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Hvixanue moHKux KOpHell pacmeHull uspaem 3HAYUmenbHylo poib 8 yeiepoOHOM
banance necHvix sKocucmeM. H3yueHvl Ce30HHAA U CYMOYHASL OUHAMUKU ObIXAHUL
TNOHKUX KOpHell nuxmul cubupckou. Hccne0osanus nposedeHvl 6 meueHue 08yxX
secemayuonnvix ce3onog 2016 u 2018 ze. ¢ envhuxe uepHuuno-chpacnogom cpeouet
matieu Pecnybnuxu Komu Ha Heompe3aHHbIX MOHKUX KOPHAX NUXINbL, PACHOIONCEHHbIX
8 J1ecHOll NOoOCMUIKe MOPGAHUCTMO-NOO30IUCTNO-2TeeBaAMOll NOY8bl, C HOMOUbIO
uH@paxpacrhozo  ecasoananuzamopd.  YcmauoieHo, UMo — CpeoHue  3HAYeHusl
unmencusnocmu  evioenenus CO, MOHKUMU KODHAMU CIMAMUCIIUYECKU 3HAYUMO
(p<0,001) paznuuaromes mexcoy 08yms 200amu uccie0o8aHull. B ce3onnoil ounamuxe
HAOMOOAIU YCUleHUe UHMEHCUBHOCIU ObIXAHUSA MOHKUX KOPHEll 6 utojie Uil agzycme.
Haubonee nuzkue snavenus evioenenus CO, saguxcuposanvi 6 utone unu cenmsope. Kax
npasuio, CHUdMCeHUe Ul yseludeHue UHMeHCUBHOCMU ObIXAHUSL KOPHel NPOUCXO00ULo
PABHOMEPHO 6 meyeHue 6ceco OHA. B meuenue cymox Habnooanu meHOeHyuro
CHUDICEHUA ObIXAHUS KOpHeu 6 nocienonyoennoe epems. Ilokazamna nonodxcumenvHas
ceasb evloenenus CO, KOPHAMU NUXMbl OM MEMREPAmypol U OMpUYaAmenbHas — om
671aHCHOCIU J1eCHOU NOOCTHUNKU.

KitoueBble ci10Ba: cymounas u Ce30HHAA OUHAMUKA, MeMNepamypa nouebl;
enasxcrocms noussl, Pecnybnuxa Komu.

BBenenue

Bospacranne mHTEpeca K HCCIEIOBAHUIO (PH3HOIOTO-OHOXUMHICCKHUX IIPO-
LIECCOB B KOPHSX JPEBECHBIX PACTCHHIA B IIOCIICAHUC 1BA ACCATIICTUS CBI3aHO,
MpEeXIIe BCETO, C OLECHKOW WX BKJIAAa B YIIEPOTHEBIN OamaHC M OOMEH JIECHBIX
¢buToLIeHO30B. 3a cUeT KOPHEH M aCCONUHPOBAHHBIX C HUIMH MHUKPOOPTaHU3MOB
obpaszyetcs ot 50 1o 70% yriepona, akkyMmynupoBanHoro B ouse [1]. Kopreroe
JIBIXaHKE B JICCHBIX SKOCHUCTEMAaxX BapbHpyeT B mpenenax 7-56%, a B JIyTOBBIX —
24-60% ot 06meit sMmuccun CO, ¢ MOBEPXHOCTH TOYBHI [2], nocTuras B 60peab-
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HBIX Jiecax B IeTHUH niepuoy 3HaueHui cBoitie 70% [3]. U3BecTHO, 4TO comeprka-
HUE yIIepoaa B KOPHSIX XBOMHBIX pacTeHuit Ha Cesepe nocturaet 50% oT cyxoi
Macchl [4], mo3ToMy BKJIaJ KOPHEBOTO JBIXaHUS B YMUCCHIO CO2 W3 HOYBBI MOXKET
OBITh 3HAYUTENBHBIM. TaK, [0 HAIIUM JaHHBIM [5], IbIXaHHE TOHKUX KOPHEH eu
CUOUPCKOH B MOJICTHIIKE €JIOBOTO Jieca CPETHEH TalrH B TEUCHUE BETeTAIIMOHHO-
ro ce30Ha obecrneynBaeT 10 55% cyMMapHOH MOYBEHHON SMUCCHH.

JprxarenpHas aKTHBHOCTh KOPHEBBIX OKOHYAHUW 3aBUCUT OT YCIIOBHU OKpY-
Karollel cpenbl, THTEHCUBHOCTH (PU3UOIOTMYECKUX MPOIECCOB B HAJ3EMHBIX
OpraHax pacTeHHs, aKTUBHOCTH MHKPOOPTAaHW3MOB M HAIWYHS CHMOHWOHTOB.
[Ipu cHWKeHUH TeMIepaTypbl MOYBBI U AeQUINTE BIard HHTEHCUBHOCTD JIbIXa-
HUA yMeHbImaetcs [6—8]. B TeueHne BereTaninoHHOTO MEPHOAA WMHTEHCUBHOCTH
ra3oo0MeHa CBsizaHa C POCTOM KOpHell. B KOpHSIX ero MakCHMyM HacTyIaeT paHb-
1Ie, YeM y HaJ3eMHOM 4acTH pacTeHUU. MoJo/ible aKTUBHO pACTyLIUE KOPHH Xa-
pakTepusyroTcs 6onee akTUBHBIM BbienenneM CO,, MOCKOIBKY HMEIOT 6oibiee
KOJIMYECTBO MEPUCTEMATHIECKUX KIeTok [9, 10].

VY nommomarommx KopHe auamerpom menee 0,5-0,7 MM IbIXaHuE Topasao
BBIIIIE, YeM y KOpHEH Oosee KpymHO# (hpakimuu. DTa pasHUIA 0COOCHHO 3aMeTHa
B NIEPUOJL MX aKTUBHOTO pocta [10-12]. Bennunna Q, npixanusi KOpHEH, KOTopast
OTpaXaeT CTENEHb YBEJIMUEHHUS CKOPOCTH PEAKLIUH TP MOBBILLIEHUH TEMIIEPATyphl
Ha 10 °C, Haxomutcs oObr4HO B mpenenax 1,6-3. Hapymenue 3Toii 3akoHOMEpHO-
CTH TIPOMCXOAUT B pe3yibTaTe M3MEHEHHH OKpYKaromel cpenpl Wik B HeOnaro-
MIPUATHBIX YCIOBUSAX, HAIPUMEP TPU HEJIOCTATKe WM U30BITKE Biary B mouse [13].

Boinenenne CO, TOHKUMHU KOPHSMHM CBS3aHO C COIAEPKAHMEM a30Ta B MOYBE
U yCWJINBAETCs IPU BHECEHUM a30THBIX yaoOpenuit 12, 14, 15]. OtmeueHo, uTo
MHKOpPHU3HBIC OKOHYAHUS KOPHEH JIBIIIAT aKTHBHEE HEMUKOPHU3HBIX [ 16], TOCKOIb-
KY B HUX COAEPIKUTCS KOMIIOHEHT Tpr0a, 0151 KOTOPOTO OLEHUBAETCS B CPETHEM
B 20-30% oT 00BeMa KOMOHU3UPOBaHHOTO KOopHSA [ 17—19]. U3BecTHO, 4TO AbIXa-
HUE YKTOMHKOPU3HOTO MHUIIENIUS B LIE€JIOM BBIIIE, YeM JIbIXaHHe COOCTBEHHO TOH-
xoro kopHs [20]. Hanpumep, apixaHue rppgOHOTO CUMOHOHTA B SKTOMHKOPH3aX
cocHbl Pinus contorta Douglas ex London coctasmnsino 25% oT o0111ero AbIXaHus,
B TO BpeMsI KaK JOJIs COOCTBEHHO KOPHEBOTO ABIXaHMs He mpeBbimana 15% [21].
Briiag MUKOpHU3bI TUCTBEHHHUIIBI U COCHBI B OMHCccHI0 CO, CYIECTBEHHO HE pas-
JIUYAeTCs M cocTaBmsieT okosio 20% ot obirero npixanus [22]. JIpixaHue MO4BHI B
9KTOMUKOPHU3HBIX COOOIIECTBaX B JiBa pa3a YyBCTBUTEJIbHEH K TeMIepaType Io-
YBBI, €M B COOOIIECTBaX ¢ apOyCKYIAPHONH MUKOPH30ii [23].

B ce3oHHOl AMHAMUKe JbpIXaTellbHAsI CMOCOOHOCTh KOPHEW JAOCTUTaeT MHU-
HUMAJBbHBIX 3HAaYCHUI B OKTAOpE, HE3HAYUTEIFHO MTOBEIIACTCS B alpelie—Mae u
3aMETHO yBEIMYMBAETCS B NEPUOJ] aKTUBHOTO POCTa KOPHEH ¢ MIOHS MO aBrYCT
[5, 12, 13]. TlomoOHYrO AMHAMUKY OTMEYAIOT TAKXKE MCCIISIOBATENN, H3yYaBIIne
JBIXaHHWE SKTOMUKOPU3HOTO TPHOHOTO KOMIIOHEHTA Y JIMCTBEHHUIIBI [24].

B nuteparype omnucaHbl pa3nuyHble METOIbl MU3MEPEHMS JbIXaHHUS TOHKHUX
KOpHEH pacTeHuil — OT u3MepeHuil B 1a00paTopuu ¢ U3BJIeUEeHHEM KOpHEH U3 I1o-
YBBI U, COOTBETCTBEHHO, UX TPAaBMUPOBAHUEM, IO BEIUMCIICHUS PA3HOCTH MEXIY
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amuccuert CO, u3 No4BbI ¢ NPUCYTCTBMEM KOPHEH M MOCIe MX ynanenus [2, 7,
11-15]. B nanHO# paboTe mpeAcTaBICHBI Pe3yIbTaThl U3MEPEHUIN TBIXaHUs He-
MMOCPECTBEHHO y MHTAKTHBIX KOPHEW MUXTHI B JIECHOH OACTIUIKE. Panee manHas
METO/IMKa anpoOupoBaHa Ha IPYTHX BHJIaX XBOWHBIX JIepeBbeB [5].

[Muxra cubupckas Ha TeppuTopun PecryOnmku KoMy 3anmMaeT HeOoOIbIMe
IJIOMIAN ¥ OTIMYAETCSI BHICOKOM TPeOOBATENILHOCTHIO K IIOJOPOAUIO U BIIaXK-
HOCTH TOUBHI [25]. Jlo HACTOSIIIETO BPEMEHH, UCCIENOBAHUS JIBIXaHUSI KOpPHEH
MUXTHI B 3aBUCHMOCTH OT BJI&XKHOCTHU M TEMIIEPATyphl IOYBBI Ha TeppuTopun Pe-
cryonuku Komu ve mpoBoamirck. Panee Hamu onricaHbsl 0COOCHHOCTH aHATOMHU-
YECKOTO CTPOCHHUSI IKTOMUKOPU3HBIX KOPHEH MUXTHI U IIPUBEICHBI UX HEKOTOPHIC
(hyHKIIMOHAIILHBIC XapaKTepucTuky [19].

Lenb paboThl — U3ydeHUE CE30HHON 1 CYyTOYHON TWHAMUKH JIBIXaTEIbHOM aK-
TUBHOCTH TOHKHX KOPHEH MUXTHI CUHOUpCKoit (Abies sibirica Ledeb.) B Tune neca
€JIbHIKE YEPHUYHO-C(PArHOBOM IMOJI30HBI CPEHEH TAWTH B TEUCHHE JIBYX BEreTa-
IUOHHEBIX CE30HOB.

Marepuajbl 1 METOAUKH UCCJIET0BAHUS

HccnenoBanus MpOBOAMIN B TEUCHHE IBYX BETCTAIIMOHHBIX IIEPHOIOB C Mast
o okTs10ps 2016 u 2018 rr. B enbHUKE YepHUYHO-C(HaTHOBOM IOJ30HBI CPE-
Hel Taiiru (62°17' N, 50°40' E). Knacc 6onurera — V. B cocraBe npeBoctos 60-
aee 90% npuxoxnutcs Ha enb (Picea obovata Ledeb.), 3aMeTHa mpumech Oepessl
(Betula pubescens Ehrh.), cocusl (Pinus sylvestris L.) u muxtbl. Bo3pacT nepeBbeB
ocHOBHOrO nosora 106-200 yet, mouBa — TOP(SHUCTO-ION30IUCTO-TIICEBATAS,
cyrecuaHasi, ToJCTHIaeMas cyriiuHKamMu [26]. JlecHas moACTHIIKa MOITHOCTHIO
J0 7 CM TpeacTaBieHa c1abo C MOMYPa3IOKUBIIIMHUCS OCTaTKaMHU C(arHOBBIX
MXOB, 0011asi MOIITHOCTh TOP(MSIHUCTO-ITOCTIIIOYHBIX TOpU30HTOB 11-13 cm. To-
PU30HT A XapaKTEpHU3yeTCsl BBICOKOH KUCIOTHOCTHIO. [To Bcemy nmpodmuitto mpu-
CYTCTBYIOT MIPU3HAKH OTJICCHUS U MepeyBIaxHeHUs [27].

CornacHo TaHHBIM METEOCTAHIIUH « YCTh-BBIMbY, B BereTallHOHHBIE MIEPUOJIBI
2016 1 2018 rr. MO CpaBHEHUIO CO CPETHUMU MHOTOJIETHIMH JaHHBIMUA OTMEYEHa
Terast u cyxas morozia. B mae 2016 1. Habmonaim OTHOCUTEIBHO TEIUTYIO TIOTOLY,
MTOKA3aTeJH TEMIIePATyPhl H BIAKHOCTH BO3AyXa BO3PACTANN K CEpPEIUHE HIOJ.
CpenHeMecsiuHbIE 3HAYCHUS TEMIIEPATyphl BO3MyXa B OTOT MEPHON TOCTUTAIH
20 °C. B aBrycre u ceHTs0pe 000MX CE30HOB 3a(MKCHPOBaHa TeIlIas U BIIayKHAs
morona. OTHOCUTENbHAS BIAXHOCTh JecHOW moacTuiku 2018 r. B JHU TPOBO-
JUMBIX M3MEpeHHi 1Mo cpaBHeHHIO ¢ 2016 T. uMena Ooiee BHICOKHE 3HAYCHUSI.
Temmeparypa MOICTHIKH JOCTHralla MAKCHMAIBHBIX 3HAUCHHUI B HIOJIe—aBryCTe.
MuHrManbHBIE 3HAUYEHUS BIKHOCTH TOJCTHIIKM OTMedeHbI B utone 2016 1. u
centaope 2018 r. (Tabm. 1).

JpIxaHne HEOTpe3aHHBIX (MHTAaKTHBIX) TOHKMX KOpPHEH IHaMEeTpoM MeHee
2 MM HM3MEpSUIH Y JePEBbEB MUXTHI Bo3pacToM Oosiee 60 JIET ¢ TOMOIIBIO WH-
(pakpacHoro razoananuzaropa «Li 6400» (Li-Cor, CIIIA) u MeTautHuecKoi mo-
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YBEHHOM KaMepbl 00beMoM 212 ¢cM> B pa3Hoe BpeMsi CYTOK B TOKE aTMOC(HEpPHOTO
Bo3/1yXxa. KOpHEBYIO MOUKY C TOHKMMHU KOPHSIMH OCTOPOXKHO MU3BJICKAIH U3 MOJ-
CTHJIKH, OYHIIAIHA OT IIOYBBI, YKIAIBIBAIN BO BIAYKHYIO Mapili0 U B TAKOM BUE
MOMEIIATH B TIOUYBEHHYIO KaMepy. CKOPOCTh BIXaHUs B KAMEPE PETHCTPUPOBAIH
yepes 20—30 MUH TocIie cTaOMIU3aIluy MMoOKa3aHui pubopa. Bpems ogHoro us-
MEpEHHs COCTaBIsLIO 25 MuH. J[s pacueTta Opanu U3MEpPEHHUS, MOTYICHHBIC U3
YETHIPEX MPOMEKYTKOB BPEMEHH: «yTPO» — mpuMepHO ¢ 9 1o 10 4, «mmonaeHs» —
¢ 12 no 13 4, «mocne momygas» — ¢ 15 go 16 4, «Beuep» — ¢ 16 no 17 u. Ilocne
3aBEPIICHUS U3MEPEHU KOPHU OTACISUTH OT AE€PEBa, BEICYIITMBAIH 1 B3BEIINBA-
1. IHTEeHCHBHOCTD Jbixanus paccunthbiBamu B Mr CO, r'u'. Beero 3a ceson 2016 T,
H3MepeHo JipIxanue y 44 o0pasiioB KOpHEBBIX Mouek, B 2018 . — y 26 o0pasios.
3Ha4eHUs TEMIIEPATYPhl U BIAXKHOCTH B KaMepe (PUKCHUPOBAH MO MOKA3aHHUSIM
npubopa «Li 6400» (Li-Cor, CIIIA).

Ta6auma 1 [Table 1]
XapakTepHCTHKA MOTOAHBIX YCJI0BHI, TEMIIEPATYPbI H BJAKHOCTH JIECHOH MOACTHIKH
B nepuoy Beretauuu 2016 u 2018 rr. B AHN U3MepeHUi
[Weather conditions, temperature and moisture of litter
during the vegetation period in 2016 and 2018] (M+m, )

OTHOCHUTEIbHAS
Jlatel Temneparypa Temneparypa Brnaxunocth
. * BJIQXKHOCTh - 3
HaAOJIIOICHHIH BO31yXa Bosyxa* TOCTHIIKH TOACTHIIKH, MM
of obEe)ré:/t:tsions]] [Atllrxrtee]mgg " [Relative air p[e];:ttzrret]erf’lb [tllliictelrﬁnr"nrgf]-
’ moisture], % ’ ’
2016
23.05-25.05 11,6+0,6 60.9+2.9 7,7+0.03 0,224+0,01
14.06-17.06 14,3+0.6 77.24+2.6 9,5+0,05 0,174+0,01
12.07-14.07 20,6+0.5 78,6+2,2 13,7+0,07 0,04+0,01
01.08-03.08 17,8+0,4 78,8+1,1 14,3+0,12 0,114+0.01
12.09-14.09 8,9+0,2 88.,6+0,6 9,940,02 0,16+0,01
2018
05.06-06.06 7.3+£0.6 86,3£2.9 5,6+0,02 0,524+0,01
18.06-19.06 19,4+1,3 44,5435 9,4+0,06 0,52+0,01
02.07-04.07 17,3£1,1 72,1£3.2 12,1+0,06 0,43+0,01
13.08-14.08 16,3+0,7 72,744,1 13,740,02 0,28+0,01
15.09-16.09 11,1£1,0 81,14+4,1 9,7+0.03 0,21+0,01

Ipumeuanue. *I1o qaHHBEIM MeTeOCTaHIUH «YCTh-BEIMBY (WwWw.rp5.ru; www.komimeteo.ru).
**TemMreparypa U BIaXHOCTb JICCHOU MOICTHIIKH U3MEPEHBI C TOMONIBI0 narunkoB Hobo Mi-
crostation (CILA).

[Note.* According to the weather station “Ust-Vym”(www.rp5.ru; www.komimeteo.ru). **Hobo Microsta-
tion Data Loggers (USA) were used to measure the litter temperature and moisture]

Craructudeckass 00paboTKa TaHHBIX MPOBEICHA C UCIIONB30BaHIEM ITAKETOB
nporpamm Microsoft Excel 2003, StatSoft STATISTICA 10 (iuuensus Mucru-
tyta 6uonoruu Komu HII YpO PAH). Jlns ananu3a mpuMeHEHbI METOBI OJTHO- U
nsyxdaxropaoro ANOVA, t-kputepust CtbrofieHTa. B Tekcre u Tabmumax yka-
3aHbI CPETHUE apU(YMETHIECKHE 3HAYEHUS ¥ UX CTaHIapTHBIE OOk (M+m, ).
B Texcre R cooTBeTcTBYeT K03(h(huIMeHTy koppesiuu Ilupcona, N — xomuue-
CTBO HAOJIIOAEHUI.


http://www.rp5.ru/
http://www.komimeteo.ru/
http://www.rp5.ru/
http://www.komimeteo.ru/
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Pe3y.111,TaT1>1 HCCJIeA0OBAHUSA

Panee Hamu U3yveHa c€30HHAs M CyTOYHAsS IMHAMHMKA MHTEHCUBHOCTH JIBIXaHUS
TOHKHX KOPHEH €JTi CHOMPCKOM U COCHBI OOBIKHOBEHHOM. YCTaHOBJICHO, UTO B IIEPHOT
AKTUBHOT'O POCTA TOHKUX KOpHEH HHTEHCUBHOCTb JIbIXaHUS! YBEJIMYMBACTCS M 3aBUCUT
OT TeMITepaTypbl ¥ BIKHOCTH JiecHOU moAcTHiKH [5, 28]. B 2016 . Hauats! uccie-
JIOBaHMS CTPYKTYPHO-(DYHKIIMOHAIBHOW OpraHU3allii TOHKUX KOpHEW MUXTHI CHOUp-
ckoii [19]. B maHHO# paboTe MBI PUBOJIMM XapaKTEPUCTUKH CE30HHON M CyTOUHOU
JIMHAMUKH JIBIXaHUsI TOHKHX KOPHEH MUXTHI B TEYEHHE JABYX BEreTAIllMOHHBIX CE30HOB.
ComiacHO HalMM JaHHBIM, CPEAHHME IOKAa3aTeNu AbIXaHHUS TOHKHUX KOPHEH MUXTHI
craructiyecku 3HauumMo (p<0,001) pasnrgatorces B 2016 1 2018 I ¥ COOTBETCTBYIOT
snadenusm 0,79+0,01 u 0,58+0,01 mr CO, r'u .

Tabauma 2 [Table 2]
Brinesnenne CO, TOHKHMHM KOPHSIMH NUXThI CHOMPCKOii
B Te4eHHe BereTauOHHbIX ce30HOoB 2016 u 2018 rr.
[CO, emission by Abies sibirica fine roots during the vegetation periods in 2016 and 2018] (M=m,)

Yucno usz- Brigenenue, Temneparypa BnaxHocts
Ilepuon nzmepenuit MEepeHH mr CO,, r'y! B Kamepe B Kamepe
[Dates of observations] [Number [Respiration rate, [Temperature [Moisture
of observations]| mg CO,g'h'] | in the camera], °C | in the camera], %

2016
Maii [May] 300 0,82 + 0,02 25,8+40,1 59,1+0,7
HroHb [June] 450 0,76 £ 0,01 23,340,1 62,0+0,6
Hronb [July] 600 0,77+ 0,01 27,140,1 56,2+0,5
Asrycr [August] 500 0,96 = 0,01 28,940,1 64,6+0,5
CeHTsI0pb [September] 350 0,61 +0,02 17,840,1 67,7+0,6

2018
H1ioHb [June] 600 0,34 + 0,01 19,6+0,2 50,7+0,3
Wronb [July] 350 0,90 + 0,01 25,3+0,3 61,7+0,4
ABrycr [August] 50 0,60 + 0,04 26,9+0,8 67,3+1,2
CeHTsI0pb [September] 300 0,68 + 0,02 18,5+0,3 69,9+0,5

Tabauma 3 [Table 3]
Boinesenne CO, TOHKMMHM KOPHSMH NAXTHI CHOUPCKOI B TeueHHe CYyTOK
[Daily CO, emission by Abies sibirica fine roots] (M+m )

IMepuon Brinenenne mr CO,, r! u' [Respiration rate, mg CO,g ' h'']
M3MEPCHHi Y1po Ionnenn ITocne nomynus Beuep
[Dates of observations] [Morning] [Midday] [Afternoon] [Evening]
2016
Maii [May] 0,57+0,02 1,12+0,02 — 0,77+0,02
UrioHB [June] 0,80+0,02 0,76+0,02 — 0,72+0,02
HUrons [July] 0,94+0,02 0,45+0,02 0,55+0,02 1,03+0,02
ABryCT [August] 0,80+0,02 0,98+0,02 1,05+0,02 0,99+0,02
CeHTs10pb [September] 0,63+0,03 0,81+0,02 0,50+0,02 0,50+0,02
Becs nepuon 0,79+0,01 0,80+0,01 0,70+0,02 0,83+0,01
[Whole season]
2018
MroHb [June] 0,28+0,02 0,35+0,02 0,22+0,02 0,50+0,02
HUronp [July] 0,82+0,02 1,66+0,03 0,80+0,03 0,69+0,02
ABrycT [August] — 0,60+0,03 — —
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OxoHuaHue Tabs. 3 [Table 3 (end)]

IMepuon Beinenenne mr CO,, r! u! [Respiration rate, mg CO, g h']
U3MEpeHUi Yrpo ITonpenn Ilocne nomynus Beuep
[Dates of observations] [Morning] [Midday] [Afternoon] [Evening]
CeHTs0pb [September] 0,89+0,03 0,62+0,02 0,7540,02 0,46+0,03
Beck neproz 0,56+0,02 0,66+0,02 0,55+0,02 0,55+0,02
[Whole season]

IIpumeuanue. « —» — HET JAHHBIX.
[Note. “—" no data].

B 2016 1. moBBIIEHNEe WHTEHCUBHOCTH JBIXaHUS KOPHEW OTMEUEHO B aBIy-
cte, cHnxenue — B ceHtaope (F(4, 2192)=77,77, p<0,0001) (tabxn. 2, 3). YBenu-
YeHUE TBIXaHUS KOPHEH B aBrycTe MPOUCXOINIIO B MOJIIEHB, a 3aTEM B TIOCIIETIO-
NIyneHHOe BpeMsl. B mroie Habmonanu yCUIieHHe JbIXaHHsS KOPHEH B yTPCHHUE
U BedepHHE Yackl. CHIDKCHHE IBIXaHUS B CEHTSIOpE IO CPaBHEHHUIO C NPYTUMH
MeCsI[aMHi OTMEYANId B TEUCHUE BCETrO JHSA, T.e. YTPOM, AHEM U BeuepoM. [Ipu
3TOM B CEHTAOpE (PMKCUPOBAIIM HAMMEHbIINE 3Ha4eHUs Bhienenus CO, kopHs-
mu (F(10, 2182)=102,73, p<0,0001).

OO6HapyxeHo, uTo B 2018 T. HHTEHCHBHOCTbH JIBIXaHHUS KOPHEH YBEIIMIHBAIIACH
B MIOJNIE U CHMXKalach B aBrycre—centsaope (F(3, 1296)=281,25, p<0,0001). Mu-
HHUMaJIbHbIC 3HadeHus Boiaenenuss CO, oTMEUeHbI B Hadasle HIOHS, KOIIa B Jiec-
HOU MOJCTHIIKE (PUKCHPOBAIN MAKCUMAIIBHBIA YPOBEHD BIAKHOCTH M MUHUMAJTh-
HbIC 3HaUeHUs Temneparypsl (cMm. Tab. 1). HTeHCHUKAIUS TBIXaHUS B HIOJC
U €r0 CHIDKCHUE B CEHTAOPE MPOUCXOIIIN PABHOMEPHO B KXKIBIH MPOMEKYTOK
M3MEPEHHUH B TeYEHHE IH, T.€. Oonee BbICOKME 3HadeHus Boiaenenus CO, xop-
HSIMHU B UIOJIC B yTPCHHUE, THEBHBIC U BEUCPHUE YaCHI 10 CPABHEHHIO C IPYTUMHU
mecsmamu (F(6, 1287)=135,96, p<0,0001).

B cyrouHolt iuHaMuke JpixaHus kopHel B 2016 I. HaOIIODAMM €ro akTHBU-
3aIUI0 B TOCJIEMONIYICHHOE BPeMs JIETOM U CHIDKEHHE B MTOCIICTIONYICHHOE Bpe-
Ms OCEHbIO C HEKOTOpPBHIM MOBbIMIeHHEeM B BeuepHue yacel (F(3, 2192)=10,31,
p<0,0001). B 2018 1. apIxaHre KOpHEH YCHIMBAIOCH B TOJY/ICHHBIC Yachl, 3a-
TEM PE3KO CHUXKAJIOCh MOCJE MONYIAHS B BEYepPHEE BPEMs B JICTHHE MECSIIBI.
OOpaTHYO JUHAMHUKY CYTOYHOTO JbIXaHUS KOPHEH HAOIIOMald B CEHTAOpe
(F(3, 1296)=6,30, p<0,0001).

O06cyxneHne pe3yabTaTOB HCCJIAETOBAHMUS

Haubonee BaxxHbIMU (pakTOpamMu, BIMAIOIIUME Ha JBIXaHUE KOpHEH apeBec-
HBIX PACTEHUU TaeXHOU 30HBI, IBJIAIOTCS TEMIIEPATYPA U BIIAKHOCTH JIECHOM O/~
ctuik [29, 30]. JIpIxaHne TOHKUX KOPHEH MOXET BapbUPOBATh Jaxe MPU HE3Ha-
YUTENBHBIX M3MEHEHHsIX Temreparypsl mouBbl [31]. [Ipomecc npixanus kopHen
ocnabeBaeT MMpH 3aTOIUIEHNH, YTO CBA3AHO ¢ YXy/ueHrueM aspanuu [32]. Bospac-
TaHHE TOCTYTIA KHCIOPOa B IIPHKOPHEBYIO 30HY B PE3yNbTaTe OCYIICHHUS TOPQsI-
HO-00JIOTHBIX TIOYB MPUBOJUT K YCUIICHHUIO JIIXaHUSI KOpHEH enu u cocHs [33].
[Noarormienne KOPHEOOUTAEMOTO CIIOS ITOYBHI CHIDKAET NOCTYIUICHHE OpTaHmde-
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CKHX BEI[ECTB, B TOM YHCJIE ACCHMUIIATOB yITIEPO/a, B MONIOMIAIOIIIE KOPHH CO-
CHBI U3-3a OJIOKMPOBaHMS TPAHCIOPTHBIX IyTeit [34]. [lpIxarenbHast CIOCOOHOCTD
KOpHEH IPEeBECHBIX PACTCHUH YBEIHIHBACTCS B IEPHOL POCTOBBIX IIPOLECCOB C
WIOHS 110 aBTYCT, @ BECHOM U OCEHbIO OHA, Kak mpaBuiio, Hke [13, 28]. [Togo6-
HBIE 3aKOHOMEPHOCTH OTMEUEHBI I TPHOHOTO KOMIIOHEHTa SKTOMHKOPH3HBIX
KOpHEH NucTBeHHUIB! [24]. B gaHHOM HCCiieIOBaHUM aBTOPHI HAOMIONATH MUK
TBIXaHUS] SKTOMUKOPH3HBIX TH( B HIONE U aBI'YCTE C HOCISIYIOINM CHIKEHHEM
OCEHBIO (CEHTSIOPb—OKTSIOPB), UTO CBSI3BIBANIU C €XKETOJHBIM IPHPOCTOM TOHKHX
KOpHEH ¥ BIUSHUEM TEMIIEPaTyphIL.

CornacHo HamMM JaHHBIM, B 2016 . AbIxaHue KOpHEH cn1abo MEHsUIOCh B
TEYEHHE Mas—HIONs, YBEIMUYMBAsICh K aBIYCTY, 3aT€M CHIDKAJIOCh B CEHTIOpE.
B 2018 r. oTMeueHO BO3pacTaHUE JbIXaHUS B HIOJIE C TIOCIEAYIOIUM CHIXECHUEM
B aBTycTe—CeHTsA0pe. B memom 3a 1Ba BereTanoHHBIX IEpHOAA BBISBICHA IIOJIO-
XKUTEJIbHASI CBSI3b MHTEHCUBHOCTH JIBIXaHUSI TOHKUX KOpHEH MUXTHI C TEMIIEpaTy-
poii iecHo moaCcTHIKY (Ta0u. 4). PaHee aHaIOTHYHAS CE30HHAs JMHAMUKA JIbIXa-
HUSI KOpHEH ObLIa YCTaHOBJIEHA JUIsl €JTM CHOUPCKOIl U COCHBI OOBIKHOBEHHOI! [5].

Ta6numa 4 [Table 4]
Koy punments! koppeasiuuu (R) AbIXaHUS KOPHeil 0T TeMIepaTypbl  BJIAKHOCTH
JIECHOM MOJCTHJIKM B T€YeHHE CYTOK H BereTallMOHHOI0 Ce30Ha
[Correlation (R) between root respiration and temperature
and moisture of the litter, daily and seasonally]

[epuon Temmneparypa Temneparypa Bnaxzocth Bnaxunocts

U3MEPEHUS B Kamepe TIOICTHAIIKHA B Kamepe B IOZACTHIIKE

[Period [Temperature [Litter [Moisture [Litter mois-

of measurements] | in the camera], °C | temperature], °C | in the camera], % ture], m*/m?
2016 +0,26* +0,23* +0,04* —0,09*
2018 +0,19* +0,59* +0,42* —0,38*

Ipumeuanue. *CrarucTuueckas 3Ha94UMOCTh oinuni (p<0,05).
[Note. Statistical significance of differences *p<0.05].

[MonmyuyeHHbIe HaMU TaHHBIE 00 MHTEHCUBHOCTH JIBIXaHUS KOPHEH COMOCTaBU-
MBI C pe3ynbTaTaMu JIpyrUX HUCCIEAOoBaTesel, 3y4aBIIuX AbIXaHHUE TOHKUX WH-
TaKTHBIX KOPHEH y pa3HbIX BUIOB COCHBI U €11, KOTOpoe cocTasisiio ot 0,16 1o
3,0 mr CO,r'u ' [12, 35, 36].

ComracHO HaIllUM HUCCIENOBaHMUAM, B CYTOYHOH NWHAMHKE WHTEHCHBHOCTD
JBIXaHUS TOHKUX KOpHEH MUXTHI CHUOKAJIach B IOCIENONyACHHbIE yachl. JJaHHas
3aKOHOMEPHOCTh M3BECTHA U3 JIMTEPATypbl KaK «IOCIENONyIeHHas AeTPEeCCHs
JBIXaHUS» U CBfA3aHA C YBEJIMYEHHEM TEMIepaTypbl U CHIKEHHEM BIIAXKHOCTH
nouBsl [13]. Panee ananoruynas CyTo4Hasi AMHAMHKA yCTaHOBJIEHA HAMHU AJIS CO-
CHBI ¥ €711 [5]. YBenmueHune IbIXaHusi KOPHEH Y IPEBECHBIX PaCTEHUH K MOIYIHIO,
OTMEUEHHOE B pAJie PadOT, MOTJIO OBITH CBSI3aHO C CyTOYHBIMU U3MEHEHUSMU TEM-
Teparypsl ¥ BIAXXHOCTH MOUBHI [7, 37]. YcueHne ApIXaHus MOI3eMHBIX OPTaHOB
B BeUEpHHUE Yachl BHI3BAHO MHTEHCHUBHBIM MOCTYIICHHEM B KOPHHU (hOTOACCHMHU-
JSITOB, 00pa30BaBIINXCS B XBOE B IIEPBOIl IMOJIOBUHE THs, KOrAa (DOTOCHHTE3 B
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KpOHE JIOCTUTAeT MaKCHUMaJIbHBIX Ben4uH [38]. 3HaueHne pOTOCHHTE3a IS IK-
TOMHKOPH3HOTO CUMOM03a OYEBUIHO, IOCKOJIBKY B SKTOMUKOPHU3HbIE IPUOBI 110-
ctynaet 10 20% uucroil nepBu4HOi nponykiuu 3xocucremsl [39, 40]. ITo npy-
UM JaHHBIM, TouTH 50% yreBomoB, 00pa3oBaHHBIX B Mpolecce GOTOCUHTESA,
TPaHCIIOPTHPYETCS K KOPHIM, U puoam3uTensHo 40% 00IIero acCHMILIHPOBaH-
HOTO yIJIEpOfia UCIONb3yeTCsl B KOPHEBOM JbIXaHuu [41, 42]. M3BecTHO, 4TO Ha
IBIXaHUE TOHKMX KOPHEHW W TOYBHI OOJNBIIOE BIHMSHUE OKa3bIBaeT (hEHONOTHYE-
CKO€ COCTOSIHUE JIEPEBHEB [6].

3a n1Ba TOAA WCCIETOBAaHMA MBI HAOMIONAIH TTOJIOKUTENBHYIO CBSI3b ABIXaHUS
TOHKUX KOPHEH MUXTHI OT TEMIEpaTypsl (CM. TalI. 4).

[Ipu 5TOM OTMEUEHO HEOTHO3HAYHOE BIMSHME Ha JBIXaHHE KOPHEH BIKHOCTH
B TIOYBE U B ONBITHOM Kamepe. CBsI3b AbIXaHUS KOpHEH ¢ TeMIeparypoil Ipu uc-
MIOJTE30BAHMH 3HAUCHUH BIAXHOCTH B KaMepe ObLIa TOJOKUTENBHOM, a TP HC-
MONB30BAaHUU 3HAYEHUH BIAKHOCTU MOATWIKM — OTpHuarensHoi. B 2018 r. Ha-
Onrofanmy Ooiee BBHICOKHE 3HAYCHUS KOA(DHUIMEHTOB Koppensiuu, yeM B 2016 1.
MHOTOUHCIEHHbIE UCCIEOBAHUS CBUCTEIBCTBYIOT O JOMUHHUPYIOIEM BIHSIHUU
TeMIIepaTyphl ¥ BIAKHOCTH Ha JbIXaHHE KOPHEH, B TOM YHCIIE U Ha bIXaHHE TOH-
KHX KOpHEl, 10 CPaBHEHUIO C APYTUMU SKOJIOTUUECKUMHU (hakTopamu [6, 7, 23, 43].
OcoGenno BaxkHoe 3Ha9enue 1 Bhiaenenus CO, KOpHAMM B JIUTEPATyPe IPUIAIOT
BIIMSTHUIO BIQ)XHOCTH MOYBBI B YCJIOBUSIX M30BITOUHOTO yBiIaxuHeHus [10, 32-34].
B psime pabot mokazaHo, 9To P CHIKEHUH YPOBHS TPYHTOBBIX BOJ M YITyUIIICHUH
a’paiyu B TOp(hsHOM MouBe AbIXaHHE (PU3HOIOIMIECKU AKTUBHBIX KOPHEI COCHBI U
eJn Bo3pacTaeT B 2,5-3 paza [10, 33]. T. Yan et al. [24] oOHapy»KHITH, YTO IbIXaHUE
SKTOMHUKOPU3HBIX THU( B KOPHAX (B HACAXKICHUSX JIMCTBEHHHUIIBI) MOJIOKUTEIBHO
KOppEIHpyeT C TEMIEPaTypOi OUBHI, KOTOpasi MHOTHMH PacCMaTpPHBACTCS B Kade-
CTBE OCHOBHOTIO (paKTOpa, BIUSIOIIETO Ha JbIXaHWE. BiusHUe BIaXXHOCTH Ha JbI-
XaHUE KOpHEH B 3TOH ke paboTe ObLIO JOBOJBHO HEOAHO3HAYHBIM. [IpH BBICOKHX
3HAYEHHSAX JAHHOTO MapaMeTpa aBTOPh! HAOIIONAIN OTPULIATENBHYIO KOPPEISIHIO
C IBIXaHWEM TH(, ITOCKOIBKY W30BITOK BJIard B IIOYBE OTPUIATENHHO BIUSIET HA
UX JbixaHue. BeposTro, orpunaresnbhas cBssb Bbienenus CO, TOHKUMH KOPHAMH
MMUXTHI ¥ BIQKHOCTH ITOYBHI, oiTydeHHast Hamu B 2018 1., 00yciioBiieHa JJOBOJIBHO
BBICOKMMH MOKa3aTeIsIMU JAHHOTO MapaMeTpa B 3TOT NEPHOJ, 3HAYEHHU KOTOPOTo
CYIIIECTBEHHO TpeBbIIaiy ypoBHH 2016 I. (cM. Tad. 1).

3akr0uenne

Takum 00pazoM, MOKa3aHO, YTO B €IbHUKE YEPHUYHO-CHArHOBOM MOA3OHBI
CpeIHEW TalTH JbIXaHHe TOHKHX KOPHEH MUXThI CHOMPCKOM 3a JiBa rojia HaoOo-
JIEHUH CYIIECTBEHHO Pa3INyYaeTCsl U XapaKTepU3yeTCsl MOI0KHUTEIbHOM CBSI3bIO C
TEMIEPATYPOU JTECHON NOACTUIKHA U OTPULIATETILHOM CBA3BIO C BIAXKHOCTBIO JIEC-
HOM ToACTHIIKM. B ce30HHOM nuHaMuke HaOmonanu ycuienue Boiaenenus CO,
KOpHSIMH B HWIOJIE€ WIJIA aBTyCTe. BBISIBIIEHO, 9TO CYyTOYHBIA XOJ WHTEHCHBHOCTH
JIBIXaHUS CYHIECTBEHHO pa3IN4aeTCs B pa3HbIE MIEPUO/IbI BETETAL[MHN, CHUXKASCh B
TIOCJIETIONY/ICHHBIE YaCHI.
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Abies sibirica Ledeb. fine root respiration
in the bilberry-sphagnum pine forest in the middle taiga

A recent interest in the study of physiological and biochemical processes in the
underground organs of woody plants is due, first of all, to the assessment of their
contribution to the carbon balance of forest ecosystems. Root respiration provides
a significant part of the total CO, emission from the soil surface. Abies sibirica
Ledeb. has a branched, but not deep, root system and prefers a certain soil fertility
and moisture. This tree species does not grow on the permafrost grounds unlike Picea
obovata Ledeb. and Pinus sylvestris L. Numerous literature sources describe various
methods for measuring CO, in fine roots, from laboratory measurements to calculating
the proportion of root respiration in the total CO, emission from soil.

Our study is based on the original data on the respiration of non-cut roots of
A. sibirica in the litter with the minimal damage of the object and environment. The
aim of this research is to characterize the seasonal and daily dynamics of fine root
respiration rate in A. sibirica in the bilberry-sphagnum pine forest in the middle taiga
for two growing seasons.

Measurements were performed from May to October in 2016 and 2018 during the
vegetation periods in the bilberry-sphagnum pine forest in the middle taiga (N 62°17'
E 50°40") of the Sth class of bonitet, stand composition was 9Pol1Bp+Ps+As, tree
age was 106-200 years, with soil as peaty-podzolic-gleyic, sandy loam, underlied by
loams (Histic Albic Retisol). Weather conditions, litter temperature and moisture are
presented in 7able 1. Respiration of fine mycorrhizal roots (less than 2 mm in diameter)
was measured in mature trees by infrared gas analyzer “Li 6400 (Li-Cor, USA) and
soil camera during different times of the day in a stream of atmospheric air. Statistical
data processing was performed using Microsoft Excel 2003, and STATISTICA 10.

Average values of fir fine root respiration differed significantly in 2016 and 2018
and were 0.79+0.01 mg CO, g'h"and 0.58+0.01 mg CO, g'h' (Student’s t-test). In
2016, respiration rate was higher in August and lower in September (See Table 2 and
Table 3). In August, an increase in respiration rate was found only at noon and in the
afternoon. In July, respiration rate was higher during morning and evening hours. In
September, respiration rate was low during all day compared to other months. The
lowest values of root CO, emission were found in September. In 2018, respiration was
high in July and low in August-September. The lowest values of CO, emission were
found in the beginning of June. July increase and September decrease in respiration rate
occurred evenly in each measurement interval during the day.

Thus, in July, we found higher daily fine roots” CO, emission compared to other
months. In 2016, the daily dynamics demonstrated an increase in root respiration during
summer afternoons and its decrease during autumn afternoons followed by an evening
increase in respiration. In 2018, summer root respiration increased in the noon and
then decreased sharply in the afternoon and evening. The opposite trend was observed
in September. We found a positive correlation of fir fine root respiration rate and
temperature (See Table 4).

The direction of moisture influence on root respiration was different. Fine root
respiration rate was correlated positively with camera moisture and negatively with
soil moisture. In 2018, the dependence was much stronger than in 2016. Therefore,
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A. sibirica fine root respiration was different during two years of observation in the
bilberry-sphagnum spruce forest and correlated positively with the litter temperature,
and negatively with the litter moisture. The seasonal dynamics showed an increased
CO, emission in July and August. The daily dynamics of the respiration rate was
different during different vegetation periods, but, in general, the respiration rate was
lower during the afternoon hours.

The paper contains 4 Tables and 43 References.

Key words: daily and seasonal dynamics; soil temperature; soil moisture; Komi
Republic.
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