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O0cyx1aeTcsi pojib pacnpeejieHusi 0 opraHam (aJJIoKauum) 0MoI0ru4eckoil HeTrTo-npoaykTUBHOCTH (net biological productivity, NBP)
JepeBbeB KaK MapaMeTpa, 0TPAKaIoIIero X 3K0JI0ru4eckyio crparernio. Mcnosib3oBaHue HHAMBUAYATbHO-UMHTHPYIOLICH NPOCTPAHCTBEHHO
pacnpeesieHHoii Mogeau «aepeBo-nousa» EFIMOD 1151 eBponeiickux H ceBepoaMepHKAHCKHX 00peabHBIX J1eCOB BBISIBUJIO CylIeCTBEHHBIE
OTJIMYHMS IKOJIOIMYECKUX NAPaAMeTPOB eBPONeiicKuX cocHbI (Pinus sylvestris L.) n exm (Picea abies L. [Karst.]) oT ceBepoaMepHKaHCKUX COCHBI
Baunkca (Pinus banksiana Lamb.) n eau yepHoii (Picea mariana Mill.). Bpliin o0Hapy KeHbl CHIIbHbIE PA3JIMYHs MEKAY ITHMH JpeBeCHbIMHI
nopoaamMu 1o ajanoxkanuu NBP mMe:xay xBoeii 1 TOHKHMH KOPHSIMH. Y ceBepOAMEPHKAHCKUX XBOIHHBIX IIOPOJ B CPABHEHUH C eBPOINEHCKHMHU
3HAYMTEJbHO 00Jb1ast yacTh NBP pacxoayercsi Ha 06pa3oBaHue TOHKMX KOpHeii. [1Jis ucciie1oBaHus BJUsIHUSA ajiokanuu NBP Ha KOMIIOHEHTBI
0a/aHca yriiepoaa u NpoAyKIHIO APeBeCHHbI ObL1 NOCTAB/ICH BLIYHCIHTEIbHBIN dIKCIePUMEHT. JlonoIHHTe/IbHO ObLT HCII0/IL30BAH MAPaAMETP
«eMKOCTb KpPyropoporta» (turnover capacity, TC), npeacrasiasiommuii co6oii cymmy NBP, npixanusi HouBbI H I0Tepb GHOMAcChl ¢ pydokaMu
u noxapamu. CpaBHeHHe ceBepOAMEPHKAHCKHX H eBPOINelCKUX XBOHHBIX MOPOJ NPOBOAWIOCH B ABYX BapHaHTaX. B mepBoM MoxenbHasi
HMUTALHUS ¢ U3MeHeHHeM ajutokanuu NPP npoBoaniachk npu «npou3pacTaHun» epeBbeB B MX eCTeCTBeHHBIX ycJI0BHsIX (kaHajackue B Kanane,
epponeiickne B Poccun). Bo BTopom BapuanTe «pocT» KaHaJACKHX BHI0B HMHTHPOBAJICS B YCJIOBHSIX PYCCKOI0 KJMMATA H NI0YB, 2 eBPONeHCKuX —
B COOTBETCTBYHIIUX KAHAJCKHUX YCI0BUSIX. Pe3y1bTaThl BHISIBUJIM CYIleCTBEHHbIE PA3JIMUMs POCTA iepeBbeB, H3MEHEHHs N0YB H IapaMeTpPoB
DaJjianca yriieposa B 3aBHcuMocTH oT TuNoB pacnpenesnennst NBP. ITopoasi ¢ Bbicokoii 1os1eii NBP, pacxoayeMoii Ha pocT TOHKHX KOpHeii, moka3aan
MEHBIIYI0 CKOPOCTH POCTA JaKe IPHU A0CTATOYHO BBICOKOI eMKOCTH GHOIOrHYECKOr0 KpPyroBopora B 6ojiee MAIKOM KJIHMATe eBpomneiickoi
Poccuu. ITopoabl ¢ GoJiee BHIpaBHEHHBIM «eBpolneiickum» pacnpeneienneM NBP pocin sydmie kaHajcKux jaxe B 60/1ee KOHTHHEHTAJIbHOM
X0JIOZIHOM KJuMaTe neHTpajbHoi Kanaael. Bl naeHuu@uuupoBanbl 1Ba YPOBHS NPOU3BOIAUTEIbHOCTH JAPEBOCTOCB B 3aBHCHMOCTH OT
nepepacnpenejaennss NBP u oT eMKocTH KpyroBopora 3KocucTeM. ITH YPOBHH SICHO II0OKA3bIBAIOT, YTO IIPOU3BOAHTEILHOCTD APEBOCTOEB (IPHPOCT
JpeBeCHHBI) MOKET CYIeCTBEHHO Pa3/IMYaThCesl PH OAMHAKOBBIX 3HauYeHUusiXx NBP u eMkocTH KpyroBopora, ecjim ipeBecHble NOPOAbl HMEKT
pa3IuvHble THNBI PeaUIOKAIHA. JTO 0TPAKaeT aATaNTAIHI0 CeBEPOAMEPHKAHCKHUX XBOHHBIX IMOPOJ K CYPOBBIM KJINMATHYECKHM YCIOBHUSIM C
OYeHb X0I0IHBIMH IIOYBAMH HA ceBepe H 0YeHb CyXHMH Ha Iore 0opeabHbIX j1ecoB HeHTpaabHol Kanaapl. Ilpensioxen HHaeKe pacnpeaeeHust
NBP (orHoumienue NBP smnctbeB k NBP ToHKHX KOpHeii) B KauecTBe MOKa3aTe/sl YCTOHYMBOCTH AepeBbeB K CTpeccy, alanTalHd K CypPOBbIM
KJIUMATHYECKHM YCJIOBHSIM H DKOJOrHYeCcKOii cTpaTeruu.

Knrwouesvie cnosa: mooenv EFIMOD, cesepoamepukanckue u eeponetickue XeotHvle NOpoobl, OUON02UYECKAs. HEMMO-NPOOYKIMUBHOCHTb,
banawnc yenepooa, eMKoCmsb OUOIOSUHECKO20 KPY2O8OPOMA, NPUPOCH OPeBeCUHbL.
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The role of net primary productivity (NPP) allocation to tree organs as a parameter reflecting the ecological strategy of trees is discussed. The
application of an individual-based spatially explicit simulation model of the tree-soil system (EFIMOD) to European and North American
boreal forests reveales significant differences in ecological parameters (silvics) between North American jack pine (Pinus banksiana Lamb.)
and black spruce (Picea mariana Mill.) of Canadian boreal forests and European Scots pine (Pinus sylvestris L.) and Norway spruce (Picea
abies L. [Karst.]). A significant difference between these species was found in NPP allocation between the needles and fine roots. In the North
American coniferous species, the proportion of annual biomass increment, as reflected by NPP, which is allocated to fine root production is
higher than in the European ones. A simulation experiment was performed to investigate the influence of NPP allocation on the components
of carbon balance and wood productivity. Additionally, a parameter ,,turnover capacity* (TC) as the sum of NPP and soil respiration was
used. North American and European conifers were compared in two sets of modeling runs. In the first set, the model was run upon changes
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in NPP allocation in tree species ‘growing’ under their native conditions (Canada or Russia). In the second set, the Canadian conifers were
simulated under Russian climate and soil conditions, whereas the European ones, under respective Canadian conditions. The results showed
considerable dissimilarities of tree growth rate, soil development and parameters of carbon balance depending of NPP allocation patterns.
The trees with relatively higher NPP proportions allocated to fine root production demonstrated lower growth rate even at a high carbon
turnover capacity corresponding to the milder climate of European Russia. On the other hand, trees with the European, more uniform, NPP
allocation pattern showed higher growth rates compared with the Canadian trees even under the colder continental conditions of Central
Canada. The results suggest that wood productivity levels may be significantly different at similar NPP and turnover capacity if trees have
different NPP allocation patterns. This difference reflects the adaptation of the North American coniferous species to harsh soil and climatic
conditions, which are very cold in the northern and very dry in the southern part of Central Canadian boreal forests. NPP allocation index
(NPP partitioning between leaves and fine roots) is proposed as a measure of tree stress tolerance, adaptation to severe climatic conditions,

and ecological strategy.

Keywords: EFIMOD model, North-American and European coniferous tree species, NPP allocation pattern, carbon balance,

turnover capacity, wood production.

Beenenne

XBOWHBIC TOPOAEI JOMHUHUPYIOT B OOpEaIbHBIX Je-
cax CEBEpHOro mnosymapus. MI3BecTHO, 4TO OJHU U TE
JKe POJIbI IEPEBBEB PACTYT Kak B EBporne, Tak u B CeBep-
HON AMepHKe, HO OHM CYIIECTBEHHO pa3jn4aroTcs I0
apxetumnam pocrta. [Ipexe Bcero 3To OTHOCUTCS K Po-
naM cocHbl (Pinus spp.) u enn (Picea spp.). [lonsTHo, 4TO
STH Pa3INYHs ONPENEICHBI IPUPOTHBIMHU YCIOBHSIMH H
HWCTOpPHUEH SBOJIIOIIUY THUX BUIOB B EBpone 1 Amepuke.
Hano momaraTh, 9TO BOJIIOIUOHHO (T€HETUYECKH) JIe-
TEPMUHHPOBAHHBIC TUITBI PaclpeesieHUus Onoiornye-
ckoil HeTTO-npoAyKTUBHOCTH (NBP) Mexny opranamu
JICPEBBEB CIIY’KAT BAXHBIMH (yHKIIMOHAIBHBIMU I1apa-
MeTpaMu pacTeHwuii [1, 6, 28, 32, 34].

B reoboranuke s Kiaccu(UKaUU SKU3HEHHBIX
CTpaTeruii pacCTeHUil OOBIYHO HCIIOIB3YETCS TPEYTrOb-
Huk ['paitma [18, 19]: «pynepaibl — cTpecc TOIEPAHTHI —
KOHKYPEHTBI». DTa KiaccuuKaius, KoTopas rnepBoHa-
YaJbHO OCHOBBIBAJIACH HA KAYECTBCHHBIX ITOKA3aTEIIsX,
TETephb COAEPKUT PsIJl KOJIMYECTBEHHBIX XapaKTEPUCTHK.
B wacTHOCTH, 5TOT NOAXOA NPUMEHSIICS JJIs1 €EBPOINEi-
CKHUX JAPEBECHBIX MOPOJ aBTOpaMHu [3], KOTOpPbIE UCTIONb-
30BaJIM JKOJOTHYCSCKHE mapaMeTphl AepeBbeB (silvics),
Kak B «ran-Mozaensx» [40], BMecTe ¢ psiioM JIPYyTrUX KO-
JIOTMYECKHMX MapaMeTpoB IO MATHPA3MEPHON OpaHHa-
[OMOHHOM MIKajie ¢ LEIbI0 AETATN3AINHN TPEYTOJIbHUKA
I'paitma. Bpia Takske mpeaoskeH Habop JOCTATOYHO MPO-
CTBIX HHJICKCOB PKOJIOTUUECKOM CTpaTeruu pacTeHui [51],
B KOTOPBIX BKHBIM TI0Ka3aTeieM ObLI HHIEKC «COOTHO-
[IEHHNE MaCChl ¥ IO JTUCTHEB—IIPOIOJKUTEIILHOCTD
Kn3HM IcTheBy (leaf mass per area—leaf life span, LM A-
LL), oTpaxkaromuii CKOPOCTH 060pOTa OPraHOB pacTe-
HUM, BpeMsl yAepKaHUsI JJIEMEHTOB TUTAHUS U PEAKIUIO
pacTeHuil Ha ycioBUs pouspacTtaHus. Takxke nomdep-
KUBaJIaCh BAXKHOCTH COAJIAaHCHPOBAHHOTO PACCMOTPEHU S
HaJI36MHBIX U MOJI3EMHBIX MPOIIECCOB B 9KOCHCTEMAX M
opraHax pacTeHUH B MMHUTALIMOHHBIX KCIIEPUMEHTAX IO
BJIMSIHUIO TUIIOB pactpeneneHus NBP mexny nuctesimMu
1 KOPHSIMH Ha POCT PACTCHUI U KOHKYPEHIHIO 3a CBET
" nouBeHHbIH a3ot [48]. CymiecTBeHHas! Poib OHOJIOTH-
YECKHUX aJNIOMETPUUECKUX 3aKOHOMEPHOCTEH B OMOTE M
9KOCHCTEMaxX IMOTUEPKHUBAETCS B KOHLIENIIUH OHOoJIornye-
cKoii crexuomerpu [13, 14], koTopast ycrienrno pa3BuBa-
eTcsl B IOYBEHHOM 300JI0IMH 1 MUKPOOHOJIOTUH.

Tuner pacupenenenus (amutokamun) NBP sBisiroTest
FeHETHYECKH IeTEPMUHUPOBAHHBIMH (Y HKIIMOHAJIBHbI-
MH ITapaMeTpaMu, ONPEACIISTIOIIMMY )XU3HEHHbBIE ()OPMBI
pacteHuil. OHU TakXke B U3BECTHOM CTENEHU CIIy>KaT U
aJJalITUBHBIMHU XapaKTEPUCTUKAMHU, H3MECHSIOIINMUCS B
OTIPEEIIEHHBIX TPAHNIIAX B 3ABUCHMOCTH OT IIPUPOTHBIX
ycsioBuid. [locnennee Xopoio U3BECTHO B arpO3KOJIOT U

B OTHOIIICHUHW OJHOJICTHUX pacTeHuu [12, 15, 24, 47]:
yeM Oorade modBa, TeM MEHBIIIE JOJIsI KOpHEH B Omomac-
ce u NBP pacrenuii.

3HaueHnue THIOB pactpezaesnenuss NBP mist ¢pyHnkimo-
HHUPOBAaHUS YKOCUCTEM IOTUEPKUBACTCS JICCHBIMHU (U-
3uosioramu [29] u, 6oJiee 00CTOSITETBHO, JICCHBIMH KO-
morawmu [11, 26, 31, 37], yaenstouumMu ocob0oe BHUMaHUE
pOJIM THIIOB PACIpEENICHHSI B IPOYKTUBHOCTH JIECOB
U aJanTaluy K IPpUPOAHbIM cTpeccaM. OQHAKO 10 CHX
IIOp HE YJIesJI0OCh BHUMAHUSI KOJTUYECTBEHHOMY aHaIH-
3y BIIMSIHHS TUTIOB pacnpeneierus NBP Ha pyHKnoHu-
pOBaHME KOCHCTEM M MPOAYKTUBHOCTH PACTEHHUH U UX
pOJIH B Ka4eCTBE aJallTAIIHOHHOI'O MEXaHN3Ma.

B 3K0510T0-(pM3H0IOTHIECKNX JIECHBIX MOJIETSAX CyIIIe-
CTBYIOT IIPOLIEAY Pl AMHAMUYECKON AJNIOKAIIUH ACCUMHU-
JTOB (POTOCHHTE3a MEXKy OpraHaMu pacTeHui [16, 25,
33,42,46,47,49]. B npyrux MoeisaX JIECHbIX SKOCUCTEM
NBP pasznensirores mo BugocnenuGuaHbIM ITpaBHIIaM,
WHOT/Ia C ONPEICICHHBIMHU aIallTallHOHHBIMU (YHKITU-
avu [23, 27, 28, 30, 35, 39]. Takoi mogxo OCHOBAaH Ha
njiee BUAOCIEeN(PUIECKNX KOO HIECKUX ITapaMeTPOB
(«cunbBUKNY, silvics).

Lenpro naHHO# paOOTHI SIBIISIETCS OLICHKA BIUSTHUSI TH-
noB pacnpezaesnenuss NBP Ha pocT nepeBbeB 1 U3MEHEHU S
TI0YB B 9KOCHCTEMaX C JOMUHUPOBAHHUEM UEThIPEX XBOK-
HBIX Topox B EBporne u CeBepHON AMEpHKE U aHATN3 UX
CTpPaTeruii B OTHOIICHUN aCCUMIISLINYU YTIEPOoJa MpH
pPa3IUYHBIX CHEHapuAX (pyOKH, mokapbl, H3MEHECHUE
kiumarta). [{is aToi nenu OblIa UCTIOJIb30BaHA MOJECIH
necHol skocuctemsl EFIMOD.

O0BLeKTHI 1 METObI

Mooenv EFIMOD

OTa MoAenb UMHUTHPYET POCT Ka)KIOro AepeBa C ero
MPOCTPAHCTBEHHBIMU KOOpJIMHATAMH B JPEBOCTOE B
cucteMe «nepeBo-mouBa» [1, 4, 6, 28]. OcOOEHHOCTEIO
MOJIEJIN SIBJISICTCSI aKIIEHT Ha MOYBEHHBIX Ipoleccax B
(ynakmonupoBannu 3xocucteM. s monenn EFIMOD
TpebyeTcss Habop IKOIOTHIECKUX TapaMETPOB («CHUITBBH-
KOB») KaXJO0M MOACIHpYyeMon ApeBecHor mopoasl. Of-
HHUMU U3 Hanbojee BaKHBIX «CHIIBBUKOBY» CIyXaT aj-
JIOMETPUYCSCKHUE MIpaBUIa pacupenencHus oomeii NBP
MEXy YacCTsIMH JIepeBa (JINCThs, BETBH, JIPEBECHHA CTBO-
Ja, TOJICTBIC M TOHKUE KOpHH). [locTynupoBaHo, 4T0 3TH
IpaBUja OTPaXKAlOT KaK IeHETUYECKUU apXeTHN BHJA,
TaK ¥ ero aJaiTallHOHHYIO CTPATET IO IO OTHOLICHHUIO K
BHEITHUM (pakTOpaM pocTa AepeBa. B moxenu npuamma-
€TCsl BO BHUMaHHUe 00paTHasi CBSI3b MEK/1y a30TOM IOYBBI
1 IPONYKTHBHOCTBIO JepeBa. B Hell paccumThiBaeTcs
NBP, pacnipenensiemast Mex1y OpraHamMu JepeBa B CO-
OTBETCTBUH C BUAOCTICHH(DUIHBIMH THITAMH AJIJIOKAIIHH.
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[TouBeHHbBIE MPOLIECCHI JUHAMUKH OPraHUYECKOro Belie-
CTBa MTOYB U a30Ta paccyuThIBaroTCsa Monensio ROMUL
[5] B 3aBUCMMOCTH OT MOCTYIUJICHUS ONaja U OTnaja Je-
PEBbEB U TEMIIEPATYPhl M BJIAYXXHOCTH I[IOYB C OOpATHOM
CBSI3BIO K JIEPEBY B BU/IE ITyJIa JOCTYITHOTO a30Ta MOYBHI.

Monens EFIMOD 0bla co3iana 1iisi HIMpoKoro Crek-
Tpa KIMMAaTHYECKUX U d1apUUYECKUX YCIOBHI CyIIeCT-
BOBAHMSI PsiJia €BPONEMCKUX APEBECHBIX TIOPOJI, BKJIIOUAs
COCHY OOBIKHOBEHHYIO (Pinus sylvestris L.) u eBponeii-
ckyto enb (Picea abies L. [Karst.]). 9Ty Moaenpb mu-
POKO U YCIICIIHO MPUMEHsUTH B EBporne s perieHust
pooJsieM, CBSI3aHHBIX C YCTOWUYHMBBIM JIECOBOJICTBOM H
U3MEHEHHUAMHU NpupomHoi cpensl [1, 7, 8, 10, 28, 44].
Kpome Toro, mMojens HCHOJB30BaIN B LIEHTPAJIBHOU
Kanane B 6opeanbHbIX jecax no nporpamme BFTCS
(Boreal Forest Transect Case Study), sBisiroreiicst mpo-
JIOJDKEHUEM TIPE/IbLAYIIEH J0ITOBPEMEHHOMN TPOrpaMMBbl
BOREAS [2, 9, 43]. Ha skciepuMeHTaJIbHBIX y9acTKax
B Kanaze nomunupytor cocua bankca (Pinus banksiana
Lamb.) u e uepnas (Picea mariana Mill.).

Xapaxmepucmuxa sKCnepumMeHmanbHulX Y4acmKos
Jist cpaBHEHHSI aMEpPUKAHCKUX U €BPONEUCKUX Ape-
BECHBIX IOPOJ OBIIM BBIOPAHBI SKCIIEPUMEHTAJIBHBIC
yuactk 1o npoexkty BFTCS B Kanane u necHoit maccus
B IIeHTpe eBporneiickoit yactu Poccuu. Kananckue skcne-
pUMEHTAJIbHBIE TPOOHBIE TIJIOMAIN OT TYHJIPHI JIO CTe-
ITM ¥ METOJBI UCCIICAOBAHUM JIeTaJIbHO ONMHUCAHbI [2, 17,
20-22, 43, 45]. 1o TBICSTYEKMIOMETPOBOI TPAHCEKTE pac-
TIOJIOXKEHBI TOCTOSTHHBIE TPOOHBIE MIJIONIA/IH, T/Ie TIPOBO-
JIATCS I€TAIBHOE U3yUeHne OMoMacchl APEeBOCTOEB, I10-
YBEHHBIX XapaKTEPUCTHUK U IKOJOTUUECKHUX ITPOIECCOB
B UX IMHAMUKE U pa3BUTHH. JlJIs1 MOAEIMPOBAHUSI ObLIH
BBIOpaHbI MPOOHBIE IUIOMIAAN ¢ cocHoM baHkca n 4ep-
HOH €JIbI0 Ha dKCIIepUMeEHTaIbHOM yuacTke Konamn JIrik.
KnumaT TeppuTOpun — KOHTUHEHTAJIBHBINA CO CpemHei
ronoBoii Temmnepatypoit +0,6 °C, ocagxkamu 351 mMm Je-
TOM ¥ 82 MM 3UMOM. 3UMa XapaKTepU3yeTCcss CUILHBIMU
MOpO3aMH, a JIETO — kKapkoi u cyxoi norojoi. CocHa
Bankca 3aHMMaeT cyxue necyaHble MECTOOOMTAHUS C
OeqHBIMH OpPTaHWYECKUM BemiecTBOM mouBamu (Distric
Brunisols). YUepHast eJib pacTeT o BIaXKHBIM ¢l1abo Jpe-
HHUPOBaHHBIM MECTOOOHUTAHMSM C IJICEBBIMHU CYIJIMHH-
CTBIMU MTOYBAMHU U MOIIIHBIM OPraHUYeCKUM TOPH30HTOM.
B Poccun 17151 MOzteIbHOT'O 9KCIIEpMEHTa ObLT BEIOpaH
OBIBIIMI ONBITHBIN Jlecxo3 «Pycckuii gecy». OH pacmo-
moxed B 100 kM roskHee MOCKBEI B ICHTPAIIFHON 9acTH
BocTouno-EBporieiickoii paBHUHBI 10 JIEBOMY Oepery
OKH ¢ I1ecCYaHbIMU U CYJIMHUCTBIMU MOJ30IUCTBIMH I10-
yBaMu. Kimumar paiioHa, pacroyioKEeHHOIO K CeBepy OT
TpaHULBI C IINPOKOJIMCTBEHHBIMHU JIECAMH LIEHTPaIbHON
Poccun, msarkuii kKOHTUHEHTalbHbINH. CpeaHerogoBas
temneparypa +5,4 °C, ocagku — 397 MM netom u 94 Mm
3uMoOM [1]. DTOT KIIMMAT 3HAYUTETHLHO MSITUE U TETlIee
kaHazackoro B Konmn JIsiik. CyiecTBeHHOM 0COOEHHO-
CTBIO IPUPOAHBIX YCIOBUM Ha €BPOIEHCKOM y4acTKe sIB-
JIIeTCS IOCTATOYHO BBICOKOE MOCTYIIEHNE aTMOC(EpHO-
ro aszora, gocruraromiee 10 kr N ra'xrog™ npotus 2 B
Konnn JIviik B Kaname. BeiOpanHbIi 111 MOAEIHpPOBa-
HHUS MaccuB uMeeT romanb 273 ra u 104 j1eCHBIX BBI-
nena. CocHa OOBIKHOBEHHAsI 3aHMMAET CBEXHE, CyXHe
Y BII&KHBIC MlecyaHble MeTooOuTanus. Enb ¢ BhIcOKOH
MIPOYKTUBHOCTBIO IIPOM3PACTAET HA XOPOIIO JPEHUPO-
BaHHBIX CYTJIMHUCTBIX MOYBaX. HU3KONPOIYKTHUBHBIC
€NIbHUKHN 3aHUMAIOT CJIa00ApEHUPOBAHHBIE ITOYBBI C
MOIIIHBIM OPTaHHMYECKUM TOPH30HTOM. 3/1€Ch OBLJIN BbI-

OpaHbl CyXUe MECTOOOUTAHMS C COCHIKAMU U BIIAXKHBIC
MECTOOOHMTAHUS C ebHUKAMH JUJIST JYYIIEro COMOCTaB-
JICHUSI C AMEPUKAHCKUMHU JIECAMU.

Oxonozuueckue napamempul OpesecHblx HOPoo

DKOJIOTHUECKHE TapaMeTphbl (CHIBBHUKH) EBPOIICH-
CKHX U CEeBEPOAMEPHUKAHCKUX JACPEBBHEB (COCHBI OOBIK-
HOBEHHOM, €U eBpONelcKoi, COCHbI baHkca u yepHoit
€au) OBLIM BBIYMCIIEHBI 1O OITyOJIMKOBaHHBIM JaHHBIM
0 OMOJIOrMYEeCcKOi MPOAYKTUBHOCTH M pocTe JiecoB [1,
2,4, 6,9, 28, 43]. CUIBBUKHU PTUX IEPEBHEB OTpaxKa-
FOT UX TMOTPEOHOCTH M OTHOIIEHHE K 3JIEMEHTaM IHTa-
HUSI, TPOAOIKUTEIBHOCTD )KU3HU XBOU, €CTECTBEHHY IO
CMEpPTHOCTh U MHOT'O APYTHX mapamerpoB. Hauboiee
BBIPa3HUTEIILHBIMH SIBJISTFOTCS TUITBI pactpenesnenusi NBP
(tabn. 1). Mexy cocHaMH HET 3HAUUTEIbHBIX Pa3Jiy-
YW, XOTs y COCHBI baHKCca 3HAYNUTEIHFHO OOJIBIIIAs 9aCcTh
NBP pacxonyercsi HA TOHKME KOPHU, KOTOPBIE OTBET-
CTBEHHBI 3a OTPeOICHNE BOABI U HIEMEHTOB MUTaHUS.
Hamnporus, y enei HaOmtogaeTcs 0O4eHb CUILHOE Pa3iu-
yue 1o pacapeaenenuo NBP Mexay xBoel 1 TOHKUMH
KOPHSIMH: aMEpHKaHCKas YepHasl €JIb pacXoAyeT Ha IIpo-
TYKIIUIO TOHKUX KOPHEH B TpW pa3a OOJbIIE pecypcoB
110 CPAaBHEHMIO CO CBOEH €BPOIENCKON POICTBEHHULIEH.
CootBeTcTBeHHO, 10t NBP, pacxogyemas Ha pocT XBOH
W JIPEBECUHBI, CYIIECTBEHHO HUXKE y YEPHOU eITH.

ABTODEI NpeIaraloT BeIpaxkaTs pacripeaenenne NBP
CJelyIOIIMM HaOOpOM WHIEKCOB 3(PPEKTUBHOCTH: TIPO-
nykuuu TUCTBEI/XBoH (leaves production efficiency, LPE)
kxak momu NBP, pacxogyemoii Ha cuHTE3 OMOMAcCCHI JU-
CTBBI; IPOAYKIMHK TOHKUX KopHeil (fine root production
efficiency, FPE) kxax nonu NBP s pocta TOHKUX KO-
Hel; mpoaykuuu npesecunbl (wood production efficiency,
WPE) xak gonu NBP 15 npupocTa 6noMacchl ApeBecu-
Hbl. Hanbonee BaXXHBI 1Ba IEPBBIX HHJIEKCA, TOCKOIIBKY
OHH OTHOCATCS K PYHKIIHOHAJILHBIM OpraHaM PacTeHHH.
[Moaromy pacnpenenenne NBP moxHo Beipa3uts (alloca-
tion pattern, AP): moxHO Bbipa3uth kak AP = LPE/FPE
(tabm. 1). Yem Boimie BenuunHa AP, Tem Oombinas qoirst
NBP pacxonyercst Ha IPOAYKLHIO JUCTBBI U MEHbIIIAS —
Ha pOCT TOHKUX KOpHEN. B 3TOM ciydae Tun aJuiokanuu
MOJIOZIBIX M CPEJIHEBO3PACTHBIX JIEPEBLEB Y COCHBI baH-
kca Oynet 0,70—0,75, cocubl 00bikHOBeHHOU 1,00, enu
yepHoit 0,13—-0,22 u enu eBponeiickoit 0,96—1,7. Takum
00pa3omM, paznuuuns o BenuuuHe AP y coceH He ciumi-
KOM BEJINKH, OJTHAKO OYCHb CYILIECTBEHHBI Y aMEpUKaH-
CKOM U €BpONENCKOM eNei.

Emxocms 6uonoeuueckozo kpyzosopoma
JlomomHUTEbHO OB BBEJCH HOBBIN MapaMeTp eM-
KocTH Ouosiorudyeckoro kpyrosopora TC (turnover
capacity, TC = NBP + Rh + DIST), orpaxkaromuii 06-
OIyI0 MOIIHOCTH IIPOIIECCOB OOMEHA OPTaHMYECKOTO Be-
[iecTBa B 9KOCHCTEME. DTOT apaMeTp TeCHO KOppemu-
pyet ¢ NBP u Rh npu nosiHOCTBIO cOajlaHCHPOBAaHHOM
Or0/KeTE yIIIepo/ia B HEeHAPYIICHHBIX 3KOCHCTEMAaX, KO-
na NEE = NBP — Rh =0, u TC = 2NBP = 2Rh. Oxgnako
BCcTpevaroTes ciydau, korna NBP umeeT npaktudecku
HyJIEBBIC 3HAUCHUS, HO IMOYBA aKTHBHA (TTOcIie pyOoK U
JOPYTUX HApYyIIEHUI), U TPOTHBONOJIOKHAS CUTYaLHs —
KOI'JIa pacTEeHHsI pacTyT ObICTPO Ha rojoM cyocTpare
(6000BBIE pacTeHUsI HA OOraToM dJIeMEHTaMH 0e3ryMmy-
coBoM cybcTpare). boee Toro, HapyIeHUsT BHOCST CY-
LICCTBCHHBIN TUCOAIAHC B OMOJIOTHYSCKHI KPYTOBOPOT.
Oo6mee coorBercTBue Bennuud TC, NBP, Rh u NEE B
JIECHOM 3KOCHCTEME ITPH pyOKe j1eca OTpa’keHo Ha puc. 1.
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Taon. 1
Koy punuents! annokanum nepBudHoii HeTTo-npoaykTuBHOCTH (NBP)
JUISl CeBePOaMEePUKAHCKHUX U eBPOINEHCKHUX JPeBEeCHbIX NMOPOJ

R T Bo3pacr XBost BetBu, cTBOJI, Tonkue HNnpexce Tuma

P pot JepeBbeB, oAbl TOJICTbIE KOPHH KOPHH ajiokanuu, AP*
Cocna Bankca <30 0,28 0,32 0,40 0,70
Ha Hatic 31-130 0,30 0,30 0,40 0,75
CocHa 0OBIKHOBEHHAsI — 1) Oy A LU0
31-130 0,25 0,50 0,25 1,00
Eitb qepHas <30 0,10 0,15 0,75 0,13
p 31-100 0,15 0,18 0,67 0,22
Eiib eBboneickas <30 0,26 0,47 0,27 0,96
P 31-100 0,27 0,50 0,23 1,17

* TlosicHEHHSI B TEKCTE.

2.5 »
2.0 -
L7
g 1.5
)
s 1.0
(&)
s 0.5
= 60 70 80
S -0.51 lI
c
-1.01
-1.5 -
-2.0 -

Hcxoonvie oannvle 015 modenuposanus

[Ipy mMHUTAIK HCTIOIB30BATUCH CIEAYIOIINE UCXO-
HBIE JJAHHBIEC B HAYaJIe IIPOrOHOB MOJIENIH: TYCTOTa 3-JIeT-
HUX cesHIleB cocraisana 10000 eneit winum 2500 cocen
Ha TeKTap; CpeAHsIsl BEICOTA CESTHIIEB MPUHUMAJach 3a
0,3 £ 0,1 M ¢ HyJIEBBIM IHAMETPOM Ha BEICOTE TPYIOU U
clly4allHbIM pa3MELIEHUEM JEPEBbEB HA MOAEINPYEMOM
mromanake. CiaexyeT NOaYepKHYTh, UYTO HadaJIbHas T'y-
CTOTa TMOCAJKN HE CUJIBHO BIIMSIET Ha UTOTOBBIE DKOJIO-
TUYECKHEe MapaMeTpbl SKOCUCTEMEBI IIPH UCTIOIb30BAaHUH
monenu EFIMOD. IlouBeHHBIE JaHHBIC OJISI COCHSIKOB
Ha 000WX KOHTHHEHTAX OBLIH B3SITHI CO CXOTHBIX CyXUX
MeCYaHbIX MMOYB C MAJIOMOIIHON IpyOOryMyCHOH MO/I-
cruikoit (disrtic Brunisol 8 Kanaae u cimabormoazosu-
ctoie Al-Fe-rymycoBble mouBsl B Poccun). J1J1st eTbHHKOB
OBLITH BBEIOpPAHBI CXOJIHBIC IMapaMeTPhI ¢l1ad0 APESHHUPO-
BaHHBIX MTOYB C MOIITHON I'pyOOryMYCHON MOJCTHIIKON U
BBICOKHUM YPOBHEM T'PYHTOBBIX BOJI (CYTJIMHHUCTEHIE TIIee-
BBIC ITOYBEI B 00EUX CTpaHax).

100

110

~—— NBP
——Rh
annnannn TC
e | |3

LWaru nmutaymum, rogbl

Puc. 1. lMNpumep amHammueckoro pspa 6uonornyecko Hetto-npopykteHoctH (NBP), retepotpodHoro apixanms nouest (Rh),
emkoct kpyrosopota (TC) u akocuctremHoro Hetro-obmena (NEE), Bce B kr[C]xm2xrop!, ans eBponenckoro CocHsKa B CLEEHAPHM
co cnnowHoM py6koi 1 nocnegyowmm Bo306HOBNEHUEM cocHbl Yepe3 5 neT. Macca sarotosnenHoi gpesecunb (12,01 kr[C]xm2)
He oTpaxeHa Ha pucyHke. [TopybouHble ocTaTku (BeTBM, XBOs) ocTasneHsl Ha Boipybke. MonoxutensHsle sHavenns NEE otpaxator
CTOK Yrnepoaa B 3KOCUCTEMY, OTPMLATENbHBIE — MOTEPU U3 SIKOCHUCTEMbI

Ilpoconwvl modenu

Jlns Bcex IpeBECHBIX IMOPOA MNPOCUYUTHIBAIHNCH
150-neTHHE IPOTrOHBI MOJEIHU IO CIEAYIOUIUM CLIEHA-
pusim: Oe3 HapylIeHH i (ECTECTBEHHOE Pa3BUTHE 32 BECh
TIepUOJ] UMHTAIINH); TOJIBKO pyOKa; 1Ba BEPXOBBIX MOXKa-
pa; IBa HU3OBHIX (TIOJCTHIJIOYHBIX) MOXKapa mocie pyo-
KU yXOJIa; IBa HU30BHIX MTOXKapa MOCIIe CIJIOMIHON pyo-
KH; U3MEHEHUE KJIMMaTa Ipy pexxuMe 0e3 HapyIlIeHHIA.
CreHapuii «pyOkay MpeacTaBiisieT OMHY pyOKy yxona B
40-eTHEM BO3pACTE M CIUIONIHYIO pyOKYy C OCTaBJICHU-
€M IToOpyOOUYHBIX OCTAaTKOB Ha BEIPYOKE Ha pa3JIo’KEHNE B
teuenue B 70 u 145 et mpu AByx obopoTax 3a 150 ner.
BepxoBoli noxkap UMUTHPOBAJICS B KOHLIE Ka)KI0M poTa-
uuu ¢ Beiropanuem 100% xBou, 60% BeTBeit, 5% cTBO-
70B U 30% ToHKHUX KOpHEH. B cocHskax «BbIrOpaio»
100% omana (ropuzont Ol) u 80% moactmiku (02 + O3),
a B enpHUKaX — 100% omana u Bcero 25% MOACTUIIKU.
IIpu HU30BEIX TTOKapaxX UMUTHPOBATINCH TE e IMapame-
TPbI BRITOpaHUst NOACTUIKHU U 30% BBITOpaHUS TOHKUX
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MepBbIK BapuaHT

CocHa BaHKca 1 enb YEPHAA.
MMUTALYA © KaHAACKIM
KNMMATOM 11 NOYE Off

Bropow BapuaHT

» ~
CocHa BaHkca 1 EBponeickmne
enb YyepHaa cocHa W efle
AMEDMKAHCKAA Esponeickas
annokauma annokauma
NPP MNPP - —
KaHagckui P occriAckuia
KNUMAT 1 KNUMaT W
3 NOYEbI NOYEbI
EBponeiickie cocHa 1 enb.
MMATALYA © POCCMIACKIM
KNMMaTOM 1 NOYEOIA
Puc. 2. CxeMa nporoHoB Mopaenu Ans CeBePOaMEPUKAHCKMX M EBPONENCKMX XBOMHbIX MOPOS,
129 CocHa BaHkca 12 1 CocHa o6bikHOBEHHas ~
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LWaru umutayum, rogsl

Puc. 3. Kpuesie pocta 6uomaccer gpesoctos (kr[C]xm—2) B cueHapun 6e3 HApyWeEHUH C OMEPUKAHCKOM (TOHKME NMHWMM) M
esponeickoit (tonctbie nHnu) annokaumnent NBP. CesepoamepukaHckme apesecHbie Nopoabl UIMUTUPOBANMCh C KAHAACKMM KITMMATOM

M NOYBAMM, EBPOMNENCKME — C POCCUIMCKUMM

KOpHei#i, HO 0e3 MOBPEeKICHHSI Ha3eMHOM OroMacchl Je-
peBbeB. Hu3oBbIe mojkapsl HMUTHPOBAJIUCH HA CIEYIO-
IIHAH TOJ ITOCJIe BTOPOH pyOKH yXoaa ¥ OJIMH T'OJT ITOCTIe
CILIONIHOM pyOKM (B mepBoi poranuu Ha 41-m u 71-m
marax, a Bo BTopoil — Ha 116-m u 146-m marax mojenu-
poBaHus). B crieHapusax ¢ M3MEHEHHEM KJIMMaTta ObIId
HCIIOIB30BAaHBI TPOTHO3HBIE KIINMAaTUYECKHUE OIICHKH 10
KkaHaackon kaumatuueckoit mogenu CGCM A2 B Kana-
ne [41] u cuenapuu Tyndal Centre for Climate Research
HadCM3+A1Fi B Poccuu [36].

Brutn peann3oBaHbI 1Ba BapuaHTa IIPOTOHOB (puC. 2).
B nepBoM BapmaHTe OCYIIECTBIISLINCH ITPOTOHBI MOACTH
JIPEBOCTOEB KaHAJCKHUX ApeBeCHBIX mopoxa B Kanam JIritk
u esponeickux B LlenTpanbHoit Poccumn ¢ coorBercT-
BYIOIIIUMH KJIUMATOM U mouBaMu. OXHAKO JJIS KaXKIOH
JIPEBECHOM MOPOALI UMUTHPOBAIINCH KAHAJICKHE U PYC-
CKUe THIIBI aJUTOKAaIluH. Bo BTOpOM BapuaHTE Nellaiich
IMepeKPECTHBIE MTPOTOHBL. DTO CBOETO PO «KOMITHIO-
TEPHOE BBIPAIINBAHNE» MHOPOIHBIX APEBECHBIX IMOPOJI

B HOBBIX yCJIOBHUAX: cOcHa baHKca n yepHast e11b UMHUTH-
PpOBAJIUCH B PYCCKOM KJIMMaTe U Ha pPyCCKUX NouBax. EB-
porelickue cocHa U e1b «BbIPAIIUBATINCH) Ha KAHAJICKON
MOYBE U B KAHAJCKOM KJIMMATe.

Ananus pesyromamos

AHaTU3WpPOBATNCH TIABHBIM 00pa3oM IapaMeTphl
OajaHca yriiepoja: nepBuyuHas OMoJIornyeckas HeTTO-
nponyktuBHOCcTh (NBP), rereporpodHoe nwixanue
no4Bbl (3MHccHs yriepoaa CO, mpu MHUHEpaIU3alUuH
OpraHu4eckoro BemiecTsa, Rh), morepst yriepona npu
HapylICHUAX (3arOTOBJICHHAs APEBECHHA U IOXKapHI,
DIST), 6anaHc yriepoja Kak 5KOCUCTEMHbII HETTO-00-
meH (NEE = NBP — [Rh + DIST]), emxocTs Guosioru-
yeckoro kpyrosopora (TC = NBP + Rh + DIST). Ilpu
aHaJM3e Pe3yIbTaTOB TAK)KE YUHTHIBAJIUCH 00IIast Ono-
Macca JepeBbeB (XBOsI, BETBH, CTBOJIbI, TOJICTHIC U TOH-
KHUe KOPHH), 3aI1achl IPEBECHHBI H OpPraHUYeCcKoe Belle-
ctBo mouBsl (OpBII).
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Pe3syabrarsl

Pe3ynbraThl HMUTAIMOHHOTO MOJICIIMPOBAHHUS €CTe-
CTBEHHOT'O pa3BUTHS Jieca Oe3 pyOOK ¢ aMEepHKaHCKUM
1 eBponeicKkuM Turnom pacupenenenust NBP (puc. 3) ne-
MOHCTPHUPYIOT 3HAUUTEIBHO 00Jiee BBHICOKYIO CKOPOCTH
pocTa JepeBbEB MTPH EBPONIEHCKOM THIIE paCIpe/IeICHUSI.
OTO0 cpaBelInBO B OTHOLICHUH OMOMACChl IEPEBLEB U
akkymyisinuu OpBII, a Takke GyHKIIMOHATBHBIX TTApa-
MetpoB nukia yriepona: NBP, Rh, NEE u TC. Bosnee
TOr0, MOITHOCTH Omosioruueckoro kpyrosopora (TC)
IIPU €CTECTBEHHOM pa3BUTHUH 0Oe€3 HapyIICHUN Oblia
Ha 32,0 = 7,1% (n = 12) BbIIIIE TAKOBOH B JIECY C UMU-
TUPOBAaHHBIMU PyOKaMH, TOT/Ia KaK IIPH €BPOICHCKOI
aJJTOKAIMM dTa pa3HHlla cocTaBisiia Bcero 15,8 + 6,1%
(n=12).

MMuTtHpoBaHHbBIC pe3ynbTaThl BIUSIHUS U3MCHEHUS
THUTIOB pactpenenenus (amnokanun) NBP amepukanckmx
1 €BPOMNEHCKHX IPEBECHBIX ITOPOJ B CLIEHAPHUX C pyOKa-
MH Jieca IpeCTaBieHbl B Ta0a. 2. DTH JaHHbIC JEMOH-

CTPUPYIOT T€ K€ AUHAMHUYECKHE TPEHIbl, OTHOCSAILUECS
K BJIMSIHUIO THIIOB aJIJIOKAIIUHM Ha MPOLECCHI B JIECHBIX
SKOCHCTEMAaX, Ha TIOYBBI U 3aMackl JPEBECUHBI, UTO U B
cllydae ¢ €CTECTBEHHBIM pa3BUTHEM Jieca. Bo-nepBsIX,
paccunutaHHas o0miast Omomacca aepeBreB (Haa3eMHas
Y TI0JI3EMHasl) CyIECTBEHHO BBIIIE Y COCEH U €JIeii C eB-
pPOIEMCKUM TUIIOM aJUIOKaluu. Bo-BTOpBIX, TapaMeTpbl
Oaranca yriiepoja oTpaxkaroT Bo3pactanue NBP u Rh
B 1,3-2,2 pa3a npu eBponelickoil amnokanuu. OgHako
paznuuns o eMkoctH kpyrosopota (TC) cymecTBeHHO
HIDKE — MakcuMyM B 1,7 pa3a. JlanHbIe 110 Oatancy yriie-
pona (NEE) oGHapyXHBalOT 3aMETHBIE TIOJIOKUTEIIHHBIC
W3MEHEHMs B aCCUMMJISILIMY YTJIEPOJ1a IIPU €BPONEHCKOM
amtokanuu NBP, Torga xak npu ceBepoaMeprUKaHCKOM
aJJIOKAIlUY €BpOIEeHCcKast €J1b IPAaKTUUECKH HE «PacTeT»
B EBpomne. 310, 04eBUIHO, PE3YyIbTAaT CHHEPrU3Ma TUIIOB
anokanuu NBP ¢ npyrumMu 3K0J10ru4yecKuMM napame-
TpaMH (TEHEBBIHOCIMBOCTb, €CTECTBEHHAS! CMEPTHOCTD
T 1.).

Tabn. 2

PaccuntanHoe mo Moje M BJIUsAHHE U3MeHeHHus ajiokanun NBP (B cueHapuu ¢ pyOkaMu) Ha HEKOTOpbIe
IKOCHCTEMHBIE pouecchbl® (KrxmM2xroa'), myianl OpBII u 3anacel IpeBeCHHbI B KOHIlE HMHTALMH.
CeBepoaMepuKaHCKUE U eBpOIeiickHe ApeBecHble MOPoAbI MMUTUPOBaJKch B Kanane u Poccun cooTBeTCTBEHHO

Tun Yriepon | Yriepon 3amac OTHOLIEHHE
Apease e amnokanuu [ NBP-C*| Rh-C |DIST-C|NEE-C| TC-C [6uomaccel,| OpBII, |apeBecuHbl,| 6umomacca/
S Kr/m? Kr/m? m3/ra** OpBII
Kanaoa
CocHa Awmep. 0,103 | 0,078 | 0,024 | 0,000 |0,206 2,16 2,41 77 0,90
bankca Espor. 0,139 | 0,094 | 0,036 | 0,009 |0,270 4,61 2,40 164 1,92
Enn Awmep. 0,338 0,291 | 0,043 | 0,003 | 0,895 5,54 8,17 163 0,68
yepHast Espor. 0,495 |0,300 | 0,158 | 0,037 |0,953 16,05 12,52 475 1,28
Poccus
CocHa Awmep. 0,296 | 0,192 | 0,064 | 0,041 |0,552 6,16 4,36 212 1,41
OOBIKH. Espor. 0,338 | 0,205 | 0,080 | 0,053 | 0,623 10,30 6,32 354 1,63
Enn Awmep. 0,087 | 0,096 | 0,010 |-0,020 | 0,193 0,29 3,34 32 0,10
€BpOII. Espor. 0,195 | 0,121 | 0,050 | 0,024 |0,367 5,58 7,13 165 0,78

* NBP-C — yriaepon 6uonornueckoii HetTo-npoayktuBHOCTH; Rh-C — yriiepos abIxanus moussl (3Muccnu yriaekucioro rasa); DIST-C — norepu/BbiHOC
yrmiepona ¢ pyokamu u nokapamu; NEE-C — skocucremHblii HeTTo-00MeH (Oananc yrmiepona); TC-C — yrepon emkoctu kpyrosopora; OpBII-C —

YIVIEPO ITyJ1a OPTaHHYECKOTO BEIIECTBA TOYBBL.
** B KoHILIE BTOPOr0 000poTa pyoKH.

Tabn. 3

Pe3ysbTaT nepekpecTHO HMUTALUM (CeBepoaMepuKaHCcKue nopoasl B Poccun n eBponeiickue B Kanane)
B CHIEHAPHH ¢ pyOKaMu: BJIMSIHHE HA HEKOTOPbIE YKOCHCTEMHBbIE MPOIecChl® (KrXM>Xroa),
nyJibl OpBII 1 3anackl ApeBeCUHBI B KOHIE HMUTAMHU

Tun Tpeecuast Yraepoa | Yriaepox 3anac OTtHouleHue
P NBP-C |Rh-C [DIST-C|NEE-C|TC-C| 6uomaccoi | OpBII-C, | ipeBecunbl, | 0uomacca/
AEIORAIGG BRHOD O Kr/m? Kr/m? M3/ra OpBIl
B Poccuu:
BCOCHa 0,296 |0,187| 0,069 | 0,040 0,553| 7,18 5,14 256 1,40
Antep. aHKca
B 0,242 0,214| 0,034 | —0,006 | 0,469 1,65 6,81 141 0,24
YyepHas
B Kanaoe:
C6°°Ha 0,193 |0,129| 0,049 | 0,015 [0371| 6,28 4,99 216 1,26
e, OOBIKH.
Enw eBpon. | 0,293 0,194 | 0,082 | 0,017 |0,569 13,96 9,60 272 1,45
* CM. ipuMeyanue K Tabi. 2.
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JlaHHBIE IEPEKPECTHOTrO BUAOBOIO U KOHTHUHEHTAIb-
HOT'O CpaBHEHHWs IPEACTaBIICHBI B Ta0d. 3, rie oOHa-
pyXXHBaeTCsl Takas ke KapTHUHA, KaK U B pe3yJibrarax,
ONMCAaHHBIX BhIIIE: cocHa baHkca u yepHas enpb pacTyT
B Poccum MenieHHee MECTHBIX BHJIOB, U HallPOTHUB —
€BpPOINEHCKUE COCHA U €JIb IEMOHCTPUPYIOT JIyUIIUN
pocT u 0oJiee BHICOKYIO MHTEHCHBHOCTH OHOJIOrHYe-
CKOI'0 KpyTrOBOPOTa 10 CPABHEHHUIO C MECTHBIMH KaHa/I-
CKHUMH JPEBECHBIMU MTOPOJAMH. DTH PA3IMIHUSI XOPOIIO
nponexusatorcs y NBP, Rh, NEE u TC. Baxxabsim 006-
CTOSITENIBCTBOM SIBIISIETCS TO, YTO: &) PA3IUYUS MEKIY
aMEpPUKaHCKHMU U €BPOIIEUCKUMH JIPEBECHBIMH ITOPO-
JJaMH{ MEHbIIE B 0oJiee OJaronpusATHOM €BPONEHCKOM
KJuMaTe ¥ 0) MOBBIIICHHAss HHTEHCHBHOCTH OMOJIOTH-
YECKOro KpyroBOpOTa B JIecaX ¢ €BPONEHCKUMHU Jipe-
BECHBIMH IIOPOJAaMHM IPUBOJUT KaK K yBEJIHMYCHUIO 3a-
[1acOB JIPEBECUHBI, TaK U K YCHUJICHUIO CEKBECTPAIUH
yriepona B nouse. [loaToMy cymMMapHbIi BKJaa 3TUX
JIECHBIX 9KOCHCTEM B TapMOHM3ALMIO OajlaHca yriepoaa
B armMocdepe BbIIIIe.

C TOYKM 3peHUsI aHaJIu3a PeKUMOB HapyIICHUI HaJ0
OTMETHUTbh, YTO PyOKH — OOBIUHASI aHTPOIIOTe€HHAs MH-
TEPBEHIUS — MOTUPUIUPYIOT KOMIIOHEHTHI OalraHca

400 4

yriiepo/a B JIECHBIX dKocucTeMax. Jlanubie B Tabdi. 2 u 3
TaK>ke MOKa3bIBAIOT, UTO TUMHI ajyokanuu NBP pac-
CMaTpPHUBAEMBIX JPEBECHBIX MOPOJ ONPEISISIOT 3ara-
CBhl PEBOCTOSI HAa KOPHIO: B KOHIIE Ka)kJI0ro obopoTa
pyOKu oOHapy >KHBaeTCs ABYKpaTHOE BO3pacTaHUE 3a-
11acOB IPEBECUHBI JJI51 €BPONEHCKUX COCHSIKOB M MATH-
KpaTHOE — JUISl €JIbHUKOB C €BPOIIEHCKON aJJIOKaLuen 110
CPaBHEHHIO C aMEPHKAHCKOU.

Tumns! ayutokauuu NBP cita0o BIMSIOT Ha ITOCIIEACTBU S
JIECHBIX MoxapoB (puc. 4). bosee 3HaunMO BIUsIHUE TH-
TIOB TIO’KApPOB: MAKCUMAJIBHBIN yIIepO MPUUINHSIOT BEP-
XOBBIE (KPOHOBBIC) TIOKAPHI, @ HU30BBIE MMOXKAPHI ITOCTIe
pyOOK yX0/1a BEI3BIBAIOT MUHUMAaJIbHBIH y1iep0. CHUKe-
HHE MHTEHCHBHOCTH IIPOLIECCOB KPyTOBOPOTA yIriiepoaa
BapbupyeT Mexay 6 u 10%. B oTHOmEeHUN CHUXKEHUSI
3a11acoB JPEBECUHBI OTMEYaeTCs ci1aboe HeZ0CTOBEPHOE
CHIDKCHUE B cocHsKax: 18,2 +£4,8% (n = 6 3mech u nanee)
¢ aMepuKaHCKOM ayutokanueit u 15,2 + 6,9% c espomneii-
ckoif. OTHaKO BBIOPOC yIIIEKUCIOTHI ITPH MOXKapax B atT-
Moc(epy paziauyaeTcs CylnecTBeHHO: oH B 1,6—1,9 paza
BBIIIE B COCHsIKaX U B 1,4—4,8 pa3a Bblllie B €JIbHUKAX C
eBpornerickoil NBP amnokanueil B cpaBHEHUU C aMepu-
KaHCKOM.

BAPUAHTAX € PyBKAMM M NOXAPAMM.
* — ceeepoamepmkaHckue AP, (1 — esponeiickne AP

CocHbl
AmMepuKaHCKas anoKauusa a;
= 13.0 + 422.2% 6’0
300 A r*=0.96; n=12 ai
Eeponeiickas annokayuma / .
y= 157 +549.7x 7
r=098;n=12 o7 _» /
200 1 N &
e =
D/
7/
-
£ - /ﬁ/
o ©
3 o
3 q : . :
: 0.000 0200 0400 080 0800
o
v
o
o
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¢ -
Enmn =
- AMepUKaHCKas anoKauusa L7
£ 400 ~ y= -7.3 +256.0x g o
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Puc. 4. Koppensumns sanacos gpesecuHsl (M3xra~') ¢ Tunamm annokaumu (AP) u emkoctbio 6Guonormueckoro kpyrosopota (TC,
kr [C]xm~2xrop™!, cpeptee 3a 150 net) B KOHLE MMMUTALMM 3a UCKNIOYEHWMEM NOCnegHero HapyleHus (py6ka, noxap) Bo Bcex
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Tune! astokanuu NBP ciiabo cka3biBaroTCst ¥ Ha BJIH-
STHUW KJIMMaTHYeCKUX U3MEHEHUH Ha JIECHBIE DKOCHCTE-
MBI. 3aMETHA TOJIBKO ci1adasi HeIOCTOBEpHAs TCHACHITUS
0oJiee CHITBHOTO OTKJIMKA Ha U3MEHEHNE KJIMMaTa y Bcex
JIPEBECHBIX NOPOJ C aMEpUKAaHCKOM ayutokanueir NBP,
«pactymux» B Kanage u Poccun (eMKOCTB KpyroBopoTa
TC oxa3zpiBaetcs Ha 19,8 + 8,3% BIIIe TpU U3MEHEHUHU
KJIMaTa) MIPOTUB APEBECHBIX MOPOJI C €EBPONEHCKON all-
nokanueit (14,3 + 2,4). DTot apdexT He sBIsieTCsS OTpa-
JKEHUEM BIIMSIHUS Pa3JIMYHBIX CIICHAPUEB N3MEHEHEHU S
KJIMMAaTa, MTOCKOJIbKY IIPOBOAMIIACE IEPEKPECTHASI HMU-
Tamus.

IIpencraBieHHbIE BbILIE PE3YyIbTAThl IOKA3bIBAIOT
onpenesieHHbIE pa3JInYusl MapaMeTpoB OanaHca yriiepo-
Jla ¥ 3araca JIpeBOCTOEB B 3aBUCUMOCTH OT THUIIOB ajl-
snokauuu NBP. M3Menenue 3anacoB ApeBECUHBI, BO3-
MO>XKHO, 60JIee 3HAYNMO JJIsI OLEHKHU «3KOHOMHUYECKOM»
3 pexTUBHOCTHU KPYTrOBOpOTa yriiepoaa. Bennunnbl 3a-
11aCOB JPEBOCTOEB B 3aBUCHMOCTH OT THUIIOB aJIJIOKAILUH
NBP u emxoctu kKpyroBopoTta npeicTaBjiIeHo Ha puc. 4,
/1€ BUJHO, UTO PA3IN4us 110 3aracam JpeBECHHBI B COC-
HSIKaxX IPH aMEPUKAHCKON M €BPOIEHCKON aJNIOKAIuN
NBP nmeBenukn. Ha puc. 4 neBwIif Ki1acTep AaHHBIX C
aMEPUKAHCKOM aJJIOKallMel OTHOCUTCS K cocHe baHkca
B Kanane, Torna xak npaBblid — K 00€MM COCHaM, HMH-
THUPOBAaHHBIM B yclioBUsIX Poccun. bosee BbIpa3uTenbHbl
JTAHHBIC 1151 €JIbHUKOB C CUJIBHBIM BJIIMSTHUEM ajljloKa-
unu NBP Ha 3anacel gpeBecuHbl, @ UMEHHO: YeM BBIIIIE
nonst NBP, pacxogyemast Ha mpupoCT TOHKUX KOPHE,
TEM HUKE MPUPOCT APEBECUHBI B JIECHBIX HKOCHUCTEMAX
C OAMHAKOBOH €MKOCTBIO OMOJOIMYECKOr0 KPYyTrOBOPO-
Ta yriepoaa (TC), a Takke, 04EBUTHO, a30Ta U IPYTHUX
9JIEMEHTOB. DTO 3HAYMT, YTO «KOI(PPHUIMEHT S3KOHOMHU-
4yecKol 3 (HEKTUBHOCTH» JIECHOH 3KOCHCTEMBI CHIIBHO
3aBHCUT OT TUNOB ayutokarmu NBP.

O0cy:kneHne u 3aKJII0YEHHE

[IpencraBiaeHHBIC B CTaThe MaTESPUAIIBI SIBJISIOTCS T10-
IBITKOW OIEHUTHh (PYHKITMOHAILHBIC XapaKTCPUCTHKU
JIIPEBECHBIX PACTCHHH, OTpPaKalOIUEe WX IKOJIOTHYC-
CKYIO CTpaTeruio. DTa IMOMBITKA MOKET BHECTH BKJAJ
B IIEPEXO0/1 OT OMUCATEIBHON K KOJIMYECTBEHHON OLIEHKE
9KOJIOTMYECKON U alallTAlMHHOW CTpaTeruil pacTeHU.
Takoli XxapaKTepUCTUKON SIBIISICTCS THIT PACIPeICICHUS
(anmnokarun) NBP Mexay opranamu pacTeHHui, KOTOPBIHA
MTO3BOJISICT TAKXKE pacCMaTPUBATh BIIMSTHUE IKOJIOTHYC-
CKHUX CTpaTeruii Ha ONOTCOXUMHUIECKIE IIUKITBI DJIEMEH-
TOB M CEKBECTPAIIHNIO YTIIePOa B JECHBIX DKOCHCTEMAX.

Mgl nmosaraeM, 4To TUI ajjokanuu NBP oTueTauBo
OTpakaeT IBOITIOIMOHHYIO U JKOJOTHUYCCKYIO CTpaTe-
ruto pacteHuil. Tak, MpUOPHUTETHAS POJIb BEKHUBAHUS
" CTaOWJIFHOCTH PACTCHUU B HEOJIATOMPUSTHBIX MPHU-
POIHBIX YCIOBHUSIX C HEXBAaTKOW a30Ta H3-3a HU3KOU
CKOPOCTH PAa3JIOKEHHUS BO BIAXXHBIX M XOJOAHBIX IMO-
yBax Kanazser [38, 43, 50] npuBena K TOMHHUPOBAHUIO
MPOAYKIIMH TOHKUX KOPHEH 1 (GOPMHUPOBAHHIO 0COOOTO
THIIA 3KOCUCTEM C OTHOCUTEIIFHO HU3KOH POy KTUBHO-
CThIO Ha3eMHOMW OMOMAacChl M BHICOKOW — ITOJA3EMHOM, a
Takke K pOPMHUPOBAHUIO 3HAYUTEIHHOTO ITyJIa yTiIepoaa
MMOYBHI KaK CTAOMITM3UPYIOMIET0 KOMITIOHEHTA SKOCHCTE-
MBI. DTO BUJTHO Ha IPUMEPE CEBEPOAMEPUKAHCKON U €B-
poreiickoii eeld. A B OJIarOMPHUSITHBIX KITUMaTHUYECKUX
u 31aUICCKUX YCIIOBUSIX PACTCHUS PACXOMYIOT OOJIbIIEe
npupocta buomaccs! (NBP) na Hanzemuslie opranst. [o-
STOMY CEBEPOaAMEPHUKAHCKHE THITHI aIJIOKAIINH OTpaXKa-
FOT BBICOKYIO aJIallTAllMI0 KaHAJICKUX XBOWHBIX TTOPOI K

CypOBOMY KJIMMAaTy — OY€Hb XOJIOAHOMY B CEBEPHOI U
OUYEHb CYXOMY B FO’KHOH 4acTH OOpeabHBIX JIECOB IIEH-
TpanbHOU Kanajbl. DTO XOpOIIIo OTpakeHo B apaMeTpe
«bnomacca/OpBII» (Tabi. 2 u 3).

C tumamu amutokannu NBP Takoke cBsizaHa mpooOiema
YBEJIWYCHHS MpUpocTa apeBecuHbl. Kak 06110 mokasa-
HO BBIIIIE, 3aI1aChl IPEBECHHBI CUJIBHO Pa3IUYalOTCs B
JIPEBOCTOSIX, T/IE€ IEPEBbSI MMECIOT aMEPUKAHCKU I UITH €B-
pONENCKHI TUTT alIoKaluu. DTO 03HAYAET, UTO JIECHBIE
SKOCHCTEMBI C JOCTATOYHO BbICOKOM NBP 1 eMKoCThIO
kpyroopota (TC) MOTYT IMETh Pa3TUIHYIO IIPOU3BO-
JUTEIBHOCTh B 3aBUCHMOCTH OT UX THIIOB aJJIOKaIlUH
NBP. DTa npobiiema o6cyxaanace panee [32] ¢ akueH-
TOM Ha OTCYTCTBUE BHUMaHUsI K HEH B JIECHOW 'eHETHKE,
B OTJINYME OT arpOHOMHH. MaHHITyIISIINS aJlJIOKaIHer
NBP nyis1 yBesnueHust IpOU3BOJUTEILHOCTH JI€COB MO-
JKeT OBITh NEPCIIEKTUBHBIM HAIIPABICHUEM B JIECHOMU Te-
HEeTHKeE.

ITo 3TUM npuYMHaAM BO3MOYKHOCTb BbIpalllUBAHUS €B-
poreiickux ApeBecHbIX mopoj B KaHnane pomxHa ObITH
HCCIIeIoBaHa JOCTaTOYHO JIeTaIbHO. B peansHOCTH, €B-
porelickie XBOWHBIE MTOPOJBI MOTYT JM0O anarTupoO-
BaThCs K KAHAJCKOMY KJIMMAaTy, HO BO3MOXXHO C YBEJIH-
YEHHUEM JI0JIM TOHKUX KOpHEH B pacnpenenenun NBP,
a100 CHIIBHO MOBPEKIATHCS C MOTepell MPOAYKTHUBHO-
CTH B CypPOBOM KaHaJCKOM KJnMare. Bo3aM0OXHO, 4TO MH-
TPOAYKIIHSI CHOMPCKOTO SKOTHITA COCHBI 0OBIKHOBEHHOM
(Pinus sylvestris) MOXET OKa3aThCs YCIICIITHOM, TOCKOJTb-
Ky OHa IIPH OOWHAKOBON OMOJIOTHYECKOH ITPOTYKTHBHO-
ctu (NBP) xapakrepusyeTcst 0oJblie mpoayKIiuei ape-
BECHHBI B CPaBHEHUU C cocHOM baHkca. To xe MOXHO
OXHAATh OT TuOpuna Picea abies X P. obovata (BocTou-
HO-EBPOIEUCKUH SKOTHII €JIH), aAalITHPOBAHHOTO K KOH-
THHEHTAJIBHOMY KJIuUMary Ypaia u 3anagHod Cubupwu.
OpHako MaHHBIE O THIAX AJUIOKAIUN 3TUX JIPEBECHBIX
MOPOJT OTCYTCTBYIOT.

OOcyxaaemMble 31eCh pe3yJbTaTbl Jal0T OCHOBAaHHE
JUTS YTBEPIKJIEHUSI, YTO (OPMUPOBAHKE OCOOBIX THIIOB
aitokanuu NBP B mporiecce 3BoonMu pacTeHuit ciy-
JKAT OJHUM M3 MEXaHMW3MOB a/IallTalliy JIPEBECHBIX pa-
CTEHUM K OKpyXaromeil cpeae. Panee 0L mIpemitokeH
KOJTMYECTBEHHBIN MHJIEKC «Onomacca JIMCTBBI Ha OIIpe-
JIeJICHHON IUIOMIaAN — MPOJOJIKUTEIBHOCTD KU3HU JIH-
ctBb» (leaf mass per area—leaf life span, LMA-LL [51])
JUTST OLIEHKH YKOJIOTMYECKON CTpaTeruy pacTeHHH, OHa-
KO OH HE YUMTBIBAET IIPOIIECCHI B IOA3EMHOI Onomacce,
Ha KOTOpsIe oOpaman BHuMaHue Tunbman [48]. Hdeiict-
BUTEJIBHO, €JIb YepHasl NMEET JIOJITOKUBYIILYIO XBOIO C
OTHOCHUTEJIBHO BBICOKOM MacCOM, €CJIU Mbl pacCMaTpuBa-
€M TOJIBKO HaJ[3eMHY10 Ornomaccy. OJTHaKo 3Ta b UMeeT
OBICTPO OOHOBJISIOIIYIOCSI OMOMAacCy TOHKUX KOpHEH, Ha
YTO pacxomyercst 0OJbIIas YacTh OHOIOTMYECKON TIPO-
NyKTUBHOCTH. B aTOM cinyuae unaekc LM A-LL He otrpa-
’KaeT peajbHyl0 HHTEHCUBHOCTH OMOJIOTMYECKOT0 Kpy-
TOBOPOTA U 3KOJIOTHUECKYI0 CTPATEr U0 PACTEHUM.

ABTOPBI IIPENIAraloT HCII0JIH30BATh OIMIMCAHHBIN BBIIIE
WHJEKC THIa ajlokanuu AP B KadecTBe MHIMKAaTOpa
9KOJIOTMYECKON ajanTalyuy JpeBECHBIX OO K daadu-
YECKMM WM KJIMMaTHYeCKUM ycioBusM. Ha camowm gere,
nHJEKC AP SBJISIETCSA YUCICHHBIM BBIPAKEHHUEM IIIKaJIbI
I'pumuana a1 TonepanTHOCTH K cTpeccy [3]. MbI yBe-
peHbl, uTo KoMOnHanus nHaexkcoB AP u LMA-LL nact
Oosee nHpOpMaATUBHBINM HAOOP TTOKa3aTesiell SKoIornye-
CKOM ajantauuy ApeBecHbIX pacTeHud. EnuHcTBEHHOM
IpoOJIeMOii SIBIIETCS TO, UTO ONpeAeIeHne nHaekca AP
TpeOyeT METOIUYECKH CIIOKHBIX UCIUIETOBAaHUMN.
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The role of net primary productivity (NPP) allocation to tree organs as a parameter reflecting the ecological strategy of trees is discussed. The
application of an individual-based spatially explicit simulation model of the tree-soil system (EFIMOD) to European and North American boreal
forests reveals significant differences in ecological parameters (silvics) between, on one hand, North American jack pine (Pinus banksiana Lamb.)
and black spruce (Picea mariana Mill.) of Canadian boreal forests and, on the other hand, European Scots pine (Pinus sylvestris L.) and Norway
spruce (Picea abies L. [Karst.]). A significant difference between these two groups of species was found in the NPP allocation between needles
and fine roots. The proportion of annual biomass increment reflected by NPP that is allocated to fine root production is higher in the North
American coniferous species than in the European ones. Simulation experiments were performed to investigate the influence of NPP allocation
on the components of carbon balance and wood productivity. Additionally, a parameter “turnover capacity” (TC), which is defined as the sum of
NPP and soil respiration, was used. North American and European conifers were compared in two sets of simulations. In the first set, simulation
was performed upon changes in NPP allocation in tree species ‘growing’ under their native conditions (Canada or Russia). In the second set, the
Canadian conifers were simulated under the Russian climate and soil conditions, whereas the European ones, under the respective Canadian
conditions. The results showed considerable differences, which depended on the NPP allocation patterns, in tree growth rate, root development,
and parameters of carbon balance. Trees with relatively high NPP proportions allocated to fine root production demonstrated lower growth rates
even at a high carbon turnover capacity corresponding to the milder climate of European Russia. On the other hand, trees with the European,
more uniform, NPP allocation pattern showed higher growth rates compared with the Canadian trees even under the colder continental conditions
of Central Canada. The results suggest that wood productivity levels may be significantly different at similar NPP and TC if trees have different
NPP allocation patterns. This difference reflects the adaptation of the NorthAmerican coniferous species to harsh soil and climatic conditions,
which are very cold in the northern and very dry in the southern part of Central Canadian boreal forests. NPP allocation index (NPP partitioning
between leaves and fine roots) is proposed as a measure of tree stress tolerance, adaptation to severe climatic conditions, and ecological strategy.
Keywords: EFIMOD model, North-American and European coniferous tree species, NPP allocation pattern, carbon balance, turnover
capacity, wood production.

Introduction et al. [51] suggested a set of simple quantitative indices of

Coniferous tree species are dominant in the boreal for-
est biome of the Northern hemisphere. It is well known
that tree genera growing in both Europe and North Amer-
ica may be significantly different in their growth arche-
types. First of all this refers to pines (Pinus spp.) and
spruces (Picea spp.). These differences are most likely
determined by environmental conditions and the evolu-
tionary history of these tree species in Europe and Amer-
ica. The evolutionary (genetically) determined allocation
patterns of net primary productivity (NPP) partitioning
between tree organs seems to be an important functional
plant parameter [1, 6, 28, 32, 34].

The Grime triangle (ruderal — stress tolerator — com-
petitor) [18, 19] is most often used for classification of
plant life strategy in ecological botany. Being initially
developed on a qualitative basis, this classification now
becomes supplemented with a set of quantitative parame-
ters. A quantitative approach was developed by Brzeziec-
ki and Kienast [3] for European tree species. They ap-
plied tree parameters called silvics, which are used in
the ‘gap-models’ [40], and some additional ecological pa-
rameters expressed against a five-points scale to specify
Grime triangle for tree species in more detail. Westoby

plant ecological strategy, an important one being the ‘leaf
mass per area — leaf life span (LMA-LL), which reflects
plant parts turnover rates, nutrient residence times, and
plant response to growth conditions. The importance of a
balanced consideration of both aboveground and below-
ground plant and ecosystem processes and their adaptive
behavior for the evaluation of plant ecological strategy
was stressed by Tilman [48] who performed computer ex-
periments to define the effects of NPP “leaves-roots™ al-
location pattern on plant growth and competition for light
and soil nitrogen. The importance of allometric biologi-
cal relationships in biotic and ecological systems is high-
lighted in the concept of biological stoichiometry, which
is successfully implemented in soil zoology [13, 14].

NPP allocation patterns are determined genetically;
however, they may vary to a certain extent as far as plant
ontogenesis depends on current environmental factors.
This is well known in agro-ecology, mostly concerning
annual plants [12, 15, 24, 47]: the richer are soils, the less-
er is roots contribution to plant biomass and NPP.

The importance of NPP allocation patterns for ecosys-
tem functioning is emphasized by tree physiologists [29]
and, more elaborately, by forest ecologists [11, 26, 31, 37]
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who stress the role of allocation type in forest productiv-
ity and adaptation to environmental stresses. However,
no special attention was paid to the quantitative analysis
of the effects of NPP allocation patterns on ecosystem
functioning and plant productivity and its role as adap-
tation mechanisms.

Procedures used to partition photosynthetic products
between plant organs in order to optimize tree growth are
available in ecophysiological forest models [16, 25, 33, 42,
46, 47, 49]. In other forest models, NPP partitioning ac-
cording to species-specific fixed allocation rules is some-
times assumed to have certain adaptation functions [23,
27,28, 30, 35, 39]. These approaches are based on the con-
cept of species-specific ecological parameters (‘silvics’).

The objective of the present article is to evaluate the role
of NPP allocation patterns in tree growth and soil chang-
es in ecosystems dominated by four coniferous tree spe-
cies in Europe and North America and then to analyze the
strategies of these tree species related to carbon seques-
tration upon different silvicultural scenarios. For this, the
tree-soil forest ecosystem model EFIMOD was used.

Material and Methods

The EFIMOD model

The EFIMOD is an individual-based spatially explicit
simulator of tree-soil systems [1, 4, 6, 28]. The specific
feature of the model is the emphasis on the importance
of soil processes in ecosystem functioning. EFIMOD
requires a set of parameters called silvics for every
modeled tree species. One of the most important silvics
is the allometric rules of the partitioning of total NPP
between tree components (leaves, branches, stem wood,
and coarse and fine roots). These rules reflect both, the
genetic archetype of a species and, possibly, its strategy
of adaptation to specific environmental factors that affect
tree growth. The model captures feedbacks between soil
nitrogen and tree productivity. It uses species-specific
allocation patterns to calculate biomass increment (NPP)
distribution between tree organs.

Soil organic matter (SOM) and nitrogen (N) dynamics
are calculated using the soil model ROMUL [5] based on
tree litter fall amount and soil temperature and moisture
with a feedback to trees manifested as the annual pool of
available soil nitrogen.

EFIMOD has been adapted to a wide range of climatic
and edaphic conditions of growth of European tree
species, including Scots pine (Pinus sylvestris L.) and
Norway spruce (Picea abies L. [Karst.]). EFIMOD
was widely applied in Europe to tackle the problems of
sustainable forestry and environmental changes [1, 7, 8,
10, 28, 44]. Besides, the model was applied to central
Canadian boreal forests in the Boreal Forest Transect
Case Study (BFTCS), which was launched as a sequel
of the BOREAS program [2, 9, 43]. Jack pine (Pinus
banksiana Lamb.) and black spruce (Picea mariana
Mill.) are the dominant tree species at sites encompassed
by BFTCS.

Experimental sites

Experimental sites encompassed by BFTCS in Canada
and forest lots in Central European Russia were used to
compare American and European tree species. A com-
prehensive characterization of Canadian BFTCS, from
tundra to grasslands, including the description of the
methods used in field studies, is published in detail else-
where [2, 17, 20-22, 43, 45]. A 1000-km transect has a

set of permanent sample plots where stand biomass, soil
parameters and the ecological processes of their devel-
opment have been studied comprehensively. The BFTCS
experimental area Candle Lake with its jack pine and
black spruce sample plots was selected for simulation.
The climate of the area is continental, its mean annual
temperature being +0.6 °C and mean precipitation being
351 mm in summer and 82 mm in winter. Strong frosts
occur in winter, and periods of hot and dry weather occur
in summer. Jack pine occupies dry sandy sites with soils
poor in organic matter (Distric Brunisols). Black spruce
grows on wet poorly drained sites with gley loamy soils
and high levels of accumulated organic matter in the thick
forest floor.

In Russia, Russky Les (‘Russian forest”) State Forest
Enterprise was used for EFIMOD-based modelling. It
is situated 100 km south of Moscow in the central part
of East European Plain. Russky Les Forest occupies the
left bank of Oka River where soils are sandy and loamy
(Brunisol and Albeluvisol). The climate of the region
north of the border of broad-leaved forests of Central
European Russia is mildly continental. The mean annual
temperature is +5.4°C, and precipitation is 397 in sum-
mer and 94 mm in winter [1]. This climate is significant-
ly milder and warmer than in Candle Lake, Canada. An
important environmental feature on the European site is
its rather high atmospheric nitrogen deposition reaching
10 kg N ha'xyear' vs. 2 kg N ha'xyear' in Candle Lake,
Canada. A 273-ha forest lot consisting of 104 forest com-
partments (stands) has been selected for modeling. Scots
pine occupies dry, mesic, and wet sandy sites. Norway
spruce grows mostly on well-drained sandy loams fea-
turing high productivity and at poorly drained sites with
thick organic horizon, where its growth rate is relatively
low. The dry sites for Scots pine and wet sites for Norway
spruce were selected for simulation to make comparabil-
ity with Canadian sites better.

Trees’ ecological parameters (silvics)

The ecological parameters of European and North
American coniferous species — Scots pine, Norway
spruce, jack pine and black spruce — were derived from
published data on the biological productivity and growth
of the trees [1, 2, 4, 6, 9, 28, 43]. The silvics show that
these tree species differ in their responses to light and ni-
trogen, needle lifespan, natural mortality rate, and many
other parameters. The most dramatic differences are in
NPP allocation patterns (Table 1). Pines show no sharp
differences; however, the jack pine features a greater
proportion of biomass increment (NPP) allocated to fine
roots, which are responsible for water and nutrient sup-
ply. Conversely, spruces are very contrasting with regard
to the proportions of NPP allocated to needles and fine
roots: the American black spruce allocates a 3-fold great-
er part of NPP to fine roots, in comparison with its Eu-
ropean relative. Correspondingly, NPP proportion allo-
cated to needles and wood is significantly lower in black
spruce.

We propose to express NPP partitioning with a com-
bination of indices: leaves production efficiency (LPE)
is the proportion of NPP allocated to leaves production;
fine root production efficiency (FPE) is the proportion of
NPP allocated to fine root growth, and wood production
efficiency (WPE) is the proportion of NPP allocated to
woody organs increment. The two first indices are more
important because they refer to the functional tree or-
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gans. Therefore, we can express NPP partition as a sin-
gle index of allocation pattern, AP = LPE/FPE (Table 1).
A higher AP is the manifestation of a higher proportion of
NPP allocated to leaves and a lower proportion allocated
to fine roots. AP values for young and moderately aged
trees are about 1.00 in Scots pine and range from 0.70 to
0.75 in jack pine, from 0.13 to 0.22 in black spruce, and
from 0.96 to 1.17 in Norway spruce. Thus, AP differenc-
es between pine species are not very large; however, they
are quite dramatic when American and European spruces
are compared.

Turnover capacity

We analyzed mainly the parameters of carbon balance:
net primary productivity (NPP), heterotrophic respiration
of soil (Rh) defined as CO, emission from mineralized
organic matter, carbon losses caused by fires and wood
harvesting (DIST), and net ecosystem turnover NEE =
NPP — [Rh+DIST].

Additionally, we introduced a new parameter of the
rate of ecosystem processes: “turnover capacity” (TC).
TC =NPP + Rh + DIST. TC reflects the rate of biological
carbon cycling in an ecosystem. It is closely correlated
with NPP and Rh in the case of a fully balanced carbon
budget in undisturbed ecosystems when NEE = NPP —
Rh =0, and TC = 2NPP = 2Rh. However, there are cases
when NPP is equal to zero whereas soil is active (after
harvesting and upon other disturbances) and opposite
situations when plants grow fast on a bare substrate (e.g.
leuminius plants Fabaceae on a humus-free substrate rich
in its elemental composition). Moreover, disturbances, too,
can contribute significantly to biological cycle misbalance.
The correspondence between TC, NPP, Rh and NEE in the
case of harvesting is illustrated in Fig. 1. The pools of total
tree biomass (needles, branches, trunk, and coarse and fine
roots), soil organic matter (SOM) and growing stock were
also taken into consideration in our analysis.

Baseline data for modeling

Baseline data for all simulations were as follows: 3
years of age for all seedlings; 10000 pine seedlings per
1 hectare, 2500 spruce seedlings per 1 hectare; mean
seedling height 0.3+0.1 m, zero diameter at breast height
(DBH) and random disposition of trees on a simulated
plot. It should be pointed out that the baseline stand densi-
ty did not strongly influence EFIMOD-simulated ecolog-
ical output parameters. Soil data for pine stands in both
countries were assumed as similar to those of dry sandy
soils with shallow raw humus layer (disrtic Brunisol in
Canada and ‘weakly podzolic Al-Fe-humus soil in Rus-

sia). Soil data for spruce stands were assumed as similar
to those of poorly drained soils with thick raw humus
and high groundwater table (gley soils in both countries).

Modeling scenarios

Several scenarios were modeled for all species, which
were traced for 150 virtual years: no disturbances (natu-
ral development over 150 years), harvesting, two crown
fires, two ground fires after thinning, two ground fires
after clear cutting, and climate change at the no distur-
bances regime. Harvesting consisted of one thinning at
40 years and one clear-cutting at 70 years, making two
rotations over 150 years. Crown fire simulated at the end
of every rotation was assumed to result in burning-out of
100% of needles, 60% of branches, 5% of stem wood, and
30% of fine roots. In pine stands, 100% of litter (L) and
80% of humified forest floor (F+H) was assumed to burn-
out, vs. 100% and 25%, respectively, in spruce stands.
Ground fires were simulated using the same parameters
for soil burning and 30% for burning of fine roots without
damage to aboveground tree biomass. Ground fires were
simulated the next year after the last thinning and the

2.5

2.0 1

i U

-2,

Processes kg C x m™x year

Imitation steps, years

Fig. 1. Time series of net primary productivity (NBP), soil res-
piration (Rh), carbon turnover capacity (TC), and net ecosystem
exchange (NEE), kg Cxm2xyear-, in Scots pine forest upon the
harvesting scenario at the transition through clear cutting distur-
bance at the 70" time step following pine regeneration 5 years
later. The pool of harvested wood (12.01 kg Cxm-2) is not shown
in the figure. Cutting residues are left in the area of clear cutting.
The positive NEE values reflect carbon sink into, and the negative
values, carbon discharge from the ecosystem

Table 1

Net primary production (NPP) allocation coefficients, parts of unity, for the North American and European
tree species

] Tree age Woody organs (branches, stem | Fine Index of allocation

Specics years ’ Wil e wood, coarse roots) roots pattern, AP*
Tack pine <30 0.28 0.32 0.40 0.70
p 31-130 0.30 0.30 0.40 0.75
g <30 0.30 0.40 0.30 1.00
HEsIR P 31-130 0.25 0.50 0.25 1.00
Black spruce <30 0.10 0.15 0.75 0.13
P 31-100 0.15 0.18 0.67 0.22
Norway spruce <30 0.26 0.47 0.27 0.96
Y Sp 31-100 0.27 0.50 0.23 1.17

* Explanations are in the main text

340

MexamcupnnuHapHBbIK Hay4YHbIM U NpuknagHor xypHan «buocdepay, 2015, 1.7, Ne 3




. O.G. CHERTOV, A.S. KOMAROQV, S.S. BYKHOVETS, J.S. BHATTI

The first simulation series

Jack pine and black spruce with
Canadian climate and sail

The second simulation series
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Jack pine and black
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Canadian Russian
climate and climate and
4 soils soils

Fig. 2. Scheme of simulation of Canadian and European coniferous species

next year after clear cutting (at the 41°* and 71 year of the
first rotation and at the 116" and 146" year of the second
rotation). For scenarios including climate changes, the
predicted climatic data for simulation in Canada were de-
rived from Canadian Climatic Model CGCM A2 (Price et
al., 2004), and for Russia, from Tyndal Centre for Climate
Research HadCM3+AT1Fi (Mitchell et al., 2004).

Two simulation series were carried out (Fig. 2). In the
first series, Canadian trees were simulated under their
native conditions at Candle Lake, and European trees,
under Central Russia climate and soil conditions, each
simulation performed using both allocation patterns,
Canadian and Russian, for every tree species. The second
series was of a crisscross design: jack pine and black
spruce were simulated under the Russian soil and climate
conditions, and Scots pine and Norway spruce under the
Canadian ones.

Analysis of the results

We analyzed carbon balance parameters: net prima-
ry productivity (NPP), heterotrophic soil respiration rate
(CO, emission from mineralized soil organic matter, Rh),

carbon loss upon disturbances including wood harvest-
ing and fires (DIST), and net ecosystem carbon turnover
(NEE = NPP — [Rh+DIST]). Total tree biomass (needles,
branches, stem, and thick and fine roots), growing stock
and soil organic matter (SOM) were also estimated.

Results

Simulation results using American and European NPP
allocation patterns in natural forest development settings
(Fig. 3) demonstrate that the trees that feature the Eu-
ropean NPP allocation pattern have significantly higher
growth rates. This is true with regard to tree biomass and
SOM accumulation and to the parameters of carbon cy-
cle: NPP, Rh, NEE, and TC. Moreover, with the American
NPP allocation pattern, TC in undisturbed forests is by
32.0+7.1% (mean= standard deviation; n=12) higher than
upon harvesting; however, with the European NPP allo-
cation pattern, this difference is 15.8+6.1% only (n=12).

The results of simulation of the effect of NPP allocation
on changes in American and European coniferous trees
ecosystems upon harvesting are presented in Table 2. The
data demonstrate the same dynamic pattern of the ef-
fect of allocation on forest ecosystems, soil, and grow-

Table 2

Simulated effect of the change of NPP allocation in harvesting scenario on some ecosystem processes¥,
kgxm2xyear!, soil organic matter pool and growing stock at the end of simulation; North American and
European trees were simulated under their native countries

Tree Allocation Biomass-C, | SOM-C, Growing Biomass /
species pattern NPP-C*| Rh | DIST-C | NEE-C [ TC-C kgxm> kgxm? mSS:ﬁic‘E,** SOM ratio
Canada
Jack pine American | 0.103 |0.078| 0.024 0.000 | 0.206 2.16 2.41 77 0.90
European | 0.139 [0.094| 0.036 0.009 |0.270 4.61 2.40 164 1.92
Black | American | 0.338 [0.291| 0.043 0.003 | 0.895 5.54 8.17 163 0.68
spruce | European | 0.495 [0.300| 0.158 0.037 |0.953 16.05 12.52 475 1.28
Russia
Soutisifie American | 0.296 [0.192| 0.064 0.041 |[0.552 6.16 4.36 212 1.41
European | 0.338 [0.205| 0.080 0.053 |[0.623 10.30 6.32 354 1.63
Norway | American | 0.087 ]0.096| 0.010 | -0.020 |0.193 0.29 3.34 32 0.10
spruce | European | 0.195 [0.121| 0.050 0.024 |0.367 5.58 7.13 165 0.78

* NPP-C: net primary productivity; Rh: soil respiration (carbon dioxide emission); DIST-C: carbon loss upon harvesting and fire; NEE-C: net ecosystem
exchange; TC-C; carbon turnover capacity; SOM-C: carbon of soil organic matter pool

** At the second rotation
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Table 3

Crisscross simulation results. Ecosystem rate parameters (kg m2year™) and soil organic matter pool
and growing stock at the end of simulation of North American trees in Russia and European trees
in Canada using the harvesting scenario

. . Growing | Biomass /

Allocation | ., species NPP-C*| Rh |DIST-C |NEE-C | TC-C Blomass_;C, SOM_S’ stock, SOM
pattern kgxm kgxm™ | schat | ratio

In Russia

Jack pine | 0.296 [0.187[ 0.069 | 0.040 | 0.553 7.18 5.14 256 1.40
American | Black 0.242 [0.214| 0.034 | -0.006 | 0.469 1.65 6.81 141 0.24

spruce

In Canada

Scots pine | 0.193 [0.129] 0.049 | 0.015 | 0.371 6.28 4.99 216 1.26
European I‘Slgr"flvc? 0293 |0.194| 0.082 | 0.017 | 0.569 | 13.96 9.60 272 1.45

* See notes to Table 2.

ing stock as in the case of natural development. First,
the calculated total tree biomass (aboveground and be-
lowground) is significantly higher in pines and spruces
having the European NPP allocation pattern. Second, the
parameters of carbon balance reflect a 1.3- to 2.2-fold in-
crease in NPP and Rh when allocation pattern is of the
European type. However, differences in turnover capaci-
ty (TC) are significantly lower (1.7 times maximum). Car-
bon balance data (NEE) are overtly positive suggesting
that net carbon sequestration occurs when trees have the
European allocation pattern. SOM pools of the second ro-
tation growing stocks at the end of simulation are signifi-
cantly higher in trees with the European NPP allocation
pattern, whereas results obtained with Norway spruce are
shocking in that the tree showed virtually no “growth”
in “Europe” when NPP allocation pattern assigned to it
was North American. This obviously is an effect of NPP
allocation interaction with other ecological parameters
(shade tolerance, mortality rate, etc.).

The data of crisscross comparison of species and con-
tinents are presented in Table 3. They suggest the same
pattern as observed in the above simulation experiments:
jack pine and black spruce grow in Russia slower than
the native tree species do, and vice versa: Scots pine and
Norway spruce in Canada demonstrate better growth
and higher biological turnover than indigenous trees do.
These differences are quite apparent with NPP, Rh, NEE
and TC. It is important that (7) differences between Amer-
ican and European trees are less in a more favorable Eu-
ropean climate, and (i7) the increased carbon turnover in
European trees stands is associated with both, increase
in growing stock and exceptionally high carbon seques-
tration in soil. Therefore, the total contribution of such
forest ecosystems to harmonizing the atmospheric carbon
balance must be higher.

With regard to disturbing regimes, the harvesting as
a regular ‘prescribed’ anthropogenic intervention does
modify carbon balance in forest ecosystem. Data shown
in Tables 2 and 3 suggest also that the NPP allocation
patterns of the simulated tree species strongly influence
growing stock and, correspondingly, the amount of har-
vested wood: upon the European vs. American NPP al-
location pattern, there is a 2-fold increase in the growing
stock of both pine species and even a 5-fold increase in
that of Norway spruce.

The effect of forest fires is not strongly influenced by
NPP allocation patterns (Fig. 3). More important is the
type of fire: the maximum damage is caused by the crown

fires, whereas the ground fires after thinning produce a
relatively small negative impact. Decreases in carbon cy-
cling after fires vary from 6% to 10%. As to decreases in
growing stock, only a small and insignificant difference is
found in pines: 18.2+4.8% (n=6 here and below) with the
American and 15.2+6.9% with the European allocation
pattern. However, carbon dioxide discharges in the atmo-
sphere after fires differ dramatically: they are 1.6 to 1.9
times higher in pine stands and 1.4 to 4.8 times higher in
spruce stands with the European NPP allocation pattern
vs. the American one.

Tree NPP allocation patterns do not significantly influ-
ence the effects of climate changes on forest ecosystems.
There is only a weak and insignificant trend to a high-
er response to climate changes in all tree species with
the American NPP allocation pattern “growing” in both,
Canada and Russia (TC is 19.8+8.3% higher upon sim-
ulated climate change) than in trees with the European
pattern (14.3£2.4). This effect is not an artifact of different
scenarios of climate change because we used a crisscross
simulation design.

The above results suggest that changes in carbon bal-
ance and growing stock depend on NPP allocation pat-
terns. Growing stock changes seem to be more import-
ant for the evaluation of the ‘economical’ effectiveness
of carbon cycle. Growing stock values as they depend on
allocation patterns and turnover capacity are represented
in Fig. 4. Among the data referred to the American allo-
cation pattern, the left cluster relates to jack pine in Can-
ada, whereas the right cluster relates to Scots pine and
jack pine growing in Russia. One can see that, with pine
stands, differences in growing stock between the Amer-
ican and European NPP allocation patterns are not sig-
nificant, probably because both pine species themselves
are not different in their allocation patterns. Spruces show
a stronger effect of NPP allocation patterns on growing
stock: the higher is the proportion of NPP allocated to
fine roots, the lower is wood production in a forest eco-
system with the same biological carbon cycle capacity
and, perhaps, with the same balance of nitrogen and other
elements. Taken together, this means that the economic
efficiency of forest ecosystem must strongly depend on
tree NPP allocation patterns.

Discussion and conclusions
The article presents an attempt to evaluate the degree of
the dependence of the functional characteristics of trees
upon their ecological strategies and thus to move from
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descriptive representation to quantitative assessment of
plant ecological and adaptation strategies. A character-
istic useful for such assessments is NPP allocation pat-
tern, which also makes it possible to consider the effects
of ecological strategies on the biogeochemical cycles and
carbon sequestration in forest ecosystem.

We suggest that NPP allocation patterns accurately
reflect plant evolutionary and ecological strategies. In
general, the priority of survival and stability for plants
growing under unfavorable environmental conditions
featuring nitrogen deficit caused by slow decomposition
of organic matter in wet and cold soils of Canada [38, 43,
50] leads to preference for higher fine roots production
and to the formation of a specific pattern of forest eco-
system featuring relatively low aboveground and high
belowground productivity and massive pools of soil car-
bon as a stabilizing component of the ecosystem. This
is apparent in the differences between the North Ameri-
can and European spruces. Plants adapted to more favor-
able climatic and edaphic European environment allocate
more of their biomass increment (net primary productivi-
ty, NPP) to their aboveground organs. The North Ameri-
can allocation pattern reflects the adaptation of Canadian
coniferous species to harsh climate, which is very cold in
the northern and very dry in the southern part of central
Canadian boreal forests. This adaptation is reflected by
the low “biomass/SOM” ratio (Tables 2 and 3).

Growing stock increments also relate to NPP allocation
patterns. As shown above, growing stocks are significant-
ly different in stands with either, the American or Europe-
an NPP, allocation pattern. This means that a forest eco-
system with high NPP and TC can have various levels of
wood productivity depending on NPP allocation patterns.
This problem was discussed earlier [32] with emphasis on
the lack of attention to this aspect of plant physiology in
forest genetics, at difference from agricultural sciences.
Forest geneticists, too, can use NPP allocation patterns as
selection criteria for increasing wood productivity.

In this regard, the idea to grow European trees in Can-
ada should be examined in more detail. Actually, Euro-
pean coniferous trees can be adapted to Canadian climate
perhaps at the expense of increasing the proportion of
fine roots in their NPP allocation pattern, for otherwise
they will be damaged by harsh Canadian climate and lose
their productivity. Possibly, the introduction of the Sibe-
rian ecotype of Scots pine in Central Canada could be
successful because it can have higher wood productivity

at the same NPP as that of jack pine. The same may be
possible with the hybrid Picea abies x P. obovata (East
European spruce ecotype), which is adapted to Ural and
West Siberian continental climate. However, there is no
data on NPP allocation patterns of these trees.

The data discussed here make reasons to believe that
the formation of specific NPP allocation patterns in the
process of plant evolution is one of the mechanisms of en-
vironmental adaptation of tree species. The quantitative
index “leaf mass per area — leaf lifespan (LM A-LL)” [51]
was proposed for the characterization of plant ecological
strategy, but it does not account of belowground process-
es, as has been stressed by Tilman [48]. Indeed, black
spruce has long-living needles whose total biomass may
be regarded as relatively high only if the aboveground
biomass is considered. However, this species has a rap-
idly recycling biomass of fine roots, which consumes
the most part of its biological productivity. In this case,
LMA-LL does not reflect the real rate of biological turn-
over and the ecological strategy of the plant.

We suggest a novel index of NPP allocation pattern:
AP = LPE/FPE (leaves production efficiency divided by
fine-root production efficiency) as an indicator of the eco-
logical adaptation of tree species to edaphic and climatic
conditions. AP is actually a numerical parameter for the
Grimian stress tolerance [3]. We believe that the combi-
nation of AP with Westoby’s LMA-LL will give a more
comprehensive set of indices of the ecological adaptation
strategy of tree species. The only problem is that AP de-
termination needs methodologically complicated studies.

In addition, ascertaining the above aspects of forest
ecosystems modeling is important for more accurate ac-
counting of the mechanisms and scales of carbon seques-
tration, which are different in various parts of the boreal
zone of Circumpolar belt. The present paper may provide
an incentive for further experimental studies of NPP al-
location patterns in a range of tree species at different
ontogenetic stages, with special attention to fine roots
dynamics, carbon budget, and plant productivity.
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