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environment. When exposed to heavy metal pollution, wood sorrel
loses the all symbiotic relations with fungi (Veselkin 2003).

The aim of the study has been to identify the ecological characteristics
of the boreal species Oxalis acetosella growing in a landscape transformed
by urbanization. This aim involved the following tasks: 1) study chemical
properties of soils in undisturbed and disturbed ecosystems; 2) study the
biological activity of soils; 3) identify distinctive patterns in the growth of
the species in question. Surveys were carried out in middle taiga of
Karelia. Material was sampled from Kivach strict nature reserve: mature
bilberry spruce stand (control), and in the city of Petrozavodsk: under the
canopy of small-leaved lime (7ilia cordata Mill.) in a nature recreation
area (Culture and Recreation Park). Soil for microbial-biochemical
analyses was sampled following a conventional technique (Methods...
1996). The results show the edaphic conditions in the site changed abruptly
under anthropogenic pressure. Changes in acidity, ash content,
concentrations of nutrients and heavy metals were detected in urban soils.
Disturbed soils demonstrated also structural and functional transformation
of the microbial community. The resultant data disclose the mechanisms of
physiological adaptation in plants, namely adaptation of forest plants to
urban conditions, wherefore research into functional relations among biotic
components in the plant-soil-microorganism system under specific site
conditions needs to be continued.
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OxToMuKOpr3HBIE TPUOBI (OMI) GyHKIIMOHUPYIOT B COCTOSIHHH JK-

TOMHKOPHU3 JAPEBECHBIX PACTEHHUM, MUIIETHUS U TUIONOBBIX Ten. OcobeH-
HocTh OMI ABIsIeTCs moNTyuyeHne MPOCTHIX YIIEBOAOB OT CUMOMOHTa-

223



MPOAYKTHBHOCTD 1 YCTOMYHUBOCTH JECHBIX ITIOYB

pactenus (6moTpodus), KOTOpHIE B MEPBYIO OYEPEIh PACXOAYIOTCS Ha
(hopMupoOBaHUE IKTOMHKOPH3, 3aT€M — MHIEIHS U B TOCIEIHIOI —
I0A0BBIX Tel. I'maBHoe 3HaueHne DMI' B JecCHBIX OMOTeOLEeHO3aX —
y4acTue B Pa3JIOKEHUHN OpTaHuKH (canmpoTpodus) U 3aKperieHHe a30Ta
B KOPHEOOUTAEMOM CJIOE TIOYBHI.

Canpotpoduto DML' MOXKHO YCIOBHO Pa3leliuTh Ha HEIMOCPEACT-
BEHHYIO M acCOIHMaTUBHYI. HemocpencTBeHHas o0ycioBIeHA IIPOWC-
xoxaeaneM OMIT ot makpomuieroB-canporpodo (Illyoun, 2004).
Beinenena rpynmna ¢akynbraTuBHBIX OMI y KOTOpBIX canpoTpodus
npeobnanaer. OnHako y OonbmuHcTBa OMIT canpoTpodus 3HaUNTEb-
HO citabee, YeM Y MaKpOMHUIIETOB-CanpoTpo(oB Wit He 0OHAPYKUBACT-
cs. OCHOBHOE 3HA4YCHHE B PA3JIOKEHUU OPTaHUKU MPUHAIIEKUT acco-
OUAaTUBHON campoTpoduu SKTOMUKOpH3. B Hacrosmee Bpems (opmu-
pyercs mpencTaBliieHHe 00 SKTOMHKOPH3€ KaK MHOTOKOMIIOHEHTHOHN
cucteMe. B Hel, KpoMe OCHOBHBIX MaKpOCHMOWOHTOB (TpHuO-pacTte-
HHE), YYacCTBYIOT HECKOJIbKO MHUKPOCUMOHMOHTOB B TOM YHCIIE, Calpo-
TpOo()OB MHKPOMHIIETOB U OakTepwii, a TaKkKe a30TOPUKCUPYIOIIHX
MHUKPOOPTaHU3MOB, OOECTIEYMBAIONINX CTAOMIBFHOE ¥ MPOAYKTHBHOE
¢byHKIIMOHUpOBaHUe cucTeMbl B 1eiaoM (Jlobakosa, 2004). B rpyGory-
MYCHBIX MOYBax OOJbIIAst 4acThb IKTOMHKOPH3 COCPEAOTOYEHA B JieC-
HOW TOACTWJIKE M THWIOM APEBECHHBI IHEH, BANECKHBIX CTBOJOB U
KpPYNHBIX KopHeW. HemocpencTBeHHas M acconpaTiBHAs CanpoTPOQHs
9KTOMHUKOpHU3 00ecreunBaeT APEBECHBIM PACTEHUSIM IOJIYYCHUE Opra-
HUYECKOTO a30Ta HETIOCPEICTBEHHO M3 JIECHOTO OIajia U OTIaja.

3akperuieHre a30Ta B KOPHEOOUTAEMOM CIIO€ TTOYBBI OCYIIIECTBIISIETCS
yepe3 ero IMMOOMITH3AIHIO B OnoMacce SKTOMHUKOPH3, MULIEIHS U TIJI0/10-
BbIX Tenax OMI'. B sxromMukopu3zax rpuOHBIE CTPYKTYPBI COCTABIIAIOT 10
45% ux oObema. Pa3nokeHne SKTOMUKOPH3 ITPOUCXOAUT B 4—5 pa3 ObICT-
pee, yeM 0e3MHKOPU3HBIX COCYIIMX KOpenIkoB. CyXoil Bec 3KTOMUKOPH3 B
COCHSIKaX 3€JIECHOMOIIHBIX IOKHOM ITOA30HBI TaWrum AocTuraer 2,2 T1/ra
(Opnos, Komenskos, 1971). Cpenuss nponomKUTEIbHOCTh (PYHKIIMOHH-
POBaHMS SKTOMHKOPH3 COCHBI OKOJIO 4 jeT. OTMupaHHe SKTOMHKOpPHU3
MIPOUCXOIUT TIOCTENEHHO, 00OTraIlas MoYBy 3JIeMEHTaMH MUTaHUS B 30HE
kopHeil. B xBoiiHbIx necax ey g0 20% nabuiapHOTO a30Ta 3aKimode-
HO B 9kToMuKOpr3ax (Read, 1991). OcHoBHOE PyHKIIMOHAILHOE 3HAUCHUE
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munenus OMIT 3akmodaeTcsi B PeryaMpoOBaHUN CKOPOCTH Pa3IOKEHUS
oraza Juis craOuiIu3alny 3amaca JIECHON MOJACTUIIKM B MOYBAX C HU3KUM
coziep)kaHreM Tymyca B MUHepabHbIX ropusonTax (ILyoun, 2004). Ocy-
HIECTBISIETCSI 3TO Yepe3 pasHooOpazue OMI ¢ paziHIHOIi CrTIOCOOHOCTHIO
K canpoTpoduu u TpeOOBATEIFHOCTBIO K COJICPIKAHUIO B MOYBE MOBHK-
HOTO a30Ta, a TaKXKe Yepe3 B3aMMOOTHOILICHUSI C JPYTHMH CarpoTpOQHBI-
MU opraHusMamu. JJoMUHHpYs B JIECHOU MOACTWIKE Munenuii OMI, ge-
pe3 ycwieHue AedHuuUTa MOABIXXHOIO a30Ta, OIPAHUUYMBAECT Pa3BUTHE
JOPYTHX canpoTpodHbIX opranu3MoB. [Ipu atom OMI" MOryT HakarIMBaTh
OromMaccy MUIENUs 3aHUMAroIyr 10 90% oObema JIeCHOW IMOJCTUITKY.
[Tnogonomenne DMI 3aBUCHT OT CHAOXKEHSI X YTIIEBOJIaMH JIPEBECHEI-
MH pacTeHUsIMU. B TycThIX HacaxxaeHHsx mionoHomenue OMI orcyrer-
ByeT WM ciaboe, HO He OrpaHHYMBaeTCsl 00pa30BaHUE SKTOMHKOPH3 U
pasButue mMuuenus. M3pexrBaHne TaKUX HACaXKICHWN IMOBBIIIAsS WHTEH-
CHBHOCTh (DOTOCHHTE3a Y OCTABIIUXCS JAEPEBbEB, BBI3BIBACT MM yCHINBA-
eT TuiofioHomIeHue. [Ipu 3ToM yBeaM4IMBaeTcsi cojiepkaHue B IOUYBE dJie-
MEHTOB IUTAHUS, YTO TAKXKe CIIOCOOCTBYeT IuiooHomenuo OMI. Hamu
YCTaHOBJICHO, YTO CE€30HHBIEC KOJeOaHus ypoxkacs OMI" o0ycioBIeHbI Ha-
KOIUICHWEM M HCIIOJBb30BaHHEM Ha 00pa30BaHME TUIOOBBIX TEN COepKa-
miero B nouse nozpwxHoro azora (LLyoun, 2008). [Tostomy ruiomoHoIIE-
Hue OMI cirenyer Takke paccMaTprBaTh Kak OJUH M3 0apbepoB IO orpa-
HUYEHHUIO TTOTEPh IMTOIBMYKHOTO a30Ta KOPHEOOUTAEMBIM CII0EM TTOYBHL.

ECTOMYCORRHYZAL FUNGI IN THE NITROGEN REGIME
OF MOR SOILS

Shubin V. I.

Forest Research Institute, Karelian Research Centre, RAS
185910 Petrozavodsk, 11 Pushkinskaya St,. 76-81-60
shubin@krc.karelia.ru

Ectomycorrhyzal fungi (EMF) may function in the form of
ectomycorrhyzae of woody plants, mycelium and fruitbodies. The
distinctive feature of EMF is that they derive simple carbohydrates
from the symbiotic plant (biotrophy), and spend them first on formation
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of ectomycorrhyzae, then — mycelium, and last — fruitbodies. The main
role of EMF in forest coenoses is participation in organic matter
decomposition (saprotrophy) and nitrogen fixation in the root-inhabited
soil layer.

EMF saprotrophy can be conventionally grouped into direct and
associative. Direct saprotrophy is due to EMF origin from saprotrophic
macrofungi (Shubin 2004). There is a group of facultative EMF, in
which saprotrophy prevails. In most EMF however, saprotrophy is
much weaker than in saprotrophic macrofungi, if at all observed. The
leading part in organic matter decomposition belongs to associative
saprotrophy of ectomycorrhyzae. The idea of ectomycorrhiza forming
today is that of a multi-component system. In addition to the main
symbiotic macroorganisms (fungus/plant), there participate several
symbiotic microorganisms, including saprotrophic microfungi and
bacteria, as well as nitrogen-fixing microorganisms, which ensure
steady and productive operation of the system in general (Lobakova
2004). The bulk of ectomycorrhyzae in mor soils is concentrated in the
forest floor and decaying wood of stumps, fallen trunks and large roots.
Owing to direct and associative ectomycorrhizal saprotrophy, woody
plants get organic nitrogen directly from the forest floor and die-back.

Nitrogen is fixed in the root-inhabited layer through its
immobilization in the biomass of EMF ectomycorrhizae, mycelium and
fruitbodies. Fungal structures constitute up to 45% of ectomycorrhizal
volume. Ectomycorrhizae decompose 4-5 times faster than non-fungus
feeding roots. Dry weight of ectomycorrhizae in true moss pine forests
in southern taiga is up to 2.2 tons/ha (Orlov and Koshel’kov 1971).
Average active life span of pine ectomycorrhizae is about 4 years.
Ectomycorrhizae die back gradually, enriching the soil in the root-
inhabited zone with nutrients. In coniferous forests of Sweden, up to
20% of labile nitrogen is contained within ectomycorrhizac (Read
1991). The main functional role of EMF mycelium is regulation of litter
decomposition rate to stabilize forest floor stock in soils with low
humus content in mineral horizons (Shubin 2004). This is achieved
through the diversity of EMF, which differ in saprotrophic capacity and
demand for labile nitrogen content in the soil, as well as through
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interactions with other saprotrophic organisms. Dominating in the
forest floor, EMF mycelium strengthens labile nitrogen deficit thus
restricting the development of other saprotrophic organisms. EMF may
accumulate mycelium biomass up to 90% of the forest floor volume.
EMF fruiting depends on the supply of carbohydrates from woody
plants. In dense stands, EMF fruiting is poor or absent, but
ectomycorrhyzae formation and mycelium development are not
inhibited. If such stands grow sparser, photosynthesis intensity in
remaining trees grows higher, inducing or intensifying EMF fruiting. In
sparser stands, nutrient content in the soil increases, also promoting
EMF fruiting. We found that seasonal variations of EMF yields are due
to due to accumulation and consumption in fruitbody formation of
labile nitrogen in the soil (Shubin 2008). Hence, EMF fruiting should
also be considered as a barrier to labile nitrogen losses from the root-
inhabited soil layer.
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