qecku paBeH cranmaptHomy (1,00). TTokasaTens ymapHON BSI3KOCTH — Aj,, paBHbIH 0,68 Krem/cM’, Takke
BBIIIIE TAOJMYHOTO 3HAYCHUS (Apqsr = 0,40). YaenbHas xapakrepuctika K = A,/py,, paBHas 123,0 - 10° npe-
BBIIIaeT cTaHnapTHoe 3HaueHne (Kuer = 90-107°). YV GonbIIMHCTBA 0GPA3IIOB APEBECHHBI, OTOOPAHHBIX B 3TOM
HacCaXJE€HUH ISl MCTIBITAHHUSA, 3HAYCHHS] aKyCTHYECKOW KOHCTAHTHI MPEBBIIIAIN ONTHMAIBHBIN TapameTp
paBHBbIii 12 M*/Kkr-c 1 BBIIIE, YTO MOATBEPXK/IACT €€ PE3OHAHCHBIE CBOICTBA. Takas JpeBECHHA HCIIOIb3yeTCs
B TIPOU3BOJICTBE MY3BIKAJIbHBIX WHCTPYMEHTOB U SIBJISICTCS OCTPOAC(PHUIIUTHBIM M JOPOTUM MAaTEPUATIOM
(crommocts 1 M° B P cocrasmster 100120 Thic. py6 [4], 3a py6exom okonol50 teic. momn. CILIA [5]).
[IpoBenennrpie OMBITHBIE PAOOTHI CBUAETENHCTBYIOT O BO3MOKHOCTH YCKOPEHHOTO BBHIPAIIMBAHUS PE30HAHC-
HOHM JPEeBECHHBICIIOCO00M OOpE3KH BETBEU ONTUMAaTbHOW MHTCHCHUBHOCTU C OJHOBPEMEHHBIM PETYyIHUpPOBa-
HHUEM TYCTOTHI IpeBocTosA. Ha ocHOBaHMM HMccleToBaHU pa3paboTaHATEXHOIOTHS BRIPALTUBAHMS PEe30HAHC-
HOH JIPEBECHHEI €T €BPOIICHCKOM, Ha N300peTeHNE TOTy4eH maTeHT Ne 2644585,

B 3akmiodeHnn cieayeT cKaszaTh, YTO MPAaBUIBHO OPraHU30BaHHOE JIECHOE XO034HCTBO B CBOEH OCHOBE
COJICPIKUT TAKOE MOHATUE KaK LUK JICCOBBIPAIIUBAHUS, OJHON U3 OCHOBHBIX 3a71a4 KOTOPOTO SBJISACTCS MPO-
W3BOJICTBO JPEBECHHBI BRICOKOTO KadecTBa. BHepeHne TeXHOIOTUU 00PE3KH BETBEH B IPAKTUKY WHTCHCHB-
HOTO JIECOXO3HCTBEHHOT'O MPOU3BOJCTBA (BKJIIOYAIONIETO PeryisipHble pyOKH yXoJa M BHECEHHE yJao0pe-
HUN) JacT BO3MOXKHOCTH IMOJIYYEHHS] BHICOKOKAQUECTBEHHOT'O U JIOPOTOCTOSIIETO0 KPYITHOMEPHOIO MUJIOBOY-
HOTO, (haHEPHOTO CHIPhS U CIIENUATBHBIX COPTHMEHTOB, COJEPKAIIUX OJTHOPOTHYIO OECCYYKOBYIO IPEBECH-
HY C BBICOKHMH (PU3NKO-MEXaHMUECKUMHU M aKyCTHIECKIMHU CBOWCTBAMHU.
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SEASONAL CHANGES IN XYLOGENESIS AND BIOMASS ACCUMULATION
IN THREE CONIFERS SPECIES, GROWING IN EASTERN SIBERIA

The phenology of xylogenesis in the stems of conifer trees with different physico-mechanical properties (Pinus sylvestris L., Larix
sibirica Ldb., Picea abovata L.), growing in identical exogenous factors in Eastern Siberia, was studied by means of seasonal cam-
bium activity of phloem and xylem cell production and biomass accumulation within xylem cell wall. The each of the species was
found to show its own seasonal dynamics the activity of cambium and accumulation of biomass in the course of xylogenesis. The
differences in xylogenesis of the conifers are determined by the species-specific features of their metabolism as the reaction on exter-
nal factors.

Keywords: Pinus sylvestris, Larix sibirica, Picea abovata, xylogenesis, cambium activity, xylem, phloem, biomass accumulation.
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CE30OHHBIE U3MEHEHUSA KCUWIOI'EHE3A 1 HAKOIVIEHU S BUOMACCBHI
Y TPEX BUJIOB XBOMHBIX JEPEBBEB, IPOU3PACTAIOIIUX B BOCTOUYHON CUBUPH

Denonocus KCUN02eHe3a 8 CMBONAXX XGOUHbIX 0EPe6bes ¢ Pa3iudHbIMU Qusuko-mexanudeckumu ceovcmeamu (Pinus sylvestris L.,
Larix sibirica Ldb., Picea abovata L.), npouspacmarowux 6 ycio8usax u0eHmMuuHuIX 3K302eHHbIX Qaxmopos 6 Bocmounou Cubupu,
U3yYeHa HA OCHOBe AHANU3A CE30HHOU AKMUBHOCMU KaAMOUs, (hlodMbl U KCUleMbl, d MAK#Ce HAKONIEHUs OUOMACCHL 8 KIEMOYHOU
cmemnKe Kcuiemvl. YCmanosneHo, ymo y Kanicooeo u3 U008 Hab.I0aemcs c80s Ce30HHAS OUHAMUKA AKIMUBHOCMU KAMOUS U HAKON-
JleHust buomaccyl 8 npoyecce Kcunozenesd. Pasnuyus ¢ kcunoeenesze x60UHbIX NOPOO ONPedensitomes 6UO08bIMU OCOOEHHOCMAMU UX
Memabonuzma, a maxoce peakyuell Ha 6HeuwHue akmopul.

Knrwueswie crosa: Pinus sylvestris, Larix sibirica, Picea abovata, kcunoeenes, akmueHocmos Kamobus, Kcuniema, paoama, HaKonieHue
buomacceot.

The process of wood formation (xylogenesis) is the result of the production of cells by cambium, an
increase in the radial diameter during expansion growth and the deposition of structural components in cell
walls on secondary wall thickening stage [1-3]. The each of the development stage has its own seasonal
dynamics in space and in time and reacts autonomously on exogenous (temperature, moisture availability)
factors and on endogenous processes in line with physiological changes in the cells on this stage [4, 5]. One
of the generalizing studies by the effect of temperature and its limits on conifer xylogenesis growing in cold
climate (Europe and Canada) was presented in the paper [6]. Another important factor, which influences
xylogenesis, is the accessibility of the moisture. Its deficiency in the cells is reflected in the morphological
parameters [7]. There is a critical value of the water potential in tissues, lower than which the radial sizes of
cells decrease [8]. The direct effect of water potential on the turgor-dependent expansion of cell walls was
shown. The effect of hydrothermal conditions on xylogenesis of different conifer species is mediated by the
reaction of metabolism on these conditions, what should affect both the overall process and individual stages
of wood formation.

The aim was to study the phenology of xylogenesis in the trunks of conifer trees (Pinus sylvestris L.,
Larix sibirica Ldb., Picea abovata L.) with different physic-mechanical properties of wood, which grow in
the equal environmental conditions of the artificial cultivations in Eastern Siberia. The diameter of the trees
was 22, 16 and 14 cm correspondingly.

To study of the kinetics of xylem wood formation the cores were sampled from the tree trunks with
the interval 12—15 of the days from the end-April to the middle-October in 2013. The number of xylem and
phloem cells, radial and tangential diameters of tracheids and their lumens were measured in 2-3 radial cell
rows on two cross-sections of the each core. The data were used to estimate cambium activity (as the number
of cambial initial division into xylem and phloem sides [4]), the dynamics of formation of both phloem and
xylem (early/late) cells and the dynamics of biomass increment in cell walls. The biomass, accumulated in
cell walls, was assessed by cell wall cross-section area, which was calculated using radial and tangential
sizes of tracheids, locating in the secondary thickening zone in the period. The difference between cell wall
cross-section areas of the subsequent and preceding periods was evaluated as the biomass increment,
deposited per each period in the season or per day of the each period.

In the course of xylogenesis the each species showed own seasonal dynamics of both the activity of
cambium and accumulation of biomass. The production of phloem cells by cambium began in the stems of
pine at the beginning-May, of larch in the middle-May and of spruce in the end-May and continued in pine to
the beginning of September, in larch and the spruce trees to second decade-August. Xylem cells formed in
pine from middle-May, in larch and spruce from the end-May and to second decade-August correspondingly.
Xylem cell production by cambium corresponded to the beginning of new annual wood layer development
and occurred with different dynamics in the stems of trees.

The reactivation of cambium producing of phloem and xylem cells in the tree stems of studied
species was observed in different periods of the season because of internal reasons. The delay in cambium
reactivation in larch stem in comparison with pine occurs because of the delay in growth of needles and
shoots, what is important to provide the motion of water along the stem and the creation of water potential
gradient in the vertical and horizontal directions. The latter ensures water inflow to the cambium zone what
contributes to cell growth by expansion. The reactivation of the cambium in spruce trees in comparison with
pine and larch could be detained due to the later warming up of the soil that impeded physiological and
metabolic reactions in the cells of xylem tissues.




The differences in the beginning of xylem/phloem cell formation by cambium and in the duration of
this process as the reaction of the processes on external factors leaded to the variations in the ratio of
phloem/xylem cells in annual rings of studied species. The ratio of phloem/xylem cells, created by cambium
in the stems of pine, larch and spruce, in the season was 0.28, 0.44 and 0.21 correspondingly. This shows
that in the equal growth conditions the phloem cells were formed more in larch stems than in pine and
spruce. The average number of xylem cells in annual wood rings of pine, larch and spruce comprised 68.5,
82.3 and 57.5. The xylem production in larch was more effective in comparison with pine and especially
with spruce. The ratio of early/late tracheids in the annual ring structure of pine, larch and spruce was also
diverse and comprised 1.4, 1.5 and 1.8 correspondingly. Lager ratio of early/late tracheids in radial rows of
spruce can be the result of increased humidity of spruce tissues, what ensured the growth of cells in the radial
direction and the formation of the larger number of earlywood tracheids.

The deposition of biomass in cell wall xylem lasted from the end-May to third decade-September. The
accumulation of biomass within tracheid walls during cell differentiation in the stems of pine, larch and
spruce occurred with the different seasonal dynamics and the diverse intensity in separate periods (Fig.).

The deposition of biomass in the trunks of pine and larch trees occurred irregularly and depended on
the external factors. The increase in xylem cell wall area in the season showed three maxims in growth activ-
ity in the season (Fig. 1). The decrease in biomass accumulation in the end-June and in the beginning-August
was in the first time because of the decrease of moisture reserves in the soil, whereas in second case this was
due to very high temperatures, which suppress the deposition of structural components within cells walls [5].
In each of the periods of maximum activity - the end-June, middle-August and especially in September — the
biomass increment in annual rings of larch stem exceeded of that deposited in pine stem. In contrast to pine
and larch the biomass deposition in annual xylem rings of spruce stem occurred gradually during whole sea-
son, descending toward the end August and sharply increasing in the middle of September, when late trache-
ids completed the development. Some reducing of the biomass accumulation in the trees in second decade-
July compared with previous period (the beginning-August), evidently occurred because of high temperature
in that time. At the same time the biomass deposition in the spruce stem significantly exceed of that in pine
and larch as a result, evidently, of a sufficiency of moisture in spruce stem tissue.
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Fig. Dynamics of biomass growth rate in xylem cell walls in the stems of pine,
larch and spruce as increment of cell wall cross-section area (S) during the season

The whole biomass, accumulated in tracheid walls during the season was more in the larch, lesser in
pine and least of all in spruce. The average content of biomass in the xylem cells of annual rings in the stems
of larch exceeded that in pine and spruce in 1.2 times.

The data indicate the higher cambium activity in larch in comparison with pine and especially spruce
and the more active metabolic processes, which ensure the biomass accumulation in tracheid walls in larch.
The differences in xylogenesis in Pinus sylvestris L., Larix sibirica Ldb. and Picea abovata are by the con-
sequenceof species-specific features of their metabolism and its plasticity in response to changes in the ex-
ternal factors.

References
1. Wilson B. F., Wodzicki T. J., Zahner R. Differentiation of cambial derivatives: proposed terminology //
Forest Science, 1966, 12:438-440.
2. Skene D. S. The Period of Time Taken by Cambial Derivatives to Grow and Differentiate into Tracheids
in Pinus radiata // Annals of Botany, 1969, 33:253-262.




3. Wodzicki T. J. Mechanism of xylem differentiation in Pinus silvestris L. // Journal of Experimental Bota-
ny, 1971, 22:670-687.

4. Antonova G. F., Stasova V. V. Effects of environmental factors on wood formation in Scots pine stems //
Trees: Structure and Function, 1993, 7:214-219.

5. Antonova G., Stasova V. Seasonal distribution of processes responsible for radial diameters and wall
thickness of scots pine tracheids // Cubupckuiinecnoixyprai. 2015. Ne 2. C. 33-40.

6. Rossi S., Deslauriers A., Cricar J., Seo J.-W., Rathgeber C.BK, Anfodillo T., Morin ., Levanic T., Oven P.
and Jalkanen R. Critical temperatures for xylogenesis in conifers of cold climates // Global Ecology and
Biogeography, (Global Ecol. Biogeogr.), 2008, V. 17. P. 696-707. doi.org/10.1111/j.1466-8238.2008.
00417 x.

7. Von Wilpert K. Intraannual variation of radial tracheid diameters as monitor of site specific water stress.
Dendrochronologia, 1991. 9:95-113

8. Cabon A., Fernandez-de-Ufia L., Gea-Izquierdo G., MeinzerF. C., Woodruff D.R., Martinez-Vilalta J., De
Céceres M. Water potential control of turgor — driven tracheid enlargement in Scots pine at its xeric distri-
bution edge. NewPhytologist, 2020. 225:209-22. doi: 10.1111/nph.16146.

YK 630.233

M. A. basguaun,

K. T. H., foueHT kadenpst TKM/, ®I'BOY BO «Cubupckuii rocy 1apcTBEHHbIH YHUBEPCUTET HAYKH M TEXHOJOTUI UMEHH aKaIeMu-
ka M. @. PemerneBay, r. Kpacnosipck, PO,

mihailbayandin@yandex.ru

B. H. Epmoaun,

I. T. H., mpodeccop, 3aB. kKapeapoit TKM/I, ®T'BOY BO «Cubupckuii rocyJapcTBEHHBIH YHHBEPCUTET HAYKU U TEXHOJIOTHIA UMEHU
akagemuka M. @. Pemernesay, r. Kpacnosipck, PO,

vnermolin@yandex.ru

B. A. OcrpskoBa,

actimpanT 1 roga, ®I'BOY BO «Cubupckuii rocy1apcTBEHHBII YHUBEPCUTET HAYKH U TEXHOJIOTHIA UMeHHU akaaemuka M. @. Pemer-
HeBay, I'. KpacHosipck, PO,

karmen0703@yandex.ru

A. B. HamsaTros,

accucteHT, ®I'BOY BO «CuOHpCKuii TOCyIapCTBEHHBI YHHUBEPCUTET HAYKH M TEXHOJIOTHI MMEHH akagemuka M.®D. Pemerneay,
r. Kpacnosipck, PO,

namyatov2010@yandex.ru

UCCJIETJOBAHUE CBOMCTB MEXAHOAKTUBUPOBAHHOM JIPEBECHOIN MACCHI
VIS TOJIYYEHUSA IIVIMT BE3 CBA3YIOINEI'O

B pabome usyueno enusnue npoyecce MexaHoaxmusayuu OnuiOK HA U3MeHeHUe MOPQONOSUYECKUX XAPAKMEPUCUK OPeBeCHbIX
yacmuy U UxX aymoze3uoHHble CE0UCMEA NPU NOIYYEHUU MAMEPUAIos 6e3 nbe3omepmMudeckux 8o3oeicmautl. B xode uccredosanuil
YCMAHOBNEHO, YMO C y8eludeHueM KpamHoCcmu 2uopoOUHamMuieckoli 06pabomku ¢ 3pgpexmom Kagumayuyu OnUIOK, NPOUCX0Oum
noguvluteHue 0oaU Yacmuy, npeocmasalowux coooll ppazmenmsl KiemouHblX CmeHoK. Mo no380510Mm Gopmuposams 6000CmMol-
Kue NAUmbyl ¢ 8bICOKUMU MEXAHUHECKUMU CBOUCTBAMU Oe3 UCNONb30BANHUS CEAZVIOWUX UNL3OMEPMULECKUX 8030eliCIGUL.

Kniouesvie cnosa: opesechas macca, akmueayus, ONUIKY, yOenbHas NOSEPXHOCb.
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