIoMa IPOUCXOIUT, TIIABHBEIM 00pa3oM, B
OTBET Ha YNbTPaHOIETOBOE BO3ACHCTBHE. MeEIaHUHBI SBISIOTCS aKTHBHBIMH
YYaCTHUKAMH peIOKC-MeTabomi3Ma M MOTyT HAKaIUTMBATHCS BO BCEX YaCTAX
TaJyTIoMa JHUIIaitHuKa [42, 43].

CormacHO TIONYyYEHHBIM pe3ylbTaTaM, B H3YyYCHHOM IIOCIEIOBATCIHHOM
MOpP(OIOTIUECKOM PSIY BBISBICHO YBETHUCHHE THHEHHBIX Pa3MEpOB U TLIOMIA-
I TaJUIOMOB P. praetextata OoT paHHHX CTaIWii pa3BHUTHI K Ooliee MO3ITHUM
(Tabmn. 2).

3HayeHnsT N3YICHHBIX MOP(OIOTHIECKUX MapaMeTPoB TajyloMa Ha HAYalb-
HBIX CTaAWSX, HA KOTOPBIX MPOUCXOAUT (POPMUPOBAHUE JIMCTOBATOT'O CIIOCBHIIIA
1 3aKiagKa MophocTpyktyp (iml, im2, im3), BapprpoBaiu HezHaunTeIbHO (CV
30-40%). Hambonee cunpHOE BaphHpOBaHUE 3HAUCHHUN TapaMETPOB TaIOMa U
ero ctpykryp (CV 60-90%) ormeuaercs mist cocrostaus vI. Tak, AnMHA W IIH-
pHUHA V/-TaJUIOMOB B TIpejiesiaX U3y4eHHOH BBIOOpKH BapbupytoT ot 0,17 x 0,13
1o 4,5 x 4,5 ecm (CV = 71%), mmna pusuH — 0,015-1,1 cm (CV = 97%), mmpu-
Ha xwiok — 0,001-0,1 cm (CV = 97%), nnuna nomacreit — 0,045-3,9 cm (CV =
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61%), mmpuHa momacreit — ot 0,02 1o 1,5 cm (CV = 60%). Bricokoe Bappupo-
BaHHE 3HAYCHUH CBS3aHO C aKTHBHBIMH POCTOBBIMHU IIPOIIECCAMH H Pa3BUTHEM
CTPYKTYp TaJulIoMa Ha 3TOM cramuu [23], a Takke Ha paHHEE Pa3BUTHE TaJIOMa
OO0JIBIIIOE BIIMSIHAE OKA3bIBAIOT MUKPOKIIMMAaTHYECKUE (pakTophl [38].

Tabnuia 2 [Table2]

CpenHue 3HaYeHUs] HEKOTOPBIX MOPG 0JIOrHYeCKUX NapaMeTPOB TAJLIOMOB
Peltigera praetextata pa3HbIX OHTOT€HETUYECKUX COCTOSIHUIA
[Mean values of some morphological parameters of Peltigera praetextata thalli
of different ontogenetic states]

Ourorene- Juna tan- | upuna | JnunHa no- LHHPHH? Juna pu- | Ilupuna
THUYECKOE o JIOTIACTEN,
COCTOSIHUE JIOMa, CM | TAJUIOMA, CM | IaCTEU, CM oM 3UH, CM JKHIIOK, CM
[Ontogenctic 1 [Thallus [Thallus [Length of [Width of [Lgngth of [Wldth of
ength, cm] width, cm] lobes, cm] rhizines, cm] | veins, cm]
state] lobes, cm]
iml 0,050 £ 0,006(0,050 + 0,005 - - - -
im2 0,099 £ 0,003 {0,093 + 0,005 — — 0,037 £0,005{0,005 + 0,000
im3 0,142 £0,007(0,148 £0,010 — — 0,052 +£0,011{0,007 + 0,000
vl 0,80+0,16 | 0,56+0,12 | 1,87 £0,35 (0,87 +0,16[0,187+0,036| 0,02+ 0,00
v2 3,41 +0,25] 2,36+0,20 | 2,95+0,22 |1,34+0,12| 0,48 0,03 | 0,05+ 0,00
g 7,74+ 0,44 | 6,42+0,45 | 5,97+ 0,30 |1,96 +0,12| 0,60+ 0,02 | 0,07 = 0,00
SS 6,77+ 1,41 | 6,60+ 1,99 | 5,57+ 0,23 |2,20+0,42| 0,60 + 0,05 | 0,08 = 0,02
s 10,53 £0,61| 8,83 +2,76 | 6,57+0,35 (1,73 £0,15| 0,65+ 0,00 | 0,09 + 0,00

Ipumeuanue. 3neck u ganee Iml — ummaryproe 1, im2 — ummarypHoe 2, im3 — IMMaTypHOE

3, vl — BupruHmwibHOe 1, v2 — BUpruHajibHOe 2, ¢ — TCHEPATUBHOE, SS — CYOCCHUIIBHOE, § —
CEHWIBHOE COCTOSIHHE.

[Note (hereafter). Iml — immature 1, im2 — immature 2, im3 — immature 3, v/ — virginal 1, v2 — virginal 2,
g — generative, ss — subsenile, s — senile].

B nmanpHeliieM (cocTosHUA v2, g) KO3(QOUIMEHT Bapruallii KaXIoro mapa-
MeTpa IOCTUTaeT MUHUMAIBHBIX 3HAUEHHH, UTO, BEPOSTHEE BCETO, CBSI3aHO C
3aMeIICHUEM IIPOIIECCOB POCTa M Pa3BUTHS TajuioMa. s mapamerpoB Tayuio-
MOB CTaIuH g KOdX(PPUIINESHTH BapHaluy He IpeBhImaioT yxke 20-50%: nmunaa
pm3uH BapsupoBana ot 0,325 mo 1,1 cm (CV = 26%), mupuHa xuiok — ot 0,03
1o 0,1 ecm (CV = 29%), mnuHa nomacrert — 1,4-16 cm (CV = 47%), mmpuaa 10~
nacreit — 0,5-7,2 ecm (CV = 55%). ['enepaTrBHOE COCTOSIHHE XapaKTePH3YeTCs
3aBEpIICHUEM PA3BHUTHS TAUIOMa, IIPOIECCHl POCTA 3aMEMIIIIOTCS, U pa3Mephl
MOP(OCTPYKTYP BapPbUPYIOT B HEOOJBIINX MpeIeiax.

[Toxoxue 3aKOHOMEPHOCTH BBISBICHBI WM JUIS IUaHONWIIAWHWUKA Lobaria
pulmonaria (L.) Hoffm. — akTHBHOE yBeWUYeHHE TMHEHHBIX pa3MEpOB TaJIOMa
MPOUCXONUT B BUPTUHIIHHOM CTA NN, @ MAKCHMaJIbHBIC 3HAUCHHS JOCTUTAIOTCS
B T€HEPATUBHOM COCTOSIHUH [24].

Anamomuueckue 0cobeHHOCIU OHMOZEHEMUUECKUX COCMOAHUI TUMAT-
nuka P. praetextata. B n3y4eHHOM OHTOT€HETHYECKOM DSy BBISBICHO M3MEHE-
HUE 3HAYCHUI aHATOMUYCCKHUX ITapaMeTpOB TAJUIOMOB P. praetextata (Tabm. 3).

3HayeHns OONBIINHCTBA N3YYCHHBIX TIAPAMETPOB YBEIHMUUBAIOTCS B Py OT
TAJJIOMOB MMMATYPHBIX COCTOSHUI 10 T€HEPAaTHBHBIX. 3HAUMMEIC Pa3idvds B
3HAYEHUSIX OOMIEeH TONIIUHBI, TONIIUHBI KOPOBOTO U TONIIMHEI CEPALIEBHHHOTO
CIIOS 3apETUCTPUPOBAHBI MEKITy HMMATYPHBIMHU, BUPTHHIIHHBIMA M T€HEPATUB-
HbIMH TasioMamu (OZ1A, p < 0,05).
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Tonmmuaa Boiinoka BapsupoBaia cwibHO (CV = 91%): B anmukaibHOI 30HE
(cocrostaus v, v2, g, s5) OH MPUCYTCTBYET BCEra W pa3BUT XOpPOLIO, a Ha Me-
TUATBHON 1 0a3aIbHOM 30HAX TaJIOMa 9acTO OTCYTCTBYET.

of different ontogenetic states]

Tabnuia 3 [Table3]
CpenHue 3HaYeHUs] HEKOTOPBIX AHATOMHYECKHX APAMETPOB TAVIOMOB
Peltigera praetextata pa3HbIX OHTOreHETHYECKHX COCTOSI HMIi

[Mean values of some anatomical parameters of Peltigera praetextata thalli

Obmas Tommumua | Tonmuua | TonmuHa Tonmuna
OHTOreHe- | ToNILUHA um t = Pa3mep kie- a
BOWJIOKA, | KOPOBOI'O |aJIbrajJbHOIo CceplLeBU-
THYECKOE | TaiuioMa, TOK (hoTO-
COCTOSIHIIE MEM MKM CJIOSI, MKM | CJ10SI, MKM GHOHTA, MEM HbI, MKM
[Ontogenetic| [Total thallus [Tqmenmm [Cortex [Al.gal layer [Photobiont cell [Medulla
. thickness, thickness, thickness, . thickness,
state] thickness, size, pm]
um] pm] pm] pm] pm]
iml 167,07 +£5,87|12,26 +3,44|45,14 £1,25{51,88 £ 2,02 | 8,72+ 0,73 | 49,41+2,74
im2 165,66+ 6,54|18,17 +£3,39|38,62 £ 1,40/ 48,20 + 1,52| 10,64 £ 0,34 | 66,68 + 3,15
im3 211,79+ 6,03|11,23 £2,76(43,10+0,95| 61,79 + 2,76| 10,54 + 0,31 | 91,86 + 3,30
vl 247,10+ 6,36|24,30 +3,65(46,58 £ 0,87 64,83 + 1,31 | 12,69+ 0,18 | 142,70+ 5,86
v2 282,09+ 5,14|26,05+3,81({57,54+1,83|75,41 +2,10| 12,93+ 0,17 |179,13+£5,14
g 329,71+ 6,96|51,09 +4,53|57,56 £ 1,42/ 70,08 + 1,86| 12,18 £ 0,22 [199,04 + 6,32
S8 253,49+435| 7,59+ 1,67 (51,00+1,28{31,19+2,71| 7,67 +0,52 |176,45+481
K 219,83 +£4,69| 2,96+ 1,09 [44,77+0,76| 1,72 0,98 | 1,05+0,35 [167,56+4,94

CornacHo MONyYSHHBIM NaHHBIM, JUIS TAJDIOMOB iml XapaKTepHO HEpaBHO-
MEpHOE pacrpezesieHueM TH(h MUKOOWOHTa M KJIETOK ()OTOOMOHTA B TaJIOME:
MecTa OOMIBHOTO CKOIUICHHS KJIETOK BOJOPOCITH YEPenyIOTCS C PHIXJIBIMH H
TOHKAMH ydacTKaMu. KIETKH BOIOPOCITH XapaKTEepU3yIOTCs METKUMH pazMepa-
MU (cM. Tabi. 3). B Tamiomax coctosiHUs im2 HabmroaaeTcs 0oee paBHOMEPHOE
pacnpenenenne Tud rpuda U «pasriiaXuBaHUEe» CIIos POTOOMOHTA, €r0 BHIPAB-
HHBaHWE, KIIETKA BOJOPOCIIEH YBENMUMBAIOTCS B pa3mepe. Ha cramum im3 anb-
TalBHBIA CIIOH TaljloMa CTAHOBHTCS COMHBIM, PABHOMEPHBIM M HEIPEPHIBHBIM.
AHAaTOMHUYECKOE CTPOSHHE TaJUIOMOB B OHTOTEHETHUECKOM COCTOSIHUH v/ MMeeT
XapaKkTepHbIe 0OCOOCHHOCTH 3pesioro TayutoMa. CeHMIIBHBIE TAITIOMBI XapaKTepH-
3YIOTCSl 3HAYUTEIBHBIM CHIDKCHHEM TONIIMHEI ajJblallbHOTO CIIOSI, €r0 Helpe-
PBIBHOCTD HapyIIaeTcsl,  OH COXPaHACTCs HEOONBITNMHA yIaCTKAMH.

OT UMMaTypHOH JIO TCeHEPaTUBHOW CTaJWU OHTOI'eHEe3a HauOOJbIIee yBeInde-
HUE TOJIIIMHBI 3apervucTprpoBaHo it cepaneBuHbl Tamioma (OJIA, p <0,01),
HAaMMEHBIIMMH HM3MEHEHMSMH Pa3MEpOB B HM3yYEHHOM OHTOTCHETHYECCKOM DPSIY
XapaKTepH3YeTCs allbralibHbINA CIoK (puc. 3). JIoCTOBEpHBIX pa3iuuuii B TONIIMHE
QIBTATLHOTO CIIOSI MEXK]Ty OHTOT€HETHUECKUMH COCTOSHUSIMU He BbIsiBIIeHO (OJ1A,
p>0,05). B H3ydeHHOM OHTOT'€HETUYECKOM DSy OT COCTOSIHUSA iml 10 g OIS ajlb-
TaJbHOTO CIIOSl B TAJUIOME BapbHUpyeT B OUeHb HeOompmmX mpernenax (22-32%),
CHIDKASICh 10 MUHAMAJTFHBIX 3HAUCHHUH B ITOCTT€HEPAaTUBHOM Iieproze. TakiuM o0-
pa3oM, TONIIVHA CITOsl IMaHOOMOHTA B TAJUIOME JIMIIAMHIKA OCTAETCsl TOCTOSTHHOM
Ha TIPOTSDKEHUH BCETO OHTOTCHE3a, HaUWHAS JeTPAIUPOBATH B CCHIIIBHOM CTaHu.
MuKOOHOHT HapamyBaeT 00bEM 32 CUET YBENMUCHHSI CEPAIICBUHEL.
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Puc. 3. CooTHomieHne TONIKUHBI MUKOOHOHTA (U€pHBIi 1BET) 1 POTOOHOHTA (CBETIIO-CephIit
LBeT) B TasIoMax Peltigera praetextata pa3HbIX OHTOr€HETHIECKHX COCTOSTHUI
[Fig. 3. The ratio of mycobiont (black) and photobiont (gray) thickness in Peltigera praetextata thalli
of different ontogenetic states: on the X-axis — Ontogenetic state;
on the Y-axis — Thickness of the layer (um)]

[omydeHHBIe pe3ynbTaThl COTIIACYIOTCS C M3BECTHBIMU ITAHHBIMH, TOJIIMHA
QIBTaJbHOTO CIIOS B TAJNIOME — OIMH W3 HAaUMEHEE BapbUPYIONIINX W CTAOWIIb-
HBIX CpeIy IPYIMX aHATOMHUYECCKUX ITOKa3aTeled MpH pa3BUTHU JIHIIaiHHIKA
[44]: xneTKH BOAOPOCIIEH B 3pEIIbIX YacTAX TaJuIoMa MPOJIOJKATEIBHO () yHKIIH-
OHUPYIOT C HE3HAYUTENFHON CTEIIEHBIO IENEHUS M OOHOBIICHHS TOIYJISAIIIH,
coxpassisi (OTOCHHTETHIECKYIO aKTHBHOCTh B T€UeHHe MHOTrHX JieT. [Ipeamona-
raeTcs, YTO B OCHOBE MEXaHU3Ma, TIOAABIISIONIETO JeJICHNE KIIETOK BOJOPOCIEH,
TSKUT JEUCTBHE aHTUMUTOTHIECCKUX areHTOB, MPOAYIIHPYEMBIX MUKOOHOHTOM
[45], a TakKe KOHKYpEHIIHEH 3a (PMKCHPOBAHHBIN a30T U OPraHWYECKUI yriIepo
MEXIy CAMOMOHTaMH TaJUIOMa JIMIIaiHuKa. Tak, A1 XJIOPOOMOHTHOTO JTHIIa-
Huka Hypogymnia physodes (L.) Nyl. xapakTepHO BapbHpOBaHUE JONH allb-
TaJIGHOTO CJIOS B Tajutome B mipenenax 31-43% [46], nns nedanoaueBoro xJjio-
pobuonTHOTO NMumIaitnuka Lobaria pulmonaria — 11-19% [47]. B uccnenoBanu-
SIX OTMEYEHO, YTO HECMOTPS Ha 3aKOHOMEPHBIH POCT OOIIEeH TOIIIUHEI TaJIoMa
OT CTePHIIBHOM K CEHIJIFHOHM TPYIIIIE, OIS allbTalbHOTO CIIOS OCTAETCsl OTHOCH-
TEJIFHO TIOCTOSIHHOW M JOCTOBEPHO HE OTIIMYaeTcsa. BaprupoBanue momu ¢oTo-
OMOHTa B TaJJIOME CBSA3aHO C TPOIECCaMH pPOCTa M PAa3BUTHS JHIIaHIKA B X0
OHTOTCHE3a, a IIMPOKHE NUANa30HBl M3MEHYMBOCTH ITO3BOJISIOT CHMOMOTHYE-
CKOM acCOIMAIMA YCIICIITHO CYIIECTBOBATH B PA3TUYHBIX yCIOBUAX [48].

QDu3zuonozuueckue 0coGeHHOCHMU OHMOZEHEMUYECKUX COCHOAHUWIL -
waiinuxka P. praetextata. I1o Mmepe pa3BUTHS TajuioMa JUIIAHHAKA, W3MCHCHHS
MOP(OIOTHUECKIX W aHATOMHUYECKUX XapaKTEPUCTUK M3MEHSIOTCS U €ro (u-
3nonorndeckre mapamerpsl. OTHIM W3 MapameTpoB COCTOSHUS (POTOCHHTETH-
YEeCKOro ammapaTa SBISIETCS cofepskaHue (POTOCHHTETHIECKUX MUTMEHTOB. Do-
TOCHHTETHYECKHE TUTMEHTHl [MaHOOAKTepHii-POTOOMOHTOB  JTUIIAHHUKOB
MPEACTABICHBI XJIOPOMUIIIOM @, KAPOTHHOUAAMH W OMJIMHOBHIMH IMTUTMEHTaMHU
[5]. CormacHO MONTy4eHHBIM pe3yJIbTaTaM aHallu3a COJCpPKaHHs (POTOCHHTETH-
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YEeCKUX TUTMEHTOB (XJI0po(dHilia ¢ ¥ KapOTHHOMAOB) B TAIUIOMax P. praetextata
pa3HBIX OHTOTEHETHYECKHX cTajuid (Tabiy. 4), Haubosiee BBHICOKOE COICpKaHUE
XJopodiuia @ 00HAPYKEHO ISl BUPTUHIIBHBIX TaJJIOMOB, & KAPOTHHOUIOB —
qutst reaepatuBHbIx (OJA, p <0,01). s ceHUIbHBIX TAIOMOB P. praetextata
3apErHCTPUPOBAHO CaMoe HU3KOE COAEp)KaHWEe MPOaHATN3UPOBAHHBIX IMUTMEH-
TOB. [lpr 3TOM y T'eHEpaTHBHBIX TaJUIOMOB (PMKCHPOBAIOCH HaWOOIee Xapak-
TEepHOE IS JIUIIAWHUKOB COOTHOIIICHUE MMUTMEHTOB (2,7), 3aperucTprupoBaHHOE
W JpyTuMH uccienoBaTensimMu [49].

Tabnuia 4 [Tabled]
Conep:xanue ¢poToCMHTETHYECKHX MMTMEHTOB B TajLuioMax Peltigera praetextata
Pa3HBIX OHTOreHeTHYeCKUX CTaaui
[The photosynthetic pigments content in Peltigera praetextata thalli of different ontogenetic stages]

Cragus Coneprxanue xiopodui- | Copeprxanie KapOTHHO- CooTHoleHne
OHTOr€HEe3a |Ja a, Mr - r CyX. MacCsl |U0B, MI * r CyX. MaccChl X a/kap
[Ontogenetic [Chlorophyll a content, |[Carotenoids content, mg/g" [Chlorophyll

stage] mg/g" of dry weight] of dry weight] a/carotenoids ratio]
v 0,212 +£0,011 0,027 £0,012 7,4
g 0,136 £ 0,011 0,049 £ 0,012 2,7
Ss 0,060 £ 0,005 0,008 + 0,003 7,6

[omydeHHple maHHBIE MO COACPKAHUIO (POTOCHHTETHYCCKUX MUTMEHTOB B
[IETIOM COTIOCTaBUMEI C JaHHBIMU APYTUX mccnemoBareneit [50], omHako B nMe-
IOIINXCSI HA CETONHAITHWN IEeHb MCTOYHHWKAX HE TPHBOMATCS 3HAYCHUS ITHX
TOKa3aTenel s pa3HbIX CTaANH OHTOT€HE3a TAJIJIOMOB JIMIIAHHUKOB.

BrnaxxHocts — Benymuit Gpaxrop Ui MOgACpKaHUS KUZHEACATEIIEHOCTH JIN-
MIAaWHUKOB KaK TMOWKUIIOTHAPUYECKIX OpraHu3MOB. l[IpeomoneHne CTpeccos,
CBSI3aHHBIX C HENOCTATKOM MM OTCYTCTBHEM BJIarH B MECTOOOHTaHHH, OCY-
MIECTBIISICTCS. C TIOMOIIBIO COCTOSTHHSI KPUITOOMO3a, B KOTOPOE MEPEXOIT JIH-
MIalHUKA TIpu oBomHEHHOCTH TaiuioMa B 5—10% [51]. Hnanonumaitaukam s
BBIXOJ]a M3 ATOTO COCTOSHUS M BOCCTAHOBJIEHUS! aKTHBHOCTH IIPOIIECCOB JKU3HE-
JeSITEIIBHOCTH TPEOYETCS HATMYME B Cpelle KanelIbHO-KUIIKOW BOABI [52].

Bognpiii pexum nmaHonumaiiHuka P. praetextata B Xone WCCIENOBaHUS
OLICHUBAJICS CICAYIOMNMH MapaMeTpaMi: MaKCHMalIbHOE BOJIOHACHIIIICHUE Tall-
moMa, crierududeckas macca tamioma (STM), BojmoymepkuBaromas crocoo-
Hocth (WHC) Ha enuHUIy TUTOmaaM TautoMa (Tadi. 5). DTH mapamMeTpsl onpe-
JETSIFOT BO3MOYKHOCTh TaJIOMa YACP)KHBATH BOAY M, TaKUM 00pa3oM, HaXo-
IUTHCS B (PU3HUOIIOTHIECKH aKTUBHOM COCTOSTHIH.

3HadeHus crnenupuyeckoil Maccel Taimioma (STM) B HCCIIeZIOBAaHHOW BBI-
0OpKe TAJUIOMOB BapbUpPYyIOT OT 52,87 no 225,00 Mr cyx. Macchl cM °. Coruac-
HO pe3yibTaTaM OJHO(PAKTOPHOrO aHANW3a, 3HAUCHHsS CICHU(PHICCKOH MacChI
tauioma (STM) uMeroT HauOOoNbIIME 3HAYCHUS y TAJIOMOB T'€HEPATHBHOTO
cocrostamst (OZ1A, p < 0,001).

MakcumalibHOE BOJOHACHIINIEHWE TaJUIOMOB BaphpupoBano ot 151,5 mo
495,4% ot abc. cyX. Macchl, M B CPEJHEM TaJUIOM P. praetextata BUUTHIBAET BO-
16l B 3,5 pasza Oonbliie cBOel Cyxoil Macchl. HanGonblee MakCHMalIbHOE BOJIO-
HACBIIICHHE 3apEeTHCTPHPOBAHO I TeHepaTHBHBIX TauiomMoB  (OJIA,
p < 0,001), cocraBnstomee B cpexrem 397,1% (puc. 4, A).
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Tabnuia 5 [Table5]
CpenHue 3HAYEHUS] HCCJIEIOBAHHBIX IAPAMeTPOB BOIHOI0 PesKUMA TAJLJIOMOB
Peltigera praetextata pa3HbIX OHTOreHETHYECKHX COCTOSI HMIi
[Mean values of the studied water regime parameters of Peltigera praetextata thalli
of different ontogenetic states]

OHTOr€HETHYECKOE COCTOSIHUE

[MapameTpst !
[Parameters] [Ontogenetic state]
vl v2 g ss 5
OO1as ToJIIKHA 247,10+ | 282,09+ | 32971+ | 25349+ | 219,83 +
[Total thallus th 6,36 5,14 6,96 435 4,69

[Total thallus thickness, pm]
7
%Zﬁi‘r’;ag;?]l“a M 1379+£1,39 [10,13+4,00( 26,98+ 8,15| 15,42 = 1,35 | 14,28 + 3,68
STM, MT CyX. MACCBI - CM -
[STM, mg dry weight - cm™]
MakcumanbHOe BOJOHA-
chiienue, % 361 £21 320+18 397+ 17 375+7 376 £12
[Maximum water saturation, %)
WHC, mr H,0 - e
[WHC, mg H,O - cm'z]

591+£0,50 | 7,97 +£0,62 | 12,36+ 1,01 10,25+ 1,12 10,50 + 1,41

15,09+ 1,22| 18,46 £2,41|37,15+4,28| 28,12+ 2,52| 28,67 = 2,93

W
)
3

=

b

37,15

oW s
S h S

28,67

W
S 5

18,46
15,09

WHC, mr H,0 - em2
>

vl v2 2 s s vi v2 g ss s
OnToreneTmuECKoE COCTORHIE OnToreReTICCKOC COCTORRMC

Puc. 4. CpenHre 3Ha4eHUST MAKCUMAJIbHOTO BOJOHACKHIIICHHUS (4) U BOIOYIEPKUBAIOLIEH
crniocobHoctH (B) TamioMoB Peltigera praetextata pa3HbIX OHTOT€HETUYECKUX COCTOSTHUIM
[Fig. 4. Mean values of maximum water saturation (A) and water-holding capacity (B)
of Peltigera praetextata thalli of different ontogenetic states: on the X-axis — Ontogenetic state;
on the Y-axis A — Maximum water saturation (%), B — Water holding capacity (mg H,O --em?)]

Bonoynepxusatomniast criocoonocts (WHC) Ha equHMIY TUTOMAAA TaIOMa
P. praetextata B u3ydeHHOM BBIOOpKE BapbrpoBaiia ot 4,09 no 58,71 mr HyO - oM .
CornacHo TOMy4YEHHBIM pe3yiabTaTaM, HAUMEHBIIEH BOIOYICP>KUBAIOMICH CIIO-
COOHOCTBIO 00AaMAr0OT BUPTWHIIIBHBIC TAJUIOMBI, & MaKCHMAalbHBIX 3HAYCHUMA
MOKa3aTellb JIOCTUTAET Y TeHEPAaTUBHBIX TauIoMOB (puc. 4, B). [lo mepe crape-
HUS TaJUIOMOB Ha CEHWJIBHOW CTaJWH BOJAOYICP)KUBAIOIMIAS CIIOCOOHOCTH CHH-
xaercs (OJJA, p< 0,001).

CormnacHO TOTy9IEeHHBIM Pe3yIIbTaTaM, BOIOYACPKIUBAIOIIAs CIIOCOOHOCTH SIBIISI-
ercs QyHKIMEH ynenmbHol oBepxHocTH TayutoMoB (STM) (puc. 5). C yBenmuueHneM
YIAETEHON TOBEPXHOCTH YBEIIMUYUBACTCS W BONOYACPKUBAIOMIAS CIIOCOOHOCTH Tall-
JIOMOB, YTO TIOATBEPKIAIOT U Pe3yIbTaThl IPYTrUX rccienoBarenei [34, 53].

[NoxydeHHbIe B X0 NCCIENOBAHNS JaHHBIE BO MHOTOM COTJIACYIOTCS C IaH-
HBIMU, TTOTYYSHHBIMHA IS JPYTHX BUIOB JINIIAHUKOB.
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Puc. 5. Bogoyaepxusatomas criocoonocts (WHC) Tannomos Peltigera praetextata
C pa3HbIMU 3HAYCHUSIMHU KX crienuduyaeckoit Maccol Tauioma (STM)
[Fig. 5. Water holding capacity (WHC) of Peltigera praetextata thalli with different values
of their specific thallus mass (STM): on the X-axis — Specific thallus mass (mg dry weight--cm™);
on the Y-axis — Water holding capacity (mg H,O --cm™)]

Tak, B X07€ MCCIEeI0OBaHUN BOAHOTO PEXMMa OTIEIBHBIX COCTOSHHUN OHTO-
TeHe3a XJIOPOOMOHTHOTO ((hOTOOMOHT — 3elieHast BOAOPOCIb) JIMCTOBATOTO JIH-
maitanka Hypogymnia physodes [54] n nedanoaueBoro xmopoobuoHTHOTO ((o-
TOOMOHT — 3eJIeHass BOJIOPOCHb, ITHAHOOAKTEPUH B CHEIUANBHBIX CTPYKTYpax —
nedanoansx) JIUCTOBATOTO JIMaitHuka Lobaria pulmonaria [55] Taxke 3aperu-
CTpUPOBaAHO yBenmnueHue mokasarenss STM ¢ yBennueHueM pa3MepoB M BO3pac-
Ta TauIoMOB. OJJHAKO 3HAYCHUS TOTO MTOKA3ATEIS y HCCICAOBAHHBIX TaJJIOMOB
P. praetextata B 1,5-2 pa3a HUXKe, 4eM y BBIIICYKA3aHHBIX BUOB. 3HAYCHUS
BOJIOYJICPXKUBAOIIEH CIIOCOOHOCTH TaJUNIOMOB BUIa P. praetextata B 5-6 pas
MEHBIIIe, YeM y MIHPOKO pachpocTpaHéHHOro BUAa Hypogymnia physodes. Ta-
K€ HU3KHE 0 CPAaBHEHHUIO C XJIOPOOWOHTHBIMHU JHIIaWHIKAMH 3HAYCHUS WC-
CIIEZIOBAaHHBIX MAPaMETPOB BOAHOTO PEKUMa, HEOOXOIMMOCTh HAIMUMS KaTlelIh-
HO-)KUIKOH BOIBI B Cpele Ui BOCCTAHOBJIEHHUS MeTaOONMMYecknX (YHKIUH y
[IUAHONNIIAHNKOB TIPH BBIXOJIE M3 COCTOSIHUSI KPUIITOOMO03a BO MHOTOM OOBSIC-
HSIOT IPUYPOUEHHOCTD P. praetextata K BIaYKHBIM MECTOOOUTAHUSIM C MOXOBBIM
MTOKPOBOM H YSI3BUMOCTBH K H3MEHCHHSAM YCIIOBUH MECTOOOUTAHISL.

3akirouenne

Jlunmaiiauky, mpeAcTaBisionme co00i HEOThEMIIEMBIH KOMITOHEHT pPACTH-
TENBHBIX COOOMIECTB, U3BECTHBI CBOCH YA3BHMOCTBIO K M3MECHEHHUSM YCIIOBHI
cpenpl. DTO TOATBEPIKIAACTCS OONBIIMM YUCIIOM MCCIISIOBAHUN SKOJIIOTHH U (H-
3HOJIOTUU ATHX OPraHWU3MOB. VcciemoBaHus xXola OHTOT€HE3a, a TaKXkKe CTPYK-
TYPHBIX B (PU3NOJOTHYECKUX TIOKa3aTeleld TaJUIOMOB, HAXOMISAIIMXCS Ha Pa3HbIX
OHTOTCHETHUYECKUX CTAJIUSAX, MOTYT BHECTH CYNIECCTBEHHBIN BKJIA]l B TOHMMAaHUE
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MPUIUHBI YYBCTBUTEIHLHOCTH 3TOr0 KOMIIOHEHTA DKOCHCTEM Ha Oojee Tiy0o-
KOM, IIPHYNHHO-CIEICTBEHHOM ypPOBHE.

Onrorenes nuaHoNMIIaiHUKa P. praetextata IPeACTaBICH CICAYIOMUMH OC-
HOBHBIMH dTallaMH: 324aTOK CIOEBHUIIA, HAKUITHOW Tu(QepeHINpOBaHHBIA Taj-
JIOM, JIACTOBaToOe ciioeBuIie ((popMupyeTcs Ha iml), Ha KOTOPOM Pa3BUBAIOTCS
KHWIIKH, pU3UHBI (im2) U 3a4aTOYHBIE JIOMMACTH ¢ Kyp4YaBbIM KpaeM (im3), HocTH-
ras 3penoro obmuka (v/). 3arem Ha Taymiome GopMmupyroTes Grnmana (v2)
n/vnu anoreryn (g). CrapeHue TauioMa (ss, §) COMPOBOXKIACTCS YBEIHUCHUEM
TUTOIIAIA HEKPO30B.

3HadeHuss MOP(OIOTHYECKUX (UTMHA, IMMPHHA TAJIOMa W JIOTACTEH, JIMHEH-
HAasl TUIOIIAIh TaJUIOMa, JUTHHA PU3WH, IINPHHA KIJIOK) M aHATOMHUYECKHUX Mapa-
METPOB TaJUIOMOB (TOJNIIMHA 00IIasi, KOPOBOTO, aJbTANBHOTO CIOEB, CEPAIICBH-
HBI) YBEIIMUHUBAIOTCS IO Mepe ero pa3BuTHs. Hambombmas H3MEHINBOCTD H3Y-
YEHHBIX IPU3HAKOB XapaKTepHA IS paHHHUX CTamuii oHToreHeza. Cpemn H3y-
YEHHBIX CTPYKTYpP TaJIOMa HAaHOOJbINAs H3MEHUYMBOCTD B PSIY OHTOT'CHETHYE-
CKHX COCTOSIHUH PETHCTPUPOBANIACH IS IIIMHBI PH3HH, IHPHHBI )KUJIOK U TOJ-
IIMHBI CEPAIEBUHHOTO CIIOS, a3 HAWOONBIINM MOCTOSHCTBOM OTIHYANACh JOJIS
QIBraJbHOTO CJIOS B TAJIOME.

WzyyeHHbIe (U3HONOTHYECKHE XapaKTEPUCTHKH TAJIOMOB P. praetextata
OTJIMYANTUCh Y Pa3HBIX OHTOICHETHYECKMX COCTOSIHUN M MMENH MaKCHMAallbHEIE
3HAYEHHUS y TCHEPAaTHBHBIX TAJUIOMOB, U KOTOPBIX 3apETHCTPUPOBAHBI HOP-
MaJIbHOE COOTHOIICHHE (POTOCHHTETHYECKUX MUTMEHTOB, MAKCHMAIILHOE BOIO-
HACBHIIIIEHNE W MaKCHMallbHast BOAOYICPKUBAIOMIAs CIOCOOHOCTE. Takmm oOpa-
30M, TaJUIOMBI PaHHHUX CTaIWid Pa3BHUTH OOJIAAAIOT MEHBIIEH BO3MOXKHOCTEHIO
COXPAHSTh BIIATY, U MOTYT MPEICTABIITh KPUTHUCCKYIO CTAIHIO B KM3HECHHBIM
OUKJIE JHUIIaiHuKa. BBISIBICHHOE MIMPOKOE BapbHPOBAHME MOP(QOIOro-aHATO-
MHUYECKHMX ITOKa3aTeleii MOJIOABIX TAIDIOMOB, C OJJHOH CTOPOHBI, TOBOPHT 00 MX
BBICOKOH ITpHCIOCa0IMBaEMOCTH, OTHAKO (PU3HUOIOTHIECKUE MTOKA3aTEeH BOIO-
HACBHIIIEHUS CBUACTEIBCTBYIOT 00 YS3BHMOCTH Kak pa3 dTHX crammii. Kpome
TOT'0, TIOJTYYCHHBIC JaHHBIC M3YYEHHBIX MAapaMEeTPOB IMONTBEPAMIA 000CHOBAH-
HOCTP BBIJICICHHBIX OHTOT€HETHIECKUX CTaInH.

HccnenoBanne oHTOreHe3a W MopdoreHesa ITHaHOOMOHTHOTO JIMIIAMHHKA
P. praetextata mpoBeneHO BIIEpBEIE, U TIONTyYCHHBIE TaHHBIE MOTYT CTaTh OCHO-
BOH TS TAJIbHEHTIIET0 N3YYEeHUs OCOOCHHOCTEH aHATOMHUU B MOP(MOJIOTHH IHa-
HOJIMIIAWHUKOB, a TaKKe I U3yICHNS OMYIBIIIAOHHON CTPYKTYPBI ATOTO B
B COOOIIIECTBAX.
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lets. The share of staminate flowers in umbels increases as an axis order grows. The
female phase of flowers on axes of one order occurs simultaneously within entire syn-
florescences with the male phase of flowers on axes of the next order, which might
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AHnHoTanus. I3yueHa cTpykTypa CHHQIIOPECHEHIMHM M OWONOTMS LBETEHUS
JIBYXJIETHEI'O MOHOKApIIMYECKOro BOJHO-O0n0THOro pacrenust Oenanthe aquatica.
10T BUJ 0011aaeT KOMIUISKCOM MPUCIIOCOOICHHUHT TSl IPEIOTBPAILCHHS CAMOOIBLICHHUSL:
00pa3oBaHue ICEBIAHLIMEB, aHIPOMOHOILIMS, BHYTPU- U MEXIBETKOBas IPOTaHAPHUS, a
TaKKe crenuduyeckas MoCIeA0BaTEIbHOCTh LIBETEHNS 30HTUKOB CHH(IOPECLICHIMH.
Cundnopecuenius O. aquatica npeacTaBisieT co00l METENKy U3 30HTUKOB. Pazmep
000€em0MbIX ¥ THIYMHOYHBIX L[BETKOB MOC/ICIOBATEIHO YMEHBIIACTCS C YBEIHMYCHUEM
nopsigka oceil cuHdiopecueHIMU. PasMepHble paznuuus MexIy 00OCHOoIbIMH U
TBIYMHOYHBIMU LIBETKAMH HA OCH OJHOIO M TOrO JK€ IOPAAKAa BETBICHUA
HPOSIBIIAIOTCS TOIBKO B JUIMHE a0aKCHAJIBHBIX 3yOLIOB YallleyKu, AUAMETPe BEHYHMKA,
LIMpHHE a0aKCHAIBHBIX JITIECTKOB, JUIMHE W INMPUHE MBUIBHUKOB, JUIMHE U BBICOTE
cruionoaus. Hamu BbIsABIEHO /1Ba BapHaHTa PACIIONOKEHUS THIYMHOYHBIX LBETKOB Y
O. aquatica: no nepud)epuy 30HTHKOB WM B LIEHTPE 30HTHKOB. J10J THIYMHOYHBIX
LIBETKOB B 30HTHKAaX YBEJIMYMBACTCSA C YBEIMYECHHEM Iopsyka oceil. JKenckas daza
LIBETEHHs1 00OCTONBIX LIBETKOB HA OCSX OJHOIO MOPS/IKA IPOUCXOIUT OAHOBPEMEHHO
C MYXCKOH (ha30i MX LIBETEHHS Ha OCSAX CIEYIOIIEro IOPsKa, YTO HEe MCKIIIoYaeT
reiiroHoramun. O0o0enonbpie BETKH KUBYT OT ITH A0 CEMHU JHEH, a ThIYMHOYHbIC
LBETKH (PYHKIIMOHUPYIOT HEe OOJiee OHOrO JHSI.

KoroueBbie caoBa: Oenanthe aquatica; crpykrypa cuH(IOpecneHIMY;
AQHJPOMOHOBIIMS; OCIIEI0BATEIILHOCTD LIBETCHUS; IPOTAHIPHS

Jns murupoBanusi: Godin VN, Arkhipova TV, Vetlova MA, Kuranova NG.
Andromonoecy and Floral Protandry of Oenanthe aquatica (Apiaceae) // Becthuk
Tomckoro rocynapcrBeHHoro yuusepcurera. buomorns. 2022. Ne 58. C. 96-112. doi:
10.17223/19988591/58/5

Introduction

The role of synflorescences in plant life consists of three main aspects: at-
tracting pollinators, providing efficient pollination, and maintaining a breeding
system [1-3]. A synflorescence is a compound inflorescence, composed of a
terminal inflorescence and one or more lateral ones, or a group of inflorescences
in a globose or subumbellate arrangement. In Apiaceae, the synflorescence typi-
cally consist of compact umbellets aggregated into the umbels. Many species of
the Apioideae are self-compatible [4, 5], having the mechanisms to prevent or
significantly decrease the risk of self-pollination, both within an individual
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flower and within a synflorescence. Such adaptations can be both structural
(formation of pseudanthium, different types of flowers) and anthecological (di-
chogamy, a specific flowering sequence in a synflorescence) [3, 6—12].

In order to attract pollinators, umbellets and umbels in Apiaceae acquire the
appearance of a pseudanthium. According to H. F. Froebe and G. Ulrich [13],
Apioideae has three different ways of increasing in size of the petals of marginal
umbel flowers. Thus, the corolla of the inner flowers is polysymmetric but the
corolla of many outer ones becomes monosymmetric.

Synflorescences of many Apioideae include different types of flowers. The
most common case is andromonoecy, the presence of perfect and staminate
flowers in the same inflorescences [6, 7, 11, 14-16]. According to the surveys of
T. Schmitz and R. ClaBen-Bockhoff [17], there are at least four types of the ar-
rangement for perfect and staminate flowers in Apioideae:

— The Anthriscus sylvestris type: perfect flowers occupy a marginal position
in umbellets, where the terminal flower is absent.

— The Chaerophyllum bulbosum type is similar to the previous, but there is a
terminal perfect flower in umbellets.

— The Oenanthe silaifolia type: perfect flowers are only in inner umbellets.
In Echinophora spinosa-type, the perfect flower is the only terminal flower in
the umbellets.

Intrafloral protandry in Apioideae has long been known [6, 18, 19]. In the
protandrous flowers, the anthers mature and open earlier than when the stigmas
are ready to receive pollen. With a pronounced intrafloral protandry, the transfer
of pollen within a flower is possible, but perception of pollen grains by stigma is
not. However, not all Apioideae show such pronounced protandry. In some spe-
cies, the male and female phases within the umbellets and umbels are hardly
separated, and within and among umbel orders only partly synchronized. Thus,
phase overlaps occur [6, 12].

In many Apioideae, the protandry occurs not only in the individual flowers,
but also in entire umbels. In this case, the female stage occurs only when the
stamens withered (and often fall off) not only in individual flowers, but also in
all flowers of this umbel [6, 18]. The autogamy in such species is completely
excluded but the geitonogamy, i.e., the transfer of pollen within one plant, is
possible. Geitonogamy can occur if the anthers and stigmas of the nearest flow-
ers come into contact (with a weak protandry), or if the pollen from flowers of
an umbel falls on the stigmas of another umbel [6].

The protandry in Apioideae can be pronounced not only in individual um-
bels, but also in entire synflorescences [3, 12, 18, 20]. It is achieved due to the
exact synchronization of the flowering in the umbels within the axes of the same
branching order. As much as the lateral branches are synchronized, multicycle
dichogamy is transferred to the whole plant. The opening of flowers, the passage
and change of the male and female stages is carried out in all umbels on the axes
of the same branching order strictly coordinated and simultaneously. Thus, there
is a synchronous flowering of umbels on axes of the same order in the entire
synflorescence. As a result, each individual appears sequentially and several

98



Godin VN, Arkhipova TV, Vetlova MA, Kuranova NG. Andromonoecy and Floral Protandry

times (depending on the degree of branching of the axis system) either in the
male or female phase. The bisexual individuals become functionally dioecious
and their protandry is an effective means of ensuring strictly cross-pollination
between plants in different flowering phases. This flowering sequence is called
duodichogamy [21, 22]. The presence of perfect and staminate flowers in Apioi-
deae, in combination with their protandry and a fairly clear distinction between
flowering phases in umbels on axes of different branching orders have adaptive
value. When staminate flowers open in umbels on axes of higher branching or-
ders, their pollen cannot pollinate flowers in umbels on axes of the previous
branching order since the female phase is already completed. Consequently, on-
ly xenogamy and outbreeding can be carried out due to the pollen of staminate
flowers.

The object of our study is the fineleaf water dropwort (Oenanthe aquat-
ica L.), a biennial or perennial, monocarpic or oligocarpic wetland plant with
semi-rosette axes. This species has a European-West Asian distribution [23, 24].
O. aquatica forms either exclusively perfect flowers, perfect and staminate
flowers, or rarely pistillate flowers [6, 20, 25]. Its perfect flowers are protan-
drous, and during the female phase of umbels on axes of the n-order coincides
with the male stage of umbels on axes of the next order [6, 20]. The inconsisten-
cy of information about its sexual polymorphism and flowering biology deter-
mined the aim of our work to identify the anthecological traits of Oenanthe
aquatica in the Moscow region. To achieve this goal, we were solving the fol-
lowing tasks:

1. To examine the sexual polymorphism in the synflorescences of fineleaf
water dropwort.

2. To identify the structure of umbellets and umbels as well as the architec-
ture of its synflorescence.

3. To study the pollination biology, the flowering sequence of umbellets and
umbels in a synflorescence of this species.

Materials and methods

Plant materials. Our observations on the synflorescence architecture and
flowering biology in O. aquatica have been carried out in 2018-21 in the Mos-
cow region (near the village Pavlovskaya Sloboda, Krasnogorsky district, Rus-
sian Federation). The populations of O. aquatica was studied in three different
sites: swampy meadow (site 1), black alder sparse wetland forest (site 2), flood-
plain meadow (site 3).

Diagrams of the umbels and the synflorescence in O. aquatica were drawn
up. Within its main axis, three zones have been distinguished following W. Troll
[26]: the zone of inhibition, the flowering zone, and terminal internode below
the terminal umbel (Fig. 1).

Analysis of morphological traits. The materials for the morphology of per-
fect and staminate flowers in umbels on axes of different orders was carried out
during the entire flowering period of O. aquatica from late July to early August
2021.
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Fig. 1. Structural and functional zones of monocarpic axes in O. aquatica.
Symbols: iz — zone of inhibition, fz — flowering zone, ti — main inflorescence.
I - a terminal umbel, II — an umbel on axis of order II, III — an umbel on axis of order III,
IV — an umbel on axis of order IV

As perfect flowers are characterized by marked protandry (separation of the
time of functioning of male and female generative structures within a single
flower), it was necessary to collect and fix flowers from the same umbel in dif-
ferent phases of blossoming. For that, the first collection of flowers from any
umbel was carried out during its male phase when the stamens function in the
flowers. The second collection of flowers from the same umbel was carried out
in the female phase when the stamens are already completely absent in the flow-
ers and the female generative organs reach their definitive size. Flowers in dif-
ferent flowering phases of umbels were fixed in 70 % ethanol. From each um-
bel, 50 flowers were collected in different flowering phases. The same was done
with flowers in umbels on axes of different orders (I-IV) within each plant. As a
result, flowers from 20 plants in the population were included in our analysis.

In all three sites, from late July to early August in 2021, when the vast major-
ity of flowers and umbels had faded on different individuals, we studied the ratio
of plants with different degrees branching. For that, the flowers and umbels at
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least in 100 flowering plants have been examined along a transect of 1 m wide.
counted. In each plant, the number of umbels on axes of II-IV branching orders
was counted. In each site, 10 plants were randomly selected from the transect,
differing in the degree branching, to study the parameters of umbels. Eight traits
were estimated in each umbel: the umbel diameter, the length of all rays of the
umbels, the number of umbellets in the umbels, the diameters of each umbellet,
the lengths of pedicels of all flowers of umbellets, the total number of flowers in
each umbellet, and the proportion of staminate flowers. Furthermore, the ob-
tained data was averaged depending on the position of the umbels in synflo-
rescence and the degree of branching of the axis system of plants to obtain a
generalized characteristic of umbels and umbellets in O. aquatica.

The morphological traits of 100 perfect flowers in terminal umbels, 200 per-
fect flowers in umbels on axes of the second and third order and 300 staminate
flowers in the umbels on axes of the second, third, and fourth orders of branch-
ing per 20 different individuals were analyzed. The following morphological
traits of the O. aquatica flowers were measured: length and width of abaxial
calyx teeth, length and width of adaxial calyx teeth, the corolla diameter, length
and width of abaxial petals, length and width of transversal petals, length and
width of adaxial petals, the stamen length, length and width of anthers, length
and height of abaxial stylopodium, the ovary length, the style length, and the
stigma diameter. The measurements were carried out using a Biomed MS-1 ste-
reoscopic microscope with an eyepiece micrometer at a magnification of 20 or
40, depending on the value of the measured characters.

Morphology and fertility of pollen grains of perfect and staminate flowers in
umbels on axes of different orders have been studied. For this, the same fixed mate-
rial was used as in the study of the size of flowers separately for each type of flower
and the position of the umbel in the synflorescence of a plant. Using a Biomed-5
microscope at a magnification of 16x10, the lengths of polar axis and equatorial di-
ameter of pollen grains were measured. In total, we studied pollen of 100 perfect
flowers in terminal umbels, 200 perfect flowers in umbels on axes of the second and
third order of branching and 300 staminate flowers in umbels on axes of the second,
third, and fourth orders of branching in 20 different individuals. Subsequently, the
obtained data were averaged over flower types and their positions in umbels on axes
of different orders. To determine the degree of pollen fertility, temporary prepara-
tions were stained with acetocarmine and the numbers of fertile and sterile pollen
grains was counted in 20 fields of view at a magnification of 16x10.

Flowering biology. Flowering biology of O. aquatica has been examined
while the mass blooming. Five plants of O. aquatica were labeled prior to their
flowering in the budding phase of the flowers in the terminal umbel. The follow-
ing algorithm was used to study the flowering sequence of both individual flowers
and umbellets and umbels and the entire synflorescence. From the beginning of the
opening of the first flowers, the flowering phase was noted every day, depending on
their sexual status and the location in umbellets of the terminal umbel. The same was
done to examine the flowering in umbels on axes of higher orders. In the perfect
flowers, the developmental phases were noted from the buds to the postanthetic
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phase. In staminate flowers, the developmental phases were noted until the end of
the male stage when stamens dry out and fall off. The duration of the staminate
phase was determined from the moment of the opening of the anthers of the very
first stamens to the appearance of dryed stamens. The readiness of stigma for receiv-
ing pollen was determined using Robinsohn’s method with incubation in a weak
solution of potassium permanganate [27]: immature stigmas are not stained by this
reagent whereas the mature ones are stained brown.

Statistical analysis. All obtained morphometric data was processed by the
variation statistics methods using parameters such as the mean (M) and its
standard error (m) [28]. Comparison of the arithmetic means of perfect and
staminate flowers was carried out using the Student's t-test. Analysis was carried
out by Microsoft Excel for Mac (version 16.63.1).

Results

Flower morphology. Perfect flowers are actinomorphic (the inner flowers in
umbellets) or zygomorphic (the outer flowers in umbellets), epigynous. The per-
ianth and androecium are pentameric. Calyx teeth are lanceolate, finely pointed,
retained and enlarged as the fruit ripens. The abaxial teeth are larger than the
adaxial ones (Table 1). The petals are white, free, flat, obovate, deeply notched
at the apex, and have an inwardly curved segment. The petals of the outer and
part of the inner flowers in umbellets differ in size: there is an increase in the
entire abaxial petals and the adjoining halves of two adjacent transversal petals.

Five stamens are alternating with the petals. Anthers with two pollen locules
are attached dorsally to the filament, oblong, open longitudinally. The filaments
thin, long, of the same length in all stamens.

Pollen grains are 3-tricolporate, mostly ellipsoidal, rounded-triangular in out-
line from the pole. The lengths of polar axes vary from 27.2 to 27.4 pum; their
equatorial diameter varies from 14.3 to 14.6 um. Pollen grains have a high fertil-
ity (94.1-95.6%).

Gynoecium is syncarpous, ovary is inferior, bilocular. Styles are two, free,
sticking up. The stylopodia are conical, develop in the upper part of the carpels
at the base of the styles and function as nectaries. Abaxial and adaxial stylopodia
differ in size. The former is larger (t > 4.158, p < 0.000).

No differences between perfect and staminate flowers in the structure of per-
ianth, androecium and pollen grains were found. In staminate flowers, the ova-
ries are completely absent and their stylopodia are much smaller than in perfect
ones. However, the two sexual types of flowers differ in a number of parameters
of the perianth, androecium, and gynoecium.

Differences in size and arrangement between perfect and staminate
flowers. Perfect flowers are formed in umbels on axes of orders I-I1I, while on-
ly staminate flowers produce in umbels on axes of order IV. The sizes of perfect
flowers parts depend on their position in the synflorescence (Table 1), however,
the differences are not always significant. Instead, the size of pollen and their
fertility do not depend on the location of perfect flowers on axes of different
orders. However, the most significant changes in the size of perfect flowers are
observed between umbels on axes of II and III orders.
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Table 1
Morphological parameters of perfect (n =300) and staminate (n = 300) flowers
in umbels on axes of different order in Oenanthe aquatic

. Umbels Umbels
. Terminal Umbels on
Signs Flower mbel axes Il order| 00 @xes on axes
4 X IIT order IV order

1.1+0.08 0.9+0.08 0.8+0.02 -

Length of abaxial teeth of

calyx, mm - 0.7+0.06 0.6+0.07 0.6+0.02
Width of abaxial teeth of 0.3£0.01 0.2+0.02 0.2+0.03 -
calyx, mm - 0.2+0.01 0.2+0.01 0.1+0.01
Length of adaxial teeth of 0.6+0.02 0.6+0.02 0.5+0.05 —
calyx, mm - 0.5+0.03 0.4+0.04 0.3+0.03
Width of adaxial teeth of 0.1£0.01 0.1+0.01 0.1+0.01 -
calyx, mm - 0.1+0.01 0.1+£0.01 0.1+0.01

3.5+0.11 3.4+0.15 2.9+0.12 —

— 3.0£0.12 2.94+0.09 2.6+0.09
1.7+0.13 1.6+0.08 1.5+0.03 —

— 1.5+0.07 1.4+0.12 1.2+0.07
1.6+0.15 1.4+0.07 1.4+0.04 -

— 1.2+0.08 1.1+0.09 1.1+0.09
1.5+0.14 1.4+0.09 1.3+0.05 —

Diameter of corolla, mm

Length of abaxial petals,
mm

Width of abaxial petals, mm

Length of transversal petals,

mm — 1.3+0.08 1.2+0.10 1.1+0.03
Width of transversal petals, 1.4+0.06 1.4+0.12 1.24+0.06 —
mm — 1.1+0.10 1.0+0.07 0.9+0.03
Length of adaxial petals, 1.2+0.08 1.1+0.03 1.0+0.06 —
mm — 1.0+0.03 1.0+0.03 1.0+0.03

1.2+0.05 0.9+0.04 0.9+0.03 —

— 0.9+0.04 0.9+0.07 0.8+0.06
1.7+0.06 1.5+0.10 1.2+0.10 —

— 1.2+0.11 1.0+0.03 0.9+0.02
0.7+0.01 0.5+0.01 0.4+0.01 -

— 0.4+0.01 0.4+0.01 0.4+0.01
0.4+0.01 0.4+0.01 0.4+0.01 -

— 0.4+0.01 0.3+0.01 0.2+0.02
27.2+0.16 27.3+0.12 | 27.1+0.16 -

— 27.1+0.18 | 27.3+0.12 | 27.3£0.12
14.6+0.18 14.4+£0.20 | 14.3+0.19 -

— 14.5£0.19 | 14.6+0.18 | 14.7+0.16
95.6+2.4 94.9+1.9 94.1+2.2 -

— 95.8+2.1 95.1+2.0 96.1+1.8
0.5+0.01 0.5+0.02 0.4+0.02 —

Width of adaxial petals, mm

Stamen length, mm

Anther length, mm

Anther width, mm

Length of polar axis of pol-
len grains, um
Equatorial diameter of pol-
len grains, um

Pollen fertility, %

Abaxial stylopodium length,

mm — 0.4+0.02 0.4+0.01 0.4+0.02
Abaxial stylopodium height, 0.8+0.03 0.8+0.02 0.6+0.02 —
mm

— 0.7+0.02 0.6+0.01 0.6+0.02
1.1+0.02 1.1+0.05 0.5+0.01 —
1.0+0.02 1.0+0.01 0.3+0.03 -

Ovary length, mm
Style length, mm

e le NN e RN e N7 so NN so M EZN sc BN s BN so M EZN e BN sc B kN e B kN sc B k7N o B RN e B KN e N [N sc B IZN sc M [N o [N o I [N to]

Stigma diameter, mm p 0.2+0.01 0.2+0.01 0.1+0.01 —
Notes. The data are presented in the format M + m, where M is the arithmetic mean of the
feature, m is its error. Flower types: p — perfect, t — staminate flowers. The sign “— “ means

the absence of such flowers in umbels.
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Staminate flowers are formed in umbels on axes of II-IV branching orders.
The sizes of staminate flowers and their parts also depend on the position in the
synflorescence (Table 1). However, the size differences of staminate flowers on
axes of different orders differs from that considered in perfect flowers. Signifi-
cant differences between staminate flowers on axes of II and III orders were not
revealed for any of the studied traits. There is a decrease in the size of parts of
flowers between umbels on axes of II and III branching orders. Staminate flow-
ers on axes of IIl and IV orders differ significantly in width of adaxial teeth of
the calyx, diameter of flower, width of transversal petals, length of stamens, as
well as length and width of anthers. Other size parameters of staminate flowers
also decrease with an increase in the order of axis branching, however, these
differences are not statistically significant.

Our studies show that there are slight differences in the size of flowers and
their parts between perfect and staminate flowers located in the same umbel. In
umbels on the axes of II order, the following studied parameters of perfect flow-
ers are significantly greater than those of staminate flowers: length of the calyx
abaxial teeth, corolla diameter, width of abaxial petals, length and width of an-
thers, length and height of stylopodium (Table 1). On axes of the third order, the
values of a small part of the morphological features of perfect flowers are statis-
tically greater than the similar parameters of staminate flowers: the length of the
abaxial and adaxial teeth of the calyx, the width of the abaxial petals, and the
width of the anthers. The parameters of pollen grains and pollen fertility do not
significantly differ in perfect and staminate flowers.

Synflorescence structure. All studied plant individuals were biennials with or-
thotropic semirosette monocarpic axes. In O. aquatica the flowering axis system is
subdivided into three structural and functional zones (Fig. 1): 1) the zone of inhibi-
tion (axillary buds here do not generate axes, sensu W. Troll [26]) includes six to
10 internodes of the basal part of the axis; 2) flowering zone consists of three to six
metamers, with vegetative-generative reiterated axes; 3) the main inflorescence.

The main axis ends with the main inflorescence, a terminal umbel. Lateral
vegetative-generative axes of the second order develop in the axils of alternate
leaves. They also have a zone of inhibition and end with umbels, thus, they are
paracladia of the first order (sensu W. Troll [26]). In O. aquatica the terminal
umbels are usually not dominant and over- topped by axes of higher order.

Two kinds of the synflorescence branching are clearly distinguished in
O. aquatica. In some plants, the umbels are located on axes of I, II, and III
branching orders. Paracladia of the first order in such plants are racemes of um-
bels. In more branched plants, umbels are formed on axes of I, II, III, and IV
branching orders (Table 2). In this case, paracladia of the first order are repre-
sented by panicles of umbels. In both variants, the synflorescence can be classi-
fied as a panicle of umbels. Different environments affect, however, the inci-
dence of plants with different degrees of synflorescence branching (Fig. 2). In
the light sites 1 and 3, the plants with umbels on axes of I-IV branching orders
predominate, whereas, the plants with a lesser branching (umbels only on axes
of I-III orders) are more common under the forest canopy (site 2).
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Fig. 2. Incidences of Oenanthe aquatica plants with different degree of branching
of synflorescences in the plants from the studied sites.
Legend: The X axis, the studied sites of the population (site 1, 2, and 3); the Y axis, the pro-
portion (in %) of plants with umbels on axes of different orders; 1 — plants with umbels on
axes of [-1II orders, 2 — plants with umbels on axes of I-IV orders.

Table 2
Quantitative parameters (n=20) of umbellets and umbels on axes
of different orders in Oenanthe aquatica

Sign | Min-max | M+m

Plants with umbels on axes of I-III orders

Terminal umbels

Umbel diameter, cm 5.0-5.8 5.4+0.32
Length of rays of umbels, cm 1.3-23 1.840.21
Number of umbels, pcs. 1 1
Number of umbellets in umbels, pcs. 5-8 6.5+1.13
Diameter of umbellets, cm 1.3-1.5 1.4+0.04
Pedicel length, cm 0.1-0.6 0.34+0.06
Number of flowers in umbellets, pcs. 16-25 20.5+1.82
Portion of staminate flowers in umbellets, % 0 0
Umbels on axes II order
Umbel diameter, cm 44-53 4.9+0.22
Length of rays of umbels, cm 1.3-2.5 1.8+1.13
Number of umbels, pcs. 4-9 6.6+0.52
Number of umbellets in umbels, pcs. 10-12 11.0+0.41
Diameter of umbellets, cm 0.7-1.3 1.0+£0.12
Pedicel length, cm 0.1-0.4 0.28+0.05
Number of flowers in umbellets, pcs. 12-26 19.9+1.73
Portion of staminate flowers in umbellets, % 0-52.6 15.1+£6.51
Umbels on axes III order
Umbel diameter, cm 2.1-3.2 2.6+0.22
Length of the rays of umbels, cm 0.6-1.2 0.9+0.11
Number of umbels, pcs. 5-18 11.8+1.62
Number of umbellets in an umbel, pcs. 9-12 10.8+0.64
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Sign Min—max M+m
Diameter of umbellets, cm 0.5-0.8 0.6+0.04
Pedicel length, cm 0.1-0.3 0.18+0.03
Number of flowers in umbellets, pcs. 8-23 14.5+1.71
Portion of staminate flowers in umbellets, % 100 100
Plants with umbels on axes of I-1V orders
Terminal umbels

Umbel diameter, cm 5.59.0 8.0+0.71
Length of the rays of umbels, cm 1.6-4.5 3.2+0.32
Number of umbels, pcs. 1 1
Number of umbellets in umbels, pcs. 4-8 6.3+0.72
Diameter of umbellets, cm 1.2-1.7 1.4+0.06
Pedicel length, cm 0.2-0.7 0.4+0.06
Number of flowers in umbellets, pcs. 13-35 23.0+2.61
Portion of staminate flowers in umbellets, % 0 0

Umbels on axes II order
Umbel diameter, cm 7.0-10.0 8.9+0.41
Length of the rays of umbels, cm 1.8-43 3.2+0.22
Number of umbels, pcs. 6—-10 8.1+0.51
Number of umbellets in an umbel, pcs. 12-16 14.2+0.62
Diameter of a umbellet, cm 0.8-1.8 1.4+0.11
Pedicel length, cm 0.1-0.5 0.3+0.04
Number of flowers in umbellets, pcs. 16-35 26.2+2.01
Portion of staminate flowers in umbellets, % 0.0-38.2 7.1£4.74

Umbels on axes III order
Umbel diameter, cm 5.4-1.5 6.3+0.41
Length of the rays of umbels, cm 1.3-33 2.3+0.22
Number of umbels, pcs. 9-30 21.5+2.61
Number of umbellets in umbels, pcs. 12-18 14.5+0.82
Diameter of umbellets, cm 0.7-1.4 1.1+£0.06
Pedicel length, cm 0.1-0.5 0.3+0.05
Number of flowers in umbellets, pcs. 16-33 24.3+1.82
Portion of staminate flowers in umbellets, % 0.0-100.0 71.5+12.13

Umbels on axes IV order
Umbel diameter, cm 1.1-4.0 2.6+0.52
Length of the rays of umbels, cm 0.3-1.8 0.9+0.11
Number of umbels, pcs. 1-40 18.1+4.42
Number of umbellets in umbels, pcs. 4-14 9.8+1.71
Diameter of umbellets, cm 0.3-1.0 0.6+0.06
Pedicel length, cm 0.1-0.4 0.24+0.02
Number of flowers in umbellets, pcs. 2-23 12.7+2.03
Portion of staminate flowers in umbellets, % 100 100

Notes. min—max is minimum and maximum values of the feature, M is arithmetic mean value

of the feature, m is its error.

Quantitative parameters of umbels change with an increase in the order of the
axis on plants with umbels on axes of I-III branching orders (Table 2). Dimen-
sional parameters from terminal umbels to umbels on axes of the III order gen-
erally decrease. Quantitative parameters behave differently. In the same row,
there is a consistent increase in the number of staminate flowers, the proportion

of which in umbels on axes of order III reaches 100%.
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The quantitative parameters of umbels decrease with an increase in the order
of axis on plants with umbels on axes of I-IV branching orders. Some excep-
tions are found only in the umbels on axes of the second order, which are not
statistically different in size from terminal umbels. The most significant differ-
ences are observed between umbels on axes of II and III, III and IV branching
orders, respectively. With increasing branch order the number of perfect flowers
declines and the proportion of male flowers increases leading to completely
male umbels in the highest branch order.

There are two positions of staminate flowers in umbellets (Fig. 3): male
flowers are located at the periphery of the umbellets or they are located in the
centre of the umbellets. Sometimes, umbellets with both arrangements of stami-
nate flowers are found as part of one umbel.

v

Fig. 3. Distribution of the floral sexual types within the umbellets located on the axes
of different orders in the synflorescences of O. aquatica.
Symbols: umbellets on axes of I, II, IIl and IV orders. Black circles
are perfect flowers, white circles are staminate flowers

Sequence of flower opening within the umbels. The perfect flowers of
O. aquatica are characterized by a pronounced protandry, when the anthers ma-
ture and exhibit much earlier than the stigmas become receptive. In perfect
flowers, the duration of the female phase is longer than the male phase. The fe-
male phase lasts from two to three days, while the male one is only one day. The
perfect flowers function from five to seven days. The lifespan of the staminate
flowers is one day (Fig. 4). In this case, the lifespan of a flower is determined by
its position in an umbellet.

The opening of flowers within umbellets and umbels occurs in a certain se-
quence. Blossom begins with peripheral staminate flowers of marginal umbel-
lets. The next day, peripheral staminate flowers open in almost all umbellets of
umbel.
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Fig. 4. Flowering time (in 2021) in umbellets and umbels on axes of different orders.
Marginal perfect (1), median perfect (2) and central perfect flowers (3) of umbellets on the
main axis (I), marginal staminate (4), median perfect (5) and central perfect (6) on axes
II order, marginal staminate (7), median staminate (8) and central perfect (9) flowers on axes
of order III, marginal (10), median (11) and central (12) staminate flowers on axes of order
IV. I — a terminal umbel, I — an umbel on axis of order II, III — an umbel on axis of order III,
IV — an umbel on axis of order IV. a — male phase, b — sterile phase, ¢ — female phase

Thus, in marginal umbellets, the male stage as a whole usually takes about
four days. At the beginning of flowering of the middle and central perfect flow-
ers of the central umbellets, the perfect flowers of the peripheral umbellets are
already in the sterile phase, when their androecium has completely finished to
function. On the fifth day, the marginal and central perfect flowers shift simulta-
neously to the female phase. Similar processes take place in all umbellets of an
umbel; flowering sequence is acropetal (starting from the proximal branches).
Therefore, such an umbel is entirely in the female stage since the stigmas of the
perfect flowers are already ripe to receive pollen. The lifespan of flowers and the
sterile phase in perfect flowers shorten toward the center of the umbel. The fe-
male phase occurs synchronously not only in all perfect flowers in umbellets,
but in all perfect flowers of an umbel (Fig. 4). Therefore, from now on, all flow-
ers in the umbel are in the female phase and can capture pollen for pollination
and seed setting.

The opening of flowers in umbellets and umbels on axes of higher orders
occurs in a similar way (Fig. 4). The staminate phase in umbellets and umbels
on axes of the second order coincides with the female phase in umbellets of
the terminal umbel (Fig. 4). In turn, the female phase in umbellets and umbels
on axes of the second order coincides with the male phase in umbellets and
umbels on axes of the third order. Similarly, flowers bloom on axes of III and
IV orders.
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Discussion

Our studies discovered a set of adaptations in O. aquatica that can reduce the
probability of self-pollination and promote cross-pollination. Such adaptations
include the presence of two sexual types of flowers, intrafloral and interfloral
protandry, and a specific sequence of flowering of umbels in synflorescence.
Thus, these adaptations involve four different architectural levels, i.e. the flower,
umbellet, umbel and umbel order.

We confirmed the information [6, 25] that this species, like many other Apiace-
ae, is characterized by the andromonoecy. We found that the perfect flowers in
O. aquatica differ from staminate flowers in structural traits. In many Apiaceae,
staminate flowers are located in the center of umbellets [6, 12]. That is why they are
typically much smaller than marginal perfect flowers. However, in O. aquatica, the
staminate flowers in umbels occupy the same position as the perfect flowers, mar-
ginal in umbellets. The spatial arrangement of staminate flowers determines the al-
most complete absence of their size differences from perfect flowers. Such spatial
arrangement of perfect and staminate flowers is extremely rare among other Apiace-
ae [3, 6, 12]. According to a few surveys [3, 6], in the genus Oenanthe as well as in
Pleurospermum austriacum male flowers are outers and perfect ones are inners. In
many other andromonoecious Apiaceae, there is a size gradient [3, 6-8, 12] within
umbellets from larger marginal to central staminate flowers, which is most likely
due to a gradient in the availability of plastic substances. Marginal flowers in umbel-
lets get more plastic substances than central flowers.

The presence of petals of various sizes in many flowers in umbellets is the
manifestation for the zygomorphy of O. aquatica flowers. The zygomorphy of
O. aquatica flowers is also displayed by spatial arrangement of five stamens and
two carpels and the differences in the parameters of the adaxial and abaxial sty-
lopodia. Many Apiaceae have zygomorphic flowers, which is not always associ-
ated with enlarged petals at marginal flowers in umbels, but precisely because of
the spatial arrangement of parts of the androecium and gynoecium, through
which only one plane of symmetry can be drawn [30, 31].

Five patterns floral protandry in temperate Apioideae (“Libanotis interme-
dia”, “Chaerophyllum prescottii’, “Seseli ledebourii”, “Laser trilobum”, and
“Peucedanum lubimenkoanum’) have been described by A.N. Ponomarev [18].
These five patterns differ in the flowering sequence of umbellets and umbels in
the synflorescences. We showed that in O. aquatica, the female phase on axes of
one order occurs simultaneously with the male phase of flowers on axes of the
next order. These are features characteristic of the flowering model “Chaero-
phyllum prescottii” appear. Consequently, even within the entire synflorescence,
there is a coincidence of the male and female stages on axes of different orders
(Fig. 4), which should not exclude the transfer of pollen between these flowers
and the existence of seed setting as a result of geitonogamous pollination.

The presence of staminate flowers in the synflorescence as part of umbels on
axes of a high branching order is used to increase the probability of xenogamy
[22, 32]. Typically, staminate flowers consist (in whole or in part) of umbels on
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axes of sufficiently high branching orders (sometimes starting from the second).
This trait in Apiaceae, in combination with interfloral protandry and the differ-
entiation of flowering phases in umbels on axes of different branching orders,
acquires an adaptive value [3, 12, 22, 31]. When staminate flowers in umbels
open along axes of higher orders, their pollen cannot pollinate flowers on axes
of the previous order, so the female phase is already over. Therefore, only cross-
pollination can be carried out due to the pollen. In O. aquatica, the synchrony of
flowering of umbels on axes of the same order, in combination with intrafloral
and interfloral protandry, is an advantageous adaptation.
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Oco0eHHOCTH MY’KCKOI'0 Meii03a Ha MpuMepe YeThIpex COPTOB
0BCa NMOCEeBHOIO0 (Avena sativa L.), Bo31eJbIBaeMbIX
B ycioBusix LHlenTpanbHoi SAkyruu
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Annoranust. [TposesieHa orieHka 0COOCHHOCTEH MPOTEKAHHSI MY)KXCKOTr0 Meito3a —
LIUTOJIOTMYECKOTO TIpOLiecca, JISKALero B OCHOBE (OPMUPOBaHHMS TraMeT U B
3HAYMUTENIBHON CTENEHH ONpPEACIIAIONIEro fajbHeliee GopMUpOBaHUE HOTHOLEHHOIO
CEMEHHU, B CIIOXKHBIX arpoKiIuMarudeckux ycnoBusax LleHtpamsHoil Skyrun Ha
MpUMEpe YETHIPEX COPTOB OBCa MOCEBHOro (2n=6x=42). YCTaHOBIEHO, YTO JUIA
OOJIBIIMHCTBA MMKPOCIIOPOLIUTOB Y BCEX YETHIPEX MCCIENYyeMBbIX COPTOB OBCa
[IOCEBHOI'O IIMTOJIOTHYECKass KapTHHA Mei03a COOTBETCTBOBAJAa KOHCEPBATHBHOMY
CLICHAPHIO, XapaKTePHOMY Ul OJHOJOJbHBIX pacTeHuil. [TokazaHo, YTO OTKIOHEHHS
OoT OOIIeiH [MUTONOrMYEeCKOM KapTHHBI Melo03a OJHONONBHBIX BBISBISUTUCH C
Pa3IM4HON YacTOTOM TOJIBKO B YaCTH MUKPOCIIOPOLIMTOB HA CTaIMU NEPBOrO JEICHUS
Meiio3za. IlpencraBneHa wnuTONOrMYecKas KapTHHA BBIBICHHBIX OTKJIOHEHUH
MY)KCKOI'O Meio03a Cpeid HCCIeLyeMbIX COpPTOB OBca noceBHoro. Hambonee wacto
cpeqd BCEX BBIABICHHBIX OTKIOHEHHH CpelIM aHAIM3HPYEeMBIX COPTOB OBCa
[IOCEBHOT0 OB NPEJCTaBICH NUKHO3 siaep. OOHApy)KeHO, YTO TaKHe OTKIOHEHHS,
KaK IMTOMHKCHC, OOpa3oBaHME MOCTOB M IIOSBJICHHE HEOPUEHTHPOBAHHBIX
OMBAJICHTOB, BCTPEYAIMCh C PA3JIMYHOM YacTOTOH y BCEX COPTOB OBcCa, TOrZa Kak
HECHMHXPOHHOE [eJIeHHe, OTCTaBaHHe OMBAJICHTOB M JIECTPYKTHBHBIH IIMTOMHKCHC
BCTPEYAIKCh JIMIIb B €AWHUYHBIX CIY4asX Y OTAENBHBIX COPTOB. YCTaHOBIEHO, YTO
BBISIBJICHHBIC HApYLIEHHS Mei03a HE OKa3blBalM CYLIECTBCHHOIO BIMSAHUS Ha
CHWKEHHE (epTHILHOCTH NbUIbLIBL.

KiawueBble cioBa: oBeC IIOCEBHOM, Avena sativa, UNATOJOIMYECKHM aHAJU3,
Mel03, MUKPOCIIOpOTr€He3, LINTOMUKCHUC
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Summary. Extreme environmental factors decrease seed setting and form
unseeded or thinning panicles. Since meiosis underlies formation of gametes, it
largely determines further processes associated with pollination, fertilization and
development of a full-fledged seed. In this regard, studies meant to identify the
peculiarities of male meiosis for plants cultivated in the severe natural and climatic
conditions of Central Yakutia are relevant and of particular interest. The goal of this
study was to identify the characteristics of male meiosis in oat (Avena sativa L.)
varieties adapted to local conditions. We should emphasize that no studies of meiosis
in common oats under the conditions of Central Yakutia have been performed earlier.

We used four varieties of common oats (Pokrovsky, Vilensky, Pokrovsky 9, and
Khibiny 2) as study material. All the varieties under analysis were hexaploids
(2n = 6x = 42). The studies were conducted in 2020 at the Pokrovsky Department of
Yakut Research Institute of Agriculture, in Khangalassky ulus of the Republic of
Sakha (Yakutia) located in the middle taiga zone. The weather and climatic conditions
during the growing season were characterized by an insufficient provision of soil with
productive moisture at the early phases of grain and forage crop growth and
development. To analyze meiosis, we used oat spikelets sampled when they were
emerging into the tube. The spikelets were fixed on June 25-27, 2020 in duplicate
using Carnoy’s solution. We analyzed microsporogenesis and pollen fertility on the
temporary squashed preparations of meiocytes using the generally accepted method
with 4% acetocarmine staining. The results were statistically processed using
Statistica 7.0 (StatSoft. Inc., USA). The samples were compared through one-way
ANOVA.

The general cytological picture of meiosis in the oat varieties under study mostly
corresponded to the conservative scenario typical of monocotyledonous plants.
However, all the oat varieties showed some deviations from the general meiosis
pattern. One of such deviations was cytomixis — chromatin migration as part of nuclei
between microsporocytes through one or several cytomictic channels (Fig. 1, 2). As a
rule, the phenomenon of cytomixis in microsporocytes was observed at middle
prophase 1 at the pachytene stage (Fig. 1). Nuclei migration was also observed at late
prophase 1, for example, at the diplotene stage. Chromatin movement between two
adjacent microsporocytes clearly correlated with the formation of micronuclei and
cytoplasts. Quite often, this process was also accompanied by nuclei pycnosis (Fig. 2).
We should note that rarely we observed massive destructive cytomixis in
microsporocytes and tapetum cells. When studying common oat cultivars, we also
found microsporocytes with separately lying bivalents that were not included in the
metaphase plate (Fig. 2), as well as chromosomal bridges (Fig. 2) at the anaphase-
telophase 1 stage. The proportion of microsporocytes with meiotic deviations in all
the four cultivars was small (Fig. 3) and varied from 2.99 to 3.23% (Table 1). We
found no consequences of the revealed deviations at the tetrad stage. Probably, either
most deviations were compensated for by intracellular mechanisms or defective
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microsporocytes were excluded from the microsporogenesis and eliminated. Besides,
these deviations of meiosis did not significantly decrease pollen fertility (Table 1).
The results indicate that the observed deviations of meiosis do not significantly
contribute to seed formation in such an important grain fodder crop as common oats
in the climatic conditions of Central Yakutia.

The article contains 3 Figures, 2 Tables, 27 References.

Keywords: common oat, Avena sativa, cytological analysis, meiosis,
microsporogenesis, cytomixis

Funding: The research was carried out in the course of fulfilling the state
assignment Ne FWRS-2021-0006.

For citation: Petrova LV, Sidorchuk YuV. Male Meiosis Peculiarities of Four Oat
(Avena sativa L.) Varieties Cultivated in Central Yakutia. Vestnik Tomskogo
gosudarstvennogo universiteta. Biologiva = Tomsk State University Journal of
Biology. 2022;58:113-127. doi: 10.17223/19988591/58/6

BBenenne

OcHOBOW pa3BUTHSI 3EMIIEJIENINASI B IKCTPEMAITbHBIX YCIOBUSX SIKYTHUU SIBIISI-
FOTCS 3epHOGYpaXKHBIE KYJIbTYPhl Kak HanOoJee MPUCITOCOOJIEHHBIC K YCIOBUSAM
MeCTHOrO Kimmara. KimMaTndeckne 0COOEHHOCTH ATOTO PErMOHA XapaKTepH-
3YIOTCS KOPOTKAM BETCTAIIMOHHBIM IIEPHUOIOM, HEIOCTATOUYHBIM KOJIHMYECTBOM
TeIJIa W BIIATH B KPUTHYECKHE (ha3bl BETCTAIIMH PACTECHHH, a TaKKe ONM3KAM
3aJeTaHWeM MHOTOJIETHEH Mep3loTHl. M3 orpaHm4eHHOro Habopa CeIhCKOXO-
3IHCTBEHHBIX KYIBTYpP, BO3ICIBIBAEMBIX B 30HE MHOTOJETHEH MEp3JIOTHl Ha
KOPMOBBIE II€TH, MMEHHO OBEC SIBIISICTCS BEAYIICH 3epHO(YPaKHON KYJIBTYPOM.
[IpuBiEeKaTEMFHOCTD 3TOM KyIBTYPHI IJIS1 Pa3BUTHUS KHUBOTHOBOJICTBA B PECITY0-
JIKe 00yCIIOBIHBACTCS TEM, YTO MMEIONIHECS IIIOMAIN €CTECTBEHHBIX KOPMO-
BBIX YrOAWH MAJIONPOXYKTUBHBI M WX HCIIOJIH30BAaHHE B KadeCTBE KOPMOBOM
0a3pl BeChMa OrpaHHUYeHO. Pemenne 3Toi mpoOiIeMbl MOXET OBITh JTOCTUTHYTO
3a CUEeT YBENWYEHUS MOCEBHBIX IUIOMIACH COPTOB OBCA, MAKCHMAIIGHO aIalTH-
POBaHHBIX K CIOKHBIM arpoKIMMAaTHYECKAM YCIIOBHSM BO3IEIBIBAHUS CEITBCKO-
XO3SIICTBEHHBIX KYJBTYpP B JAHHOM peruone [1].

B ycnoBusix IlentpansHoit SIKyTu Bo3IenbIBaeMbIe COPTa OBCA, B TOM YHC-
JIe MECTHOW CENEeKIIMH, OTHOCAIMeCs K BUAY Avena sativa L., MmakcuMambHO
MPUCTIOCOOTICHBI K PE3KO KOHTHHEHTAJIBHOMY KINMATy, YCTOMIUBEI K BeCCHHEH
3acyxe W paHHEMy HACTYIDICHHIO 3aMOpPO3KOB. B CBS3M ¢ TPHOPHTETHHIM
HaIpaBIICHUEM BBIPAIIMBAaHHUSA OBCa HE TOJIHKO KOPMOBOT'O, HO M 3EPHOBOTO
HaIIpaBIICHHS UCIIONB30BaHUS MpobieMa (popMIpOBaHUS MTOTHOIIEHHOTO CEMEHU
B ATHX YCJIOBHUSX MPHOOpeTaeT ocoboe 3HaYCHHE.

Hcxonst n3 MHOTONIETHETO OIBITa BO3IENBIBAHUS COPTOB OBCA B YCIOBHSX
LenTpanbHoit Skytnu [2], caemyer OTMETHTh, YTO B HEKOTOPBIC TOJBI HAOIIO-
IAETCs CHIIBHOE U3PAaCTaHNEe PaCTEeHHMH, CBSI3aHHOE C (POPMUPOBAHNEM JIOTIOTHH-
TENIFHBIX BETETATHBHBIX TOOEroB (ITOATOHOB), YTO B 3HAYHTENHFHOH CTEIEHH
OCIIOKHSICT YOOPKY M CHHYKAET Ka4eCTBO 3€pHA y 3TOW KyJIBTYpHI. Y CIIOBHS 3a-
CYIIIMBHIX JIET IPUBOAAT K CHIDKCHHUIO 3aBS3BIBAEMOCTH CEMSH B (hOpMHpPOBa-
HUIO Yepe33epHULIBI WIIN M3PEKEHHOCTH METeNKH. HemoctaTok Barn B meprozn

115



Knemounasa ouonozus u zenemuxa / Cell Biology & Genetics

Havana (OPMUPOBAHUS METENKH U 3aKJIAIKA TeHEPATHBHBIX OPIaHOB OKAa3bIBAET
HETaTHBHOE BO3ICHCTBHE HA INPOTCKaHHWE MeiHo3a, (OpMHpPOBAaHHE TaMeT H
Havao oOpa30BaHUS IIONHOICHHOW 3€PHOBKH y OBCa IOCEBHOrO. MIMeHHO B
O0CHOBE (HhOPMHUPOBAHHS 3EPHOBKH, OOYCIOBICHHOW HOPMAaJBbHBIM Pa3BHTHEM
MYXCKOTO W JKEHCKOTO TramMeTO(HUTOB, 3aJI0)KEHBI TMOTCHIINATBHAS TMPOIYKTHB-
HOCTb ¥ 00pa3oBaHHe OYAYIIUX YPOKaeB dTOM KYIBTYPHI.

BnustHne pa3nudHbIX (paKTOpOB BHEIIHEH Cpensl, B OCOOCHHOCTH JKCTpe-
MaJBHBIX, HA HOpMaJIbHOE IPOTEKaHWE Meiio3a y pa3lnvHbIX BUAOB PacTEHHMA
MIPUBJIEKAJI0O BHUMaHWEe MHOTUX mcciemoBateneid [3—7]. IlompiTkn BBISBIEHUS
0CcOOEHHOCTEH Mel03a y KyJbTUBUPYEMBIX COPTOB, & TAKKE y PACTCHHUH B MPH-
POAHBIX TOMYJSIHAX OBCA B PA3IMYHBIX KIMMATHYECKUX YCIOBUSAX IPEIIpH-
HUMaJIICh MHOTHUMH HCCIIEAOBATEIbCKUMHU Tpymmamu [9—12]. BeisiBiaeHB KOp-
PETIIAN MEKIY YacTOTaMH aHOMANWH Ha pa3iMuHBIX CTausix meho3a u dep-
THJIGHOCTBIO TIBUTBLIBI cpeau 12 copToB Avena sativa L. mecTHOW cenekmwd,
KyJIbTHBUPYEMBIX B F0KHBIX paiioHax bpasumuu [9]. Tlog Bo3aeiicTBueM Termio-
BOTO CTpecca OTMEYEHO BO3PACTAHME MEHOTHYECKIX aHOMAJHU TIpH (HOPMHUPO-
BaHUH MHUKPOCIIOPOIIUTOB CPEAN UCCIETYEMBIX YETHIPEX COPTOB IIICHUIIBI, YTO
KOPPETUPOBAJIO CO 3HAYMUTEIHHBIM CHUXCHHEM 3aBsi3biBaeMocTh cemsiH [13].
BozzeiicTBre HU3KHX TeMIepaTyp Ha pPa3BHTHE MYXCKAX T€HEPATHBHBIX Opra-
HOB y PacTeHHH, B TOM YHCIE W Ha MPOTEKaHHE MUKPOCIIOPOreHe3a, PaccMOT-
peHo B 0030pe [14].

[MockonbKy mporece Meiio3a JISKHUT B OCHOBE (hOPMUPOBAHHS TaMET, OT HEro B
3HAUUTENBHOM CTEIeHN 3aBUCST NalbHEHIE POIECCH, CBSI3aHHEBIC C ONBUICHH-
€M, OIUIOIOTBOPECHHUEM M PA3BUTHEM ITOJTHOLICHHOTO CEMEHU. B CBS3M ¢ 3THM mc-
CIIeZIOBaHMsI, HATIPaBJICHHBIE Ha BBIBICHAE OCOOCHHOCTEH MY>KCKOT0 Mel03a IpH
BBIPAIIMBAHUH PACTEHHUH B CIIOXKHBIX IPHPOAHO-KIMMATHICCKUX yCIOBHAX LleH-
TPaTbHON SIKYTHU, SBJIAIOTCS aKTyaJIbHBIMH M TIPEACTABIISIOT OCOOBIH MHTEpEC.
Lenpro TaHHOTO MCCIEIOBAHUS MOCITYXIIO BRISBICHHE OCOOEHHOCTEH IpOTEKa-
HUS Meli03a B TBUILHAKAX OBCA TIOCEBHOTO Ha MPUMEPE BO3IENBIBAEMBIX B ATHX
YCIIOBUSIX YETHIPEX COPTOB OBCa MOceBHOro. Cienyer MoauepKHYTh, UTO paHee
WCCIEOBaHUS OCOOEHHOCTEN MPOTEKaHMUs Mei03a Y OBCa IMIOCEBHOTO B CIIOKHBIX
arpokImMaTHIeckux ycnosusx LlenTpansaoi SIKyTrn He MPOBOIUIIHICE.

MarepuaJibl 1 METOAMKA UCCJIET0OBAHUS

Marepuanom Ajs HCCIETOBAHNHN TTOCTY KM Y€THIPE COPTa OBCA MTOCEBHOTO:
[TokpoBckuii, Bunenckuii, [TokpoBckuii 9 u XuOWHBI 2, aganTUpOBaHHBIE K
MecTHbIM ycnoBusM Llentpansroit SAxytuu [2]. Uccnemyempie copTa BKITIOYESHBI
B locymapcTBeHHBIN peecTp CeNeKIMOHHBIX OCTIKEHWHA 1o Boctodno-
Cubupckomy peruoHy. Bee aHanm3upyeMbie copTa OTHOCATCS K TEKCAILTIONAaM
(2n=6x=42).

UccnenoBanus nposenensl B 2020 1. B [lokpoBckom moapazaenenun Skyt-
ckoro HUM cenbckoro Xo3siicTBa B YCIIOBUSAX XaHTanacckoro yimyca Pecmy0-
mukn Caxa (SIkyTHs), pacrojOXKEHHOTO B 30HE CPEIHEH Talrv. YUeTHas ILIo-
a7 TUTOMHUKOB KOHKYPCHOTO COPTOHCHBITAHUS 25 M B YETBIPEXKPATHOU
MTOBTOPHOCTH C PAaHAOMH3HPOBAaHHBEIM METOJIOM Pa3MEIICHHUS.
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Merteoponorndeckue ycimous 2020 1. B XaHrajnacckoM paiione PecrryOmuku
Caxa (SIkyTHsl) IO JaHHBIM METEOCTaHIUH T. [IOKpOBCKa, IO CyMMe aKTHBHBIX
temriepatyp Boimie 10 °C cocrasmno 1 706,3 °C mporus 1 565,3 °C cpenneit
MHOTOJIETHEH HOPMBI, OCaJKOB 32 JaHHBIA MEpHOJ BhIMAIO B 1,5 pasa MeHbIIe
HOpMBI (78,9 MM mpotuB 121,0 MMm). B menom rumporepmudeckuii ko3hduiu-
eHT coctaBmi 3a 2020 r. 0,46, uto Hrke HOpMBI outH B 2 pasza (I'TK cpenneit
MHorojetHel HopMbl 0,7), moatomy 2020 T. 10 METEOJaHHBIM XapaKTepU3yeTCs
KaK 3aCylUIMBBIA, a MECTAMHU CYXOH, TEIJIBIA B JHEBHOE BPEMS CYTOK W TIPO-
XJIQIHBIA B HOYHOE BPEMS CYTOK.

[TorogHo-kMMMaTHYeCKUEe yCIOBUSI B BererannoHHbIM mepuox 2020 . xa-
PaKTEepPHU30BAINCH HETOCTATOUYHBIM OOECTICUCHHEM IIOYBBHI MPOMYKTUBHON BIa-
roif B paHHMe (a3bl poCTa W Pa3BUTHS 3€PHOBBIX U 3epHO(YPAKHBIX KYIBTYP.
Becennnit mepuon 2020 r. xapaKkTepu30BaJICSd TETUIOH, OTHOCHTEIHHO CONHEU-
HOM MOro0¥ co cpeaHer temmeparypoi Bo3ayxa B mMae +8,0 °C, uro Ha 2,6 °C
OBLIO BBINIE CPETHEMHOTOJICTHEH HOPMBI W HEOONBIINM KOJMYECTBOM OCAJIKOB
(11,1 mm mipu HOpMe 20 MM). K MOMEHTY (uKcarui METEIOK OBca JJIs TpoBe-
JCHUST TUTOJIOTMYECKOro aHau3a (TIOCHeqHss eKada HIOHS) COXPaHsIach Tel-
nas moroza (co cpemHemMecsiaHol Temmepatypoit +20,1 °C, 9To BbIIIe HOPMBI Ha
3,8 °C u coxpaHEHHEM JeQUIMTA 0CaJIKOB — 36 MM INPH CPEIHEMHOTOJIETHEM
rmokasarene B 43 MM).

Jliis aHanmi3a Meio3a UCTIONB30Ball KOJIOCKH Avena sativa L., coOpaHHBIC B
(aze BeIxonma B TpyoOky. @ukcarnuto npoomwmin 25-27 utons 2020 r. Komocku
cobupanu ¢ 10—12 pacreHuit kaxmoro oopasia B JBYKPATHOW IMOBTOPHOCTH H
MOMeIaNy B yIpomeHHbI ¢ukcarop Kaprya (3 gacti 96%-Horo staHona u
1 9acTh JenIHONW YKCYCHON KUCIIOTHI). [TpomomKHTENBHOCTh (DUKCAIIMU — OJTHHI
cytku. Ilocnme ¢ukcanmmu pacTHUTENBHBIA MaTepuan ABAXIBI MpoMbiBami 70%-
HBIM 3TaHOJIOM B TeueHue 2-3 4 u xpanuiu B 70%-Hom 3tanone npu 4 °C.

AHam3 MHKPOCIIOpOTeHe3a MPOBOAMIIN HA BPEMEHHBIX aBJICHBIX IIperapa-
Tax MEHOITUTOB IO OOIICTIPHHSITON METOIMKE C OKpanTiBaHueM 4%-HbIM aIero-
kapmuHoM [15] (ITaymesa, 1988). AHaTM3UpOBaIM MBUILHUKA 3—5 IIBETKOB C
pacreHns. s IpUTOTOBJICHHUS MPENapaToB HCIONB30BANHM O TPU IMBUIHHUKA,
B3SITBIE U3 Ka)KIOTO I[BETKA. 3a(MKCUPOBAHHBIC MBIILHUKA MTOMEIANN Ha TIPE.-
METHOE CTEKJIO, pa3pe3alii WX CKaJbIIeIeM IOMEpeK W IOCIE JTOr0 CBEPXY
HAHOCWJIM KaruTio arerokapmuHa. OXpallnBaHWE IMPOBOAWIM B TCUCHHE S5—
15 MHH W TIOCIIE 3TOTO C MOMOIIBIO MPENAPOBANBGHBIX WINT M3 MBUIGHUKOB BHI-
JIaBIUBAN MeHOmHUTH. OOOIOYKH NBUIPHUKOB yOANISUIA, MEHOIMTHI B Karmie
alleTOKapMUHa TTOKPHIBATH CBEPXy IMOKPOBHBIM CTEKJIOM M HCCIICAOBAIHN Ha
mukpockone Aksioskop 2 plus npu yBenmmyenunn 100%. Mukpodotorpaduu ne-
nanm ¢ moMomeio horoHacanku Axiocam ERc 5s (Zeiss). @epTUIIBHOCTD MBLUTb-
IBI OLICHUBAJIM IO COOTHOIIEHUIO OKPAIIEHHBIX W HEOKpAIIEHHBIX 4%-HBIM aIle-
TOKapMHUHOM ITBUTBIIEBBIX 3€PEH IO oOmenpuHaTod Meromauke [15]. CratucTu-
YecKyr 00paboTKy pe3yJabTaTOB MPOBOMIIM TIPH TIOMOIIH MporpamMm Statistica
7.0 («StatSoft. Inc.», CIIIA) u Microsoft Excel 2010. Bribopku cpaBHUBaIH
METOZIOM O0JHO(aKTOPHOTO AucIiepcHOro ananusa (ANOVA).
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Pe3yabTarhl u 00cy:Kk1eHue

OOmIast nuTONIOrMYEeCcKas KapTHHA Melo03a Ul BCEX YETHIPEX HCCIETYEMBIX
COPTOB OBCa B IONABIIAIONIEM OOJBITHHCTBE MHUKPOCIOPOIIUTOB COOTBETCTBO-
Bajla KOHCEPBATHBHOMY CIIEHAPHUIO ([JaHHBIC HE MPEICTaBICHBI), XapaKTCPHOMY
IUIST OTHOJONBHEIX pacTeHn# [16]. DTo Kacamochk HE TONBKO ITUKIIA SiApa U XPo-
MOCOM, HO TaKXe AWHAMHKH MHKPOTPYOOYKOBOT'O IUTOCKENETa W MeMOpaH.
OmHaKo B 9YaCTH MHUKPOCIIOPOLIUTOB y BCEX COPTOB OBCA OBLTH OTMEUECHBI HEKO-
TOpBIC OTKIIOHEHHUS OT OOIIEH KapTHHBI IPOTEKAHUS Mei03a.

Ha puc. 1 mpencraBneHa muronorndeckas KapTHHA OTKIOHEHHWH OT HOp-
MaJIbHOTO TIPOTEKaHHsI Meio3a (CTaus Mpodasbl EPBOro JEICHUS) Y UCCIIeTY-
€MBIX COPTOB OBCa, CBSI3aHHAS C IIATOMHUKCHCOM — ITEPEMEIICHIEM XPOMaTHHA B
COCTaBE SIEP MEKAY KIETKAMHU 110 IATOMUKTHIESCKAM KaHAJIaM.

Puc. 1. [lutromMukcuc B IEpBOM JIeIEHUH Melo3a y A. sativa:

a — cpenusis ipodasa 1 (maxureHa) B HOpMe; 6—0 — HUTOMUKCUC Ha CTaIUH CPEIHEH-
no3auei npodassl 1; e — Meradasa 1 B HOpMeE; sc—u — HUTOMUKCUC Ha cTaauu meradassr 1;
K — OTJICJIBHO JISXKAILIHE XPOMOCOMBI Ha cTaauu Metadassl 1. Maciutabnast nuneiika — 10 MM
[Fig. 1. Cytomixis in the first meiotic division in 4. sativa:
a—middle prophase 1 (pachytene) in the normal cells; b — e - cytomicxis at the stage of middle-late
prophase 1; f— metaphase 1 in the normal cells; g — i - cytomixis at the stage of metaphase 1,

j — separately lying chromosomes at the stage of metaphase 1. Scale bar — 10 pm]

[Ipodaza mepBoro neneHus MeHo3a SIBJISCTCS CaMOW JUTMTEIBHOW CTaiued
Merio3a. B HopMe Ha 3TOM CTaguM MPOMCXOAWT PEOPraHU3aIHsl XPOMOCOM C
(hopMHpOBaHHEM 3UTOTEHHOTO OyKeTa W MOCIEAYIONeH KOHICHCAITEeH XpoMa-
THHA B cpenHei (puc. 1, a—6) u mo3mHei npodase (puc. 1, 2, 0), 3aBepIraroniei-
cs1 oOpa3oBaHmeM OnBaneHTOB. Kak mpaBmiio, sIBICHHE IIUTOMHUKCHCA B MHAKPO-
CIOPOLNTAaX MCCIEIYEMbIX BUIOB OBCa HAOIIOOANIOCE yXKe B cpeHel mpodase 1
Ha cTaJuy MaxuTeHsl (puc. 1, 6, ). HauuHancs nmporecc ¢ BHITATHBAHUS Spa B
CTOPOHY ITUTOMHUKTHYECKOro kaHama (puc. 1, 6). 3aTeM dYacTp sipa BMeEcTe ¢
coIepKaIUMCs B HEM XpOMAaTHHOM IIPOHHMKANIA B IUTOMUKTHUECKUN KaHAI H,
COOTBETCTBEHHO, B COCEITHIOI KIIETKY, GOpMHpYS B Hell MUKpospo (puc. 1, ).
Murparuro sjaep MOKHO OBUTIO HaOII0IaTh U B MO3IHEH mpodasze 1, Hanmpumep,
Ha CTaIWy IUIUIOTEeHHI (puc. 1, 2). B pe3ynbraTe MUTOMUKCHCA KICTKHA OKa3bIBa-
JIUCh COCMMHEHBI MEXKy COOOH TOHKHM XpOMAaTHHOBBIM MOcTOM (puc. 1, 6, 2).
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VHTEHCUBHOCTD MIEPEMEILCHUS SIIeP MEXKIY COCEAHUMH KIETKaMHU, T.€. KOJInYe-
CTBO MUTPHUPYIOIIEr0 XpOMaTHHA, MOrJia ObITh O4Y€Hb pa3Hoi. Yaiie Bcero Ie-
peMenIeHre TPOMCXOIUIIO 110 OJJHOMY MUTOMUKTHYECKOMY KaHaiy (puc. 1, 6—2),
HO MHOTJIA spa MOTJIM TIepeMemaThcst o IByM (puc. 1, 0) u Ooiiee KaHalam
OITHOBPEMEHHO (pHC. 2, a—8).

B HOpMe mocIie Je3MHTErpalin siACpHON 000I0UKH HAOII0AaI0Ch TOCTPOe-
Hue Metada3HOl MIACTUHKH U OUIMOJSIPHOIO BEpEeTeHA ACIEHHUsI, COCTOSIIETO 13
HWHTEP30HAILHBIX U KHHETOXOPHBIX MUKPOTPYOOYKOBBIX ITYYKOB (CM. puc. 1, e).
WHTepecHO OTMETUTH, YTO B HE3HAUUTENBHON [0JIe KJIETOK [IUMTOMHKCUC OOHAa-
pyxuBaics Ha craauu meradassl 1, koraa saepHast 000I0YKa yKe OTCYTCTBYET
(cM. puc. 1, orc—u). B HEKOTOPBIX CiTydasx Ha CTaguu MeTadasbl 1 BHISBISIIMCH
KJIETKH, B [UTOIJIa3Me KOTOPBIX BHE 30HBI MeTa(ha3HOW [UIACTUHKHU JIeXKaIu Ou-
BaJICHTBI, XPOMOCOMBI WJIM WX (parMeHThI (cM. puc. 1, k). MOXKHO TpeaIoIo-
JKHTh, YTO 3TO HOCIEICTBUS IUTOMHUKCHCA, OJHAKO J0Ka3aTh 3TO JOBOIBHO
TPYIHO.

[MepemernieHre XpoMaTuHa MEXAY ABYMS COCETHUMH MHKPOCIOPOLUTAMH
[0 OJHOMY MJIA HECKOJIbKHM IIMTOMHKTHYECKAM KaHalIaM 4YeTKO KOPPEeIupoBa-
JI0 C KapTUHOW 00pa3oBaHus MHKposiep (puc. 2, a, 6).

L W

Puc. 2. Hapymenus B epBoM JAeIEHUH Meii03a B MUKPOCIIOPOLUTAX U KJIETKaxX TaneTyma
A. sativa: a, 6 — Murpanusi saep OAHOBPEMEHHO [0 HECKOJIbKUM IUTOMUKTHIECKHM KaHAllaM
Ha CTaJuu cpeHel-mo3anei npodassl 1, 00pa3oBaHue MUKPOSICD; 6 — MUKHO3 sIpa
U IUTOMHUKCHC HA CTa[JUU CPeAHei-mo3aHel npodassl 1; 2 — QUTOIIACT; 0 — UTOMHUKCHC
B KJIETKaX TaleTyMa; € — MMKHO3 U MACCOBBIM IIUTOMUKCUC B MUKPOCTIOPOLIMTAX M KJIETKaX
TaneTyma; Jic — OTCTaBaHUE XPOMOCOM B MeTadase 1; 3 — XpOMOCOMHBIN MOCT
B no3aHeii anadase 1. Macmrrabnast nuneiika — 10 MmxMm (a—0, orc, 3); 20 MM (e)

[Fig. 2. Disturbances in the first division of meiosis in microsporocytes and tapetum cells of 4. sativa.
a, b — simultaneous migration of nuclei along several cytomictic channels at the stage of middle-late
prophase 1, formation of micronuclei; ¢ — pycnosis of the nucleus and cytomixis at the stage
of middle-late prophase 1; d — cytoplast; e — cytomixis in tapetum cells; f— pycnosis and mass cytomixis
in microsporocytes and tapetum cells; g — lagging chromosomes in metaphase 1;

h — chromosomal bridge in late anaphase 1. Scale bar - 10 um (a-e, g, h); 20 um (e)]
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JIOBOJIBHO 9acTO ATOT MPOIECC TAKXKE COMPOBOXKAAICS YIUIOTHEHHEM BHYT-
PEHHEW CTPYKTYpHI siapa — MAKHO30M siiep (puc. 2, ). Eciau sSapo MoNMHOCTRIO
MepEeMEINaIoch B COCCAHIOI KIIETKY, TO MOKHO OBUIO HaO0aTh 00pa3oBaHUE
0e3bAICPHBIX MHUKPOCIIOPOIMTOB — ITUTOILUIACTOB (puc. 2, 2). B HekoTopbIxX
MBUIBHAKAX B ITUTOMHUKCHC MOTJIM OBITH BOBJCYCHBI sSApa KIETOK TameTyma
(puc. 2, 0), a caM TpolecC MOT MPHOOPETaTh MACCOBBIM XapaKTep, XOTS H
KpaitHe penko (puc. 2, e).

Cpenn He3HAYUTENBHBIX OTKIOHEHWH OT HOPMAIBHOTO TEUEHHUS Meno3a y
HCCIIETyEeMBIX COPTOB OBCa ITOCEBHOTO TIOMHMO IIHTOMHUKCHCa B Meio3e oOHa-
PY’KHBaJIMCh MEKPOCTIOPOIIUTEHI, B ITUTOIIIa3Me KOTOPBIX Ha CTaauu MeTadassl 1
MPUCYTCTBOBAJIM OTHENBHO JIEXKAIINE XPOMOCOMEI (OMBAJICHTHI WIIM YHHUBAJICH-
THI), HC BKJIIOYEHHBIC B COCTaB MeTa(asHOH TutacTUHKH (puc. 2, o). Takke
BCTPEYAIIUCh KJIETKH, B KOTOPBIX Ha CTaausaX aHadasbl-Tenodas3sl Meio3a Gop-
MHPOBAIHCH XPOMOCOMHBIE MOCTHI (pHC. 2, 3) U HAOIIOAAI0Ch OTCTaBaHUE XPO-
MOCOM TIPH PacXOKICHUH.

Bonee neranpHBIM aHAamM3 YACTOT BCTPEYACMOCTH BBIABICHHBIX THIIOB
HapymieHUH B MeH03e OBCa MOCEBHOTO B 3aBHCHMOCTH OT COPTOBOW TMPHHAI-
JEKHOCTH TIpecTaBieH Ha rucrorpamme (puc. 3). U3 pucyHka BHAHO, UTO W3
BCEX THWIIOB HApyIICHWH HamOollee YacTO Cpemd BCeX UYETHIPEX COPTOB OBLI
MIPEACTaBIICH MUKHO3 saep. Takue TUIB OTKIOHEHWH, KaK IIUTOMUKCHC, 00pa-
30BaHHE MOCTOB U TIOSIBIICHIE HEOPHECHTHPOBAHHBIX OMBAJICHTOB, BCTPEUANNCH C
Pa3MUIHON YaCTOTOW TAaKKE y BCEX INPOAHAIM3MPOBAHHBIX COPTOB, TOTJa Kak
HECHHXPOHHOE JIeJICHHE, OTCTaBaHne OMBAJICHTOB W AECTPYKTHBHBIA IUTOMHK-
CHC OBUIH BBISBJICHBI TOJNBKO B €AMHWYHBIX CIyYasX CpPeIH OTAEIBHBIX COPTOB
(cMm. puc. 3).

2,5

H [ToxkpoBcKmii
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Puc. 3. ['ucrorpaMmma TUIIOB HapyLIEHUI B MUKPOCIIOPOLUTAX y COPTOB A. sativa L.:
1 — XpOMOCOMHBIE MOCTBI; 2 — HEOPHUEHTUPOBAHHbIE OMBAJICHTHI; 3 — IUTOMHKCHC;
4 — MUKHO3 si/iep; 5 — OTCTaBaHue OMBAJICHTOB; 6 — ACHHXPOHHOE JICJICHHE;

7 — NEeCTPYKTUBHBIA IIUTOMUKCHC
[Fig. 3. Histogram of abnormalities in microsporocytes of 4. sativa L. varieties.
Designations: 1 — chromosomal bridges; 2 — undirected bivalents; 3 — cytomixis; 4 — pycnosis
of nuclei; 5 — lagging bivalents; 6 — asynchronous division; 7 — destructive cytomixis]
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Cremyer OTMETHTD, YTO HA CTaIUH TETpaj HUKAKUX MOCIEICTBUI BEHISIBIICH-
HBIX HapylmeHHHd OOHapy>KeHO HE OBLIO. JTO CBUACTENBCTBYET O TOM, UYTO
OoJIbIIas YacTh HAPYIIEHUH OO0 OblIa CKOMIICHCHPOBaHA BHYTPHKJIETOYHBIMH
MeXaHU3MaMH, JH00 NePEeKTHBIE MUKPOCIIOPOIUTH UCKITIOYAINCH U3 Tpoiecca
MHUKpPOCIIOpOTeHe3a M AITUMHPOBAINCE. bonee Toro, kak moka3ann pe3yiabTaThl
aHanm3a (QepTUIHHOCTH TBUIBIE, BRISBJICHHBIC HApyIICHUS Meio3a HE OKasbl-
BaJTM CYIIECTBEHHOT'O BIIUSHUS HA CHIDKEHHE 3TOro rmokasarens (Tadm. 1).

Kak mokazanm pe3ynbpTaThl aHajdM3a ypPOBHS OTKIOHEHHWH OT HOPMAJEHOTO
TEUEHHsI MUKPOCIIOPOTeHe3a, AN MUKPOCIOPOIINTOB ¢ HapyIIEHUSIMH Meio3a
Cpear BceX YeTHIpEX COpTOB ObLTa HEOONBINOW W BapbHUpOBaja B Mpereiax OT
2,99 1o 3,23% (cm. Tabm. 1). [To pe3ynpratam onHO(DAKTOPHOTO JUCIIEPCHOHHO-
ro ananmu3a (paznoxkenue mucrepcu ANOVA), npencraBieHHBIM B Tabm. 1,
pa3HHIIA MEXAY CPEIHUMH 110 O0IIeMy ypOBHIO HapyIIeHUI B Meiio3e y nccie-
IyeMBIX COpTOB OBca moceBHoro He BhisiBieHa (HCP, omenka mpu 5%-HOM
YPOBHE 3HAYMMOCTH). BaprabenbHOCTh M0 (PepTHILHOCTH MBUIBII IS UCCITe-
IyeMBIX COPTOB OBca coctaBmia ot 70,7% (Xubuns! 2) no 81,7% (BuneHckwit).
CymiecTBeHHas pa3HUIA MEXKIY CPEIHUMH II0 STOMY IPU3HAKY BEISBICHA TOJNb-
KO U1 copra BuureHCkmif, Torma Kak Il TpeX APYTHX COPTOB pa3iIddHsl IO
(hepTUIIBHOCTH TIBLIBIIBI OBUTH HE3HAYUMBI (CM. Tab. 1).

Tabnuma 1 [Tablel]
YpoBeHb HapyieHuii B Melio3e H (pepTHIBHOCTD NMbLIbIBI Y COPTOB 0BCA OCEBHOI0
(A. sativa L.), Bo3nesbiBaeMbIX B ycaoBusax LenrpanabHoii SIkyrun
[Level of disturbances in meiosis and pollen fertility in varieties of common oat (A. sativa L.)
cultivated in Central Yakutia]

Konuuectso Konuuectso
Copr HCCIIEA0BAHHBIX :ﬁpl\yﬁrf[n:- HCCIIEI0BAHHBIX q)igzlf,b'
pacTeHuil | KIeTok SIMU pacreHuii TIELILICBRIX %
3epeH
IokpoBckuii 11 1 049 3,23 20 1 896 73,2
Bunenckuit 9 860 2,99 20 2190 81,7
IMokpoBckwuii 9 12 839 3,10 20 2278 71,2
XubOuHb! 2 13 859 3,19 20 2167 70,7
HCPs 1,28 2,56

B Tabn. 2 mpezncraBieHB! pe3yNbTaThl OLEHKH BKIIAJA BBISIBICHHBIX THIIOB
OTKIIOHEHUH OT HOpMaJIbHOTo TeueHust Meiio3a (nons MKII ¢ HapymieHusMu) B
ofIee BappHpOBaHUE MPH3HAKA CPEIH MCCIEOYEMBIX COPTOB OBCa IOCEBHOTO.
[lo pesympraTam OmHO(AKTOPHOTO NUCIIEPCHOHHOIO aHamm3a (pasioKeHHe
mucriepcun ANOVA) Bknan nomn MKII ¢ HapyiieHussMu B o01iee BapbHUpOBa-
HUe TTpU3HaKa ObUT 3HAYMM Ha BBICOKOM ypoBHE (p < 0,01). Jons Bkiaga 3Toro
¢akTopa B obmiee BappHpOBaHHE cocTaBmiia 63%, Torga Kak BapbHPOBAHHE C
YUETOM JPYyTHX HEYYTEHHBIX (DaKTOPOB OBLIO omeHeHo Kak 37% (cM. Tadm. 2).

OnHOI M3 BaXKHEHIINX XapaKTEPUCTHK IPU CEJCKIIMOHHOW MPOpaboTKe MC-
XOIHOTO PacTUTEIHHOTO MaTepuana M OTOOpe MEPCIEeKTHBHBEIX (OpM, MaKCH-
MaJBHO aJalNTHPOBAHHBIX K MECTHBIM YCIIOBHSM BO3JCNBIBAHUS, SIBISCTCS
OIleHKa OCOOEHHOCTEH MPOTEKaHHWS Meio3a IpH (OPMHPOBAHUH MYMKCKOTO Ta-
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METO(HTA C YIETOM ITOYBCHHO-KIMMATHUECKUX YCIOBUI KOHKPETHOTO PETHOHA.
B ocHoBe (hopMHpOBaHUS KU3HECIIOCOOHBIX TaMET JICKHUT HOPMAIBHOE TPOTe-
KaHHe JBYX ITOCIENOBATEIbHBIX CTAANH MEHOTHIECKOTO IENICHHS, IUTOIOTHYe-
CKHE COOBITHSI KOTOPBIX KOHTPOIHUPYIOTCS OONBIINM KOJTHYECTBOM T€HOB, JICH-
CTBYIOIIUX OT MPEMEHOTHYECKOTO JI0 mocTMerHoTndeckoro mutosa [3]. Hecmort-
psl Ha KOHCEPBAaTHBHOCTh M OTHOCHTENBHYIO CTAOMIBHOCT MPOTEKAHUS Melo3a
y BBICIIHX pacTeHui [17], B 3THX TeHaX ¢ TEYEHHEM BPEMEHW HAKAILTUBAIOTCS
pasnuuHbie MyTaun [5]. [ToqoOHOro pona MyTaluu MOTYT TIPUBOUTH HE TOJb-
KO K Pa3IMYHBIM aHOMAJIHSIM U CHIDKEHHUIO (PepTHIIEHOCTH, HO U BBI3BIBATH MOJI-
HYIO MY>KCKYIO CTEpPHIIBHOCTS [3, 18].

Tabnuia 2 [Tablel]
Pe3ysabTaThl 01HO(PAKTOPHOr0 JMCIEPCHOHHOTO AHAJIN3A 110 THIIAM HAPYLIEHU
B Meiio3e y cCOpTOB 0BCa MOCeBHOrO (A. sativa L.), Bo31esIbIBaeMbIX

B ycjaoBusix LentpanbHoii SAkyruu
[Results of One Way ANOVA by types of meiotic disturbances in common oat varieties
(A. sativa L.) cultivated in Central Yakutia]

Hcrounuk uz- Cymma Crenenu Cpemine Jomnst Bnust-

KBaJ[paThl Fopacr. o
MEHYUBOCTH KBa/IpaToB cBOOO/IBI . Hus, %
(mucnepcuii)
OO1as 3,782 27 0,223 — 100
dakTop 2,383 6 0,397 5,9% 63,0
Cayaiitivie 1,399 21 0,067 - 37,0
(baxTopbl
*p<0,01.

BrustHre X071010BOTO CTpecca Ha pa3BUTHE MY)KCKOH pEeNpOXYKTHBHOU cde-
pBI TOAPOOHO paccMOTpeHo B 0030pax [19, 20]. ABTOpPBI MPUBOIAT JaHHBIC O
BIIMSIHUH XOJIOIOBOTO CTpPEecca Ha Pa3BHTHE TalleTyMa, IPOTEKaHWE MHKPOCIIO-
pPO- ¥ MHKpPOTaMeTOTeHe3a, Ha MPOIECcCh peKOMOWHAIMN W ITUTOKWHE3 B XOIE
MEHOTHYECKOro IeJICHUS MEHONTOB, a TakKe pacCMaTPUBAIOT MOJCKYISpPHBIC
MEXaHHU3MEBI, KOHTPOIUPYIOIINE Y PACTEHUI OTBETHBIC PEaKIH HA HU3KUE TEM-
nepatypsl. Bo3nefictBre pakTopoB BHEUTHEH Cpedbl, B TOM YHCIE HU3KHX TEM-
mepaTyp, Ha IPOIECcCH peKOMOHMHAITNH 1 ITUTOTEHE3a y paCTeHHH MOTYepPKIBa-
eTcs B 003ope [21]. Xemnu ¢ coaBT. [22] paccMaTpHBAIOT YSA3BHMOCTh (ha3 Imo-
JIOBOT'O Pa3MHOKEHHSI PACTEHHH K BO3JEHCTBHIO TEMIIEPATypPHBIX CTPECCOB,
MOJUEPKUBasT OJHOBPEMEHHO IIACTHYHOCTh M aJalTalliOHHBIE BO3MOXKHOCTH
PacTUTENBEHBIX OPraHU3MOB.

Pasnuunble TUNBI aHOMaNMK Kak B XOI€ MEPBOro, TaK MU BTOPOTO JeNEHUH
Meiio3a OBUIH BBISIBICHBI 110 PE3yJbTaTaM CPaBHUTEIBHOTO aHAIN3a MHKPOCIIO-
poreHesa cpemu 12 COpPTOB apreHTHHCKOW CENEKIMH y ABYX BHJIOB OBCa
(A. sativa u A. strigosa) [10]. ABTOpaMH YCTaHOBJICHO, 4TO JJii OOOWX BHIIOB
OorbIIas YacTh aHOMAJIMH BBIABILUIACH B TIEPBOM IEJICHUH Meifo3a M BKITIOYaa
o0pazoBaHrEe TEPMHUHAIBGHBIX XHMa3M M YHUBAJICHTOB, a TaKXKe IPEKIEBPEMEH-
HOE pacxoXJeHUEe OMBAJICHTOB K IMOJIFocaM B MeTadase I u oOpa3oBaHHEe MOCTOB
B aHadase 1. Hecmotpst Ha To, 9uTO yacTtoTa 00pa3oBaHUS aHOMAJBHBIX TETPA
JUTSL TISATH COPTOB A. sativa BappupoBana ot 1,55 no 6,60%, a 11 ceMu copToB
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A. strigosa — ot 0,83 mo 3,71%, gacTtoTa 00pa3oBaHUs CTEPHIBHBIX TBLIBIEBBIX
3epeH ObLIa JOCTATOYHO HU3KOH — OT ONHOTO IO MIECTH MpoleHToB. [lomyuen-
HBIE PE3YNBTATHl CBUICTEIFCTBOBAIN O HU3KOH KOPPEISIIUA MEXIy BEISIBIICH-
HBIMH aHOMAJIMSMHU Meio3a H (hepTHIIBHOCTBIO TBUIBIEI Y BceX U3 12 uccneno-
BaHHBIX COPTOB OBca [12]. AHAJIOTWYHBIE PE3YJIbTAThl OBUIH MOyYSHBI JIJIS He-
CKOJIEKHX COPTOB OBCa Opa3mIbCKOM [9] M apreHTHHCKOM ceekmui [ 8].

Habnromaemple HaMu TepeMenIeHNsT XPOMaTHHA MEXKIY MEHOIHUTaMH Y HC-
CIIEAYEMBIX YETHIPEX COPTOB OBCA SKYTCKOW CENEKIMH HE SBILFOTCS yYHUKAIb-
HBIMHU — 3TO SIBJICHHE OIMCAHO HCCIeA0BaTesIMA Oojiee cTa JIeT Ha3aj U BEBISB-
JIEHO K HacTosIeMy BpeMeHH y 6osiee yeMm 400 BHIOB BBICIIUX PAaCTEHUH, TIPH-
HaJuIexKamux K 84 cemeiicreaM [23]. [{luToMUKCHC OOHAPYKHUBAETCA B Mpeeiax
OIHOTO B2 Y ()OPM pa3HOTrO YpOBHS IIOMIHOCTH, IPUYEM JaCTOTa IUTOMHK-
cHca B MY)KCKOM Me#03¢ MOXKET IPOITOPIIHOHATFHO YBEIHYNBATHCS TIPH YBEIH-
YEHUHW YpOBHSA TuiongHocTH [24, 25]. HecMoTps Ha TO, YTO IIUTOMUKCHC JOCTa-
TOYHO IIUPOKO PAacCIpOCTpaHEH B MPUPOIE M IPHCYI] HE TOJIHKO PACTCHHSIMH,
HO WHOTJIa BCTPEUAETCS M B TKAHSX XKUBOTHBIX [26], OH BCe eIIe OcTaeTcs 3ara-
JOYHBIM KJICTOYHBIM IIPOIIECCOM, HAICICHHBIM Ha BO3MOXKHOE YBEIHUCHHUE Te-
HETHYECKOT'0 Pa3HOO0pa3us Oy IylIuX raMeT Y paCTCHHIA.

BrisBieHre aHoMannii Meio3a ¥ HIeHTH(GUKAAS MyTalii, nX 00yclIaBiH-
BaIOIINX, TPENCTABISIET OONBIION MHTEPEC W OrPOMHOE 3HAUCHUE C TOUYKH 3pe-
HUS MCIOJNB30BAHMS TAKMX MYTAlMi B CENEKIIMOHHO-TEHETHYECKUX MPOrpam-
Max II0 CO3ITAHWIO0 HCXOMHOTO CEJECKIMOHHOI'0 MaTepHhajia sl JajbHEeHIero
VIy4IIeHUsT XO3SHCTBEHHO IIEHHBIX MPU3HAKOB y TOM WM WHOH KYJIBTYpHI.
[IpexpacHBIM TIPUMEPOM MPAKTUIECCKOT'O MIPUMEHEHHSI TAKIMX MYTAIlHi SBISETCS
co3nanne MiMe-TeHOTHITOB Y prca, Y KOTOPBIX MyTeM CKPENIMBAHWA B OJXHOM
THOPHITHOM TeHOME OBbLTH OOBETMHEHBI TP MEHOTHYECKHE MYTAllWH, MPHUBO-
JUBIIHE K 3aMeHe Melo3a Ha MuTo3 [27]. OOpa3oBaHue KIOHAIBHBIX JUTUIONI-
HBIX TaMeT (aIIOMHKCHC) y TAKOH Ba)KHOW CEIbCKOXO3SHCTBEHHOH KYyJIbTYPBI,
KakK pHc, IO MHEHHIO aBTOPOB, BCEJSIET HAASKIBI Ha MCIIONB30BAHUE JAHHOTO
MOIXO0a W IS JPYTUX SKOHOMUYECKH Ba’KHBIX KyJIbTyp. TakuMm oOpa3om, BEI-
SIBICHUE M WCCIICNOBAHNE OCOOEHHOCTEH MEHOTHYECKOTO JENEHUS Y Ba)KHBIX
CEeNTBCKOX035HICTBEHHBIX KYJIBTYp, B TOM YHCIIE W OBCAa, UMEET HE TOIBKO OOJIb-
[I0e MPaKTUIECKOe 3HAUCHHE, HO M HAIlEJIEHO Ha CO3IaHUE TCOPETHICCKOHN Oa3bl
IUTSL CENIEKITUHN 1 CEMEHOBOJICTBA.

3akirouenne

[To pesympTaTam aHanmmM3a MHKPOCIIOPOTE€HE3a BBIABICHA ITHTOJOTHYECKAs
KapTUHa HapyIIeHWi Meiio3a y OBCa MOCEBHOTO B YCJIOBHUSX BO3ICTBHIBAHUS
HenTpanproit Sxkyrnn. Ha nmpumepe detsipex copToB oBca moceBHoro (ITokpoe-
cknid, Butenckuii, [TokpoBckuii 9 m XuOHWHBI 2), BO3JCIBIBAEMBIX B CYPOBBIX
arpoKIMMaTHYeCKuX ycloBusx lleHTpampHOW SKyTHH, TPOAEMOHCTPHUpPOBAHA
IUTOJIOTHYECKAs KapTHHA OTKJIOHEHWH OT HOPMHI (HapyIICHH) HOPMAaJIbHOTO
MPOTEKaHMUs Mel03a ¢ MPEACTaBICHNEM HX YaCTOTHBIX Xapakrepuctuk. LluTo-
JIOTHMYECKash KapTUHA OTKJIOHCHH, HAOIF0JaeMbIX B MEHOITUTaX B XOJlle Melo3a
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Y BCEX MPOaHATU3HMPOBAHHEIX COPTOB OBCA, BKIFOUATa IUTOMUKCHUC ¢ 00pa3oBa-
HUEM MHUKpPOSIEp, IUTOIUIACTOB M MUKHO3 sAep. Taxke HaONIOMamoch MosBIie-
HUEC HEOPHEHTHPOBAHHBIX OMBAJCHTOB B MeTaase, OTCTaBaHHE XPOMOCOM M
o0pazoBaHWE MOCTOB IIPH HX PACXOKICHUH K IIONOCAM B ITIEPBOM JICIICHHH
Meiio3a. Ciaeqyer OTMETHTh, YTO B HEKOTOPHIX CIIydasiX B MHKPOCIIOPOIUTAX H
KJIETKaX TaleTyMa MOKHO OBLIO HAaONIONATh MacCOBBIM NECTPYKTHBHBIA ITUTO-
MmuKkcuc. [lomydeHHbIe pe3ynbTaThl CBHACTENECTBYIOT O TOM, YTO HaOIIO1aeMbIe
OTKJIOHEHHSI HE BHOCAT CYIIECTBEHHOTO BKJIAJa B Iporecc (OPMUPOBAHHS Ce-
MSH y 3TOH BaXKHOW 3epHO(DYPaKHOU KYJIBTYPBI.
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Pacnpocrpanenue qupoduasipuii (Spirurida, Onchocercidae)
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AnHoraunmsi. MccnenoBany — paclpOCTpaHEHME M COOTHOLIGHHE — BHIOB
napasutuueckux Hemarox Dirofilaria repens w D. immitis — Bo3OyauTeneu
MOJIKOXKHOH U JIErOYHOH (hopM AUPOGUIAPHO3a )KUBOTHBIX U YEJIOBEKA B HOIMYIISALIMAX
MaJSIpUitHBIX KoMapoB Tomckoii obmactu. B mepuox 2018-2020 rr. Obuto caenaHo
64 BpIOOpKM KOMAapoB B 36 HaceleHHbIX MyHKTax U3 16 paiioHOB oOnactu.
3apakxeHHbIe MUKPOQWIAPUSAMH CaMKH MAaJLIPUHHBIX KOMapoB OOHAapyKEHbl B
44 Bri6opkax (68,8%) u3 21 nHacesnenHoro nyHkra (58,3%), B TOM uucle — caMOM
cesepaoM (r. CrpexeBoir, 60°44' c.u.). Jdupoduasipuos B Tomckoit obmactu
[EPEXOIMT B  pasps]l IIOBCEMECTHO BCTPEUAIOLIMXCS TelNbMUHTO30B.  Cpenssist
9KCTEHCHBHOCTh MHBA3MM 110 o0nacTy cocraBmna 2,1+0,2%. B nomymsuusax ManspuiHbIx
KOMapOB, HAacelSOIMX MpaBblii Oeper OOM, 3apakeHHOCTH B 3,7 pa3a mHpeBbILIATA
TaKOBYIO B IOMYJSILHMIX JIEBOOEPEKbs. DKCTEHCHBHOCTb M YHCIO OOOPOTOB MHBA3UM
CHIDKAJINCh C IOra Ha CEeBEep, OJHAKO JIOKAJIbHbIC KIMMATHYECKHE YCIOBHS MOITIH
HapyllaTh 3Ty 3aKOHOMEPHOCTb. B KkauecTBe MEpeHOCYMKOB 3a(MKCHUPOBaHBI JBA BHIA
MaJSIPUAHBIX KOMapoB (An. daciae u An. beklemishevi) w3 4eTbipex OTMEYCHHBIX B
Tomckoit obnmacru. FOxuee 57° c.ur. waiinensl napel Anopheles daciae-D. repens, n
TOJIBKO OJIMH CITy4ail MHKCTOBOro 3apaxkeHust (D. repens + D. immitis) An. daciae B
c. 3pipsiHckoe. CeBepHee 57° c.il. mapawienu BCTpedalnch An. daciae, An. messeae n
An. beklemishevi, nHBa3upoBaHHbIe NpeumyiectBeHHO D. repens. B KonmareBckoit
arJioMepaly OIHMCAHBI CITydau 3apakeHust An. messeae Mukpopusipusimu D. immitis, a
TaKKe MUKCTOBBIX MHBa3uil BUIOB An. daciae u An. beklemishevi. Bee ciydan 3apaxeHust
koMmapoB D. immitis otMeueHbl Ha mpaBom Oepery OOW. 3apa)X€HHOCTh MASPHHAHBIX
KoMapoB An. messeae w An. daciae Obula [OCTOBEPHO BbIlIE, YeM HauoOoIee
pactipoctpaneHHoro An. beklemishevi. Hanbonee ceBepHast TOUKa MOUMKH HHPEKTUBHON
camku (An. beklemishevi-D. repens) pacnonoxena Ha 59-it napawienu B 1. Bonbias
I'puBa Ha p. Bactoran. ¥V 6,5% 3apakeHHbIX KOMAapoB OOHApy)XeHa CYICPUHBA3US —
MOBTOPHOE 3apaxkeHue UpoduisipusiMu. MasipuiiHble KOMapbl UTPalOT BEYILYIO POJIb B
HOJICPYKAHUH M PACIIPOCTPAHEHNH 04aroB AMpoduisaprosa B TOMCKO# 00nacTy.

KioueBble ciaoBa: nupoduisipuos, MasipuiiHeie koMapsl, Dirofilaria repens,
Dirofilaria immitis, Tomckast 001actb

HUcrounuk dpuHAHCHMPOBAHMs: pa0boTa BBINIOJHEHA NPH MOIIEPKKe rpanra PHD
Neo 20-74-10040 u nporpamMmbl pa3BUTHI TOMCKOTO rOCyIapCTBEHHOI'O YHUBEPCUTETA
(ITpuoputer-2030).
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Summary. Dirofilariasis is a dangerous transmissible disease of carnivores and
humans caused by two species of parasitic nematodes — Dirofilaria repens Railliet et
Henry and D. immitis Leidy. The intermediate hosts of Dirofilariae are blood-sucking
mosquitoes. Both species are typical of the mild climate of southern Europe, but in re-
cent decades the parasites have spread to the north and northeast due to the global
climate change. They have been registered in Western Siberia since 1989, and diro-
filariasis cases in both animals and humans cause concern. To assess prospects for the
spread of dirofilariasis and develop strategies to combat this disease, one has to de-
termine the main mosquito vectors. Malaria mosquitos are the significant dirofilaria
vectors in Europe, but there is a shortage of information on potential dirofilariasis
vectors in Siberia. This paper is meant to estimate how extensive the invasion of dif-
ferent species of the malaria mosquitos D. repens and D. immitis is in the territory of
Tomsk Region due to the global climate change.

64 samples of mosquitos from 36 localities of Tomsk Region were taken during
the summer seasons of 2018 to 2020. Mosquitos were caught in stables, dissected to
determine invasion via light microscopy. The species of malaria mosquitos and dirofi-
lariae were identified through an ITS2 PCR-RFLP analysis (Artemov et al., 2021) and
COl site-specific PCR (Rishniw et al., 1998), respectively.

In total, the authors analyzed 7,591 female malaria mosquitos and 233 female
non-malaria mosquitos, where 159 and 1 of them were infected with dirofilariae, re-
spectively. They registered invasion in 44 samples from 21 localities, including the
northernmost one — Strezhevoy town (60°44'N, see Figure 1). Dirofilariasis is a com-
mon helminthiasis in Tomsk Region. The average invasion extensiveness is 2.1+0.2%
in the region. In the natural populations of malaria mosquitos on the right bank of the
River Ob, the invasion extensiveness is 3.7 times higher vs. the left bank of the Ob,
despite the high transport accessibility of this bank (see Figure 2). Invasion extensive-
ness decreases from the south to the north, but the local conditions might disrupt this
trend (see Table 3). Three species of malaria mosquitos — Anopheles daciae, An. mes-
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seae and An. beklemishevi (but not An. claviger) — are dirofilariasis vectors in Tomsk
Region (see Table 1). South of 57° N, only D. repens and one mixed invasion case
were found in An. daciae being the dominant species in this area. However, all the
three species mainly invaded with D. repens were detected as vectors north of 57° N.
One case of An. messeae invasion with the nematode D. immitis and mixed invasions
of An. daciae and An. beklemishevi were found in Kolpashevo agglomeration. All the
invasions with D. immitis (including mixed ones) were observed on the right bank of
the Ob (see Table 2). The extensiveness of An. messeae and An. daciae invasion were
significantly higher vs. An. beklemishevi, despite its domination north of 57° N. The
northernmost location where an infective female of An. beklemishevi invaded with
D. repens was found is Bolshaya Griva village at 59° N. Approximately 6.5% of the
infected mosquitos had superinvasion — re-invasion with dirofilariae (see Figure 3).
Thus, malaria mosquitos play a significant role in the circulation and, probably, the
spread of dirofilariasis in Tomsk Region.

Conclusion: 1. Dirofilariae are widespread within Tomsk Region. The northern-
most border of the Dirofilaria repens spread is 60° 44" and that of D. immitis — 58° 32’
N. The northernmost border of the D. repens transmission is 59° N. 2. The contribu-
tion made by malaria mosquitos to the spread of dirofilariasis in Tomsk Region is as
high as that of other blood-sucking mosquitos. 3. Anopheles daciae, An. messeae and
An. beklemishevi are the vectors of Dirofilaria repens and D. immitis. Anopheles
beklemishevi get infected less often than the two remaining species. 4. The invasion
extensiveness of malaria mosquitos is higher on the right bank of the River Ob. 5.
Mixed invasions and superinvasions of malaria mosquitos with dirofilariae are fre-
quent phenomena for Tomsk Region.

The article contains 4 Figures, 3 Tables, 55 References.

Keywords: dirofilariasis, malaria mosquitoes, Dirofilaria repens, Dirofilaria im-
mitis, Tomsk oblast
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BBenenue

CoBpeMeHHBIH dTam pa3BUTHS OHOC(Epbl XapaKTepH3yeTcs NOTEILICHHEM
KJIIMaTa, BIUSIOMUAM Ha (POPMUPOBAHUE HKOCHCTEM, W IPOBOLIHPYET H3MEHE-
HHE TPaHUI[ apeasioB XUBBIX opraHu3moB [1, 2]. He sBrstoTCsS UCKITIOYEHUEM U
MapasuTHYECKHUEe BHUIBI, YaCTh U3 KOTOPBIX OTHOCHTCS K BO3OyOHTEIsIM 3a00e-
BaHW YEJIOBEKA W KUBOTHBIX M UX MepeHOCYnKaMm [3—6].

[Mapasutnueckue Hematonwl Dirofilaria repens (Railliet et Henry 1891) u
D. immitis (Leidy, 1956) cemeiictBa Onchocercidae (Nematoda, Spirurida) —
WHBa3HWBHBIC BUJBI IS 3anamHoid Cubupr. OHM OTHOCSTCS K TpyIe Bo30y -
Teleil «BHOBh BO3HHKAIOMINX» W «3a0BITHIX» 3aboneBanmid. Jupodpmmsipun —
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TeTepPOKCEHHBIE OMOTeIbMHUHTHI, B MMAarvHAIBHOH (a3e Mmapa3uTHPYIOIMIHe Yy
cobak, KoOIIeK, Ipyrux mpeacraBureneid orpsaa Carnivora u venoseka. D. im-
mitis BBI3BIBACT JICTOYHBINA (CepAeuHbIi), a D. repens — MOAKOXHBIN (TIIa3HOM)
IUPOGIILIPHO3 YeoBeKa U CO0aK, UTO CTaJO B MOCICIHUE NECATHIICTHS CepPh-
€3HOW MEIMIIMHCKOW W BeTepuHapHOU mpobiemoii B Poccuu [7]. Tlo MexmayHa-
pOIHBIM oreHKaM, Poccus — onHa W3 HaMMeHee OaronoNydHBIX CTpaH B OTHO-
meHnn qupoduisaprosa denoseka [8, 9]. B Banagnoit Cubupu 3To 3ab0ieBaHne
peructpupyercst ¢ 1989 r. B Anraiickom kpae, cmyctst 10 net — B Kyprane, Ho-
BocuOupcke u OMcke, a eme depe3 10—-15 ner — B Xantei-Mancuiicke, [Ipro-
obe, KpacHosipcke, Tomcke n Konmarese [10-16].

Paccenenune mupodwisapuii CBS3aHO C TPOMEXKYTOYHBIM XO3sWHOM. Ilpu
YKyce 3apa)KEHHOT'O KHBOTHOTO KOMapOM MHKPOQIIIIPUN MPOHUKAIOT B MHUIIIE-
BapUTENBHBIN TPakT U MAJBIUTHEBB COCYIBI NMEPEHOCUYHKA, MBAKIBI JIMHSIOT,
MUTPHPYIOT B X00OTOK M depe3 yKyC 3apa)karoT CIeAyIoIIee )KHBOTHOE WIIH Ue-
noBeKa. BO3MOXXHOCTh MHBA3WHM IKCIEPUMEHTAIBHO TOATBepkaeHa st 70 ¢
mummHAM  TipenactaButeneid  ceM.  Culicidae — pp.  Anopheles, Aedes,
Coquillettidae, Culex, Culiseta, Uranotaenia. B pUpOIHBIX YCIOBHSIX pa3HO-
o0pasne KoMapoB, CIIOCOOHBIX BBIACP)KATh PAa3BHTHE MMapa3uTa 10 WHBA3HBHOM
CTaJIMW, 3HAYUTEIBHO MEHbIIe. DP(PEKTUBHOCTh Tepeaadd AUPOPUIIIPHO3a
OIIpENeTsIeTCs] pa3MepOM XO3SIHMHA, TTPOAOIDKATENFHOCTBIO €T0 JKU3HU, HANIH-
€M BHYTPEHHHX MEXAaHWYCCKUX, OMOXUMHYCCKHX W (PU3NOJOTHIECKUX MeXa-
HU3MOB DITUMHHAIINY TTapa3nuTa, H30UPaTEIFHOCTHIO TIPH BEIOOPE MMPOKOPMHTEIIS
u (W) BpeMEHHU HamaIeHUs — MPH3HAKaM, KOTOPHIC NENAT MEePeHOCYNKOB Ha
OCHOBHBIX M BTOpocTeneHHBIX [17]. TloaroMy HEoOXOMUMO BBHISBICHHE W Jie-
TaJBHOE U3YUCHIE BEKTOPHBIX BHIIOB Ha UCCICIYEMOH TEPPUTOPHH.

AnmanTanus K MECTHBIM YCIOBHSIM y THPOGWIApHNA (POPMHUPYETCS HA JTHUIH-
HOYHOW CTaJIuH, TaK KaK MHKPODHIISAPUN TIOJBEPKECHBI BO3ICHCTBUIO BHEITHEH
Cpembl U ee M3MECHEHISIM B CBSI3H C SKTOTEPMHOCTBIO MTPOMEKYTOTHOT'O XO3SIH-
Ha. Onpepenstonmii (HakTop afanTanuy — TEMIepaTypa: apean pacupocTpaHe-
HUS TUPOUILSIPHIA CBS3BIBAIOT ¢ M30TepMOit mroiist +14 °C [4]. nst BeI3peBaHUS
MHUKpPOGUISAPUAM HEOOX0TUMO Habpath cyMMy 3 (HEKTHBHBIX TEMIIEpaTyp B
130 rpamyco-cytok [18]. TemmnepaTypa U rocraabHOE BIHSHHE OTMEUEHBI Kak
MOIU(UITUPYIOIINE TEMIIBI Pa3BUTHS M BUPYJICHTHOCTH napas3uta [19]. CpaBHu-
TEJIFHO HEBBICOKAs MPOMODKUTEIBHOCTD XHU3HH B3POCIBIX TUPOPIIIPUN — OT
IBYX Jio cemu JieT [17, 20] — obecrieunBaeT BUAY OBICTPYIO CMEHY ITOKOJICHUH 1
BBICOKYIO IIACTUYHOCTH B N3MEHUHUBOH cpezie.

Mansipuitabie komapsl Anopheles moarpymmer Maculipennis W3BECTHBI Kak
3¢ eKTUBHBIC MEPEHOCYNKH Tupoduisapuid B ymepeHHOM mosice CeBepHOro
nonmymapus [17, 21]. MHorue BUABI 3TOW MOATPYIIIEI CHHAHTPOITHBI — B CEITb-
CKOW MECTHOCTH M B YaCTHOM CEKTOpPE TOPOJOB HCIONB3YIOT MOCTPOUKH UeIo-
BEKa B KaYECTBE JTHEBOK JIETOM, a TAK)KE — YKPBITHI 3UMON. DTO JIeJaeT uX OJI-
HOW W3 Hamboiee MpPOOIEMHBIX TPYII MepeHOcYnKoB. [loarpymma BKIOUaeT
11 BupmoB [22, 23] u cpenn HUX IO KpallHEW Mepe MIecTb — An. atroparvus, An.
maculipennis, An. sacharovi, An. messeae n An. daciae [24-27], a Takxke An.
beklemishevi [28] cnocoOHBI TIepeHOCHTh aupoduisapuii. B ToMmckol obmactu
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OOUTAIOT YEThIpPe BUAA MaJSPUHHBIX KOMapoB, TPU U3 KOTOPLIX — An. beklemi-
shevi, An. messeae u An. daciae — npencTaBUTENN NOATrpyHIsl Maculipennis u
omuH, An. claviger, — rpynmsl claviger [28, 29]. HenaBHee mosiBJIcHHE HAICK-
HBIX MOJEKYyJspHO-TeHeTHnuecknx MapkepoB [30, 31] mo3Bomuimo ogHO3HAYHO
OIIPENETIATh BHIOBYIO MPUHAIUICKHOCTh KPHUIITHYECKOTO BuIa An. daciae, 4to
OTKPBLIO BO3MOKHOCTB H3YUEHHS HE TOIBKO MyTeH ero skcnancuu u3 EBporrsr B
Cubupb, HO ¥ TPAHCMUCCHBHOTO MTOTEHITHAA.

Lenpio maHHOTO MCCIEIOBAaHUS OBUIO M3YUEHHE PACIPENCTICHUS MapazuTH-
geckux Hemaron D. repens u D. immitis B IPUPOIHBIX MOMYJIAIUSIX MaIIpUii-
HBIX KoMapoB Tomckoil oOmacTw, a Tarke OICHKAa PUCKA PacHpOCTPaHCHHS
IpodMIIIpHo3a B CBETE TIOTETUICHUS KITMaTa.

MarepuaJjibl 1 METOAUKH UCCIETOBAHUS

beutn caenansl 64 BBIOOPKH KPOBOCOCYIIMX KOMapoB B 36 HacEICHHBIX
myHKTax ToMmckol obOiact B TeueHue ce3oHoB 2018-2020 rr.: r. Tomck
(11.08.20), c. Komaposo (21.07.18, 30.08.18, 11.09.18, 30.05.19, 11.06.19,
21.06.19, 11.07.19, 31.07.19, 09.08.19, 19.08.19, 03.09.19, 10.06.20, 29.06.20,
14.07.20, 11.08.20, 29.08.20), c. Sp (02.07.19, 16.08.19), c. Kypnexk (14.08.19),
c. Terympmer (15.06.19, 07.07.19, 21.05.20), c. Yepnsrii Sp (21.05.20), c. 361-
psaackoe (21.05.20), c. bemsrit Sp (23.06.19, 28.05.20), c. CremaHoBKa
(28.05.20), c. KmroxBuuka (28.05.20), c. byrper (04.06.20), c. Kupsason
(04.06.20), c. M. HecrepoBo (04.06.20, 17.07.20), c. HoBocemnoso (23.06.19,
02.07.20), c. Bonkoso (22.07.19), c. Toryp (22.07.19, 02.07.20), c. Ilaceka
(04.06.20), c. Yaxkemrto (04.06.20), c¢. Wukmuo (17.07.20), c. b. CapoBka
(02.07.20), c. bakuap (17.08.19, 18.06.20), c. Uannck (23.07.18), c. Iloaropaoe
(18.06.20), c¢. Momuanoro (18.06.20), c. Kpupomrenno (11.06.20), c. Barypuno
(25.06.20), c. TTeppomatickoe (25.06.20), c. b. I'pusa (16.07.20), c. HoBororuHo
(16.07.20), c. Kapracox (16.07.20), r. CrpexeBoit (23.07.20, 24.07.20),
¢. Anekcanaposckoe (24.07.20), c¢. Koxxesaukoro (27.08.20), c. HoBomokpoBka
(27.08.20), c. CadponoBka (27.08.20), c. Tpydauero (27.08.20). 62 BbIOOpKH
ObUTH cOOpaHbI B MECTaX THEBOK MAIIPUHHBIX KOMapoB — B CTaifkax Ui CKOTa
YacTHBIX X0351icTB. KoMapoB coOmpanu ¢ moToiKa M CTEH C IIOMOITHI0 XUMIUe-
CKOH CTEKJITHHOW TTPOOWPKH W TIOMEINain B cajok. J[Be BrIOOpkH u3 T. ToMcka
u 1. CTpeXKEeBOro cleiiaid BOJU3M YaCTHOW 3aCTPOMKH SHTOMOJIOTHYECKUM Cay-
KOM B BeuepHee BpeMs. KoMmapoB mepeBO3miN B JKMBOM BHIE B JTaOOpaTOpHIO
IUTSL aHAJIM3a ¥, €CTIH TPpeOOoBaJIoCh, XpaHWIA HOYb TIpH Temrepatype +4 °C.

KomapoB auccekTupoBaiy Ha MPEIMETHOM CTEKIIe B Karuie ocdaTHoro Oy-
(epa, BBIOCTSIN KUIMIEYHUK W MAJBIUTHEBBI COCYbI, HAKPHIBAIN MOKPOBHBIM
CTEKJIOM M MCCIIeIOBAIIN TI0J] MUKpOCKoroM Primo Star plus (Carl Zeiss, 'epma-
HUS), UCTIONB3Ysl 00BEKTUBBI 5%, 10X u 40X uIs BBISBICHUS MUKPOQHUIISPHUH,
OIIpENeTICHNs] MHTEHCUBHOCTH WHBA3UH U (DHU3UOIOTHIECKOTO COCTOSHHS TMapa-
3uta. Ciydan 3apakeHHs TOKyMEHTHPOBAIN C TIOMOIIBI0 OTO- U BUIEOCHEMKH
ucnonb3ys Mukpockornm Axiolmager Al, nmudpoByro kamepy MRc5 um mpo-
rpammHoe obOecrieueHne AxioVision 4.8.1 (Carl Zeiss, I'epmanust). OcTaHku
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3apa)XKCHHBIX CAMOK M CMBIBHI C IIPEIMETHBIX CTEKOJ, COAEpIKallue HEMAaTo,
¢ukcupoBany oTaeNsHO B 96% dTaHONE.

s ompeneneHnst BUAOB HEMATOI M KOMapoB (PUKCHPOBAHHBIM MaTepHal BBI-
cymmBa U roMmoreHmsupopan B STE-Oydepe [32]. s mocranosku TP wc-
TIOJTF30BAJIM  YHUBEPCAJIBHBIC TIpaiiMephl, creru(uaHble K paiioHy BHYTPEHHETO
TpaHCKpUOHpyeMoro crielicepa pudocoMatbHBIX TeHOB (ITS2) D. repens, D. immitis
U IPYTHX TApasuTHIECKUX HEMATO, a TAKKe IMpaiMepsl, KOMIUIEMEHTApHBIE K Te-
Hy COI mutoxonapuansaort JJHK D. repens w D. immitis [33]. BunoByto npunan-
JIOKHOCTh 3apaXKCHHBIX CaMOK An. daciae, An. messeae n An. beklemishevi ycra-
HaBmmBanmu ¢ niomormbio [THP-TI/IP® ananmza ITS2 xomapa. ®parment ITS2 am-
AGUIUPOBAIH, UCTIONB3Ys TpaiiMepbl K 5,8S u 28S p/IHK [30], pecTpukimio
TIPOBOIMIIN SHIOHYKIIEa30M pecTpukimn Rsa I [31] cormacHo nmpemioKeHHbIM TTpo-
TOKOMaM. BUIOBYIO MMarHOCTHKY HEMASIPUIHBIX KOMApOB HE TIPOBOIFIIH.

OKCTEHCHBHOCTH MHBA3HH KOMapOB B BBHIOOPKE PACCUUTHIBAETCS KAK OTHOIIC-
HHE 9HCia 3apa’keHHBIX 0co0el K 00IIeMy YHCITy POaHAN3UPOBAHHEIX, B IPO-
neHTax. [Ipu aHam3e MHOTOJICTHEH JMHAMUKA TeMIlepaTypbl B TOMCKOH 00acTi
WCIONB30BATN apXuBHI caiiTa «[loroma u kimmat (http://www.pogodaiklimat.ru/)
3a 19762020 rr. Yncno obopotor muBazuu (ON) paccuuThiBaeTcs Kak OTHOIIIE-
HUEe cyMMBbI 3 dekTuBHBIX Temmepatyp 3a ce3oH (COT) k 130 emvHUIIAM pa3BU-
s qupodmsipuii (EPIT) [34]. CraTtrcTHueckasl 3HAYAMOCTh Pa3IAUMNA ONpeie-
JSUTACh C TTOMOIIBIO KPUTEPHS XU-KBAAPaT B CIyYasx, KOTJa IPOMCXOIIIIO CPaB-
HEHHE 0XHUJAaEeMBIX U HaOIIOaeMBIX 4acTOT ocobeil, u t-kputepust CThIOAEHTa —
IUTSL CpaBHEHHSI HE3aBHCHMBIX BEIOOPOK.

Pe3yJIBTaTBl HCCJIeJ0BAHUA

B teuenne tpex cezonos 2018-2020 rr. obciienoBansl Bee 16 paiionoB Towm-
CKOil obmacth ® crnenmaHo 64 BBIOOPKM KPOBOCOCYIIMX KOMapoB B
36 HaceleHHBIX MyHKTaX (puc. 1).

Bcero 6p1a BekpbiTa 7 591 camka, 159 U3 KOTOPBIX OKa3aHCh HHBA3HPOBa-
HBl (2,1£0,2%). 3apakeHHBIe caMKH oOHapyxkeHBI B 44 BBIOOpKax m3 64
(68,8+5,8%) B 21 HaceneHHoM myHKTe U3 36 (58,3+£8,2%) u B 12 paitonax Tom-
cKkoii obmacty u3 16. DxcreHcnBHOCTH nHBa3uu (D) BapsupoBana ot 0 mo 8,3%
(c. Toryp, Kommamesckoro paiiona, 22.07.19). OgHako eciu UCKJIIOYUTH U3
moJicyeTa JUanay3upyoInX CaMoK, KOTOphIE B Mepeadye WHBA3HH HE YIACTBY-
0T, To DU mocturama 12,4% (c. KomapoBo, Tomckoro paiiona, 31.08.18).
Cpennsiss DU Opina Beimre s Terympaerckoro paiiona (3,8+1,3%, cm. puc. 1).
B Momuanosckowm, Illerapckom, IlepBomaiickom n bakuapckom paiioHax nHBa-
3uid He ObUTO OOHapyx)eHo. CaMKH HeMalIIPUWHBIX KPOBOCOCYIIMX KOMapoB B
HEeOOJBIIIOM KOMYECTBE MOMAIAIIICh MOMTYyTHO B CTaKax W HU B OJHOM CIIydae
He ObLH 3apaxkeHbl qupoduisapusmMu. B . Tomcke u 1. CTpexxeBOM BBIOOPKH
HEMAaJISIPUIHBIX KOMapoB OBUIM B3STHI BHE CTAa€K C IICTBIO CPaBHEHUS YPOBHS
3apaykCHHOCTH MaJISIPUHHBIX M HEMAIAPHUHBIX KOMapoB. BeiOopka Hemanspuii-
HbIX KoMmapoB u3 T. CtpexxeBoro 23.07.20 (n=98) oka3zayiach CBOOOJHOH OT
mupodunsapuid, Torna kak BbIOOpka w3 T. Tomcka (yn. Mocropas) 11.08.20
(n = 92) obHapyxwuita HeOobIoe 3apaxenue 1,1+£1,1%.
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Puc. 1. I'eorpaduueckoe pacnpocrpanenne qupoGusipuii (a) ¥ IKCTEHCUBHOCTh HHBA3HU
KpoBococyimx koMapoB B Tomckoii obnactu (b) (o ocu aberpce — «PaitoHbI»,
10 OCH OpAMHAT — «DKCTEHCUBHOCTh HHBA3MH, %»). Paiionsl ToMmckoii obnactu:
Teg — Terynbaerckuii, Asn — AcunoBckuit, Tom — Tomckuit, Kol — Konnamesckuii,
Zyr — 3pipsinckuii, Ver — Bepxuekerckuit, Chn — Yaunckuit, Kar — Kapracokckwuit,
Krv — Kpusorennckuii, Kzh — KoxeBuukoBckuii, Par — [Tapabenbckuii,
Alk — AnekcanapoBckuii. HaceneHHble MyHKThI, B KOTOPBIX ObLTH OOHAPY)KEHBI 3apaKECHHbIC

KOMapbl, 0003HAYECHBI TOUKAMH KPACHOT'O [BETa, HHAYE — TOYKAMK YEPHOTO 1IBETA.

EI — 3kcTeHCHBHOCTH MHBA3MH (107151 3apaXkeHHBIX 0cO0eH B BRIOOPKE); £m — OLIMOKa JTOJH;
max, min — MaKCUMasbHasi 1 MUHUMaJIbHasi 3KCTEHCUBHOCTH MHBA3HHU, COOTBETCTBEHHO.
N — gncno npoaHanu3upoBaHHbIX koMapoB. B Bakuapckom (Bak), ITepBomaiickom (Per),

MonganoBckoMm (Mol) u Illerapckom (Shg) paitonax WHBa3uu He OOHAPYKEHO

[Fig. 1. Geographic distribution of dirofilariae (a) and invasion extensiveness of blood-sucking mosqui-

toes in Tomsk oblast (b) (on the X-axis: "Regions", on the Y-axis — "Extensiveness of invasion, %").
Tomsk oblast regions: Teg — Teguldetskiy, Asn — Asinovskiy, Tom — Tomskiy, Kol — Kolpashevskiy,
Zyr — Zyryanskiy, Ver — Verhneketskiy, Chn — Chainskiy, Kar — Kargasokskiy, Krv — Krivosheinskiy,
Kzh — Kozhevnikovskiy, Par — Parabelskiy, Alk — Aleksandrovskiy. Localities, where infected mosqui-
toes were collected, indicated by the red dots, otherwise — by the black dots. EI — extensiveness of inva-
sion (proportion of infected individuals in a sample); £m — proportion error; max, min — relatively maxi-
mal and minimal extensiveness of invasion in the samples from the locality. N — total number of mosqui-
toes were analysed. There are no invasions of mosquitoes have been detected in Bakchar (Bak),
Pervomayskiy (Per), Molchanovskiy (Mol) and Shegarskiy (Shg) regions]
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[Momynsnnu, cobpanHble Ha TpaBoM Oepery OOW, MMeTH 3apakeHHE B
3,7 pa3a BbIIlIe, 4YeM Ha JIeBOM Oepery (puc. 2).
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Puc. 2. DKCTEHCUBHOCTh HHBA3UH MAJSIPUIHBIX KOMapoB AupodusipusMu Ha mpaBoMm (R)
u neBoM (L) 6eperax O6u B Tomckoit obnactu (o ocu aderucc: «I eorpaduueckue Koopau-
HAaThl (LIIMPOTa)»; 10 OCH OPJIUHAT: «DKCTEHCUBHOCTh HHBA3UH, %0»)

[Fig. 1. Extensiveness of invasion of malaria mosquitoes by dirofilariae on the right (R)
and the left (L) Ob River banks in Tomsk oblast. (On the X-axis: "Geographical coordinates (latitude)",
on the Y-axis: "Extensiveness of invasion, %")]

IOxnee 59-i nmapamtenn o oboum Geperam O6u DU umena TSHASHIWIO K
YBEIMYECHHIO C FOTa Ha CeBEP, XOTA U B pa3nuyHoi cteneHn. CeBepruee 59-it na-
pajutenn ObLTO M3YYE€HO TONBKO JBE MOMYIISINH, PACHONIOKCHHBIE Ha Pa3sHBIX
Oeperax O6u — c. AnekcanapoBckoe U T. CTpeKeBOW, U XOTs BHIOOPKH ObLIH
JOCTaTOYHBI 1711 oOHapykeHuss DU Hike 1%, 3aKOHOMEPHOCTh TIOATBEPANIIACH
U B OTOM CIlydae — 3apa)KCHHBIE KOMaphl 00HApYKEHBI TOIBKO B T. CTpexeBoM,
Ha ipaBoM Oepery O0H.

B momymsimusix toxxHee 57° c.I., TA€ JOMUHUPOBAIN MATSIPUAHBIE KOMapbl
An. daciae, cpequ 3apaXCHHBIX KOMapoB BBISBISUIUCH TOJNBKO MPEACTABUTEIN
3TOrO BUAA B C. 3bIpsiHCKOE, ¢. Komapoo (2,9+0,3%), c¢. Kypnek (1,5+1,5%) u
c. Sp (2,941,4%). BekpeiThie caMKu MaJSIpHHHBIX KOMapoB CeBepHee 57° c.Im.
OTHECEHBI K TpeM BuJaM noarpymisl Maculipennis — An. beklemishevi, An. mes-
seae n An. daciae (Tabm. 1).

Kak mpaBwniio, BUIBI ©MENH BBICOKYIO YHCICHHOCTD M OBUIH MPEACTABIICHEI B
MECTOOOUTAHMSIX ¢ pa3HOH 4yacToToi. COOTHOIIICHWE BHJIOB M3MEHSIIOCH B Te-
YeHWE CEe30Ha, B OCHOBHOM C IpeoONIaflaHWeM WM 3HAYUTEIBHOW moiei
An. beklemishevi B mepBod TonoBUHE ce30Ha. MHorma 3Ta 3aKOHOMEPHOCTH
Hapylajgach, Kak, Hampumep, B ¢. M. HecrepoBo, rae B uioHe mpeobiaman
An. messeae, a B urone — An. beklemishevi, 4To OBIIO CBA3aHO C HU3KUMHU TEM-
niepatypamu utoHs. J[Ba Buaa (An. daciae B c. Komapoo u n. CadpoHOBKa 1
An. beklemishevi B 1. b. 'puBa) oTMEUeHbI HAMH B Ka4eCTBE MEPEHOCYNKOB, TaK
KaK WX MPEJCTaBUTEIH OBUIM 3apa)keHbl MUKpoduspusmu (L3), nokanu3oBaH-
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HBIMHU B X000TKe. IHQEKTUBHBIX An. messeae HE TMOMAIOCH, OTHAKO MUKPO(H-
JSApUX KOHIIAa BTOporo Bospacta (L2) BcTpeTminch B caMkax c. HomorormHo,
. Kapracok, c. M. HectepoBo u ¢. b. CapoBka. An. claviger BcTpevancs penko -
o oxHOM ocodu B T. ToMcke u 1. CapoHOBKE, HU B OJHOM CITydae 3apaKeHHE
HE OTMEYECHO.

TaOmnuma 1 [Tablel]
IJKCTEHCHBHOCTh HHBA3UHU TPeX BHI0B MAJIAPHITHBIX KOMAaPOB AMPOo(UIApuAMuU
B MecTOo00MTaHUAX ceBepHee 57° c. . Tomckoii 0d1acTn
[Extensiveness of invasion of malaria mosquitoes by dirofilariae
in the localities northerner 57° N lattitude in Tomsk region]

Bunp! MansipuitHeIX KOMapoB

HaceneHHslii myHKT, KOOp- I % ITokasa- [Malaria mosquitoes species]
IMHATHI, 1ata [Localities N [E] ’(,/]0 TEb An. An. messe-
names, coordinates, date] %1\ [Indicator] | beklemi- | An. daciae ’ ae

shevi
r. CtpexeBoit MK[MM]| 59,0+3,5 14,5£2,5 | 26,5+3,1
[Strezhevoy t.] (R)
60°44' N, 77°35'E, 200 1,0+0,7 DU [EI] 0,8+0,8 0 1,9+1,9
23.07.2020
. Kapracox MK[MM]| 49,1+2,6 | 18,5+2,0 | 32,4+24
[Kargasok v.] (R)
59°0328" N, 80°52'16" E, 383 11.620.6 DU [EI] 1,1+0,8 1,4+1,4 2,4+1,4
16.07.2020
¢. Manoe Hecreposo MK[MM]| 12,3£1,7 14,4+1,8 73,4+2,3
[Maloye Nesterovo v.] (L)
58°39'45" N, 81°34'46" E, 383 10,504 DU [EI] 0 1,8+1,8 0,4+0,4
04.06.2020
¢. Manoe Hecreposo MK[MM]| 58,0+£2,8 16,0+2,1 26,04+2,5
[Maloye Nesterovo v.] (L), | 319 |1,6+0,7
17.07.2020 DU [EI] 1,1+0,8 2,0+1,9 2,4+1,7
c. bensrit fp, c. KitokBuH- MK[MM]| 92,5+1,9 5,5+1,6 2,0£1,0
Ka [Beliy Yar v.,
Klukvinka v.] (R) 199 |2,5+1,1
58°32'41" N, 85°52'12" E, SUET] 2,712 0 0
28.05.2020
r. Kommamiero MK[MM]| 58,3+2,0 | 14,1+2,0 | 27,6£1,8

[Kolpashevo t.] (R)
58°21'40" N, 82°50'18" E,
22.07.2019, 02.07.20

c. barypuno MK[MM]| 49,7+4,2 2,1+1,2 48,3+4,1
[Baturino v.] (R)
57°45'16" N, 85°10'12" E, 145 12,814
25.06.2020
c. [Tonropuoe MK[MM]| 74,0£3,3 23,7+3,2 2,3+1,1
[Podgornoye v.] (L)

609 138808 syiiEn | 17207 | 47223 | 77221

SUIEL | 14414 |33,3+272 | 2,942.0

57°47"N, 82°39'E, 17712,3£11 OU [EI] 0 7,1£4,0 | 25,0£21,7
18.06.2020
c. Kpupomrenno MKMM]| 17,8+2,6 6,1+1,6 76,1£2,9
[Krivosheino v.] (L) "
57°21"N, 83°56'E, 213 (1408 OU [EI] 0 0 1,85+1,06

11.06.2020
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OkoHyaHnue TabOm 1 [Tablel (end)]

Bunp! MansipuitHeIX KOMapoB

HaceneHHslii MyHKT, KOOp- L % ITokasa- [Malaria mosquitoes species]
MHATHI, 1ata [Localities N [E] ’(,/]0 TEb An. An. messe-
names, coordinates, date] "1\ [Indicator] | beklemi- | An. daciae : ae

shevi
c. Terynmpaer MK[MM]| 9,6+2,5 19,1+34 | 71,3+3,9
[Teguldet v.] (R)
57°18'N, 88°10' E, 136 15,9:2,0 DU [EI] 0 3,9+3.8 7,2+£2.,6

15.06.19, 21.05.2020
c. 3pIpsiHCKOE™® MK[MM]| 18,6459 | 72,1+6,8 9,3+4 .4
[Zyryanskoye v.*] (R)

56°50" N, 86°37'E, 43 12,3823 DU [EI] 0 3,243,2 0
21.05.2020
Ipagstit 6eper p. O0b 1331132405 MK[MM]| 56,4+1,4 14,0£1,0 | 29,6+1,3
[Right Ob River bank] 7| DU [EI] 1,7+0,5 3,8+1,4 5,8+1,2

JleBetii Geper p. O0b 14751.4+03 MK[MM]| 39,9+1,3 15,7¢1,0 | 44,3+1,3
[Left Ob River bank] 7| DUTED 0,7+0,3 2,6x1,0 1,5+0,5
MK[MM]| 47,8+0,9 14,9+0,7 37,3+0,9
OU [EI] 1,3+0,3 3,1+0,8 3,240,5
Tpumeuanue. N — 00beM BbIOOpKH, DU — 3KCTEHCHBHOCTH MHBA3UK (07151 3apaXKEHHBIX OCO-
Geit B BbIOOpKe), MK — uacToTa BUIOB MalsipHUiHBIX KOMapoB (f+m,%), «R» u «L» — yka3a-
HHUE Ha PAcHONOKEHHE HACEIICHHOrO MYHKTa Ha IMpaBOM WM JieBoM Oepery OOu cooTBeT-
crBeHHO. * HecMOTpst Ha TO 4TO C. 3BIPSIHCKOE PACIIONOKEHO FokKHee 57° ¢. 1L, ITOT Hace-
JICHHBIN TMyHKT OBbLI BKIJIOYEH B TaOJIUIly BBUIY €r0 MOrPAHHYHOTO IMOJOKCHUSI U OTHOCH-
TEJIBHO BBICOKOT'O BUI0OBOTO PAa3HOOOPA3Hsl MEPEHOCUMKOB.
[Note. N — sample values, EI — the extensiveness of invasion (the proportion of invaded individuals in the
sample), MM — 4acToTBI BUIOB MasIpHHHBIX KOMapoB (f+m,%), "R" and "L" — indicators of the location
on the right or left Ob river banks relatively. * Despite of Zyryanskoye v. formally southerner 57° N it
was shown, because it borderline position and relatively high vector species diversity].

Bcero [Total] 2813]2,24+0,3

CKIIOHHOCTh K TIEPEHOCY MUKPODHUIISAPUN MasIpUHHBIMH KOMapaMH pasiiu-
yaJiach B MOMYJIALUSAX I0XKHEe W ceBepHee 57° c.ain. B 1okHOHM wactu obnacty,
ryie noMuHHpoBanu An. daciae — B BeIOOpKax u3 ¢. Komaposo, 1. CadpoHoBKa,
c. Sp u c. Kypnek, onu cocrasnsiu noutu 100%. Cesepree 57° c.u1., rae gons
An. daciae ve ipeBsimana 23% (c. [loaroproe), a OCHOBHYIO YacTh ITOMYJISITHI
cocTaBuH An. messeae u An. beklemishevi, 3apakeHHbBIMH OKa3aJIMCh, B OCHOB-
HOM, An. messeae (3,2+0,5%, cM. tadn. 1). lons An. beklemishevi B «ceBep-
HBIX» BBIOOPKax COCTaBJIsIa B cpeqHeM 45,4%, uto Ooinbiie, yeM An. messeae
(35,9%), Tem He MeHee, DU An. beklemishevi (1,3+£0,2%) oka3anack B 2,46 pa3a
HIDKe, 4eM y An. messeae (x> = 77,05; df = 1; p < 0,001). DU pasHbIX BUIOB KO-
MapoB 3HAYMMO pa3jInyanach B 3aBUCHMOCTH OT Oepera p. O6u. Ha npaBom Oe-
pery 3apakeHHBIMH Yallle OKa3bIBaJHCh An. messeade TO CPaBHEHHIO C
An. beklemishevi (p < 0,01), a Ha nmeBoM — An. daciae o cpaBHEHUIO C An.
beklemishevi (x2 = 4,34; df = 1; p < 0,05). Kak ormeuanocek Bbimie, DM mans-
PHITHBIX KOMapoB B IEJIOM M3MEHSUIACH TI0 MIHPOTE, OJHAKO TCHICHIINU 3apa-
KCHHOCTH B 3aBHCHMOCTH OT MHJIEKCA JTOMUHUPOBAHUS MO KAKIOMY BHIY pa3-
muvanuck. C rora Ha ceBep J0s WHBAa3HPOBAaHHBIX An. daciae n An. messeae
nanana, a An. beklemishevi — Bo3pacrana.

Omnpenencuue BUAOB Aupoduiaspuiit B 159 obpaszmax mokaszano, uro 152 us
HUX — D. repens, B etbipex (2,5+1,2%) oOHapyxeHs! D. immitis (Tabm. 2).
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Tabnuia 2 [Table2]
Buabl tupoduiasipuii 1 MX NPOMEKYTOYHBIX X0351eB — MAJISIPHIHBIX KOMapoB
B MeCTOOOMTAHUSAX ceBepHee U K0:kHee S57° ¢. 1. B Tomckoii odnactu

[Dirofilaria species and its intermediate hosts northerner and southerner
of 57° N latitude in Tomsk region]

BHisI MaTApHii- Bubl qupoduisipuii [Dirofilaria species]
HBIX KOMapoB . .. D. repens + D. Hroro
[Malaria mosquitoes D. repens D. immitis immitis* [Totall
species] N| FfAm% | N[ frim% [N| fm% N | f£m, %
IOsxnee 57° .. [southerner 57° N]
An. daciae [91] 59,9440 [0 ] 0 [ 1] 07+07 [92]60,5+4,0
Cesepnee 57° c.i. [northerner 57° N]

An. beklemishevi | 14 9,2+23 0 0 1 0,7+0,7 15]9,9+2.4
An. daciae 11 7,242,1 0 0 1 0,7+0,7 12| 7,922
An. messeae 32 21,133 1 0,7+0,7 0 0 33 (21,743,3
Uroro [Total] 148| 97,4+1,3 1 0,7+0,7 3 2,0+1,1 152 100
Ipassrit 6eper
p- O6u 20 100 0 0 0 0 20 100
[Right Ob River bank]
JleBerii Geper
p- O6u 39| 90,7+4,4 1 2,3+2,3 3 7,0+£3,9 43 100
[Left Ob River bank]

Tpumeuanue. N — 4uCiI0 3apakeHHBIX KOMApOB, f — JI0JIs5 KOMapoB OIMpPEACICHHOr0 BHIA B
obuieM myne 3apaxeHHbiX D. repens, D. immitis, 1u60 00OMMH BHIAMH OJHOBPEMEHHO
(MHKCTOBast MHBA3Ws, *), m — OMIMOKA IOJIH.

[Note. N — sample value, f'— a proportion of mosquitoes of certain species in total number of invaded by
D. repens, D. immitis or by both species simultaneously (mixture invasion, *), m — proportion error].

B Tpex oOpasnax w3 dersipex D. immitis oOHapykeHa B COCTaB€ MHKCT-
WHBAa3UH — OJHOBPEMEHHOM 3apa)KCHUH KoMapa JBYMS BHIAMH IUPOPIIIIPUIL.
OmnpeneneHre OCTaBIIUXCA ceMH 00pasnoB (4,4+1,6%) He manmo pe3yibraTa.
D. immitis B coOcTaBe MUKCTOBBIX WHBA3WH OOHAPYXEHBI B C. 3bIpSHCKOE (OIHA
ocobp) u c. HoBocemoBo (nBe ocoOw). ENMWHCTBEHHBIH KOMap, 3apaXKCHHBIH
D. immitis, 6p1n1 moiiman B b. CapoBke. Takum o0pa3zom, HauOoyiee BBICOKas
KOHIeHTpamust D. immitis BbisBIeHa B KONMAmeBCKONH MeTanomyisinn
(13,6+7,3%) ceBepuee 57-if mapatenu (cM. Tabmn. 2). Bee ocobu, 3apaxeHHBIE
D. immitis, peTHCTPAPOBAIICH TOJILKO Ha MpaBoM Oepery O0u. IHTEHCHBHOCTH
naBazun (M) BappupoBaia oT OJHOM J0 cTa U Ooliee Ha caMKy. B mepBoi mo-
JIOBHHE CE30HA BBISABISUIMNCH TpeUMyliecTBeHHO JHuuHKH L1 (62,5+8,6%;
p <0,05), Bo Bropoii — Bo3pocia nons L2 B memom (64,1+£6,6%), konma L2
(17,0£5,2%; p < 0,01) u L3 (5,7£3,2%). Hauansaas MU L1, xak npaBwiio, Oblina
BBICOKOW, HO C BO3PacCTOM CHWXaach, A0 KoHma L2 — nagana L3 moxxuBano He
6omee 30—40 ocobeit, 10 HHBa3UBHOM cTagny — 12—16 ocobei.

VY cemu camok ManspuiiHOro Komapa (4,4+1,6%) oTMedeHa CynepruHBa3HS —
MTOBTOPHOE 3apa)KCHUE B BUJIC JIMUMHOK HA Pa3HBIX CTAIWSIX PA3BHUTHS B OIHOU
ocobu komapa (puc. 3).

CymnepuHBasust oOHapykeHa y Tpex BHIOOB — An. beklemishevi (0,2%),
An. messeae (0,4%) u An. daciae (0,6%). Bo Bcex ciydasx MOBTOPHOE 3apake-
HUE, CYJS 110 pa3MepaM MUKPOPHIIAPHUiA, MPoucXo o yepe3 1-3 roHoTpoduue-
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CKHX IHMKJIA. MHUKCTOBasi HHBA3Usl TOJBKO OJHAXbI ObLIa CBS3aHA C HOBTOPHBIM
3apakeHreM (B ¢. HoBocenoBo), Toraa kak B OCTAIBLHBIX 00pa3iax sBisiiach pe-
3yJABTATOM MEPEad CMEIIaHHOTO 3aPaKeHHS OT IeQUHUTHBHOTO XO3SHHA.

Puc. 3. CynepunBasust mukpoduisipusimu Dirofilaria repens caMKu MAISIPUIHOTO KOMapa
Anopheles daciae, nolimannoii B ¢. Konaposo 28 aBrycra 2020 r. Gt — 3aHss1 KUILKa,
MT — manbnurueBsl cocypl, L1 — MenannzupoBansbie MUKpodmsipuu L1;

L1-L2 — mukpo¢unsipun koHna L1 — nagana L.2; L3 — mukpodumspun L3
nepen Murpanmeit B xoborok. Maciurabuas nuneiika 200 MkM
[Fig. 3. Superinvasion by Dirofilaria repens microfilaries of the Malpighian tubules of malaria mosquito
Anopheles daciae female, collected in Kolarovo v. on August 28, 2020. Gt — gut, MT — Malpighian
tubules, L1 —melanized microfilariae on the L1 stage; L1-L2 —microfilariae on the end of L1 stage;
L3 — microfilariae on the L3 stage before migration to proboscis. Scale bar 200 pm]

WuBa3us Be3bIBazIa MOpGOIOrHYECKHEe N3MEHEHUST MAIBITUTHEBEIX COCY/IOB.
CTeHKH 3apa)XCHHBIX COCYIIOB y An. messeae u An. daciae CTaHOBHWJIHCH IPO-
3pavHBIMH 10 MEpe POCTa MHUKPOPMIApHiA, B 3—4 pa3a yBEIMYUBAINCH B JIHa-
MeTpe, HEPaBHOMEPHO | T10 Beelt umHe cocyna. MuBasus An. beklemishevi co-
MPOBOXKIANIACh M3MEHEHHEM MOP(OIOTUH JOKAIBHBIX MM IUCTABHBIX paio-
HOB COCYJIOB U ObllIa HE CTONb BBIPAXXCHHOH, KaK Y An. messeae W An. daciae.
Kpome Toro, pasMepbl MaTOIOTHH 3aBUCETH OT YMCIA BCEMUBIINXCS MHUKPOQH-
TISIPHA.

AHanu3 NaHHBIX JUHAMHUKH TeMmIepaTtyp B 14 MecTOOOMTaHUSX KOMapoB B
cezone 2020 r. mpomeMoHcTpupoBall yMeHblleHue uncina OU Ha 26% c rora
(c. KoxxeBaukoBo — 4,31) Ha ceBep (1. CtpexeBoit — 3,19, puc. 4).

Habmomaemast Ha puc. 4 3aBucuMocTh yrciia OM oT mupoTel cobIroaanach
HE IS BCEX MECTOOOMTaHWI: TaK, B OTHCIBHBIX «CEBEPHBIX» HACEICHHBIX
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MyHKTaX OKAa3aJIOCh Ja’ke TeIriee, YeM B HEKOTOPBIX «IOKHBIX». I10CKONBKY
pasauma mexay c. KoxeBHukoBo u 1. CTpexeBbIM cOCTaBISET 4,5 MIMPOTHBIX
rpamgyca, mpu OpoaBMKeHnH ¢ fora Ha ceBep COT B cpemHeM CHWKalach Ha
24,7 EPJ1 (wum 0,19 OW) Ha ovH IMMPOTHEIH rpajyc.

4.5
4,31 _

4.3 4.8
4.1 4
3,9 3,2
3,7 2.4
3,5 1.6
33 0,8
3,1 ¢ ‘ ' ' ' ' ' ' ' L0

Kzh Tom Bat BYr Pod Teg Kol Par Kar Str

Puc. 4. I3amenenue uncina 000pOTOB HHBA3UH U IKCTEHCHBHOCTH MHBA3MH C FOTa HAa CEBEP
Tomckoit obnactu (o ocu abercc: «Beibopkuy, 1o neBoit ocu opauHat: «Hucio 060poToB
MHBA3MM», TI0 MIPABOI OCH OpJIUHAT: «DKCTEHCUBHOCTh UHBA3KH, %»). CHIDKEHHE YnciIa
000pOTOB MHBa3UK 0003HAUCHO MTYHKTUPHOH Cepoii JIMHKEH U MapKepaMu KPyriioi Gpopmal,
JIMHAMMKA U3MEHEHUS SKCTEHCUBHOCTH MHBA3UM — CIUIOIIHON YePHOH TuHHEH
U YeThIpexyroibHbpMu Mapkepamu. Kzh — c. KoxxeBHukoBo, c. CadhpoHoBKa 1
c. HoBonokpogka; Tom — c. Konaposo, c. Sp, c. Kypnek; Bat — c. bBarypuno; BYr — c. benbrit
Sp, Pod — c. ITonropuoe; Teg — c. Terynbaer; Kol —r. Konnarueso; Par — c¢. M. Hecrepogo;
Kar — c. Kapracok, c. Hosotoruno, a. b. I'pusa; Str —r. CtpexeBoit
[Fig. 4. Change in the number of invasion circle and extensiveness of invasion from south to north of
Tomsk oblast (on the X-axis: "Samples", on the left Y-axis: "Number of invasion circles", on the right
Y-axis: "Extensiveness of invasion, %"). The decreasing of numbers of invasion circles detected by the
dotted gray line with circle markers, the variation of extensiveness of invasion — by the solid black line
with square markers. Kzh — Kozhevnikovo v., Safronovka v. and Novopokrovka v.; Tom — Kolarovo v.,
Yar v., Kurlek v.; Bat — Baturino v.; BYr — Beliy Yar v., Pod — Podgornoye v.; Teg — Teguldet v.; Kol —
Kolpashevo v.; Par — M. Nesterovo v.; Kar — Kargasok v., Novoyugino v., B. Griva; Str — Strezhevoy t.]

[Ipu n3yuenun B3ammocBsizu yuciia OM co 3HadeHneM DU ObUTIO yCIIOBHO
BBIICJICHO TP TPYIIBI MecTooOuTanui: 1) mpaseiii 6eper O6u — Ha p. Towmpb,
p- Yyneim, p. Kerb, B koropeix OW Haxoaunace B auamnaszone 2,7-3,9%
(r. Tomck, c. Komaposo, c. Sp, Kypnek, c¢. Terynmpaer, c. batypuno, c. benbrii
Ap, r. KonmarreBo); 2) sewrid 6eper O6u ceBepHee 57°47' c.am. — Ha p. Yas,
p. [Tapabens u p. Bacroran, B xotopeix DU cocrasisna meree 2% (c. [loxrop-
Hoe, ¢. Kapracok, c¢. M. Hecreporo, . Ctpexeroii, c. Kpusomenno); 3) Geper
OO6u roxHee 57°47' c.mi., rae nHBa3us He Obuta oOHapyxeHa (bakuapckuid, 1le-
rapckuii, [leppomatickuii 1 MOIT9aHOBCKHI paifOHBI).

Uccnenosana quaamuka COT 3a mocnemnaue 45 net ¢ 1976 mo 2020 r. (ue-
ThIpe 1uKTa [1IBabe) B Tpex HacelneHHBIX MyHKTaX — I'. Tomcke, T. Konmnamrese u
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r. CTpe:KeBOM, PACIIONIOKEHHBIX APYT OT ApPyra Ha PacCTOSHUH MPUMEPHO IBYX
ITUPOTHBIX TPatycoB (Tadi. 3).

Tabnuia 3 [Table3]
Cymmbl 3¢ dpextuHbIxX Temnepatyp (CIT) u odoporos uaBazuu (ON)
IJISl TPeX HaceJleHHbIX MYHKTOB B ToMckoii 00/1acTH 3a 45 JjieT Ha0/II01eHUHii
[The Sum of effective temperatures (SET) and the number of invasion circles (CI)
for three localities in Tomsk oblast for 45 years]

[pupare-
o MunnmMane- | MakcuMmane- | AMIUIUTY-
Hace?;iﬂlgfal;wm Hele COT Hele COT na mme CIT CC;);LE}(I)?I)
[Localilt)y name (O1) (OW) COT (Ou) [lilr?crcfrizgt [The average
(latitude)] [Minimal SET | [Maximal SET | [Amplitude £SET SET (CI)]
(Cn] (Cn] of SET (CD)]| ° per
season]
r. Tomck [Tomsk c.]
(56°29' N) 224 (1,72) 543 (4,18) |319(2,46) 1,6 360,2 (2,77)
r. Konnameso
[K((;lgg;}i?\ﬁ)t.] 173 (1,33) 514 (3,95) |341(2,62) 0,7 319,5 (2,46)
r. CTpexeBoii
[S(té?)zolxzol}\})t.] 114 (0,88) 502 (3,86) |388(2,98) 1,5 289,6 (2,23)
H3menenue nokasa-
TeJIsl Ha OJIMH LLIUPOT-
HBIH Tpayc 25,9(0,2) 9,6 (0,07) |16,2(0,12) - 16,6 (0,13)
[Parameter change for
one latitude degree]

MunnmaneHbeie, MaKCUMallbHbIe U cpemHue 3HaueHus: COT yMmeHbImammce ¢
fora Ha ceBep, a aMmumTyAa konebanuit COT — ¢ ceBepa Ha ror. CpenHee npupa-
meane COT 3a onvH CE30H B TEUEHHE COPOKAMSTIIIETHETO MTEPHOJa M3MEHSIIOCH
ot 0,7 °C B 1. Konmamreso a0 1,6 °C B 1. Tomcke (cM. Tabi. 3). Takum oOpa3om,
JITHAMHKA TIOTEIJICHUS B KpalHel FOKHOW M CEBEPHOW TOUKE HAOMIOICHUS ObLia
MOYTH OIMHAKOBOM, a B T. KonmaieBo, pacmonoXeHHOM MEXTy HIMH, OKa3a1ach
MEHBIIIe TIOUTH B 1Ba pa3a. Hambomee Teruisie ce30HBI BRITANN Ha ITOCTICIHEE JIe-
catunietre (2012 u 2016 rr.), a B T. Tomcke ce3oH 2020 T. 0Ka3ajcsi YeTBEPTHIM
cpear MakCHMaTbHBIX TTokazateneidd COT 3a BClo HCTOPHIO HAOTIOICHHH.

O6cyxnenue

[unpoxoe pacupocTpaHEeHHE HHBA3HH B TOMYILIIUAX MAIIPHHHBIX KOMapoB
Tomcko# 0071. TTO3BOIISIET 3aKIIOUYHATE, YTO TUPOMUISIPHO3 B TOM PETHOHE IT0-
KAJAeT KaTerOpuI0 PEIKHUX TeIbMIUHTO30B. COTTacCHO KPUTEPHUSIM, OIMCAHHBIM B
muTepatype [6], OTnensHBIe HacelIeHHbIE ITYHKTH MOTYT OBITH OTHECEHBI K 30HE
yMmepeHHoro pucka, rae OU cocrasiser 5—10%. Ilepenaua napasura noarsep-
JKJIeHA HaxOJKaMH MHUKPOPWIApHA B X00OTKE KOMapoB BIUIOTH J0O 59° c.m.
B ycioBusix Hapactaromiero noreruieHuss B TomckoMm [IproObe nupoduiispros
MOXET TIEPEUTH B pa3psi TOCTOSHHO PETUCTPHPYEMBIX TEIEMHHTO30B YEITOBEKa
y)Ke B ONMKalIie HECKOJBKO JIET, KaK 3TO ceddac MpoucxXoauT B OMCKOM
[Mpuuptemse [15].
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B Tomckoii o6macti HacuuThIBaeTcs 581 HacelIeHHBIH MyHKT, IECTh U3 KO-
TOPBIX — ropojJia 00JACTHOTO WIIM PalOHHOTO MOMYMHEHUsA. B Xoxe paboTsl 00-
cnenoBaHo 6,2% HaceNeHHBIX MYHKTOB, TJe MpokuBaet okono 80% HaceneHus
obnactr, B Oonpmiel monmoBuHE u3 HUX (58,3%) OOHAapy:KEHBI TEPEHOCAIIHE
TUPOGIILIPUI MaSIpHHBIE KOMaphl. EcIy yIuTHIBaTh HAIIK MCCIICIOBAHIS Ha
HeManspuiHbIX kKomapax 2017-2020 rr. [29], To BEIBOA O BO3pacTaHWUU PHCKA
3apayKCHUS YeJIOBEKa IUPOPUISIPHO30M MOXKHO CUHTATh BIONHE OOOCHOBAaH-
HBIM. Ilpy 5TOM ManspHifHbIE KOMAaphl OKa3bIBAIOTCS Yalle 3apaKeHHBIMH
2,1+0,17%, gyem nemanspuitasie 1,4+0,21% (x2 = 8,615; df = 1; p < 0,01), uro
TOBOPHUT 00 MX MPEUMYIIIECTBEHHON POJIM B TiepeHoce aupoduiisipuii B ToMckoM
[Tproodre.

HaubGoee Hage)HBIH WHAUKATOP Tiepeaadu AUPODOUIAPUNA — JIONSA CaMOK C
MHUKpOGUIAPUSAMA WHBa3UBHOM ctamuu L3 (BekropHas 3¢ dekruBHOCTE). CoBO-
KyITHas 3apakeHHOCTh COOOIIECTBa KOMapoB (BEKTOpHAs KOMIIETEHTHOCTh) Me-
Hee MHPOPMATHBHA, MTOCKOIBKY B XOJE Pa3BHTHS MUKPOPIIIIPUI 4acTh CaMOK
MIPOMEKYTOYHOTO XO35MHA TOrubaeT, He JOCTUTHYB MH()EKTUBHOU (asbl, Apy-
rasi 9acTh HEHTpaIu3yeT napa3uTa MoCPEICTBOM HMMYHHOH CHCTEMBI WM IIPO-
TEKTUBHBIX (DaKTOpOB accommupoBaHHOr0 MHKpoduoma [34—37]. [Toatomy Tak
Ba)XHO COIIPOBOKAATh KCCHOMOHHTOPHHT BH3YaJIHOH OIEHKOH, HE OTpaHIYH-
Basick [II[P-tecrom, onpenenstomum Hanmmure JITHK mapasura, HO He ero ¢wu-
3MOJIOTMIECKOE COCTOSHIE, BO3PACT U APYTHE OCOOCHHOCTH 3apaKCHUSI.

[Nokazarens BekTOpHOH A eKTHBHOCTH B 5,7%, MOTyIEeHHBIH B HACTOSIIEM
HCCIIeIOBaHNH, HeBeNMMK. Hanpumep, 1is An. stephensi, 0IIacHOTO TIEPEHOCUHKA
mupodunsapuid Ha bimkHem Boctoke m Adpuke, BekTOopHas 3(p(EeKTHBHOCTD
coctapisier He MeHee 17% [38]. OmHako HamMYue TPYNITBl MUKPOQHUILIPIA KOH-
ma L2 — magama L3 ob0vemoMm 17% B HaAIIMX MCCIEHOBAHUAX ITOKA3LIBAET, YTO
3TOT MapaMeTp BapbUpPYyeT B XOIE CE30HA M HY)KIAeTCS B YCPEAHEHHOH OICHKE.
[Tepemampr cyrounsix Temmeparyp B 20-25 °C, a Takxe neproApl MOXOT0JaHUN
WIN 3aCyXH, TUIIHYHBIC [UII CHOMPCKOTO KIMMAaTa, BEIHYKIAIOT TUPO(HIISIPHIA
pa3BUTKCS ¢ MepepbiBaMu [34], 94TO JeNlaeT OEHKY BEKTOPHOM 3((EKTUBHOCTH
aJICKBATHOM TONBKO B JHU CO3PEBAHHS BO BTOPOM ITOMIOBHHE JIeTa (TIOcye crajia
YHCIEHHOCTH HEMAIIPUITHBIX KOMapoB) M MOXKET HCKAXKaTh PEasbHYI0 KapTUHY
OUPKYJSIIIAA HTHBA3UU B JPYTHE TIEPHOIBL.

Ha o6oux Oeperax O6m mokazatens DU ManspuiHBIX KOMapoB MPOSIBIISI
TEHJICHIIMIO K YBEIIMUEHHUIO C IOTa Ha ceBep B mosice 56—59° c.mr., omHako Ha
npaBoM Oepery DU okasanmack modtd B 3 pasa Beimre (cM. puc. 2). Takoe pac-
MpeieNieHNe WHBA3MH BBITJISANT HEOOBIYHBIM C ITO3UINMK OOIIEN pUHSATHIX TPe.-
CTaBIICHUH 00 DKCIIAHCHM TMapa3nTa, MPOABUTAIOMIETOCS C IOT0-3aMajia Ha CeBe-
po-BocTok. [IpaBerit 6eper OOM 3HAUMTENEHO OoJiee 3acelieH — Ha HEM pacrio-
JIOXKEHBI ISITh M3 MIecTH ropoaoB odyactu. 1o eBomy Gepery Broms O6u mpo-
XOIUT TPAHCIIOPTHASI MaruCTpallb, COSANHSIONMAS PafOHHBIC IIEHTPHI OTa U ce-
Bepa obmacty, Bkimovas . KonmarreBo. I1MOTHOCTE HaCENEHHBIX TyHKTOB B0
Tpacchl BBICOKA, TOT/Ia KaK Ha IpaBoM Oepery HaceJCHHBIC IMYHKTHI CHJIBHEE
W30JIMPOBAHBI & TPAHCIOPTHBIN ITOTOK HaMHOTO ciadee. Vcxons u3 aToro, 3aBo3
OOJIEHBIX co0ak [4] Bpsa JIM MOXKHO CYMTATh OCHOBHBIM CITOCOOOM MUTpAIVH
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nmapasuTa. PacceneHue AUpoGUISIpH MOTIIO TIPOXOJUTHh BIOJNH MPUTOKOB OO
Ha npaBoM (p. Kers, p. Uynsim p. Tomb) u ieBom (p. Yas, p. [Tapabens, p. Ba-
croraH) Oeperax, B 30HaX IMOBBIINCHHON BJIAYKHOCTH.

Okcnancusi IUpOo(UISIpUii BO MHOTOM OOYCJIOBJICHA IIOTCIUICHHEM KIMMATa.
Ananmuz MHoromnerHero pacrpenenceHust COT B Tpex ropomax Tomckoi 001, (cM.
Tab1. 3) moKasal ero HepaBHOMEPHBIH XapaKTep IpH HApaCTaHW! KOJIMIECTBA TEI-
na 3a ce3oH Ha 0,7-1,6 °C. Cpeanecezonnast CIT 3a nukn [lIsabe B Tomcke yBemnn-
gunachk ¢ 328 °C/ce3on (2,52 OU) B 1976-1985 1. mo 377 °Clceson (2,9 OU) B
20092019 rr., mimm Ha 13%. s KommmamieBa aHaIormaHbI MoKa3aTeasb — 2%, 1
CrpesxeBoro — 16%, 9TO TOBOPUT O 3HAYMTENHHO Ooliee CTaOMIIBHOM KIIMMaTe
Kommamiesa. [Toctpoerne Mozenu ¢ y4eTOM IHCKPETHOTrO XapakKTepa CO3pPEBaHUS
MHKpOUIIpHil TTOKA3aI0 CE30HHOE YEPEIOBAHNE CKOPOCTH Pa3BUTHS C TIMKAMH B
22 u 28 cyrok [34]. Takast AMHAMPKA HAMITYYIIAM 00pa3oM CIIOCOOCTBYET UX aJiar-
Taluy B YCIOBHSIX BIaYKHOTO KOHTHHEHTAIFHOTO KIIMMATa.

CormacHo pacueram, MOTEINICHHE B MECTOOMTAHUSX IPOMCXOINUT HEpaBHO-
MEpHO, YTO CBSI3aHO HE TOJBKO C MIMPOTOH, HO M C JIOKATBHBIMH (haKTOpamu
(cM. Tabn. 3), TAKUMH KaK BJIAYKHOCTb. BBICOKasi BJIIaYKHOCTH CITOCOOCTBYET BHI-
COKOHM YHMCIICHHOCTH KOMapoB Ha MPOTSHKEHHH Bcero ce3oHa [39]. 3abomouen-
HBIC TEPPUTOPHH (POPMHUPYIOT 0COOBIH MUKpOKIMMAT [40], cMATJaroIwii mepe-
maabl CyTOYHBIX TEMIEPATyp W BIHSIONMI HA Pa3BUTHE MUKPODIULIPUI B IPO-
MEKYTOYHBIX XO035I€BaX.

B SHIEeMWYHBIX permoHax C YCTOSBIIMMHUCS T€IBMHHTO-TOCTAIBHBIMH OT-
HOIICHUSMH An. maculipennis s.l. BBIIETSIIOT B Ka4eCTBE MEPBOCTEIIEHHOTO TIe-
peHocumka Hapsny ¢ Ae. caspius, Ae. vexans, Cx. pipiens s.s. [17, 19, 41, 42].
B cBs131 CO CIIOKHOCTBIO Pa3iIMueHHsI BUOB-IBOWHIKOB, BXOISIINX B ITOATPYII-
my Maculipennis, WX pPeIKO ONPENSISIOT JO BHIAa W OTMEYAOT Kak An.
maculipennis s.l. TeM He MeHee MToKa3aHo, 4yTo B 10xxHOW EBporme (ITopryramus,
Wcnanus) u MpaHe nepeHOCUNKOM TUPOPIIAPHIA BBICTYNAIOT An. atroparvus 1
An. maculipennis s.s., B ¥oxHOU U cpenHeit EBponie — An. messeae  An. daciae
[24-27]. B Tomckoit 00i1. TpHu BUAA MATSPUHHBIX KOMAapOB TOATPYIIIIHI CIIOCO0-
HBI TICPECHOCHTH TUPOPWIApHiA, HO An. beklemishevi puMepHO BIBOE MEHeEe
aKTHBCH, B TO BpeMsI KaK CIIOCOOHOCTPH K mepeHocy An. daciae m An. messeae
BapbUpyeT B MECTOOOMTAHUSIX, BO3MOXKHO, B 3aBHCHMOCTH OT aHTPOIOTCHHON
Harpy3KH WIH 0cOOeHHOCTEeH OMoTOmnoB (cM. Tabm. 2). O BeKTOpHOH 3PP eKTHB-
HOCTH OCTAJIFHBIX IPEICTABHUTENCH MOATPYIIEI HUYEro He m3BecTHO. [loaTomy
B X0¢ KCEHOMOHHTOPHHTA Ba)KHO MPOBOIUTH ONpENEIeHNE KOMapoB 0 BUIA
WK nryoxe (TIOABHI, XPOMOCOMHas paca).

An. daciae — vaBasuBHBIA s Tomckoro I[lproObs BWI, 3a TOCIETHHE
50 JyteT HaOJFOICHUH MTPAKTHYECKH ITOJIHOCTHIO BEITECHUBIINN An. messeae U An.
beklemishevi B okpecTHOCTSAX T. TOMCKa BCJIENCTBHE TII00ATHHOTO MOTEIIIICHUS
kmmMata [44, 45]. FOxHee 57-# mapaiienu 3TOT BHJ 3apa)KeH, KakK MPaBHIIO,
D. repens, HO B okpecTHOCTsX T. Konmamiesa An. daciae neperocun D. immitis
Hapsiny ¢ An. messeae u An. beklemishevi.

Mexny 57-it u 58-i1 mapannensMu ITOMUHUPOBAN An. messeae, CEBEpHEE —
An. beklemishevi [46] (cM. Tabn. 2). An. daciae 3aHUMAI TPETHIO TIO3MIIHIO CO-
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[JIACHO MHJCKCY TOMHHHPOBaHUA (0K0i0 15%), HO ero 3apaKeHHOCTb B Cpea-
HEeM cooTBeTcTBOBaNIa An. messeae. DU An. beklemishevi Oblia cpaBHHTEIBHO
BBICOKOH TONIBKO B MECTOOOHTAHUSX, TAE APYTHe BUABI MAJSIPHAHBIX KOMapoB
MPHUCYTCTBOBAIM B HebombIimoi none (c. benbrit Sp u c. Kirokeuaka). [ToHun-
KCHHYIO 3apaxxaeMocTh An. beklemishevi B yCIOBUSIX CUMIIATPUHU CIOXHO 00B-
SICHUTh. [IpHYUHONW MOTYT CIYXKHTh 3K30(DMIIBHOCTh, PAaHHEIECTHHH XapakTep
Pa3BHUTHsI, HEBBICOKAS TIPHBIIEKATEIEHOCTh COOAK KaK IMPOKOPMHUTENS, a TaKKe
cnieruduaeckuit MEKpoorom [37].

[IpakTryeckn Bce 3aperHCTPHPOBAHHBIC CIyYaW JUPOPIIIPHO3a YeIoBeKa B
Poccun  SBISIOTCST TIOJKOXKHOM WM TJIA3HOH (hopMaMH, TOrJia Kak JIETOYHBII
TUpodHIApro3 BeTpedaeTcst kpaitHe penko [47]. Cobaku eBporieiickoit yactn PO
Ha 60-80% 3apaskensr D. immitis [7, 48, 49], HO B 0Opa3uax kpoBu cobak OMcka
n Tomcka oOHapyxuBanach TONLKO D. repens [15, 51]. ManspuiiHbie KOMapbl
eBporietickoit yactu Poccnu u 3anagHoit CHOUpPH MepeHOCHITH MTPEUMYIIIeCTBEHHO
D. repens [15, 51, 52]. Bonee 90% oOHapy>KeHHBIX HAMH TUPODIIISPHIA B Majs-
PUIHBIX KOMapax TakKe oTHeceHHI K D. repens. [Ipu 3ToM B MHUpe OCHOBHBIM Tie-
peHocuukoM D. immitis CANTAIOTCS MaJsIpUitHBIE KOMapsr [21].

Bun D. immitis B8 ToMcke BBISBIICH HaMH BriepBbie ¢ Tomombto [11P-anammza
y Ae. cantans 4,7% ot o0IIero 4nciaa MHBA3MPOBAHHBIX caMOK [29], a B HACTOS-
el pabore oOHapykeH y An. beklemishevi, An. messeae n An. daciae Konaies-
ckoit armomepamuu B oObeme 13,6% 3apakeHHBIX ocobeid (cM. Tabm. 3).
D. immitis mynpTUTOCTaNIFHA U pacnpocTpaneHa B EBpazun, FOxuo# 1 CeBepHOM
Awmepuke u ABctpanuu [8]. Jlerounsie mupoduisipun Ooiiee TpeOOBATEIBHBI K
TEIUTy W BIAYKHOCTH, YeM ITOIKOKHBIE, B CBSI3H C YeM MEIUICHHEE POABUTAIOTCS
Ha ceBep [9]. OOHapykeHHe 3TOro BHJA ¢ TaKoW 4acToToi B KosmamnieBckoii ar-
JIOMEpaIiy MOJKET YKa3bIBaTh Ha 3apOKACHHE OUara.

[Ipobnema cMmemaHHON ¥ TIOBTOPHOM MHBA3WU MHTEPECHA C TO3WIMN B3au-
MOJCHCTBHS pa3HBIX BO3PACTHBIX TPYII BUIOB Mapa3suTa MEXIy coOOi U ¢ op-
TaHU3MOM XO3SMHA, TOCKOJNBKY CTPAaTETHH MAaHUITYJISIINH WHBA3HMBHBIX W HEWH-
Ba3WBHBIX CTAJHMA YacTO MpoTHBOpedaT aApyr apyry [53]. HaGmomaemas Hamu
KapTUHa CyNEpHHBA3UN (CM. PHC. 3) TO3BOJSIET CAENATH CICIYIONINE 3aKITI0Ue-
HUS:

1) moBTOpHOE 3apakeHHE y MAJSIPUITHBIX KOMAapOB IPOHUCXOIUT IOBOJBHO
gacto (6,7% B 2020 1.);

2) OHO MPOUCXOAMT Yepe3 1—3 TOHOTPOPUUECKUX IHKIIA, O YEM MOXKHO CY-
IIUTH TIO pa3HHIIEe B BO3PACTe MUKPODUITSIPHIA;

3) MukpouIspHE HE MPEHSATCTBYIOT BTOPHYHOMY HAIAICHHUIO MPOMEXKY-
TOYHOTO XO35MHA Ha 3apa’keHHOE )KHBOTHOE;

4) mukpodmisspueMus NeHUHUTHBHOTO XO3IWHA HE MPENATCTBYET ITOBTOP-
HOMY 3apaKEHHUIO MaJLIPHIHBIX KOMapoB;

5) cobaku — OAMH W3 MPEIIOYTHTEIBHBIX O0BEKTOB HANaJCHUS JUIS Malls-
pHIfHBIX KOMapoB. ClienyeT 3aMeTUTh, 9TO MUKPO(QHUIIpHEMust cO0aK IMOBBIIIAET
WX MPHUBIICKATEIIEHOCTD JIJIsl KoMapoB pp. Culex u Coquillettidia [54, 55].

B oTHOmIEeHNH BUIOB KOMAapoOB APYTHUX POIOB 3Ta TEMA OCTACTCS OTKPBITOH.
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BriBoan!

1. Inpodmspun mmpoko pacrpoctpaHeHbl B Tomckol obmacti. CeBepHas
rpaHuIia pacnpocrpaneHus Dirofilaria repens — 60°44' c.ar., a D. immitis — 58°32'
c.m. CeBepHas rpaHwuIa nepeaadn D. repens pacolnoKeHa OKoiro 59° c.i.

2. Britag MaJIIpUiHBIX KOMapoB B ITUPKYJISIMAIO W PaclpoCTpaHeHUE THPOPH-
msipro3a B ToMcKoii o0macTv He MEHBIIIE, YeM JIPYTHUX KPOBOCOCYIITHX KOMapoB.

3. Tpu BHIa MalsIpUHBIX KOMapoB SIBJISIOTCS IepeHocunkaMu Dirofilaria
repens u D. immitis. Anopheles beklemishevi pexe 3apaxxaercss MUKpOQUIIAPHS-
MH TI0 CpaBHEHUIO ¢ An. messeae  An. daciae.

4. YpoBeHb 3apakeHUsI TPHUPOTHBIX TOMYISIHA MAaJISIPHHHBIX KOMapoB
TUpOoQHUIIAPUSIMA 3HAYUMO BBIIIE Ha mpaBoM Oepery p. OO MO CpPaBHEHHIO C
JIEBBIM OEeperoMm.

5. MUKCTOBBIC MHBA3UHM M CYNIEPUHBA3HH MAIIAPHHHBIX KOMapOB AUPODHIIS-
pHUSMH HEepeaKo BcTpedaroTcesi B ToMckoil 00acTH.
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AnHoranmsi. OTMeEHYaroTCsi pervoHajbHble OCOOCHHOCTH  BO3HUKHOBEHHUS
nanAmadTHEIX HoXKapoB. V3ydeHbl U KiacCUpUIMPOBAaHBI IIUPOIOrHUECKUE PEKUMBI
pacturenbHOCTH (0JIArONONyYHbIN, YMEPEHHBIN, HHTEHCUBHBIN, IKCTPEMAIbHbIH) IpU
pa3IMYHOM METEOCHMTYallud IO BCEM BBICOTHO-MOSICHBIM Komiuiekcam (BIIK).
VYCTaHOBIEGHBI OCHOBHBIC IApaMeTpbl Ul KaXKIOro BapHaHTA: IOTEHLUUAJIbHbIC
Mactabbl ¥ JIUTEIBHOCTH MOXAPOOIACHOTO COCTOsIHMSL B 3aBucuMoctd ot BIIK.
JlanmmadTHbIE TOXKAphl BO3HUKAIOT IPH MHTEHCHBHOM M SKCTPEMAJILBHOM PEXHMaXx,
o Mepe o0pa3oBaHMs Ha OOJBIIMX TEPPUTOPHUAX COCTOSIHHUS IHPOJIOrHYECKOM
MOHOTOHHOCTH (OTCYTCTBHUE HErOPHUMBIX II0 E€CTECTBEHHBIM INPUYMHAM Y4YaCTKOB
nanamadTa). 3a mociueqHee BpeMs IHMPOrCHHbIC AHOMAJIMH C JIaHAA(QTHBIMU
nokapamu npoucxoamwiua B 2003 u 2015 rr. O6umpHsie nanamadTHeIC TOXapbl B
CBETJIOXBOIMHBIX JIECaX OCTaBJIAIOT 3a COOOH HACAXIEHMs, BKIIIOYAIOIINE Y4aCTKH
MOBPEXJICHHBIX M MOTUOIIMX JI€PEBbEB, B 3aBUCUMOCTU OT BHJA U MHTCHCUBHOCTH
OrHeBOro BozjeicTBus. Jlamee B mpolecce MOCIESNOKapHOro JIeCOBO300OHOBICHHS
dopmupyeTcs  CIOKHAs ~ MO3auMKa  IPYIIIOBO-Pa3HOBO3PACTHBIX  JIPEBOCTOEB,
NEePUOAMYECKH MoauduuupyeMas I[OBTOPHBIMH —IOXKapamH. IIpu  TsDKeJbIX
MOPaKEHHUSAX JAPEBOCTOEB BOCCTAHOBJICHHWE HX JONOXKAPHOH IOJHOTHI W 3araca
pacTAruBaeTcs Ha JUIMTENBHOE BpPEMs, a IIOCIE MOBTOPHBIX IOXAPOB Pa3BUBACTCA
[IMPOreHHAs] JUIPECcCHsi C KaTalleHO30M M HEU30EkKHOH YTpaTod 3KOJIOrHYecKoro
3Ha4YeHWs HacakneHud. MiumocTpupyercs  BekoBas — JMHAMHUKA — OCHOBHBIX
TAKCALMOHHBIX ~ MOKa3aTeJlie B  IHPOreHHbIX  JPEBOCTOSX. Y CTaHOBJICHBI
AQHAJIUTUYECKHE 3aBUCHMOCTH HM3MEHEHMH >KH3HECIIOCOOHOCTH JIEPEBBEB HOCIIE
MHTEHCUBHOIO HM30BOIO HOXapa OT HX MOP(OIOrMYecKUX  IPU3HAKOB.
PestomupyeTcsi HerarMBHOE BIMSHUE JAHAUA(QTHBIX I[OXApOB C MOCIEAYIOLMM
JIOKAJIbHBIM 00€3J1eCeHHEM Ha HKOJIOTMYECKYIO CUTYaLUIO B PETHOHE.

KuroueBble ci10Ba: jecHble SKOCHCTEMBI, JaHIIIA(THbBIE TOXKAapbl, GUTOLEHO3BI,
Jurpeccus, odes3eceHue, CToK
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Summary. Landscape fires play the leading role in the modern anthropogenic dy-
namics of forest ecosystems in south-eastern Siberia. Forest pyrologists consider them
the most destructive manifestation of fires — an environmental factor that acts across
wide areas to change the state of landscapes. Due to the insufficient knowledge of the
nature of pyrogenic forest ecosystems, especially its dynamic aspects in the forest-
forming process, obtaining data on the pyrogenic dynamics of forest ecosystems be-
longing to various ranks is of broad scientific interest. A new aspect of this study is
assessing ecosystem transformations under various pyrological regimes that determine
the pyrogenic successions of plant communities, the hydrothermal regime of soils, a
post-fire runoff, etc. The history of catastrophic landscape fires in the Baikal and
Trans-Baikal regions began after the construction of the Trans-Siberian Railway. At
that time, a long strip of coastal hemiboreal small-leaved deciduous forests formed
along the southern shore of Lake Baikal, in the area of indigenous dark coniferous tai-
ga, as a result of the “selective” impact of a lingering series of fires that followed in-
tense forest harvesting. It happened regardless of the average productivity of the py-
rogenic stands being 30—40% lower vs. the potential level. The landscape fires of the
1930-1950s that arose during industrial development, especially in the areas of in-
tense forest harvesting, caused heavy damage to forest ecosystems throughout Trans-
baikalia. Now, due to a regress in the Russian forest management, landscape fires
have turned into an archaic alternative to the ecological progress as of the 1970s and
1980s. Therefore, the relevant goal of this article is to consider the transformation of
forest ecosystems after landscape fires.

The emergence and spread of landscape fires were studied during two fire-
intensive seasons through the air monitoring of the Trans-Baikal territory. Geographic
coordinates: 49-57° N, 99-122° E. Regular pyrological studies of the seasonal dy-
namics of the forest fire danger implied the use of the method suggested by N.P. Kur-
batsky (1970) [9]. The permanent trial plots were located on the Malkhansky and
Khamar-Daban Mountain Ranges. The route studies covered the Selenga Highlands,
as well as the basins of the Rivers Barguzin, Turka, Upper Angara, Muya, and Chara.
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Fig. 1 shows the schematic map of the sites. The pyrological regimes of vegetation
complexes were established based on research data (see the table). The environmental
consequences of landscape fires were studied in the forests of South-Eastern Baikal
and Central Transbaikalia. The closest observations of the dynamics of burned (in-
cluding through prescribed burning) and control stands were performed on permanent
sample plots. There the researchers also ensured regular accounting of litterfall using
special 1x1m collectors. The grain composition and physical and mechanical proper-
ties of the soils were determined via the common methods [21]. The pyrogenic varia-
tions of the forest-forming process after landscape fires were observed in different
natural districts (Fig. 2).

Pyrological regimes differ in the altitude-belt complexes (ABC) of vegetation and
correspond to a wide range of atmospheric moistening. Forest-steppe vegetation pre-
vails in the valleys of large rivers and low mountains in the conditions of extremely
insufficient moistening. This vegetation is exposed to an extreme fire regime in the
spring and in the early summer. The Scots pine (Pinus sylvestris L.) prevails in sub-
taiga-forest-steppe forests. There, an intense regime takes place even in a standard
weather situation. The fire maturation of forests in the light-coniferous taiga belt with
predominant larches (Larix sibirica Ledeb., Larix gmelini Rupr.) is approximately two
times longer vs. forest-steppe and hemiboreal forests. Accordingly, the pyrological
regimes vary from intense to moderate. Dark coniferous forests comprising the Sibe-
rian pine (Pinus sibirica Du Tour.), fir (Abies sibirica Ledeb.) and spruce (Picea obo-
vata Ledeb.) are confined to wet belts with a moderate pyrological regime. A safe re-
gime prevails in the subalpine ABC. The general fire danger is determined by ground
fires, after which most burned forests retain their vitality at the level of their fire re-
sistance, as well as depending on the actual intensity of fire in this area. Fig. 3 illus-
trates the typical dynamics of Scots pine stands established based on forest manage-
ment data. In fact, diverse structural transformations of plant communities are ob-
served after landscape fires — from a moderate fire damage to heavy thinning caused
by an intense fire, and even complete death after head fires with probable local defor-
estation. Fig. 4 shows the comparative dynamics of the population of trees in normal
and pyrogenic larch forests. Larch trees have an advantageous position vs. pines, as
they are better protected from thermal damage by their thick bark. Besides, the crowns
of larch trees are capable of regenerating needles and shoots damaged by fire. The du-
ration of recovery to the pre-fire basal area increases exponentially with age, since
forest stands inevitably face a growth decline as they become old. The pyrogenic di-
gression of larch forests in permafrost areas with a burned peat horizon was followed
by a tree fall, which was observed during the air monitoring of fires. Later thickets of
birch and willow trees formed there. The fire damage to trees (trunks and crown), the
ground cover, as well as the hydrothermal regime of soils are most comprehensively
studied in the Scots pine forests of Central Transbaikalia where the ground cover and
lower forest layers were explored not only at natural fire sites but also through pre-
scribed burning. The integral picture of forest disturbance with landscape fires is
complex and diverse. On mountain slopes, the strongest fire was observed when it
was moving upwards. The speed and direction of the wind, as well as the daily tem-
perature and humidity rhythm played a significant role in the spread of the fire line.
Therefore, extensive landscape fires left behind a chaotic structure of damaged and
dead stands. Later, a complex mosaic of uneven-aged stands modified by repeated
fires formed during post-fire reforestation. After high-intensity fires, the forest plant
communities were locally replaced by steppe ones, while reforestation took entire
decades. Successions after fires were different. Extensive fires in the upper taiga ABC
used to lower the upper boundary of the forest belt. Meanwhile, situations being de-
structive for the forest ecosystems of Transbaikalia regularly recurred, which was
clearly seen based on the 200-year dynamics of the tree-ring width of the Scots pine in
the River Turka valley. The tree diagram in Fig. 5 unambiguously shows a sharp de-
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cline in the width of tree rings at the turn of the 19M-20" centuries when the Trans-
Siberian Railway was built. One may also identify drought periods in the 1930-1970s.
The pyrogenic anomaly of 2015 that covered over 10% of the Baikal region turned
out to be extremely dangerous.

The article contains 5 Figures, 1 Table and 58 References.

Keywords: forest ecosystems, landscape fires, plant communities digression,
deforestation, drainage
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BBenenne

JlarmmadTHEIM TIOKapaM MPHHAUICKAT BEAyIIasi poib B COBPEMEHHOU aH-
TPOIIOTCHHON JTMHAMHKE JIECHBIX SKOCHCTEM Ha roro-BocTroke Cubupu [1-5].
Kpome Toro, coBpemeHHasi MUpOreHHass OOCTAHOBKAa Ha CTBIKE OOpeaslbHON H
yMepeHHOH naHamadTHEIX 30H EBpasum TecHO cBsi3aHa C mpobieMaMu TIo-
0aTbHOTO W3MEHEHHWs KIMMaTa ITO]] BIMSHHEM YBEJMUCHHS BHIOPOCOB B aTMO-
chepy napaukoBbix TazoB [6—8]. Ilo ompenenenuto H.IT. KypGarckoro [9],
KaTeroOpuy JAaHMMA(PTHBIX OTHOCATCS PACTUTENBHBIC IOKAPBI, OXBATHBIIHE
TIJIONIA T, 3aHATYIO IBYMS U OoJiee moaTunaMu pactutenbHoct. U.C. Menexos
[10] cunTan ux HanboJee TPAaHAMO3HBIM U Pa3pyIIUTEIbLHBIM TIPOSIBIICHUEM OT-
HEHHOH CTUXHHU — HKOJOTHIECKUM (HaKTOPOM, EHCTBYIOIIUM Ha OONBIINE Tep-
PHUTOpHH, W3MEHSIOIINM COCTOSHIE MeCTHOro nanamadra. OTMedanacs HeIo-
CTaTOYHAS W3YYCHHOCTH NMPHUPOIBI IMHUPOTEHHBIX JECHBIX YKOCHCTEM, B 0COOCH-
HOCTH JWHAMHYECKHX €€ acCIIeKTOB B JIeCO00pa30BaTEIEHOM IIpoIIecce.

[Nonydenne maHHBIX O MPHPOAE JAHIMAPTHBIX MOXKAPOB, OCOOCHHO O THPO-
TCHHON JAWHAMHUKE JIECHBIX KOCHCTEM Pa3HOI'0 PaHTa, MPEICTABIIET IMUPOKAN
HAyJHBIA HHTEpec. HOBBIM acriekToM B M3yYEHHWW JAHHOTO BOIPOCA MpPEACTaB-
JsieTCs MPOBEACHHOE HAMH HCCIIeIOBAaHME TpaHC)OpMAIHA YKOCHCTEM TIPH pa3-
JUYHBIX THPOJIOTHIECKUX PEKUMAX, KOTOPHIE IECTEPMUHHUPYIOT ITHPOTCHHEIE
CyKIlecCHW (DPUTOIICHO30B, TUAPOTEPMHUUCCKAN PEKUM IIOYB, TOCIEHOKAPHBIH
CTOK H JIp.

Xo3aiicTBeHHAs! HCTOPHSI JIAHAMA(THBIX TTOKAPOB, OKA3aBIINX KaTacTpodu-
YecKoe BO3JICHCTBHE Ha JIECHBIE SKOCHUCTeMBbI [lpunbaiikanps u 3abaiikaiibs,
Hayajiach BCIIEN 3a coopykeHueM TpaHccuOHupckou xkenesnoi moporu (TpaHc-
cu6a). Torma BAoNb rOkHOTO Oepera o3. baiikam Ha MecTe KOpEHHOW TEMHO-
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XBOWHOW TaWTH 00pa3oBanach MPOTSDKEHHAS IMOJIOca MPHOPESKHBIX TeMuOope-
QIIBHBIX MEJIKOJIICTBEHHBIX JIECOB — PE3YNBTAT «CEIEKTUBHOI0)» BO3ICHCTBHS Ha
Tae)KHBIE DKOCHCTEMBI 3aTSHYBIICHCS YepeIbl MOXKAPOB, CICIOBABIINX 32 HH-
TeHCcHBHBIMU Jieco3aroToBkamu [11]. Tlo mamueiM A.B. Ilo6emunckoro [12],
TTOKaphkl B Jiecax OacceliHa 03. baiikasr Ha IPOTSAKEHUH 3TOTrO TIEpUOoJia BO3HHUKA-
T IPUMEPHO BJBOE Haile, 4eM B jecax [Ipmanrapes. CpemHuid ypoBEHb MpO-
IOyKTHBHOCTH THPOTEHHBIX JPEBOCTOCB Ha CEBEPHOM MAaKpOCKIOHE Xamap-
Jla6ana Ha 30—40% HHXe OT TOTEHITHAIEHO BO3MOXHOTO [13].

TspKenblil ypoH JISCHBIM 3KOCHCTeMaM B 30He TpaHccnOa Ha roro-ocroke CH-
oupu HaHecnmy Tokapsl 1930—1950-X IT., BO3HUKABIIUE TIPH UX TPOMBIIIICHHOM
OCBOEHHH, 0COOEHHO B paliOHaX KOHIICHTPHPOBAHHBIX JIECOPa3padOTOK.

B HacTosmee Bpems oCIIOXKHSIETCST HeOIaromorygHas 3K0JIOTHIecKast CUTya-
ousi ¥ B MPUPOIHOM Komruiekce baiikama. TemHOXBOIHBIE Jieca Ha Xamap-
JlabGaHne 3aMeTHO TocTpazany oT 3acyx [14], a orHeHHas CTUXHS B HUX MOXKET
00EpHYTHCS KaTaCTPOYUIECKUMH TOTEPSIMHA. DTO HECOBMECTHMO C BBICOKAM
onocdepHbIM cTaTycoM 00bekTa BeceMupHOro mpupoaHoro Hacieaus. [loaTomy
paccMoTpeHHe TpaHCPOpMAIHiA JIECHBIX SKOCHCTEM JIaHAMAPTHEIMI TOKapaMiu
SIBIISICTCS LIENBI0 JAHHOTO UCCIICIOBAHMS.

MarepuaJbl 1 METOAMKH HCCIEA0BAHUS

PexoramocunpoBodyHbIe HAOMIOACHNUS 32 BOZHUKHOBEHHEM, PaclpOCTpaHEHH-
€M W JIECOBOACTBCHHBIMU MOCIIEICTBHSIMHU JAHIAMA(PTHBIX ITOKapOB OCYIIECTB-
JSUTNCH B TIPOLIECCE aBHANATPYIMPOBAHUS TEPPUTOPUN HM3YydaeMOrO pErroHa.
Perynsipabie moneTsl, Mo OONBIIEH YacTH eXeIHEBHBIC, HA MPOTSHKEHUH TTOXKa-
pooracHbIX ce30HOB 1964—1965 rr. BBIMONHSIMCH TIEPBHIM aBTOPOM CTaThHH,
OBIBIIMM JICTYNKOM-HabIroAaTeneM 3a0aiikaibCkoi 0a3bl aBUAIIMIOHHOW OXpaHBI
JIECOB.

[Muponornueckne pe>KUMBI PACTHTENFHBIX KOMIUICKCOB YCTAHOBIICHEI TI0 Ma-
TeprajaM HCCIeOBaHUN WX TokapoonacHOCTH [15]. OOBEKTHI PEryIsIpHBIX
MApOJIOTHYeCKUX HaOmroxeHnit (turomanpo 0,3-0,8 ra) pacnoioxeHsl B pas-
JIUYHBIX BBICOTHBIX Tosicax MairxaHckoro xpeOta u Ha Xamap-Jlabane. Mapii-
PYTHBIE HCCIIEIOBAHUS BBITIONHEHBI B HACAKACHIIX MTPEUMYIIECTBEHHO MOATA-
€KHO-JIECOCTEITHOTO ¥ CBETIIOXBOWHOT'O Ta€KHOT'O BBICOTHO-TIOSICHBIX KOMIUIEK-
coB (BIIK) B paiione CeneHruackoro CpemaHeropbs, BKIIOYAs JTOJHHBI OCHOB-
HbIX TpUTOKOB p. Cenenra (Umkol, Xwiok, Yia), a Takke 1Mo OacceiiHaM pek
Baprysun, Typka u Bepxusist Anrapa, Mys u Uapa. Kaprocxema 0oO0BeKTOB HC-
CIIeIOBaHMSI IIpENCTaBICHA Ha puC. 1.

OTBITHBIE YYaCTKH IJISl MCCIICAOBAHMS CE30HHOW IMHAMHKH IIpolecca IIo-
JKAPHOT'0 CO3PEBAHMS JICCHBIX Toprounx MaTeprayio (JITM) orpaxaroT xapak-
TepHBIE TPYIIBI TUIIOB Jieca. Ha Ka>kIoM W3 HUX B TEUCHHE S-JIETHETO Mepruoaa
MpocIIeKeHa (pakThdeckas mokapoonacHocTh mo meronuke H.IT. Kyp6atckoro
[9]. VYcnoBus yBIaXHEHWS B TEPUOI HCCICIOBAaHHA BapbUPOBAIH: OOBIUHAS
MeTeocuTyanus — 3 roma, OmaromomrygHas — 1, CHiIbHAs 3aCYIIIMBOCTH TaKXkKe
HaOJI01aIach B TEYCHNE OTHOTO CE30Ha.

157



Okonozusa / Ecology

KA
F)
8
&
3

vneahrapct

R
AHTARSIN MPKYTCK

A uwott

0 by
2 i 28 i
Puc. 1. Cxema pacnonoxenust 00beKTOB nccieaoBannii. O003HauCHUS:
‘ — CTallMOHAPHBIE UCCIIEIOBAHUS; o MAapIUIPYTHBIE UCCIIEA0BAHMS,
B TOM YHUCJI€ aBUAMOHUTOPHUHT
[Fig. 1. The layout of the objects of research. Legend: ‘ — stationary studies;

— route studies, including monitoring from air]

Jlecoskonornyeckre MOCIENCTBUS OTHEBBIX BO3JECUCTBHI PAa3HOTO BUOA U
WHTCHCHBHOCTH H3YyYalW Ha JIAHAMA(PTHRIX MOKAPUIIAX Pa3HOH MaBHOCTH, a
TaKKe Ha Y9acTKax C SKCICPUMEHTAIFHBIMA BBDKUTAHUSME HAIIOYBEHHOTO T10-
KpoBa W Tmomiecka. [IpoOHble mommamy ObUTM 3alokeHBl B Jecax HOro-
Boctounoro Ilpubaiikanbs u LlenTpanpHoro 3abaikaibs, TPEeUMYIIECTBEHHO B
HACaKICHUSX, COXPAaHUBIINX JKU3HECTIOCOOHOCTh. DTH OOBEKTHI IPEICTABISIIOT
€000 HEKOTOPYIO COBPEMEHHYIO MOJIEIB JIECOB, KOTOpasi MOXKET CYIIECTBOBATh
MpH YMEPEHHOM IMHPOJIOTHYECKOM PEKUME Ha MPOTSHKEHUH MOoCeayromux 60—
100 mer. Ha sTux muromaasx ompeneneHa WHTEHCHBHOCTH MOXapa MO BBICOTE
Harapa (OOyTJIMBaHMS) Ha CTBOJIAX JICPEBHEB, CTCIICHW OTHEBBIX MOBPEXKICHHI
KpOH, ITOJTHOTE TIPOTOPaHUs HAITOYBEHHOT'O TTOKpoBa U Jp. Ha kaxxnoit mpoOHoi
IUTOIAIN  ONPENEIUIM TAKCAIMOHHBIE ITOKA3aTelNH IPEBOCTOS W COCTOSHHE
HIDKHUX SIPYCOB B (PUTOIIEHO3aX.
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OrHeBBIE ONBITH IPOBEACHBI B OMPEISIICHHON ITOCIEI0BATENIFHOCTH OTHO-
CUTENhHO MeTeoycnoBuil. Crila OTHEBBIX BO3ICHCTBHUI OMpEAEINsiach MPOIOI-
KHUTEITHHOCThIO Cyxoi moronsl. Ciraboe BBEDKHTAHHE MPOBEACHO depe3 2 JHS
MoCIIe TOXKIS, a 3aTeM C MHTEpBANaMH B HECKOJNBKO JHEH MPOBEICHEI MOCIIEMy-
IOIME OMBITH C BBDKUTAHUSIMA CPEAHEW M BBHICOKOW MHTEHCHBHOCTH. Kaxkmpii
OIBITHBIH YYaCTOK OBIJ 3apaHee OKaiMIICH 3allMTHOW MHHEPaTU30BaHHOH I0-
JIOCOHM, a B TIPOIECCe BBDKUTAHWN OOECIEUNBAINCH COOTBETCTBYIOIINE MEpPHI
nmoxxapHoi Oe3zomacHocTH. [ToKUTaHUs HAIIOYBEHHOTO ITOKPOBA TIPOBOIMIIH B
[EHTPE YJIAaCTKOB, YTO TO3BOIISUIO OTCIEKHMBATH IIPOIECC, a B NaNbHEHIIEM —
MTOCIICACTBUSl OTHEBBIX BO3ACHCTBUH, B 3aBHCHMOCTH OT HAIlPaBIICHUS IBIDKE-
HUSL KPOMKH «IIOKapoB»: (PpoHT, ¢umanry, Teul. KoHpUrypannus KpOMKH OTHS
¢uKcHpoBaNack uepe3 paBHBIC MHTEPBAIBI BPEMEHH, OT Hadajia OIMBITOB IO MX
OKOHYAHWUSL.

Hamnbonee TtmarenpHble HAOMIONEHHS 32 IUHAMHKOH TOpPEBIINX M KOH-
TPONBHBIX (DUTOIICHO30B MPOBEICHBI HA TOCTOSHHBIX MPOOHBIX IJIOMALIX, TIe
BCE JIepeBbsl ObUIH MpOoHyMepoBaHHL. [IprdyeM Ha kKaxaoM n3 HuX T-00pa3HbBIMH
MeTKaMu OBIIM 3a(pUKCHPOBAHBI TOYKH IEPHONNICCKIX M3MEPEHHUH Inamerpa
ctBoma. Ha »THX ke IUIOmMAAAX pacloiiarajuch CHEeNHaNbHbIe —SIIIAKA-
orazoMepsl pazMepoM 1x1 M IS IEpHOANIECKOr0 yueTa OMadalonIuX C MoJora
KpPOH OTMEPIIUX XBOH, IIHIIEK U JPYTUX KOMIIOHEHTOB [ 16].

Taxoke ObUTH M3y9YeHBI MUPOTCHHBIC BapHAINH >KH3HECTIOCOOHOCTH NI€PEBb-
eB. Kputepuem (ko3¢ pummenToM) KHU3HECTTOCOOHOCTH OBLIO OTHOIIEHUE TEKY-
mero 00bEMHOT0 MPHPOCTa AEpeBa K CPeOHEMY MPHPOCTY, YTO OMPENeIsuIoch
IO MOJICJTEHBIM JIEPEBbSIM, B3STHIM M3 pa3HbIX KiaccoB 1o Kpadry or [ mo V ¢
4-KpaTHOH TIOBTOPHOCTBIO. Y CTaHOBJIEHA 3aBHCHMOCTH CHWXXEHHUS K0d(DduIm-
€HTa XU3HECIIOCOOHOCTH IePEBHEB TOCIIE CHIIFHOI'O HIU30BOTO MOXKapa OT Kilac-
ca o Kpadry u ot nporsxkeHHOCTH KpOoHHI 110 cTBOIy (%) [17]:

y=4L75+9,7x, —21,25x, - 7,2x,x,,
TZe y — CHIDKCHHE Kod(HUINEHTa KXU3HECIIOCOOHOCTH IepeBa, %o; X; — Kiacce
nepeBa o KpadTy; x, — IpOTSDKEHHOCTS KPOHEI IO CTBOITY, %o.

Jltst momy4eHust JAaHHOTO ypaBHEHHsI ucmonb3oBanmu meroanky FO.I1. Axmepa
u jap. [18]. crons3oBaiicss BapuaHT 2-(PaKTOPHOTO SKCIEPUMEHTA, ¢ (PUKCHPO-
BaHHBIMH KOAWPOBAHHBIMH YPOBHSMH 3HAUEHHH I KaXKAOT0 W3 (PaKTOPOB.
CormacHo ypaBHEHHUIO, MAHHUMAJbHBIE HAPYIICHUS JXU3HECIIOCOOHOCTH OTME-
Yar0TCS Y IEPEBHEB C XOPOIIO Pa3BUTHIMUA M BBICOKOMOMHSATHIMH KPOHAMH, 3a-
HUMAIOIINX B HACAXKICHUU TOCHOACTBYIOIIEE ITOJIOKEHHE.

[MuporenHsle BapualMy JIECOOOPA30BATENHFHOIO IIpolecca HaOIoma B
Pa3HBIX MPUPOTHBIX OKPYTax, MPEHMYIIECTBEHHO Ha JIAHIMAPTHBIX ITOKApH-
max (puc. 2). Jlns Gojee OCHOBATEIBHOTO aHAJIM3a BEKOBBIX ACIIEKTOB POJIH
MUPOTeHHOTO (hakTopa B JIE€COOOPa30BAHWU HWCIONB30BANM MAaTEpHAINBI IIPO-
IUTBIX SKCIIEANIIMOHHBIX MCCIICIOBAaHMH, TPOBEICHHBIX JIECOBOJAMH H Teorpa-
¢damu [11, 12, 19, 20]. B mouyBeHHOM TOKpPOBE MPOOHBIX IJIONIAIEH, 3aI0KEH-
HBIX JUISL U3yYCHUS JIECOIKOIOTHUCSCKAX MOCIEACTBIH TaHAMAa(THRIX TTOKapOB,
pacmpocTpaHeHBl CEPOTyMYCHBIE XPAIIEBATO-TKEIOCYTINHICTRIE, a TaKKe
XpSIIEBATO-CyNIECYaHble TOYBEL. [ paHyIOMETpHYECKHH COCTaB, (PH3HUKO-
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XUMHYCCKHE CBOMCTBA ITOYB ONPEACICHBI OOIMICTIPHHATEIMA MeTomamu [21].
I'maoporepmudecknii pe>kuM ITOYB HAONMIOAIH Ha JTaHAMA(THRIX TOKAPUIIAX B
[pubaiikanbe n B LlenTpansHoM 3abaiikamee (cocHsKH Ha xpedte Uepckoro).
Haspanus pactenunii nanel mo International Plant Name Index (IPNI) [22].

Puc. 2. CoBpemennble nanamadtHeie noxapuiia B [Ipubaiikanse: a — B bapry3uHnckom
3anoBentuke (¢poro JI.B. KpuBobokosa); 6 — B nonune p. baprysun (poro A.E. [Terpenko);
6 — B nonune p. Typka (horo A.E. Ilerperko); 2 — Ha 10)KHOM Makpockiione Xamap-Jlabana

(doro JI.B. KpuBoGokosa)
[Fig. 2. Modern landscape fires in the Baikal Region: a — in the Barguzin Reserve
(Photo by L.V. Krivobokov); b — in the Barguzin River valley (Photo by A.E. Petrenko); ¢ — in the Turka
River valley (Photo by A.E. Petrenko); d — on the southern slope of the Khamar-Daban range
(Photo by L.V. Krivobokov)]

Pe3y.]'ll>TaTLl HCCJICI0OBAHMUSA U oﬁcyme}me

[penpacmonoxeHHOCTh PETHOHA K BOSHUKHOBEHHIO OOIIMPHBIX M UTHTEIEHBIX
JIECHBIX TIOKapOB OOYCIIOBNICHA CHEM(HMYSCKAIMH MPHPOTHBIMHI TTPEIITOCHUTKAMHE:
3aCyNUIMBBIN KIMMAT Ha OONBINEH YaCTH TEPPUTOPHH, MATOCHEKHAS 3UMa, COIPO-
BOX/TaeMasi TJIyOOKOM ¥ JJIUTEIIFHON BECEHHE-JICTHEH 3aCyXOl ¢ 4acTo MOBTOPSIIO-
IIAMHCST CUITBHBIMH BETpaMH, aOCONIOTHOE JOMHHHPOBAHHUE B JIECHBIX MacCHBax
TIOYKapOOTACHBIX THTIOB CBETIIOXBOMHBIX HacaxIeHui [ 15, 23, 24].

Co00pa3HO MUPOKOMY BEICOTHOMY IHAITa30Hy aTMOC(HEPHOTO yBIa>KHEHUS
3aKOHOMEpHO U PEpeHINPYIOTCS THPOIOTHIECKIE PEKUMBI 110 BBICOTHO-
MOSICHBIM KOMIIJIEKCaM PACTUTEIBHOCTH (Ta0JUIa), XapaKTepH3yIoIIue MoKa-
POOITaCHOCTh KOHKPETHBIX KATErOpHid, a TaKXKe JIECOIKOJIOTMYECKUE ITOCIIeN-
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CTBUSI TIOXKapoB. [IpuBecHHBIC HAMU HA3BaHUS PEXXUMOB CBSI3aHBI C ITOTCHIIHAb-
HOM SKOJIOTHYECKOW CHTYallMed TI0Cie IOXKapoB: OJIaronoNydHbId, YMEpPEHHBIMH,
WHTEHCUBHBIN, SKCTPEMAaJbHBIN. YCTaHOBJICHA 3aBUCUMOCTh MHPOJIOTUIECKIX pe-
KAMOB OT METEOPOJIOTMUYECCKUX YCJIOBHH C OIEHKAMH Pa3MepOB MOKapOOHNacHON
TEPPUTOPHH, & TAKXKE BEPOSTHOHM IUTUTEIHHOCTH ITOKAPOOIIACHOTO COCTOSIHUSI KaK
CYMMapHOH 3a TOJ, TaK ¥ HENPEPHIBHONH B TEUCHHWE BECEHHE-IETHETO ITOKapHOro
MakcuMyMa. Tak, Tpu OJarormoaydHOM PEeXKUME MOXKApOOMacHOe COCTOSHUE BO3-
MOKHO JIb (pparmeHTapao (1o 10% Teppuropun coorBerctByromero BIIK); ero
CyMMapHasi JUTUTENTFHOCTD 3a rof| He npeBbimaer 40 qHel, a MakcuMallbHas HeTpe-
peiBHas — 1o 10 maei. [lpun ymepeHHOM BapraHTe STH MTOKA3aTeNl COCTABISIIOT 11—
30% TteppuTopuH, cymMMapHas JumuTenbHocTh 41-70, a MakcuMallbHasi HENpepbIB-
Hast — 11-20 maeid. aTencuBHbIA BapuaHT (31-70%, 71-100 u 21-30 mHel, coot-
BETCTBEHHO). [Ipn SKCTpeManbHOM peKiMe HAOMIONACTCS TIOYTH CILTOIIHAS TTOYKa-
pooracHOCTh JiecHbIX 3kocucTeM — 101-140 u 31-70 mrHeid.

IMuposioruyeckue pe;KMMbI BbICOTHO-NOSICHBIX KOMILIEKCOB
B Dacceiine baiikaJjia (BeceHHe-JIeTHUI1 mepuo)
[Pyrological regimes of the altitudinal belt complex in the Baikal basin (spring-summer period)]

BIIK (npeo6nanarommas [Muponoruyeckue pexxumsl [Pyrological regimes]
p.aCT.I/IT6J1]>HOCTb) OBBIUHBIC CC3OHBI 3acymnuBsie
[Altitudinal belt complex CE30HBI
(prevailing vegetation)] [Regular scasons] [Dry seasons]

JIyroBo-cremnHoii (ropHas crenb) | DKCTpeMalbHBIA | DKcTpeManbHblid | HTEeHCHBHBIN
[Meadow-steppe (mountain steppe)] [Extreme] [Extreme] [Intensive]
[onraexuo-necocrenHoi (coc-
HSIKU PA3HOTPABHBIE U POLOIACH/-
POHOBEIE)
[Subboreal-forest-steppe (Pine forests
with grass and rhododendron)]
CBeTI0XBONHBIN TaeKHbIH
(COCHSIKM M TMCTBEHHUYHUKHI
KyCTapHUKOBO-3E€JICHOMOIIIHBIE,
OpyCHUYHBIC U €PHUKOBBIC)
[Light coniferous boreal (Pine and
larch forests with subshrubs, moss,
cowberry, and dwarf birch]
Kenposblii TaekHbIH (KeIpOBHU-
KH OpYCHUYHO-3€JICHOMOIIIHBIC) YMepeHHsli Wntencusnblii | bnaromomyunsrii
[Siberian pine boreal (Siberian pine [Moderate] [Intensive] [Prosperous]
forests with cowberry and moss)]
KenpoBo-nuxToBblii (KeAPOBHUKH
U IUXTAaPHUKU YEPHUYHO-
3€JICHOMOILHBIC) " " "
[Siberian pine and fir
(Siberian pine and fir forests
with blueberry and moss)]
Cy0amnbIUiCKO-TIOAT ObLOBBII
(XBOliHBIE PEIKONECHS U 3apOCIIU
KEJPOBOr0 CTJIAaHUKA)
[Subalpine-krummholz (coniferous
woodlands and dwarf pine thickets]

BnaxxHble ce30HbI
[Wet seasons]

MHTEHCUBHBIH " YMepeHHsli
[Intensive] [Moderate]

Bnarononyunsiit YMepeHHsli "
[Prosperous] [Moderate]
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Kaxxmomy BIIK cBoiicTBeHHBI CBOM JOMHUHAHTHI B PACTHUTEIIEHOCTH U OCO-
OCHHOCTH BHUIOBOrO0 cocraBa [25-27]. B ycrnoBusx KpaiiHe HEIOCTaTOYHOIO
VBIIQYKHEHIS 110 TOJMMHAM KPYITHBIX PeK M HHU3KOTOPBSIM MPeodIalaloT CTEITHBIE
KOMITJIEKCHI C JIECOCTEIBIO U MOATANTON, KOTOPBIE PETYISPHO MOABEP>KEHBI HKC-
TpeMatbHOMY pexuMy. B coctaBe necoB moaraexHo-ieocrennoro BITK momu-
HUpPYET cocHa OOBIKHOBeHHas (Pinus sylvestris L.). 3mech ipu 0OBIYHON MeTeO-
CHUTYalll! XapaKTepeH HHTCHCUBHBIN PEKIM.

[ToxxapHOE co3peBaHME HACAKACHUH B CBeTI0XBOMHOM TaexkHOoM BIIK Gonee
PacTSHYTO BO BPEMEHH IO CPaBHEHHUIO C JIECOCTEIBIO M TOATANTON TMPHUMEPHO
BaBoe. COCHSKM pOIOACHAPOHOBO-OPYCHHYHBIE MPUXOMAT B TOKAapPOOIACHOE
cocrosiHre 3a 3—4 JHS, a COCHAKH 3€JIEHOMOIIHBIE — UMb Yepe3 6—10 greit cy-
XOH moronsl. B MTUCTBEHHHYHHUKAX POJOICHAPOHOBO-OPYCHUYHBIX M B CXOTHBIX
0 XapaKTepy HAIIOYBEHHOTO TIOKPOBa Oepe3HsIKax KPUTHUYECKas UTHTEITFHOCTH
CyXOH morofsl coctaBisieT 4—6 aaeil. B 30He ymMmepeHHOro yBiIaKHEHHUsI, HA XO-
JOAHBIX M MEpP3JOTHBIX IOYBAaX CPEAHETOpHi, TOCIIOACTBYIOT TacKHBIE JIHICT-
BeHHWYHUKH (Larix sibirica Ledeb., Larix gmelini (Rupr.) Rupr.). JIns moxap-
HOTO CO3pPEBaHMS JIMCTBEHHHYHUKOB OarylTbHUKOBBIX W 3€JICHOMOIIHBIX HEO00-
xoauMmo 10—15 mueii. [Tuponorndeckue pesKkMMBI BApUPYIOT IO BPEMEHH U TEP-
PHUTOpPHH OT HHTEHCHBHOT'O JI0 YMEPEHHOTO.

K BnasxHBIM mosicaM ¢ yMEpEeHHBIM MU POJIOTHYECKAM PEKUMOM TPHYPOICHEI
TEMHOXBOWHBIC KOMITICKCHI M3 kenpa (Pinus sibirica Du Tour.), muxtel (Abies
sibirica Ledeb.) u enu (Picea obovata Ledeb.). PactutensHoCcTh, 00pa3yromas u
OKaWMIISTFOIIAasi BEPXHIOIO TPaHHMITy Jieca C XapaKTepPHBIM IS Hee M30BITOYHBIM
VBIQ)KHEHHEM M HEJOCTaTKOM TEIUIA, IMPEICTaBICHA CIOKHBIMH CyOalbIIHi-
CKUMH KOMIUIEKCAMH, B KOTOPBIX IPH OOBIYHOW METCOCHTYAITMH ITIPEBAJHPYET
OJIaTOTIOTYYHBIH PEXKUM.

JlucTBeHHBIE TOPOBI B HEHAPYIICHHBIX TOKapaMu B pyOKaMH KOMITIEKCaX
MIPEACTaBIICHBI MPEUMYIIIECTBEHHO B BHJE NMPHMECH K HaCaKICHUSIM M3 Iepe-
YUCIICHHBIX XBOHHBIX JOMHUHAHTOB. D10 Oepes3a (Betula pendula Roth., B. er-
manii subsp. lanata (Regel) A. K. Skvortsov) u ocuna (Populus tremula L.).
[Tocite MHTEHCUBHBIX MOXAPOB, COMPOBOXKIAIOMINXCS 3HAYNTEIBHBIM H3PEKH-
BaHHEM M OTMHpPaHHEM KOPEHHBIX XBOWHBIX HACAXKICHHH, STH BUIBI 00pa3yroT
CcOOCTBEHHBIE IMPOU3BOIHEIE COOOIIECTRA.

C mHUpoNOrHYecKOr TOYKH 3peHUs Ha Oonblneld yacTi CeleHrHHCKOTO Cpel-
HETOphsI OTMEUAETCSl HEOMAroNPHUIATHOE COYETaHNEe KCepO(PHUTHOH CTEITHON pac-
TUTETHPHOCTH W BBICOKOIOKaPOOIACHEBIX JIECOB, IIPOM3PACTAIONINX B YCIOBHUSX
3aCyIUINBOro KnMaTa. I'ogoBas HopMa aTMOC(EPHBIX OCaIKOB 3/1€Ch B IIpe/e-
nmax cBetiioxBoiiHOro Taexkuoro BIIK cocraBiser 250-350 MM, a B moATaiire u
JIecOoCTeNny OHa ere MeHbIe. [Ipraem Ha momto cHera nmpuxoautcs mmb 5—10%
OT TO/IOBOM CyMMEI. [I0ATOMY MaIOMOIIHBIN CHEXHBIN IMOKPOB CXOIWT PaHO,
MPEUMYIIECTBEHHO UCTIAPSSICh B CyXOi BO3AYIIHOHM cpeie, 0OBITHO yKe B Map-
Te, 0 MEpe YCTAHOBIICHHSI ITOJIOKUTEIBHBIX 3HAUCHU THEBHOW TEMITEpaTyphI
BO3/TyXa MPH €ro BeChMa HU3KOW BIAXKHOCTH. B pe3ynpTaTe HAIOYBEHHBIN CIION
TOPIOYMX MATEPHUAJIOB ITOUTH HE YBIIAXKHSIETCS TAJOW BOJOH, OCOOCHHO Ha FOXK-
HBIX CKJIOHAX, M3-32 €€ CKYAHOCTH HIJIM TOIHOTO OTCYTCTBHA. CXOmHasi cuTya-
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nust pociexknuBaeTcst Ha tepputopun Llentpanmsaoro m FOro-Boctounoro 3a-
Oaiikanbs [28].

Becnoit n B Hauane jera Ha TEPPUTOPHUH, 3aHUMAEMOMN ITyTOBO-CTEITHBIM,
TTO/ITA€KHO-JIECOCTENTHBIM M CBETIIOXBOMHBIM TaekHbIM BIIK, kak mpaBuio, He
OBIBACT OCAJIKOB, CIIOCOOHBIX YCTPAHUThH WIIH XOTS OBl OCIAOWUThH TMOXKapoomac-
HOCTP. VcrapsseMoCTh BIIaru B 3TO BPeMs IPEBHINIAET BENUIUHY OCAJKOB B 5—
10 pa3 [28]. Ha orpoMHBIX IpOCTpPaHCTBAX P WHTCHCHBHOM, a TeM OoJee Mmpu
SKCTPEMATBEHOM PEKMME YCTAaHABIMBACTCS HA JJIMTENFHOE BpeMsl CIIerudye-
CKasi THPOJIOTHIECKasi MOHOTOHHOCTB, IIPH KOTOPOH MPaKTUIECKH OTCYTCTBYIOT
KaKHe-TN00 eCTECTBEHHBIC TPETIATCTBUS IS OTHS U3 HETOPUMBIX YIaCTKOB Jie-
ca. K Tomy e o3epa, peKH 1 OTHOCHTEIIFHO BJIa)KHBIE TPEOHH TOPHBIX XpeOTOB
Pa3pO3HEHBI W TO3TOMY HE 3a/ICpPKHUBAIOT PacHpoCcTpaHEeHHe IMmokapoB. boiee
TOTO, JIyra ¥ 3apOCiId TOPIOYUX KYyCTAPHUKOB (€pPHUKOB), N300MIYIONIUE B JO-
JIMHAX HEOONBIIUX pek (Imajieil), TONBKO YCHIIMBAIOT MHTEHCHBHOCTH TOPEHUSI.
[Tpu mopeIBax BeTpa B €pHUKAX OrOHB JIETKO IIPEOJOJICBACT Y3KUE BOIHEIE TIpe-
rpazbl, OCTaBIINECS CHEKHUKH M HaneAn. [IpudeM XaoTHYecKn pa3BeTBIISIONIH-
€cs IO TOPHBIM TaIsIM NUICH(HI IUIAMEHH CTPEMHUTEIBHO IIEPEXOIAT Ha TackK-
HBIE MAaCCHBHI B IIMPOKOM BBICOTHOM JIMamna3oHe. TakoBa CIOHTAaHHAs CXeMa
BO3HHKHOBCHUS JaHAMA(THEIX ITOKapoB, KOTOpasi HAOI0qanach Mpyu aBHaMo-
HUTOPHHTE TEPPUTOPUHN 3a0aiikabsl.

[ToxxapooracHOCTh TOpHO-Tae)KHBIX TeMHOXBOWHBIX BIIK HacTtymaer cymie-
CTBEHHO IIO3KE, IO MEpE CXOIa OTHOCHUTEIHHO MOIIHOTO s baitkambckoro
PETHOHa CHEKHOTO ITOKpOBa. Tak, B TaC)KHOM KEIPOBOM H B KEIPOBO-ITMXTOBOM
BIIK TasHMe cHera pacTsATHBaeTCs Ha BeCh Mai, a B CyOaIbITHICKO-TTOATOJIBIIO-
BoM BIIK, rme pacmpocrpaneHbl 3apociy MOKapooOnacHOTO KeIPOBOT0 CTIAHU-
Ka, CHET CXOIMWT JINIIb K cepeanHe HioHA. K TOMy ke 3/1eCh BCIEACTBHE BEBICO-
KO BIIQYKHOCTH MOIITHOTO MOXOBOT'O TIOKPOBA M TIOACTHIIKU MOKAapHOE CO3pEeBa-
HUE TPOTEKaeT MEIUICHHO M PETYISIPHO MPEphIBAcTCS OOMIBHBIMH aTMocdep-
HBIMHU ocagkamu. OTHAKO Ha OMpENENICHHBIX YUYaCTKaX BCTPEUYAIOTCS JIMIIAHN-
KOBBIE TTAPIEIUTH, TPEICTABISIONINE TOKAPHYIO OITACHOCTb.

Jlanmma¢ THEIE TTOKaphl HA TEPPUTOPHH BEPXHHUX JIECOPACTUTENHHBIX ITOSICOB
BO3HHKAIOT PEIKO, OJHAKO B OTIEIBHBIC TOIBI, BO BPEMs [UIMTENHHBIX JICTHE-
OCEHHUX 3aCyX, OHH IIPHBOIAT K TOTEPsSM OCO00 BaXKHBIX s Baikambckoro
MPUPOIHOTO KOMILIEKCa KEIPOBBIX JIECOB, & B CYOAIIBIIMIACKOM TIOSICE TTOCNE BEI-
TOpaHUsI MECTOOOMTAHHUH C KEIPOBBIMH, KEAPOBO-ITMXTOBEIMU H JINCTBEHHIYHEI-
MH PEIKOIECHIMH C KEAPOBBIM CTIAHIKOM TIOHMKAIOT BEPXHIOIO TPaHHITY JIeca.

CortacHO JIeCONOXKApHOW CTATUCTHKE, OOIIHA ()OH TOPUMOCTH JIECOB OIpe-
JeTsieTcsl HU30BBIMU IIOJKapaMH, IMOCIE KOTOPBIX OONbIIasl 4acTh TOPEBIINX
HACaKICHUN COXpaHSIET XM3HECIIOCOOHOCTh B MEpY HX IIOKapOOIMacHOCTH H
OTHECTOHKOCTH, a TakkKe (PaKTHIeCKOW HHTEHCHBHOCTH OTHS Ha JaHHOM yJacT-
ke. Ha puc. 3 mmmoctpupyercst TUIMYHAS KapTHHA COBPEMEHHOW IUHAMHUKH
COCHOBBIX JIPEBOCTOEB, YCTAHOBJICHHAS 110 IAHHBIM JIECOycTpoicTBa [29].

JlannmadTHEIN MOXap, pacHpOCTPAHHMBIIUCH HAa OOJBIIYIO TEPPUTOPHIO,
MPEICTaBIIsAET COO0H MHOr000pa3ue PU3NICCKUX BapHallMil CTUXHUIHOTO rope-
HUS, OCTaBIISIONIMX 32 COOOM B JIECHBIX MacCHBax Mopdorornyecku TpaHchop-
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MHpOBaHHBIC (DUTOIICHO3BI HA MMOKAPHILAX, OT YMEPEHHBIX OTHEBBIX ITOBPEXKIC-
HUH TI0J] TIOJIOTOM JIPEBOCTOEB JI0 UX OCIA0JICHUS U TIOJTHOTO OTMUPAHUS BCIIEI-
CTBHE WHTCHCHBHOTO HH30BOro OrHs. HamOoiee HeraTWBHBIA ClieHapWi IMpe-
CTaBJISIET TOTAIBHYIO THOECNB JIEPEBBEB TIOCIIC MTPOXOXKIACHUS BEPXOBOTO MOXKapa
C BEPOSITHBIM JIOKAJTLbHBIM 00€3JICCEHUEM.
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Puc. 3. Bo3pacrHas quHaMuKa 3a1acoB PEBECHHBI (@) U T'yCTOTHI ApeBocToeB (b)

B cocHsikax. O003HAUCHHUS: CIUIOLIHBIC JINHUU — HOPMAaJIbHbIC HACAKACHHUS; TyHKTUD —
MUpOreHHsle (MonanpHble) HacaxaeHus; 0,54...0,50 — oTHOcUTENbHAS IOJIHOTA IPEBOCTOEB
[Fig. 3. The age dynamics of wood stocks (a) and density of forest stands (b) in pine forests.
Designations: solid lines are normal plantations; dotted line - pyrogenic (modal) plantings;

0.54 ... 0.50 is the relative fullness of tree stands]

MexaHn3M MUPOTEHHBIX TpaHC(OpMannii IKOCHCTEM C COCHOBBIMH HacaXk-
JICHUSMH HamboJee AeTalbHO IIPOCIIEKEH Ha FOT0-BOCTOYHOM ME30CKIOHE S10-
JIOHOBOTO Xpe0Ta, TIe MPOBOANINCH OTHEBHIE OITBITHI.

Bricota Harapa Ha CTBONaxX W CTENEHb IOBPEXKICHUS KPOH NEPEBHEB 00Y-
CIIOBIICHBI MTPEUMYILECTBEHHO UX PACIIONIOKECHUEM OTHOCHUTEIHHO XapaKTepHBIX
gacTeil KpOMKH OrHA. ['yOWTenbHBIE BBICOTA W INMMpPHHA IUIAMEHH OBUIM Ha
(pOHTAIFHOM HaIpaBJICHUH, COBIAJAIOIEM C HAIPABICHHEM BETpa, YTO OIHO-
3HAYHO MPOCIECKUBATIOCH MO KapTOCXEMaM OTHEBBIX OMBITOB. DpOHTAIHHEIN
OTOHB TIPHYUHSI EPEBbIM HAHOONBIINE MOBpeKAeHU. HampoTus, coBepieH-
HO HE IOCTpalgalli IepeBbs, OKAa3aBIIMECS B 30HE THUIA OTHS, TIE HEBBICOKOE
TUTaMs CJIETKa OXBATHIBAJIO KOMIIEBBIC YaCTH CTBOJA, KaMOWI KOTOPBIX 3allH-
IIEH JOCTaTOYHBIM cloeM KOpKu. CpenHre 3HAueHHS OTHEBBIX MOBPEKICHHMA
OTMEYAITUCh Ha (hiaHrax KpoMku oras [30].
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Harap Ha crBONax ObUT acHMMETPHUYHBIM. OTHOCTOPOHHHMA (IIPEIeITbHBII)
Harap ObIJI 3aMETHO BBIIIE 30HBI KOJBIICBOrO OOyTIMBaHUS CTBOJIOB. OCOOEHHO
KOHTPACTHBIC Pa3Nu9Hs MEXKIY KOJBIIEBEIM M OJHOCTOPOHHHM HAarapoM perH-
CTPUPOBAJIMCh Ha yJacTKe co ciaabbiM orHeM (B 3—4 pasa). B 3oHe nmelicTBus
CHJIFHOTO OTHS pa3ii4dsi MEKAY MPEACTHHBIM W KOJBLIEBBIM HarapoM MeHee
BEIpakeHHI. [IpocnexxuBanacs TEHACHIMS 3aBHCUMOCTH BBICOTHI Harapa oT Jfa-
MeTpa JepeBbeB. Ha TONCTBIX AepeBbsX, OCOOCHHO B 30HE JEHCTBUS cnaboro u
CpeIHero OrHs, Harap OB BbINIE, YeM HAa TOHKHX. JTO 0OCTOSTEIHCTBO 00Y-
CIIOBJICHO YBEIMYECHHBIM KOIWYECTBOM OITafa IOJ KPYITHBIMH JEPEBBIMH, a
TaKxke 0oJiee CHIIBHBIMH 3aBUXPEHUSMHA TUIAMEHH.

AHOMaIBHBIN OTHA JepEeBbEB, BEI3BAHHBINH HEMOCPEICTBEHHBIMH OTHEBBEIMU
TpaBMaMH, OTYCTINBO HaONIOMANCs HA MPOTSDKEHWH IEPBBIX IBYX JIET IIOCTE
BBDKUTAHUN. [1OCKONBKY BCE NIEPEBBSI Ha KAXKIIOM YYACTKE IOCIE BBIKUTAHHUN
MPOHYMEPOBAHBI M MapKUPOBaHBI T-00pa3HBIMH METKAMH TOYEK H3MEpPEHUS
IMaMeTpa CTBOINa, 0OecIednBaiach KOPPEKTHOCT MIOBTOPHBIX H3MEPEHHH Yepes3
2, 5 u 10 ner mocne BeDKUTAHUH. [Ipy BEDKUTaHWW c1a00i M CpeTHEl CHITBI Ty-
OWTEeNBPHOE EWCTBHIE OTHS MPOSIBIISIIOCH B OCHOBHOM JIOKQJIBHO — TaM, T ObUIH
3aperuCTPUPOBAHBI MAKCHMAIIbHBIE 3HAUEHHSI ITapaMeTpoB IameHn. Ha ywact-
K€ C BBICOKOW MHTEHCHBHOCTBHIO TOPEHUS OOIIMpHAs 30Ha IMOBPEKICHHOTO Jpe-
BOCTOsI 0Opa3oBanack o HampasieHHIo (pponTa orHs. Korma crenens tepmrrde-
CKOTO BO3ICHCTBUS Ha KaMOWIA CTBOJIa M BETBEH, a TaKKe Ha XBOIO IMPEBHINIAa
MpefeNn TMOKapOYCTOHYNBOCTH JEPEBBEB, TO YK€ B IEPBBIC 2 HEAENH IIOCIEe
OITBITOB HA HIDKHMUX MYTOBKaX HaOJIONAIOCH MAacCOBOE TOXKENTEHHE XBOH. M3-
MEHEHHUE €€ OKPACKH B TOCIEIYIONIEM OXBATHIBAJIO PACIIONOKEHHBIC BBIIIE BET-
Bu. [To mccienosanusm ['.U. Tmpc [31], yetasibHOE TIOBpEeKACHHE (DIIOIMHBIX
TKaHEeW MPOMCXOIUT TOCiIe NEHCTBUS TeMIiepatyp cBbiie 55 °C, a moOypeHue
XBOH OT Harperoro Bo3ayxa ormedaercs npu S0 °C. U3yueHsl mOCTOUPOTeHHBIE
BapHaIlMy KH3HECTTOCOOHOCTH JiepeBbeB [17].

[Moce cnabbIX ¥ CpemHIX BBDKUTAHWH YCHIXAIOT JEPEBbs, KOTOPBIE B HOP-
MAaJIBHBIX YCIOBHAX MOTYT CYIIECTBOBATh IMPUMEPHO Ha 5 jer gonpmie. Uto xe
KacaeTcsl CHIIbHOTO BBDKUTAHHS, TO HA 9TOM YJacTKe OTIaj B OONbIIeH CTETICHH
oTIHYaeTcsi OT HopManbHOro. CpeqHHH OUaMeTp IEpPEeBbEB OTHaJa BCErO Ha
23% MeHbllle JuaMeTpa CpeJHero IepeBa BCero ApeBoctos. M3smeHunacs u npo-
CTpaHCTBEHHAs CTPYKTypa oTmaga. OH ObUT CKOHIICHTPUPOBAH B 30HE BIKCHHS
¢ponTansHON yacth orHsA. Cryctst 10 jeT Ha 3TOM ydacTKe 00pa3oBayiach peiv-
HAa, COCTOSINAS U3 KPYIHBIX IePEBbEB, THAMETP KOTOPBIX OBLT OOJBIIE CPETHETO
IO APEBOCTOIO.

Cpenn nepeBbeB, COXpaHUBIIUXCS crycTs 10 JeT mocie BDKUTAHHM, TTOYTH
HET TaKWX, )KU3HECIOCOOHOCTh KOTOPHIX ObLTa ObI 3aMETHO HapyllleHa OTHEM,
T.€. B TaKOH CTEIIEHH, KOTIa 3TO MOKET OTPHUIIATENEHO OTPA3UTHCS Ha THHAMIKE
npupocrta. B maHHOM cirydae MBI HE TPUHIMAaeM BO BHIMAHHE BIFMSIHUC HA TIPH-
POCT M3MEHHBIICHCS JIECHON CpeIbl, IMojlaras, YT0 MUKPOKINMAT MO MOJIOTOM
U BJIAroo0ecreuyeHHOCTh KOPHEBBIX CHCTEM TPAHC(POPMHUPYIOTCS ITOCIE BBIKH-
TaHUH Ha MaJIOH IDIOMAAN HE TaK 3aMETHO, KaK Ha OOUIMPHBIX €CTECTBEHHBIX
noxapumax. [lo HammM HaOIIONEHWSIM, MPOBEICHHBIM B Pa3IMYHBIC CPOKU
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MIEPBOT'O BETETAMOHHOTO MEPHOa MOCIIE OIMBITOB, ITOJIEBAs BIAKHOCTH Ha BEI-
MOKCHHBIX yYacTKaX HE OTIMYANIach OT KOHTPOJS BO BCEX MOYBEHHBIX TOPH30H-
Tax 10 1 M OT MOBEPXHOCTH. DTO MOKHO OOBSICHUTH OTCYTCTBHUEM MPEATIOCHIIOK
IUTSl YCHIICHHSI TIOBEPXHOCTHOTO CTOKA TIPH HEOONBIIAX pa3Mepax BBEDKKEHHBIX
YYaCTKOB M HE3HAUNTENEHON KPyTH3HE MECTOIONOKCHHS.

[MuporeHHsle BapHanuy OTHana M MPHUPOCTA JEPEBHEB HA OOBIYHBIX ITOXKA-
pHIIax OTIIMYAIOTCS OT PacCCMOTPEHHOH MOIENbHON KapTHHBI. Co00pa3HO BBI-
TOpEeBIICH IUTOMAT W MHTEHCHBHOCTH TOKapOB PACIIMPSIOTCS aMILTUTYIA H
KOHTPAaCTHOCTh HEHOTHYECKUX TOBPEKICHUN W IPYTHX HApPYIICHUH B JECHBIX
skocucTeMax 3abaiikanbs [12, 17, 20, 30]. OmHOBpEeMEHHO C OTHEBOW IECTPYK-
U MPEBECHBIX IICHO30B CrOpaeT HAIlOYBEHHEIH ITOKPOB, a Takke TpaHchop-
MHUpyeTcs JiecopactutenbHas cpena [32, 33], ycyrybmsercs obmuit nedummt
BIIary HAa BBITOPEBIINX TOPHBIX CKIIOHaX [34-36].

Hanbonee nmonHas u qyuTenbHAS KapTHHA MUPOTCHHBIX HAPYIICHWHA B Jiec-
HBIX HPKOCHCTEMax HaOJIofanach Ha JaHImaTHOM moxapuie B LlerTparsHoM
3abaiikanbe. [ToaydeHbl KOMIUIEKCHBIC NaHHBIE O IMOCTIIMPOICHHON TUHAMHKE
SKOJIOTHYECKON CHUTYallMd W JiecopacTUTenbHON cpeast [34, 35, 37, 38]. Oco-
OCHHO aHOMANBHBIMH OKAa3ajiCh HApYIICHHS B THAPOTCPMHUUYECKOM PEKIME
MOYB, MPOUCXOAIINE IIOCIEe MHTEHCHBHBIX TOXKAPOB. ODTH CBEICHHSI MOXXKHO
paccMaTpruBaTh OPUTUHAIBHBIMHA, TAK KaK OTMEYAETCS JINIIb HEOOIBIIOE JHCIIO
COBPEMEHHBIX IMYOJIMKALNH C pe3ynbTaTaM{ HCCIIEI0BAHUI THAPOTEPMUIECKOTO
pekrMa TIoYB OOpeabHBIX JIECOB balKallbCKOro U COCEAHMX perruoHoB [39—42].
JlaHHBIE TT0 M3MEHEHHIO TEMIIEpPAaTYpHOTO peXMMa T0YB Ha MOKapHhIax, He-
CMOTpS Ha WX IMIHPOKOE PACIIPOCTPAHEHUE, TAKKE OUEHb CKYTHBI, KPOME TOTO,
YaCTO OHM MOIYYCHBI JUCTAHIIMOHHBIMHU MeTomamu [41, 42].

[NoBbImeHHBIN HATPEeB OOTOPEBIIEH MOBEPXHOCTH MOYBH B THEBHOE BPEMSI
SIBIISIETCS] OCOOEHHO OYEBUAHBIM IIPH COMOCTABIICHUH MAKCHMAJBHBIX TEMITepa-
Typ. B >kapkue ITHU TEpBOTO MOCIENOKapHOTO TOIa 3HAUYCHHSI MaKCHMAaJIbHBIX
TEMIIepaTyp Ha MOKaphIIe IPEBHIAIN KOHTPOIBHBIN yPOBEHb OoJiee ueM Ha
20 °C. Yepe3 roa KOHTpACT OBII BJIBOEC MEHBIIE B *KAPKHE JHU, a B OOBIYHYIO
noroxy cokpamaincs n0 3—5 °C. CoOTBETCTBEHHO H3MEHSUIACh TeMIlepaTypa
BEPXHHUX TOPU30HTOB MOYBHI. Jla’ke B TEUCHHE BTOPOT'O ITOCIICTIOKAPHOT'O CE30HA
(c Mas 10 CEHTSAOPh) Pa3HOCTh TEMIIEPATYP MEXIY TOPEBIIMM U KOHTPOJIHHBIM
ygactkamMu Ha TiryomHe 10 cm cocraBmsiia 3—5 °C. Ha rnybmue 50 cM oHa
ymeHsbImanace o 2-3 °C.

JecTpyKuns HATOYBEHHOTO MOKPOBA, MOTHOE YHHUTO)KEHUE OTHEM HIDKHIX
SpycoB (pHUTOIIEHO3a HETaTHBHO OTPA3MIINCh Ha BOTHOM peknMe mouBbl. Ha
¢doHe ob1ero AeduMTa YBIOKHEHNS, CBI3aHHOTO C 3aCyNUIMBOCTHIO KITMMaTa
B pETHOHE, 3aITachl BJIATH HA YYaCTKax C MOXXapoM OBUIM CHCTEMaTHYeCKH CHU-
JKEHBI TI0 CPAaBHEHUIO C KOHTpoJeM. BoccTaHOBIIEHWE HOPMAITBHOM JIECHOM TTOI-
CTHJIKH, COTJIACHO HaOIOICHUSIM 32 OITaIOMEpaMH, PACTATUBACTCS B TOZOOHOMN
cutyanun Ha 15-20 ner.

JlanmmadgTHEIE MOXKApEl B TOPAax 4YacTO BBI3BIBAIOT HEOOPAaTHMEBIC AECTPYK-
THUBHBIE TPOIECCHI, BEAYIINE K Pa3pyIICHUIO OYBHI Kak MpupoaHoro tena. [lo-
Kapbl CpemHel W BEICOKOH MHTEHCHBHOCTH HA TOPHBIX CKJIOHAX IPH YaCTHIHOM
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WM TIOJTHOM CTOPAaHHU 3aIIUTHOTO PACTHTENFHOTO CJIOS CIIOCOOCTBYIOT PE3KO-
My CHHYKEHUIO BOJOIOTTIOTHTENEHON CITIOCOOHOCTH JIECHBIX IOICTHIIOK U BOMO-
MPOHHIIAeMOCTH TIoYB [43]. DTO co3maeT yCIOBUs I (OPMHUPOBAHHUS TTOBEPX-
HOCTHOT'O CTOKa M YCHJICHHS SPO3MOHHBIX MpoIleccoB. Ha cBexnx mokapuimax B
3aBUCHMOCTH OT MHTEHCHBHOCTH OTHS TIOBEPXHOCTHBIA CTOK Bo3pacTraeT B 3—15
pa3, a TBepabId — B AECATKH W COTHH Pa3, YTO MHOTOKPATHO IPEBOCXOAUT IIO-
CJIeICTBUSI KOHIIEHTPHUPOBAHHBIX JIECO3arOTOBOK [44].

JlepeBbsl TMCTBEHHUIIBI HAXOIATCS B NPEUMYIIECTBEHHOM ITOJIOKEHUH IO
OTHOIIEHHUIO K COCHAM, ITOCKOJBKY OHH JIyYIIle 3aIUIIEHBl OT TEPMUYIECKUX T10-
BPEXIEHHUH TOJICTBIM ClIoeM KOophl. KpoMe TOro, KpoHBI JTHCTBEHHHUI] CIIOCOOHBI
K pereHepaluy XBOU 1 MOOETOB, TOBPEKICHHBIX TOkapoM. OIHAKO MU MHTEH-
CHBHOM U HKCTPEMAIEHOM IHPOJIOTHYECKAX PeKUMaX B JIMCTBCHHUYHHUKAX OBI-
BalOT CHJIBHBIC TIOXKAapBl, MPH TOBTOPEHHH KOTOPBIX PA3BHUBACTCS ITUTPECCHUS
HacaxneHuid. OOOOMEHHYIO CXeMy TTUPOTeHHON TUTPECCHU JIMCTBEHHUYHUKOB
WLUTIOCTPUPYET pHC. 4, TIIE COMOCTAaBIICHa BO3PACTHASI AWHAMUKA YHCIa IePEBh-
€B U IOTHOTHI JPEBOCTOCB B NMHUPOTCHHBIX M B HEHAPYIICHHBIX HACAXKICHISIX,
OTHOCSIIIUXCS K TpEeTheMy Kitaccy OoHuTeTa [29].
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Puc. 4. Bo3pacTtHas 1uHaMHUKa YHCIEHHOCTH I€PEBbEB B HOPMATIBHBIX (/) ¥ MUPOreHHBIX (2)
nucTBeHHHYHUKaX. CTpenkaMu 0003Ha4YeHbI MOTCHIMAIbHbIC HHTEPBAJIbl BPEMEHH,
HEOOXOUMbIE ISl BOCCTAaHOBIICHHUSI HOPMAJIbHOW MOIHOTHI U rycToThl; 0,60...0,50 —

OTHOCHUTEJIbHAS IOJTHOTA JPEBOCTOEB COOTBETCTBEHHO UX BO3PACTY

[Fig. 4. Age dynamics of tree quantity in normal (1) and pyrogenic (2) larch forests. The arrows indicate

the potential time intervals necessary for restoration to normal fullness and density; 0.60 ... 0.50 - relative

fullness of tree stands, according to their age]
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CymecTBeHHOE TMajieHre MOMHOTH 20—50-JIeTHEr0 OPEeBOCTOSI MOXKET OBITH
BOCITOJTHEHO B TE€UEHHE OTHOTO Kiacca Bo3pacrta (Ha puc. 4 0003HAYEHO CTpE-
KaMH), €CIIH COXPAHICTCS] HOPMAIIBHBIN TEMI IPHPOCTa OCTABIINXCS KU3HECTIO-
COOHBIX JIEPEBHEB, YHCICHHOCTh KOTOPBHIX COCTaBJIseT 2—4 ThIC. IT. Ha 1 Ta.
BpemenHoit naTepBal (i) Ha BOCCTAHOBJICHHE HOPMAIBHOW TIOJTHOTHI JIPEBOCTOS
B 00IIIEM BHJIC MOXKHO OINPEACIHTD 10 (hopMyJie

i=a,—a +Aa,
TZie a; — BO3pacT, B KOTOPOM APEBOCTOH OBLIT MOBPEKICH IOXKAPOM; dy — BO3-
pacT, COOTBETCTBYIOUIMI NAaHHOW TYCTOTE€ WJIHM IIONHOTE IPH €CTECTBEHHOM
(OecrioxkapHOM) W3PEKUBAHUH JIPEBOCTOEB; Aa — TOMNpaBKa Ha €CTECTBEHHOE
W3pEKUBaHUE MTUPOTCHHOTO IPEBOCTOSI B MHTEPBAIIC OT @ JI0 dy.

JIUTEeNbHOCTh TIEPHOIOB BOCCTAHOBJICHUS MOJTHOTHI YBEIHYMBAETCS C BO3-
pacToM B T€OMETPUIECKON MPOTPECCHH, MOCKONBKY MO Mepe CTapeHHUs! APEeBO-
CTOEB HEN30SKHO CHIDKACTCS MX TPUPOCT. [JIs MepecTOMHBIX HACAXKIICHUHA aHa-
TU3UPYEMBIH TIpoIiecc UMEET JTUIIb THITOTETHIEeCKOe 3HaUeHue. boiee BeposiTHO
MOSIBJICHNE HOBBIX TIOKOJICHUH TaM, I/Ie IIOYBEHHO-IKOJIOTHUECKIE YCIOBHS OJ1a-
TONPHATCTBYIOT BO30OHOBIICHHUIO JIMCTBCHHUIIBI, & B MHOH 0OCTaHOBKE — CMEHA
mopoJi Wi oOpa3oBaHWe TycTomniei. Ha MHOroneTHedl Mep3ioTe MUpOreHHAS
IUTPECCHs JICTBEHHUYHUKOB B OomnbIeil crenenn ycyryomsercs. [lpu Bepro-
JIETHOM MOHHUTOPHHTE TIOCIETIOKAPHBIX MEP3IIOTHBIX JINCTBEHHHYHUKOB B Cepe-
IMHE JIeTa HaOII0JaJloch MaccoBOe MOXKENTeHHe XBoH. boree Toro, B MecTax ¢
MIPOTOPaHNEM MOIIHOTO TOP(SIHUCTOTO CIIOST MTPOMCXOANI BBIBAI IEPEBBEB, UYTO
B JaJIbHEHIIIEM TPUBOIIIIO K TTOSBICHHIO €PHUKOBEIX 3apOCIIEH.

N3BecTHO, YTO TIpH OAWHAKOBOW MOTEHIIMAIBFHOW TMOXKapOOMacHOCTH OT-
JIETBHBIX (anuii ¥ ypouwiy (akTHdecKas MX TOPHUMOCTH 3aBUCHT OT MHOTHX
¢akropoB. Tak, Ha TOPHBIX CKIIOHAX HanOoJiee CHIBHBIA OrOHb HaOIFOmaeTCS
MIpU IBMKCHUH CHHU3Y BBEPX. BOJBIIYIO PONb B pacmpOCTpaHEHUH KPOMKH II0-
KapoB HTPalOT CKOPOCTh W HAIPaBJICHUE BETPa, a TakKe CYTOYHAs PUTMHKA
TEMIIEpPaTyphl M BIAXKHOCTH Bo3Ayxa. OTOHB ociabeBaeT K KOHITY IHS, & HOYBIO
enBa Tieer. OTCIOAa CleayeT HepaBHOMEPHOCTD BO3AECHCTBISI TONTOBPEM EHHBIX
maHamapTHEIX OKAPOB Ha JIECHBIE MacCHBBL. OTMEUCHHBIE BapHally HUCIIOINb-
3YIOTCSI JIECHOM OXPaHOM MpH BBIOOPE TAKTUYECKUX PEIICHUH JUIT OCTAHOBKH U
JIOKAJIM3aIIIH TTOXKAPOB.

OOmmpHbIle TanAmadTHRE MOKapHl B CBETIOXBOWHBIX JIeCaX OCTABILIOT 32
c000if MO3anKy M3 y4acTKOB TOBPEKICHHBIX U MOTHOMNX HACAKACHUN B 3aBH-
CHMOCTH OT BHIa M WHTEHCHBHOCTH OTHEBOTO Bo3neiicTBus. Jlanee B mpomecce
MOCIIEIOKAPHOTO  JIECOBO30OHOBIEHUST (POPMHUPYETCS CIOKHAS CTPYKTypa
TPYIIOBO- WM KypTUHHO-Pa3HOBO3PACTHBIX JAPEBOCTOEB, IEPUOTHUCCKA MO-
muduIIpyeMast IOBTOPHBIMH TIOKapaMH. B COOTBETCTBHM ¢ M3BECTHON THITOTE-
30i1 00 3BOJNIFOIIMOHHO OOYCIOBIICHHOH MHUPOPUTHOCTH COCHBI OOBIKHOBEHHOM
[45—47], monoOHast CTPYKTypa JAPEBOCTOEB OMPEACIACTCS MEXaHH3MOM ITHKIIH-
YECKH MMITYJIbCHOW TTMPOTeHHON CTaOWMIIBHOCTH JiecoB. [IpH TsKENmbIX mopake-
HUSX JPEBOCTOEB BOCCTAHOBIICHHE WX TONOKAPHOW MOTHOTHI M 3aI1aca pacTsTH-
BaeTCs Ha JUTMTENFHOE BPEMs, a TIOCIIE IIOBTOPHBIX IIOJKapOB Pa3BUBAETCS ITHPO-
TeHHasl JUTPECCHsl C KaTaleHO30M M HEW30EXHOH yTpPaTod HSKOIOTHIECKOrO
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3HAYeHHs HacaKAeHMA. Ha cyXux MecTOmOoNoKeHMsIX, 0COOCHHO B TIOATACKHBIX
U TOATAC)KHO-JIECOCTEHBIX CBETIIOXBOMHBIX JiecaX Ha KPYTHIX I0KHBIX CKIIOHAX
KaTarleHO3 3aKaHYNBACTCS JIOKATBHBIM 00€3JIeCEHIEM.

B nrecax moxpraexxno-necocrennoro BITK moxkaps! ciiaboid v cpeHeid HHTEeH-
CHUBHOCTH OOBIYHO OKa3bIBAIOT cl1ab0e BIUSHUE HA COCTaB U CTPYKTYpPY reMu0o-
pCaNbHBIX JIECOB, HO OTPHIATENFHO CKA3bIBAIOTCS HA WX MPOXYKTUBHOCTH |8,
48]. Tlocne Takux MOXKapoB MPOUCXOTUT YMEPEHHOE U3PEKUBAHNE IPEBOCTOEB,
KcepopuTH3aIMSI ¥ OCTEITHEHHE MOMINHEHHBIX SIPyCcOB (KYCTaPHUKOBOTO H Tpa-
BSIHOTO), HEpeIKo CHmkaeTca Oonnter. [locie mojkapoB BEICOKOH WHTEHCHBHO-
CTH JIECHOH (DPUTOIICHO3 CMEHSIETCSl CTEIMHBIM. JIeCOBOCCTaHOBIICHNE PACTITHBA-
€TCsI Ha ITUTENbHBIN MepHO/l, ICUHNCISIEMBI MHOTHMH JIECSITKaMH JIeT [46].

B cBemnioxsoitaHoM TaesxkHom BITK nHTEHCHBHOCTH MOkapa BO MHOTOM 3aBH-
cut ot cocrosiHus JII'M, T.e. OT IOTOMHBIX YCIOBUH, MPEAIIECTBYIONNX TOXKa-
py. 3amacel JI'M B TaexHBIX JUCTBEHHUYHHKAX M COCHSKAaX OOBIYHO 3HAYH-
TENFHBI BCJIEACTBHE OOJBIIOrO MEXIIOKAPHOTO WHTEpBala W 3aMEIIEHHOTO
Pa3NIoKEeHNsT MEPTBOT'O OPTaHWYECKOTO BEMIECTBA. B 3aCylUIMBEIC TEPHOABI TIPH
WHTCHCHBHOM H DKCTPEMabHOM PeXMMaxX HEN30CKHBI OKAPHI CPEIHEH 1 BEI-
COKOM MHTEHCHBHOCTH, KOTOpPBIEC MIPUBOIAT K THOESNHN 3HAUNTEIFHON YacTH Jpe-
BOCTOSI 1 TTIOTYMHEHHBIX SIPyCOB PACTUTENBHOCTH, a TaKKe K YHHUTOKEHHUIO Op-
TaHOTCHHBIX TOPH30HTOB MOYB. HecMOTpst Ha TO, YTO COCHA W JICTBEHHUIIA
HUMEIOT SBOJIOIMOHHBIC TTPUCIIOCOOTICHNUS ISl BBDKHBAHUS OT MAPOTCHHBIX BO3-
JNEHCTBHIA, TPU TPOTOPAHUH IOICTHIIKH OOBIYHO MOBPEKIAIOTCS WX KOPHH,
OJMH3KMe K TTOBEPXHOCTH TIOYBHI, UTO NMPHBOAWT K THOENH AepeBbeB. [loxapst
cJ1aboi MHTEHCUBHOCTH, B OCOOCHHOCTH O€TJIbIc HU30BbIC, OOBIYHO HE TIPUBOIST
K rubenu apeBocToeB. CyKIECCHH MOCIE TIOKAPOB Pa3HOW WHTEHCHBHOCTH IIPO-
TEKaIOT MO-Pa3HOMY, a IOCIIEIOBATENFHOCTD CYKIIECCHOHHBIX CTaIMid 3aBHCUT
OT (haKTUIECKOH HapyIIEHHOCTH dKocucTeM. [1pn mMoTHOM YHHUYTOKEHUH (DUTO-
[ICHO30B OTHEM HA Tapy Pa3BHUBAIOTCS TPaBSIHBIC (DUTOICHO3BI M3 JECPHOBHHHBIX
tpaB (Chamaenerion angustifolium (L.) Scop., Calamagrostis lansdorffii (Link)
Trin.), KOTOpEIE B TE€UYEHHE IJIUTEINHFHOTO BPEMEHH MOTYT TEPEXONUTh B CTAINH
MPOM3BOIHBIX (BHIBI pona Betula L., Populus tremula) mnbo KOPEHHBIX IPEBOCTO-
€B, a TAKKE Ha JIATEIBHBIC TICPUOIBI BPEMEHH 3aMEIIaThCs epHUKaMu (Betula ex-
ilis Sukaczev, B. divaricata Ledeb., B. fruticosa Pall.). Tloxaps! cnaboii HHTEHCHB-
HOCTH, KaK MPaBmIO, HE HAPYIIAIOT €CTECTBEHHBIC CYKIIECCHOHHBIE MPOIIecchl. H-
TEHCHBHBIEC OOIIMPHEIEC TIOKAPHI B BEPXHUX TackHBIX BIIK mpuBOIsT K CHIKEHUIO
BEpXHEH TpaHUIIBI JIECHOro Tosica B ropax. Jlamee rapu, 0COOCHHO MO KaMEHUCTBIM
CKJIOHaM, MOTYT 3apacTaTh KEAPOBBIM CTIaHUKOM [49].

B ropro-TaexxHoM TemHOXBoitHOM BIIK mokapbl OBIBalOT CpaBHUTEILHO
penKo, UG MPH IUTENBHOHN 3acyxe. Ho 3aTo oHM mouTH Bcernma HOCAT TyOH-
TENFHBIA XapakTep, TaK KaK OTINYArOTCS MHTEHCUBHBIM TOpPEHUEM, a TEMHO-
XBOWHBIEC TIOPOJIBI JiecooOpasoBatenu (Abies sibirica, Pinus sibirica, Picea obo-
vata) He UMEIOT BOIIOIMOHHO C(hOPMHPOBABIINXCS MEXAHM3MOB IS 3aIUTHI
ot oras. [losToMy OHHM TOrHOAOT Ja’ke IMPH NOKAPaX YMEPSHHONH WHTCHCHBHO-
ctu. [TuporenHas cykueccusi B TEeMHOXBOMHBIX JIeCax MPOTEKAET CIOKHO H JI0JI-
ro, OOBIYHO Yepe3 JIYTOBYIO (IepHOBHUHHBIC 37IaKu M ocoku, Chamaenerion an-
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gustifolium) 1 IPOU3BOIHYIO cTauu Oepe3oBwIX (Betula pendula, B. pubescens
Ehrh.) i ocuHOBEIX ApeBocToeB (Populus tremula). Ha BepxHeit rpaHuIie Jieca
BO BJIQYKHBIX KIIMMaTHYCCKAX (palnsx TEMHOXBOWHBIE Jieca MOCIE MOKAPOB MO-
T'YT 3aMeIaThCsl CyOANBITUICKIMH JTyTaMHu.

[Moaromenoserit BITK moTeHImansHO MOABEPKEH MOXKapaM CHIIBHON MHTEH-
CHBHOCTH M3-32 CBOCOOpa3Us COCTaBa M CTPYKTYPHI (PUTOIICHO30B, HECMOTPS Ha
BBICOKOE aTMoc(hepHOe YBIakHEHHEe. Tam OOBIYHO MpeoliamaeT KeIpOBBI
cttanuk (Pinus pumila (Pall.) Regel), 3HaunTeNnbHO peke — KYCTAPHHUKOBBIC
oepessl (Betula divaricata, B. rotundifolia Spach.). Kak KepoBblIii CTIIAHHK, TaK
¥ TOMHHAHTHl HAalIOYBEHHOTO TIOKPOBA, Takue kak OpycHuka (Vaccinium vitis-
idaea L.) n xyctuctele umaitauku ponos Cladonia P. Browne, Cetraria Ach.,
OTJIMYAIOTCS HHTCHCUBHBIM TOPEHHEM BCJIEACTBHE OOJNBIION KOHIICHTPAIIUH B
(uTOMacce CMONMCTHIX BEMIECTB (IMKIMYECKHX YTIeBoaopoaoB). [Toatomy mo-
Kapbl, BO3MOXKHEIE TaM Jja’ke B KOPOTKHE MTEpUOIBI Oe3 TOKAeH, IPUBOIIT, KaK
MpaBWIO, K TOJHOMY YHWYTOXECHHIO TaKoi pacturenbHocTH. [locnemyromee
KpaliHe JJIUTENbHOE BOCCTAHOBJIICHHWE PACTHUTENHHOTO ITOKPOBA IIPOTEKAET Mpe-
UMYIIECTBEHHO II0 CXEMe IEePBHYHOM CyKIeCCHU (Ha CKalbHBIX HEBBIBETPEH-
HBIX TIopoaax) [50, 51].

JlecHple TIOXKApBl TMPHHATO CYATATh MOITHEHUIINM ECTAOMIN3UPYIONTHM
(hakTOpOM IS JIECHBIX dKOocUCTeM [52, 53]. Benen 3a MUpOreHHON NeCTpyKIMeH
HaCaKICHUH HEM30eKHO MPOHUCXOMUT NETpajalus WX 3allUTHBIX (YHKIHH H
pa3BUTHE DPO3MOHHBIX IPOIECCOB. BeiencTBue BHITOpaHUS MOACTHIKHA, MOXO-
BOTO ITOKPOBA M OPTaHMYECKOTO CIIOSI PE3KO CHUKAIOTCS (DIIIBTPAIIOHHAS CITO-
COOHOCTh TIOYB M WX MPOTHBOIPO3NOHHAS YCTOMUUBOCTD, Pa3pyIIaeTCsS CTPYK-
Typa TIOYBEHHBIX arperaToB, MPOMCXOANT 3aWjIMBaHUE (JIECCCHBHPOBAHIE) ITOYB.
B pesynbrate BHYTPHUIIOYBEHHBI CTOK 3aMEHSIETCS pa3pyIINTEIGHBIM ITOBEPX-
HOCTHBIM, TIOKa3aTelli KOTOPOTO MOTYT BO3pacTaTh Ha HEIBIA MOpAmoK [54].
MacitaObl THPOreHHOW Apo3uH OBIBAIOT OOJIee BHYIIMUTEIBHBIMHA TIO CpaBHE-
HUIO C ITOCIIEJICTBASIMH CIUTONTHBIX KOHIICHTPHPOBAHHBIX pyOoK Jieca [20].

Opranudeckoe BENIeCTBO, MPUHOCKMOE BOJIOTOKaMU ¢ rapeid B [Ipubaiikaibe,
MHHEPAN3yeTCsl TOBOJIBHO MEMIEHHO IO CPAaBHEHHIO C HETOPEBIIMMH YYacTKa-
mu. CrenoBaTenbHO, MOXKAPhl YBEJIMUMBAIOT «T'PA3EBBI» CTOK. Ha ckiioHax BO3-
MOYXHO Pa3BHTHE DPO3HOHHBIX ITPOIECCOB C CYMMAapHOH BEIMUYMHON SPO3UH IO
4,5 ThIC. T/KM” [55, 56]. OkcrieprMEHTAIBHO YCTaHOBIEHO, YTO MPOTHBO3PO3HOH-
Has yCTOMYMBOCTH TTOYB Ha rapsix B perrnoHe cHmkaercs B 15-50 pa3. Bocctanos-
JICHWE JAHHOW ()YHKIIUH JI0 HOPMBI PACTSTHBACTCS HA MHOTHE JIECSTHIICTHS [57].

Mexy TeM TyOuTeNbHBIC IS JIECHBIX DKOCUCTEM 3abaiikaibs CUTyalluu pe-
TYISIPHO TOBTOPSIFOTCS, YTO YCTAHOBJIEHO KaK IIO JIECOTIOKAPHOW CTATHCTHKE,
TaK ¥ MO AWHAMUKE TOIWYHBIX KOJIEI Y IEPeBBEB. Y CTAPBIX COCEH, MPOH3PAC-
Tarommx B ponuHe p. Typka, Bmagaromed B 03. bailkam B cpeaHeit yacTu BO-
crouHoro Oepera (cBerioxBoWHBIN TaekHbId BIIK, reorpadudveckas mupora
MECTHOCTH ~53° c.m1.), Ha BbIcoTe 1,3 M OBbLTH B3ATHI OOPA3IBI IS UCCIIEIOBA-
HUS JUHAMUKH IIHPHHBI TOAXIHOTO KONBIA W IIOCTPOSHA XPOHOJNOTHA (pHC. 5).
HecMotpst Ha TO, YTO MECTOIIONOKEHHUE TAHHBIX IEPEBBEB COOTBETCTBYET yMe-
PCHHOMY JIEHCTBHIO JTUMHUTHpYIOHero (akropa (aTMochepHBIX 0caakoB), 00-
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1ast 3aKOHOMEPHOCTh CHIDKEHHS PaIiajIbHOrO MPHUPOCTa B 3aCyIUTUBBIE TIEPHO-
Il Ha ICHIpOrpaMMe MOJTHOCTHIO Bocmpom3BoauTcs. [lomydeHa mmmrocTparist
BEKOBOW JTMHAMUKH COCTOSIHHUH C AKCTPEMAJIbHOM MOXKapOOMACHOCTHIO JIECOB.
Hapsiny ¢ mocnenaumu maporeHHbIMA aHoMausiMi 2003 u 2015 Tr. Ha Tpaduke
OTYETIIMBO MPOCICSKUBAIOTCS NEPHOABI C 3aCyIUTUBOCTHIO M BBEICOKOH TOPHMO-
cThio necoB B Hauane 1990-x, Bo BTopoit monoBune 1970-x, B cepenune 1960-x,
1950-x m 1930-x rr. Pe3kuii criaj mimpuHBI TOMUIHOTO KOIbIIa IPOCMATPUBAET-
¢ Taoke Ha pyoeke XIX—XX BB., koraa crporsn TpaHccuoO.
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Puc. 5. BexoBas aunamuka mupussl roqugHoro konsia (LK) y cocHOBBIX epeBbeB
B fonuHe p. Typka
[Fig. 5. The age-old dynamics of the width of the annual ring (WAR) inform pine trees
in the Turka River valley]

Jlecortuporennas anomammsi 2015 . okazanach HCKIIOYMTETHFHO OMACHOM.
[lo maHHBIM MUICTAHIMOHHOTO 30HIMPOBAHUS, OHAa OXBaTHia B peruoHe (0e3
ydera TeppuToprH MOHTONMK) CBBIOIE 2 MJH ra, T.e. Oonee 10% oT oOmrei
TUTOMAAW. DTO MHOTOKPATHO MPEBBIIIACT ABOMIOMMOHHO O0YCIOBICHHYIO HOP-
My [44]. KapruHa katacTpouuecKuX TOCIEACTBUN JIaHAMAPTHBIX T0XapOB
OCIIOKHSUTACH TOPQSHBIMH MOXKApaMH, IEHCTBOBABIIMMHI HA OOIIMPHBIX yJacT-
Kax I0XHOTO M BOCTOYHOrO moOepexwuii baiikama. TaM TpoHCXOIuIIo MOJHOE
BEITOpaHNE KOpPHEOOWTaeMOoro cyOcTpara BIUIOTH O MHHEPaJIbHOTO TPYHTa C
MOCIIEAYIOIINM BBIBAIIOM BCETO IpeBocTOs. Ha aTHX rapsx Termeps M300MIYIOT
Xa0THYECKUE HArpOMOXKIEHHsI OOTOpeNioro Bajea pa3HBIX MOpOXI IEepPEeBHEB
Pa3MUYHON CTETEHU PA3IOKEHHs, YacTO 3aTOIICHHBIX TPYHTOBBIMH BOJAMH,
YTO TPHUBOAXUT K BTOPUIHOMY 3a00JIaUNBAaHUIO, HA JECATKH W COTHH JIET 3aMEl-
JISIET BOCCTAHOBJICHUE JIECHOTO MTOKpOBa [3, 58].
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[IpueMieMoil ecTeCTBEHHOW ajJbTEPHATHBOM MOMOOHBIM KaTaKiIM3MaM MOXK-
HO paccMaTpHUBAaTh MOXKapHl OT Tpo3. OHU BOZHHUKAIOT B CEpeIHHE JIeTa MpH Ya-
CTBIX W OOMJIBHBIX aTMOC(EPHBIX OCaJKaX, MO3TOMY OBIBAIOT OOBIYHO JIOKAJIh-
HBIMHU W HEMPOAODKUTENsHBIMU. M3BecTHEIE ecodkonorn [45] momarator, 4To
HOMUHAIBHBI MHTEPBA B TEPHOTUIHOCTH MHTEHCUBHBIX BO3JCUCTBHHA HH30-
BOTO OTHS Ha Jiec00Opa30BaTEhbHBIN IMPOLECC B COCHSIKAX WM JIMCTBEHHHWYHHUKAX
3eJIEHOMOIITHBIX COCTaBIsIET OKkoio 40 mer.

HememHsas cuTyanust ¢ COCTOSIHHEM JIECOB KaK OCHOBHOTO KOMITOHEHTa B
MpUPOIHOM KOMIUIeKce baifkama BecbMa TpeBOXKHA, YTO MOXKET YCYI'yOUTH 3a-
Tps3HEHUE TPHOPEKHBIX BOI, MPOUCXOJIIEEe B €0 aKBATOPHH, ACTPaTallHio
MTOYBEHHOT'O MTOKPOBa, 0COOEHHO B TOPaxX, BBI3BATH TOMOT'CHU3AIMIO PACTUTEIh-
HOCTH ¥ CHU3UTH YTIIEPOIACIOHUPYIONTHIA MOTECHIIHA pEeTHOHA.

3akirouenne

[IpuunHamMu TpenpacioiokeHHOCTH 3abaliKaibsi K BO3HHKHOBEHHUIO KaTa-
CTpOPUIECKUX JIAHIMIA(THBIX TI0XKAPOB ABJISIOTCS CIEIH(DHUSCKIE TTPUPOIHBIC
yCIOBHUS, OCOOCHHO 3aCyIUIMBBI KIMMAaT Ha OONBIICH YacTH TEpPHUTOPHH,
Hanboee SKCTpeMaNbHBIN B BECEHHE-JIETHUH MTEPHOI, C 9aCTO TOBTOPSIFOIIAMH-
csl CHUIBHBIMH BETpaMH, aOCONIOTHOE JTOMHUHWPOBAHHE B HU3KO- M CPEIHETOP-
HBIX JIECHBIX MAacCHBaX MOKapOOHACHBIX THIIOB CBETIIOXBOWHBIX OCTEITHEHHBIX
HaCaKICHHM, a TaKKe aHTPOIIOTCHHBIH (hakTop — OONBIIAs YacTh TOKAPOB BO3-
HUKaeT IPH MPSIMOM I KOCBEHHOM BO3JCHCTBHH YETIOBEKA.

BrnmstHME W OCTIENCTBHS TOKAPOB Pa3HOM WHTCHCHBHOCTH 3aBHCST OT OCO-
O0eHHocteil pactutenbHOCTH pasHbiX BIIK. B temuoxpoitHo-mecaom BIIK mo-
Kapbl TIPABOIAT K YHHUTO)KEHUIO KOPEHHBIX TEMHOXBOHHBIX IPEBOCTOEB U 3a-
MEHE WX Ha JUITNTEFHO IPON3BOJHBIC MEIKOIMCTBEHHBIE Jieca. JINCTBeHHUYHEIE
Jieca CBETJIOXBOWHO-TaexkHOro BITK Ha Mep3lOTHBIX MoYBax 0oJjiee YCTOHYHUBHI
K MMUPOTeHHOMY (paKTOpy, OHM BOCCTaHABIMBAIOTCA O3 CMEHBI TIOPOI, XapaKTe-
PH3YSCh HHTCHCHBHEBIM JIECOBO300HOBIICHHEM.

OOmmpHble TaHgmMAPTHRIE MOXAPHI B CBETIOXBOWHBIX JIECaX MOATACKHO-
necoctermHoro BITK ocTaBisitor 3a coOOM HacaKAEHUs C ydacTKamH ITOBpe-
KICHHOTO W TIOTHOIIero npeBocrod. /lamee B mporecce MOCIemoKapHOro Jeco-
BO30OHOBIICHHS HA TapsX CPEIU BapHaIWid YIENEBINNX HACAKICHUH (Ha yJacT-
Kax C HH30BBIMH TOKapaMH) OpPMHUPYETCS CIOKHAsS MO3anKa TPYIIOBO- WIIH
KYPTHHHO-PA3HOBO3PACTHBIX PEBOCTOEB, MEPHOANYCCKA MOAUPHUIHpYyeMast
MOBTOPHBEIMH TIOKapaMu. [Ipy TsHKENBIX MOpaskeHHsIX IPEBOCTOEB WM IMOI BO3-
JeHCTBHEM ITOBTOPHBIX ITOXKapOB pa3BHUBACTCS MUPOTEHHAS JUTPECCHs C KaTa-
[IEHO30M, OCTEITHEHHEM U JIOKaJTBbHBIM 00€3JIECEHUEM.

[ocite MHTEHCHUBHBIX TOKAPOB M3MEHSIOTCSI 30JIbHOCTH IPOTOpEeBIICH Jec-
HOU TIOJICTHIIKH M CTPYKTYpa COACPIKAIIUXCS B MIOYBE XUMUIECKUX DJIEMEHTOB,
a Takke B 3HAUNTENBFHOW CTENCHN HAPYIIAIOTCs (PH3MKO-XMMUYIECKHE CBOMCTBA
MOYB, OCOOEHHO THAPOTEPMHUCCKAN PEKHUM, PE3KO BO3PACTACT ITOBEPXHOCTHBIH
(Tpsi3eBOM) CTOK, YBETHYHMBAIOTCS MACIITAOBI 3PO3WH CKJIOHOBBIX TOYB BCIEII-
CTBHE YHUYTOXXCHUS HAITOYBEHHOTO PACTUTENHHOTO IMOKPOBA, CHIDKEHHUS BOIO-
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MPOHUIIAEMOCTH W BOJOIOTIIOTHTEIFHON CIIOCOOHOCTH moduB. Bemex 3a mmpo-
TEHHON JECTPYKIUEH JIECHBIX DKOCHCTEM HEH30EKHO MPOMCXOAUT JIETpalallvst
3aIUTHBIX (DYHKIMH JIECOB. Y CTOMYMBOCTH MOYB HA TapsX CHIIKAETCS, MX BOC-
CTaHOBJIICHHE PACTATUBACTCS HA IENbIe JecATIIeTHS. MacmTaObl MHpOreHHON
9po3un OBIBAIOT O0Jiee BHYIINTENEHBIMH 10 CPAaBHEHUIO C TIOCIIEACTBISMH KOH-
[EHTPUPOBAHHBIX PyOOK. OCOOEHHO HETaTUBHBIMHU I baiikaibckoro nmpupo/-
HOTO KOMIIJIEKCA OKa3aJINCh TOCIEACTBHS JeconuporeHHon anomamuu 2015 r.,
oxBatuBiIel Oonee 10% necHo# Tepputopun. ['psI3eBBIN CTOK ¢ BBEITOPEBIINX
TUTOIA/ICH MOJKET yCyryOuTh HEONaronoryqyHyl0 HBIHE SKOJIOTHIECKYIO CHUTya-
U0 Ha mobepexne baiikaiia u B €ro akBaTOPHH.
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