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Annomayun. OpraHbl paCTEHUS BBITIOIHAIOT MHOXKECTBO PA3NUYHBIX (pyHKIHH. JIncTes obe-
CIEYMBAIOT MOCTYIJICHUE aCCUMMIATOB, CTBOJI M BETBU — (DOTOCHMHTE3, TPAHCIIOPTUPOBKY
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Cs1 KOTMYIEeCTBOM OMOMacchl B opranax pacteHus. COOTHOIIEHHEe OMOMAaCChl OTHOTO OpraHa
¢ OmomMaccoil Ipyroro M3BECTHO KaK «paclpeieleHne OHMoMaccy, KOTOPOe SBISETCS COBO-
KyIHBIM Pe3yJIbTaTOM TUHAMHYECKOTO PACIPENCICHUS aCCHMUIATOB C TEICHHEM BPEMEHH.
HexoropbiMu peanu3anusMu pacrpezesieHus Gppakinii OuomMacchl pacTeHHs SIBISIOTCS He-
rayCCOBCKHE pacipejiesieHus, B yacTHOCTH, pacnpenenenue [{unda—Ilapero. Ha npumepe
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6 XBOWHBIX pos1oB EBpa3iu ObLI0 yCTaHOBIICHO, YTO PErPECCUOHHBIN KO (UIIEHT ypaBHEHHUS
[Tunda—Ilapero He sBISETCSA MOCTOSHHBIM Ha MPOTSXKEHUH BCETO MEPUO/IA POCTA PACTECHUS,
a B HEKOTOPOM yCTAaHOBIIEHHOM BO3pacTe MeHseT 3Hak. Llenb HacToAmero ucciaeqoBaHus —
chopmupoBaTh 0a3zy TaHHBIX 0 OMomacce poxa Salix L. m ycTaHOBHTBH BO3pacT peBEPCHH
(bpakuuii Hag3eMHON Onomaccsl. Mcnoib30BaHbl aBTOPCKUE U MPUBJICUEHHBIE NCXOHbBIC Ma-
Tepuajsl B KonndecTBe 94 u3MepeHuil HaJ3eMHOM OroMaccsl UB B Bo3pacTe oT 1 1o 79 ner
Ha TeppuTOopuu eBporneiickoi yactu Poccun. Micxomubie 1anHbie OMoMacchl Gpakiuil paHKu-
POBaHbI B YOBIBAIOIIEH TTOCIIEI0BATEIBHOCTH: CTBOJ, BETBH, JIUCTBA (COOTBETCTBEHHO i PaB-
HO 1, 2 1 3) ¥ anMPOKCUMUPOBAHBI MOJIEIBIO B JBOMHBIX JOrapu(hMHUECKUX KOOPIUHATAX,
BKJIIOYAIONIEH B Ka4eCTBE HE3aBHCHUMBIX NIEPEMEHHBIX HE TONBKO PAHT i, HO TAKXKe BO3PacT
JIepeBa, ero BHICOTY M KOMOMHUPOBAHHYIO IEPEMEHHYIO B BUJIE ITPOM3BECHHUS BO3pacTa Ha
pasr i. [lociaeqHss oka3anach CTaTUCTHUECKU 3HAYMMOM Ha ypoBHe BeposTtHocTu P < 0,0001,
a ee OTPHUIIATENIFHOE 3HAUCHHE OTPAKAeT, YTO B HEKOTOPOM BO3pacTe MOCIE0BATEIHHOCTh
(bpakuii Hafx3eMHOI OroMacchl B YOBIBAIOIIEM TOPSAKE: JHUCThsI, BETBH, CTBOJI — MEHSETCS
Ha TIPOTHBOIIOIOKHYIO YOBIBAIOIIYIO MTOCIIEIOBATEILHOCTD: CTBOJI, BETBH, JIUCThSI — M BO3-
pacT peBepca coCTaBIIsIeT OKOJIO 2 JICT. YCTaHOBJICHHBIH (pakT BO3PACTHOTO peBepca (hpakiui
HaJI3eMHOI1 OroMacChl MBBI M OIIPE/ICIICHHIE BO3pacTa JIepeBa, B KOTOPOM IIPOUCXOIUT PEBEpC,
SABJIAIOTCA BKJIAJIOM B Pa3BUTHUC TCOPUU PACIIPCACTICHUSA aCCUMUIIATOB B PACTCHUAX.

Knrouesoie cnosa: Salix L., ppakuuu Han3eMHoM O6rnomaccel pactenusi, moneinb unda—Ila-
peTo, perpecCHOHHBIN aHaIN3, BO3PACTHOW peBEpPC PAHTOBOTO pacipeaeieHust hpakiuii
bnazooaprnocmu: Tlybmukanus moaroTosieHa no pesyasraram HUP, BEIMOTHEHHOH B paMKax
roczagaaus OBY «CesHUMJIX» Ha mpoBeneHHE MPUKIATHBIX HAYYHBIX MCCIEIOBAHUN B
chepe pestenbHocTH DenepanbHOrO areHTCTBA JIECHOTO XO03sMCTBA (PErnCTPallMOHHbBIN HO-
Mep Temsl — 123022800113-9).

s yumuposanus: Ilapamonos A.A., Kapaban A.A., Yconbsues B.A., Iigetkos U.B., Tpe-
ThsikoB C.B., Ilenopaeri M.C. Bo3pacTHass peBepcHsi paHTOBOTO pacmpesnesneHus (Gpakiuuid
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Abstract. Plant organs perform many different functions. The leaves provide the supply
of assimilates, the stem and branches provide photosynthesis, transportation of water and
nutrients, and the roots supply water and nutrients and contribute to physical stability.
To achieve optimal performance at the plant level as a whole, there is a certain pro-
portionality between these functions, which is mediated by the amount of biomass in
the plant organs. The ratio of the biomass of one organ to that of another is known as
the “biomass partitioning”, which is the cumulative result of the dynamic distribution of
assimilates over time. Some implementations of the distribution of plant biomass frac-
tions are non-Gaussian distributions, in particular, the Zipf-Pareto distribution. Using
6 coniferous genera of Eurasia as an example, it has been established that the regression
coefficient of the Zipf-Pareto equation is not constant throughout the entire period of plant
growth, but changes its sign at a certain age. The aim of this study has been to create a da-
tabase on the biomass of the genus Salix L. and to determine the age of reversion of abo-
veground biomass fractions. The authors’ and attracted source materials have been used in
the amount of 94 measurements of the aboveground biomass of willows aged from 1 to
79 years in the territory of the European part of Russia. The initial data on the biomass
fractions have been ranked in descending order: stem, branches, foliage (respectively,
i is equal to 1, 2 and 3) and approximated by a model in double logarithmic coordinates,
including as independent variables not only the rank 7, but also the age of the tree, its
height and a combined variable in the form of the product of age by rank i. The latter
has turned out to be statistically significant at the probability level of P < 0.0001, and
its negative value reflects that at a certain age the sequence of fractions of aboveground
biomass in descending order: leaves, branches, stem — changes to the opposite descending
sequence: stem, branches, leaves — and the age of the reverse is about 2 years. The estab-
lished fact of age-related reversal of fractions of the aboveground willow biomass and
the determination of the age of the tree in which the reversal occurs are a contribution to
the development of the theory of assimilate distribution in plants.

Keywords: Salix L., fractions of the aboveground plant biomass, the Zipf—Pareto model, re-
gression analysis, age reversal of the rank distribution of fractions
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Beeoenue

Opranbl pacTeHUS BBITIOJIHSIOT pa3iuuHble QyHKIHUU. JIUCThSI OTBEYAIOT 3a
MOCTYIUICHUE aCCUMUJISITOB, CTBOJIBI M BETBU — 33 (DOTOCHHTE3 U TPAHCHOPTUPOBKY
BOJIBI ¥ TUTATENBHBIX BEIIECTB, @ KOPHHU MOAAIOT BOAY U 2JIEMEHTHI MUTaHUs, o0ecIe-
YUBAIOT (PU3NUECKYIO YCTOWUMBOCTD [12, 14, 16]. [y mocTHKeHHs ONTUMAaIbHOTO
(YHKIIMOHMPOBAHMS HA YPOBHE PACTEHHS B LIETIOM, MEXKLy 3TUMH (PYHKIHSMH JOJIK-
Ha OBITH ONpeieNieHHast MPOMOPIIMOHATIBLHOCTb, TOCKOJIBKY BCE OHM HEOOXOAUMBI JUIs
pocta u pazmuoxenus [13, 17-20]. DTa nponopuUHOHATLHOCTh YACTUYHO 3aBUCUT
OT KOJIMYECTBa OMOMAcCHl B OpraHax pacteHus. st onmucaHusi COOTHOUICHUH OHo-
Macchl OJJHOTO OpraHa ¢ 0MOMaccod Ipyroro WiM PacTeHHUs B LEJIOM MPUMEHSIETCS
TEPMHUH «pacrpeesieHne 6uomaccy. ITOT TEPMUH HE UMEET IPSIMOT0 OTHOILEHUS K
JTUHAMUYECKOMY PacIpe/ieliecHUI0 BHOBb 00pa30BaBIIMXCSl ACCUMUIIISITOB TI0 pa3iiny-
HBIM OpraHaM pacTeHHsl, OHAKO (pakTHUECKOe pacnpenesieHue HaTMIHOH 0MoMacChl
MEXJly OpraHaMH pacTeHHs B JaHHBIII MOMEHT BPEMEHH SIBIISIETCA COBOKYITHBIM pe-
3yJIBTaTOM JUHAMHUUYECKOTO pacpeiesIeHHs ACCUMHIISITOB Ha POTSHKEHUH HEKOTOPO-
TO TIEPHOIa WU BCETO KU3HEHHOTO uKIIa pactenus [8, 10, 11, 15].

HexotopeiMu peanuzanusiMu pacrpenenenns Gpakunii 6noMacchl pacTeHUH
SBJISIFOTCSL HErayCCOBCKUE pacIpelelieHns, B 4aCTHOCTH, pacnpenesnenue Llunda—
[TapeTo [4]:

InP,=a—blIni,

rae P,— duromacca j-i ppaxuuu (CTBOJI, KOPHH, BETBH, JINCTBA MIIM XBOS), KT; { — PaHT
¢dpakuuy, T. €. ee MOPSIKOBBIH HOMEpP B yOBIBAaIOLIEM PsIy: CTBOJ, KOPHH, BETBH,
JINCTBA WM XBOS; ¢ — CBOOOIHBIN WIeH; b — KOd(OUIMEHT KOHKYPEHIIUU 32 pecypc.
HaszBanHoe pacnpeneneHnue ObTO peann30BaHO B HECKOIBKUX NpUIIOKeHusiX [ 1,4, 5,
9]. A.C. Komapog ¢ coabr. [1] oOparunu BHIMaHKE Ha TO, YTO B HAYAIIGHBINA TTEPHOIT
pocTa pacTeHHe XapaKTepu3yeTcs PeBEpCHBIM paclpesesieHHeM Onomacc B yObIBa-
IOILIEM MOPSIZIKE: JIMCTBA, KOPHH, BETBHU, CTBOJI. OHM OTMETWIIM, YTO YCTAHOBJIIEHHE
BO3pAcCTa, IPU KOTOPOM HPOMCXOAUT PEBEPC HA3BAHHBIX PACIPEICIICHUMN, SIBISETCS
MIPUOPUTETHBIM HaANPABICHUEM JaJIbHEHIINX UCCIeI0BaHUN B TJIAaHE Pa3BUTHS TEO-
pHHM pacnpeneneHus acCUMUIIITOB B pacTeHusX. HexaBHO monoOHOe ucciaenoBaHue
OBLTO BBIMOJHEHO Ha MpHMEpe 6 XBOMHBIX poaoB EBpa3uu, v ycTaHOBJIEH BO3pacT
peBepca ux Ouomacc B quarazoHe ot 2 1o 7 jet [6]. s TMCTBEHHBIX BUIOB TaKUX
Hay4HBIX PadOT HE MPOBOANIOCE.

Lenb — chopmupoBark 6a3y naHHBIX 0 Onomacce poaa Salix L. u yctaHOBUTH
BO3pACT peBepCHUN OMOMACC HAA3EMHBIX (DpaKITHiA.

Obwvexmul 1 Memoovl UCCLE008AHUS

Hcxonnple Marepuaibl copepxanu 94 nu3MepeHust HaJ3eMHOW OMOMAcChl HB.
W3 HuX naHHbIe, MOMYYeHHBIE aBTOpaMH, BKJIIOUAIOT 17 n3MepeHnii moberoB Ha ye-
peHkax B Bo3pacte oT 1 110 2 ner (ApxaHreiabckas 001acTh), 3 IK3eMIUIsIpa MoIpo-
cra B Bo3pacte oT 5 10 13 ner (Ypan) u 52 nepeBa u3 eCTECTBEHHBIX IPEBOCTOCB B
Bo3pacte oT 15 mo 70 net (Apxanrensckas obnacts) [2]. Kpome Toro, mpuBiedeHb!
nanable B.B. CmupHoBa [3] nns Hosroponckoii u Bonoronckoii odnacTeit B komde-
cTBe 22 nepeBneB B Bo3pacte oT 13 1o 79 net. Mccnenosansl BUasI Salix myrsinifolia
Salisb., S. gmelinii Pall., S. carpea L., S. borealis Fries. Jlnuama3oHbl HCXOHBIX 3HA-
YeHWI TAKCAI[MOHHBIX TIOKa3aTeseld U Ha/l3eMHON OMOMAacChl BB OBUTH CIIEYIOIITH-
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Mu: Bo3pacT — 1...79 net; Beicota — 0,24...17,7 M; Ouomacca TUCTBBI, BETBEH, CTBOJIA
coorBeTcTBeHHO — 0,00058...4,4; 0,00030...27,8; 0,00041...74,6 kr.

WcxonHple maHHBIE pPAHKUPOBAHBI B YOBIBAIOIICH ITOCIEIOBATCIHHOCTH:
CTBOJI, BETBH, JINCTBA (COOTBETCTBEHHO i paBHO 1, 2 u 3) — u 00paboTaHbI METOIOM
MHOTO()aKTOPHOTO aHaIIN3a COTIIACHO CTPYKTYPE PEKYPCHUBHBIX MOJIEJIEH, arpoOupo-
BaHHOU paHnee [6].

Pesynomamul uccneoosanus u ux obcysjicoenue

[Toydena pekypcuBHasi CHCTeMa 2 MOJIEIICH:
InA=-1,3180 + 1,6755 In4 — 0,1797 (In4)?, adjR?> = 0,966, SE =0,196; (1)
InP,=-5,2340 + 2,2982 InH + 0,7922 In4 + 0,2909 Ini — 0,9319 In4 Ini,
adjR?= 0,932, SE = 0,826, 2)
rae adjR2? — ko3 hunreHT aeTepMUHALINK, CKOPPEKTUPOBAHHBIN HAa KOJTMUYECTBO Iie-
peMeHHBIX; SE — cranmapTHas ommoka MOJCIICH.

CBoOozubIif wieH B (1) u (2) CKOpPEKTUPOBAH Ha JOrapu(pMUUIECKYIO TpaHC-
¢dopmarmro [7]. B momensax (1) m (2) He3aBHCHMBIE IEpPeMEHHBIE OOBSICHSIOT
93...97 % M3MEeHYMBOCTH 3aBUCUMBIX TIEPEMEHHBIX, M OCTAaTOYHAs JUCTIEPCHS B pa3-
Mepe oT 3 10 7 % NpUXOAUTCSI Ha COBOKYITHOCTb HEYUTCHHBIX (DaKTOPOB (TUIIBI Jieca,
TYCTOTa APEBOCTOEB, IPUPOHAsI 30HATBHOCTD U IIP.).

[MocnenoBarenbHbIM TaOynupoBanueM mojenei (1) u (2) momydeHsl pacdert-
HbIE 3HaUYEHHS, 110 KOTOPBIM OCTpOeHa 3D-M0BEPXHOCTh, NPEICTABISAIOIAS 3aBUCH-
MOCTbh (ppakiiu OMOMAcChI JiepeBa OT €e paHra u Bo3pacra jaepena (puc. 1).

W3 pesynpratoB TabynupoBanus moznenei (1) u (2) B3aThl 3HaUeHUs] OroMac-
Chbl B Y3KOM JMaIla30HE BO3pAcTa, IPUMEPHO COOTBETCTBYIOIIEM peBepcy Ouomacce, u
noctpoeHa 3D-noBepxHOCTH (puc. 2). M3 rpaduuecKux JaHHBIX CIEAYET, YTO PEBEPC
pacripenenenus Gppakuuil 6MoMacchl IPUXOANTCS Ha BO3PACT OKOJIO 2 JIET.
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Fig. 1. The graphical interpretation

of the age reversal model

of the correlation of biomass fractions

with its rank Fig. 2. The calculated 3D-surface showing

the age at which the reversal of biomass fractions of

trees is achieved (a — a line parallel to the axis (In 7),
corresponding to the age (dotted arrow)

of equality of biomass fractions among themselves)
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Saxnouenue

Takum o0Opa3omM, Ha ipumepe poxaa Salix L. nokaszano, 4to ypaBHenue [{unda—
[Tapero He paboTaeT Ha BCeM BO3PACTHOM JIHMAIa30HE JIEPEBHEB, U CIYCTSI KAKOE-TO
KOJIMYECTBO JIET C Hayayia PoCTa €ro PerpecCHOHHbIN KOI(D(MUIIMEHT MEHSET 3HaK.
DTOT BO3pacT peBepca OuoMacc Gppakiuii yCTAHOBIICH U PABEH MIPUMEPHO 2 TO/IaM.

Hamaue Bo3pacTHOTO peBepca Gppakiuii Haa3eMHOH OMOMAacChl HB M BO3pac-
Ta IepeBa, B KOTOPOM MPOUCXOTUT PEBEPC, MOKHO paCCMaTPUBATh B KAUECTBE BKJIa-
Jla B pa3BUTHE TEOPHUU PACIIPEJICIICHUS] aCCHMUIISATOB B PACTEHHUSIX.
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