Structural and functional deviations from normal growth and development of plants
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Abstract. The formation of annual increment in coniferous is started with the production of phloem
sieve cells by cambium 10-20 days before the appearance xylem derivatives of cambium. Phloem
formation is completed in late June in pine stem and in late July in larch simultaneously with the end of
shoot growth. The maximum activity of cambium, producing phloem and xylem cells, occurs in the same
time or not while development activity of those cells is always opposite. The content of metabolites within
differentiating and mature phloem elements depends on both developmental stage and the layer of forming
early or late wood.

The productivity of wood formation in coniferous depends on the number of cells, produced by
cambium, their sizes and the amount of substances, accumulated within walls of cells during growth and
development. The quality of wood has been known to depend on annual wood ring structure and in particular
on the relation of early- and latewood tracheids differed by morphological parameters. The reasons of such
differences are conditioned by biochemical and, as the consequence, by morphological development of
tracheids walls resulted from both endogenous and exogenous factors. The processes of the production of
cells by cambium, growth of their primary and development of secondary walls occur in different time and in
space. That is why these processes for certain cell groups can overlap each other. So in Middle Siberia the
production of cells by cambium lasts through June and July. Radial diameter growth of earlywood tracheids
is mostly observed in June, latewood tracheids — in July. The development of secondary wall thickening of
early wood cells occurs in June-July, latewood ones — in August — first half of September. Hydrothermal
conditions of these months affect considerably morphological parameters of tracheids. But the each of the
processes reacts separately on environmental factors. So the active growth of the radial diameter of tracheids
and development of their wall thickness occur at both different air temperature and precipitation and these
processes have their own optimum temperature outside which their activity decreases. The temperature what
is favourable to cell growth influences negatively wall thickness, while the temperature, promoted maximum
wall thickness, leads to tracheids with narrow radial diameter. The availability of water has significance to
cell growth more than to secondary wall thickening. The differences in the parameters of tracheids of early-
and latewood both in pine and larch are resulted from the reactions of endogenous processes, responsible for
that, at temperature and precipitation. These processes include a physical as well as biochemical events in the
course of expansion growth and secondary wall thickening. Radial cell size is conditioned by biochemical
changes in walls in cambium zone and in the end of growth stage that depends mostly on water availability in
the both cases. Biochemical processes being the base of wall extensibility and of cell growth include the
loosening of the walls and slip of cellulose microfibrils one about other. First of all this depends not only on a
destruction of cellulose-xyloglucan linkages but on the presence of low molecular weight xyloglucan that
make for the exit of cells from cambium zone to cell expansion zone. Cellulose during latewood formation
has been found to connect tightly with xyloglucan just in cambium zone while that is not observed in the
course of early wood development. That is why the tracheids in latewood are more narrow and longer than in
early wood. Tightly bonds between cellulose microfibrils and xyloglucan and an accumulation of low
molecular weight fraction within cell wall of cambium zone arise at internal water stress. On the other hand
the water deficit promotes to modification in the structure both of arabinogalactan and arabinogalactan
proteins what resulted in strengthening of bonds with other wall polysaccharides and further with cellulose.
Furthermore a water deficit decreases the amount of ascorbic acid being antioxidant that limited cell growth
due to appearance of phenolic bridges between polysaccharides. All together strengthen the wall structure and
restrict cell growth.

Temperature conditions affect first of all the wall thickness. With arising of temperature the
biosynthesis is forced but at the same time the duration of cell wall thickening reduces what is resulted in
decrease of wall thickness. The most sensitive to temperature is autolysis of cytoplasm, destroy of which
limits thickening duration, while it is that affects tracheid wall thickness. There are enough substrates for
wall thickness development in early and late xylem. The reasons of the differences in parameters appear to
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be the time of tracheids maturation, what can be resulted from both decrease of ascorbate and increase of
some phenolic acids included in a destruction of protoplast.

The deposition of pectin, arabinogalactan, the fractions of A and B hemicelluloses and cellulose in cell
walls occurs with different rates at developmental stages of primary and secondary walls and in line with
their participation in the formation of cell wall structure in early wood and latewood. Polysaccharides,
involved in cell wall mobility (arabinogalactan, pectin substances), are principally synthesized during primary
wall development. The contents of pectin substances, A and B hemicellulose fractions, linked or not with
cellulose, are different before and after beginning of lignification during earlywood and latewood formation.
This shows different matrix basis for the beginning of lignification. The intensity of lignin deposition
gradually increases during early wood formation reaching the maximum at the last stage of tracheid
maturation. In contrast, the lignin deposition rate in the course of latewood development is the highest at the
outset of the process and drops towards mature cells. There were differences in the composition of alkaline
oxidation products (aldehydes and phenolic acids) of lignin preparations at different developmental stages of
early and late xylem. The contents of carbohydrates linked to lignin by ether and ester bonds were the highest
in the first stage of lignification and greater in lignifying latewood than in earlywood. Lignins formed at the
beginning of lignification of both wood layers had higher molecular weights and were more homogeneous
than those at the last stage of cell differentiation. All together can be the reason for different physicochemical
properties of two types of wood in both pine and larch.
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ITpoyKTHBHOCT JIPEBECHBIX PACTCHUH, W XBOWHBIX B YAaCTHOCTH, ONPEAENIAETCS KOJINYECTBOM U
pa3MepoM KIIETOK, KaK OCHOBHBIX CTPYKTYPHBIX €IMHHUIL 0Opa3yromeicss KcuiaeMHoi Tkanu. MiIMeHHo poct
U pa3BUTHE KIETOK, U B YACTHOCTH UX CTCHOK, SIBJSIETCS] TEM LICHTPOM, Ha KOTOPBI HampasieHbl Bce Qu-
3MOJIOTHYECKHE U OMOXMMHYECKHE IPOLECCHl, UAYIINE B PACTEHHH, U KOTOPBIE CIy’KaT OCHOBHOH sueii-
KO, aKKyMYJTHpYIOIIeH OrmomMaccy.

®dopMupoBaHre FOJMYHBIX MPHUPOCTOB XBOMHBIX HAUMHAETCS C Pa3BUTHUSI CUTOBUIHBIX KJIETOK (Io-
9MBI, IPOU3BEICHHBIX KaMOUeM B NpelblaylieM ce3oHe. JleJeHne KaMOUWanbHBIX MHHULUANICH B CTOPOHY
(hI103MBI OTMEYANIOCH B CTBOJIAX COCHBI OOBIKHOBEHHOMW W JIMCTBEHHUIIB cuoupckoit B Cpenueit Cubupu 3a
10-20 cyTOK 10 HOSBJICHUS MEPBBIX KCHIEMHBIX MPOU3BOJHBIX KaMOMs. AKTHBHOCTh KaMOUS 1O TPOU3-
BOJICTBY 3JIEMEHTOB (DJIO3MBI M KJIETOK KCHIJIEMBI MOKET COBIAJIaTh WIIM HE COBNAAAThH B OT/ICJIbHBIC IEPHO-
Ibl CE30HA, YTO 3aBHCUT OT OOIIeH aKTUBHOCTH POCTOBBIX IPOLIECCOB O] BIMSHUEM BHELIHUX (aKTOPOB.
B T0 e Bpemst ”HTEHCHBHOCTH Au(QepeHranuy KIeTOK KCHIEMBI U (pII03MbI BCer/ia HaxOUuTCs B TPO-
tuBo(daze. OOpazoBanre KaMOMEM CUTOBHIHBIX SJIEMEHTOB 3aBEPILACTCS B COCHE B MO3HEM HIOHE, a B JIU-
CTBEHHUIIE — B [IO3/{HEM HIOJIE OJJHOBPEMEHHO € IPEKPALEHUEM POCTa IOOETOB.

Uwnco KIETOK B TOJUYIHOM MPUPOCTE KCHIIEMBI, NX MOP(HOMETPHUIECKHE XaPaKTEPUCTHKN U COOTHO-
HICHUE KJIETOK paHHEH W MO3[JHEW NPEBECHHBI BIUSIOT Ha (PH3MKO-MEXaHUYECKHE CBOMCTBA U, ClIEAOBa-
TEJILHO, Ka4ecTBO (OpPMHUPYEMOIl ITpeBecHHbl. BiansHue BHemHUX (HaKTOPOB CBSI3aHO C BO3ACHCTBHEM Ha
cam mporecc Mop(oreHnesa KIeTok yepe3 OMOXUMHUYECKHe H3MEHEHH UX MeTa0omu3Ma U pa3BUTHA. Taxk,
MopdoreHe3 Tpaxeu] paHHEH U MO3IHEH APEeBECHHBI MPOXOAUT IO OJHOMY IyTH — POCT MEPBUYHBIX CTe-
HOK M YTOJILICHUE BTOPUYHBIX, (AKTHUECKH BKIIOYAIOLINX BCIO OMOMACCY TOAMYHOTO MPHPOCTA XBOWHBIX.
OnHako KOHEYHbIE XapaKTEPUCTUKU PAaHHUX U MO3AHUX TPaxeua 3HAYUTENIBHO OTIMYAIOTCS IPYT OT ApYra.
[TosTomMy BaXHOH CTOPOHON M3ydeHHs MPOOIEeMbl (POPMHUPOBAHNS APEBECUHBI SBISIETCS BBISIBICHUE MPH-
YHHHOCJIECTBEHHBIX CBs3EH 3TaroB Mop(doreHesa Tpaxen] ¢ odecrieueHneM pa3BUTHS KIETOK cyOcTpaTa-
MH, a TaKXe ¢ OMOXMMHUYECKUMH U3MEHEHHSMHU B UX CTEHKaX, TaK KaK CTPYKTypa M COCTaB IOJIUCAXapH-
JIOB MaTPUKCa U MX CBS3€H C IENITI0N030H SBISIOTCS pelIaroinuM (akTOpOM B POCTE KIETOK U CO3IaHHUH
ApPXUTEKTYpPHI CTEHOK.

Oranbl Mopdorenesa Tpaxenn (oOpa3oBaHHe KaMOHEM, pPOCT NMEPBHYHBIX M PAa3BUTHE BTOPHYHBIX
CTEHOK) pa3/ieJIeHbl BO BPEMEHH U IIPOCTPAHCTBE U KAXKIBII U3 HUX TpeOyeT onpeesieHHOe BpeMsl ISl 3a-
BepIeHus. /JITeNbHOCTh 3TOT0 BpEMEHN MEHsIeTCs B XO/I€ C€30Ha U 3aBUCHUT B MEPBYIO OUYepe/ib OT BHEIII-
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HUX (PakTopoB. I OTAETBHBIX TPYII KIECTOK (OPMHUPYIOIIETOCS TOAMIHOTO CJI0S CTaguu MopdoreHesa
MIEPEKPBIBAIOT APYT Ipyra Bo BpeMeHU. B ycioBusix CuOMPU pOCT pauaIbHOTO AWaMETpa paHHUX Tpaxe-
W] COCHBI U JINCTBEHHHMIIBI MTPOUCXOANT B OCHOBHOM B MIOHE, TIO3THUX Tpaxew — B utoje. PazBurue BTO-
PUYHBIX CTEHOK PAaHHHUX TPaXewJ MPOXOJIUT YaCTHYHO B UIOHE, HO TJIABHBIM 00pa30M B HMIOJIE, IO3THUX — B
aBrycre- ceHTs0pe. EcTecTBeHHO, YTO rHAPOTEPMHUUSCKUE YCIOBUS ITHX MECSIICB 3HAUYUTEIILHO BIUSIOT HA
rapaMeTphl Pa3BUBAIOIIUXCS KIETOK.

IlepexpriBarne Bo BpeMeHH ¢a3 auddepeHnpannuy A pa3HbIX KIETOK TOJIUYHOTO CJIOS 3HAYUTEINb-
HO OCJIOXHSICT OIICHKY BIHUSHHS BHEITHUX (DAaKTOPOB Ha (POPMHUPOBAHHE JPEBECUHBL. [IJis perieHus 3TOM
po0JIeMbl HEOOX0AUMO JU(PHEPESHIIUPOBATH ATO BIUSHUE MO 3TaraM MOp(oreHesa KiIeToK, MPUBOISIINX
K 00pa3oBaHUIO ApeBecuHbl. Ha ocHOBaHWMM HAONIOIEHUI B TeUEHHUE JIBYX CE30HOB 3a 00pa3oBaHHEM, POC-
TOM W Pa3BUTHEM TPaXEH] B CTBOJIAX COCHBI M JINCTBEHHUITBI OBIITN HAailICHBI ONITHMAJIBHEBIE YCITOBHUS, MaK-
CUMAJILHO OJIArONPUSITHBIC IS MPOM3BOJICTBA KIETOK KaMOMEM, UX POCTY M OTJIOKEHHIO OMOMACChI B UX
creHkax. OHU OKa3aJHMCh Pa3IMYHBIMA I KAXKIOW U3 cTanuil nuddepenmumannu. Hanbonee OxaronpusT-
HBIMH JIJIST POCTa KJIETOK COCHBI M JINCTBEHHHUIIEI B PaJIMAIbHOM HAIIPABJICHUH U3 CPEIHECYTOUHBIX SIBIISCT-
cs Temneparypa 21-22°C, kotopasi COBIIaJaeT C ONTUMAIbHBIMU YCIOBUSIMU JIJIS1 ACTIEHUS KIIETOK. B TO ke
BpeMsl IS pa3BUTHS BTOPUYHOM CTeHKH Hambolee OnarompusitHa Temmnepatypa B 15—17°C. U3 mHeBHBIX
TeMIepaTyp IUIsl pocTa KJIETOK pacTsDKEHHEM ONTHMAJbHOU sBiseTcs Temmeparypa 26—27°C, a makcu-
MaJlbHOE YTOJIIECHUE CTEHOK JOCTHUTAeTCs MPU THEBHOHM Temieparype Bosayxa 21-22°C. Beime ykaszas-
HBIX 3HAYE€HUH MOPQOIOTHUECKHE TapaMeTphl Tpaxewl YMeHbIIarTcs. ConocTaBleHne TaHHBIX ITOKa3bl-
BaE€T, UTO TEMIIEPATypPHBIC YCIOBUS, OJATONPHUATHBIC JUISI POCTa KIETOK B paAHalbHOM HAIpaBIICHHUH, BBI-
3BIBAIOT CHIDKEHHUE TOJIIIMHBI KIIETOUYHOM CTEHKH, TOTJIa KaK TeMIIepaTypa, CIOCOOCTBYOIIAs JOCTUKCHUIO
MaKCHMAaJIbHOHM TOJIIWHBI CTEHKH, HE TI03BOJISIET MOIYYHTh Tpaxeuasl ¢ OoybmuM auamMetpoM. Kpome to-
ro, 00eCTrieueHHOCTh BJIarod JJIsi POCTa pacTsiKeHHEM hMeeT Oolblliee 3HaYeHHEe, YeM JUIs Pa3BUTHS BTO-
pudHOTrOo yToimenus. CyIecTByeT penei B KOJUISCTBE OCAIKOB, BBIIIE KOTOPOTO, HAIIPUMED, TOJIIIHHA
CTEHKU MOKET YMEHBIIATHCSI.

IloxazaTenssiMyu OHTOTEHE3a KJIIETOK KCHIIEMBI XBOHHBIX, OT KOTOPBIX 3aBHCAT X MOP(OIOTHIECKHES
MapamMeTphl, SIBISIFOTCSI CKOPOCTh U POJAOKUTEIILEHOCTE pa3BUTHS Tpaxeu ] B dazax auddepernuarnum. Ho
CBsI3b MOKa3aTeliel ¢ MOP(OJOTHUCCKUMH TTapaMeTpaMu Tpaxeu pa3indHa. PaauaiabHbli pazMep KIETOK
3aBUCHUT OT CKOPOCTHU Pa3BUTHS B 30HE POCTA PACTSHKCHHEM, a TOJIIMHA CTEHOK MPSIMO CBA3aHA C MPOIO0J-
KHUTETHHOCTHIO Pa3BUTHA B 30HE CO3peBaHUs. Takoe OTiIMYre OOYCIIOBICHO Pa3HBIMH IO MPHUPOJE IHIIO-
TEeHHBIMU MPOIIECCAMH, OTBETCTBEHHBIMU 32 PA3BUTHE MapaMETPOB M UX aKTUBHOCTHIO B OTBET HA U3MEHE-
HUS MOTOJHBIX yciaoBUM. IMEHHO pa3Has peakuus 3THX MPOLIECCOB HAa TEMIEPATypy Bo3Ayxa (AHEBHYIO U
HOYHYI0) ¥ KOJMYECTBO OCAJKOB MPHUBOAMT K KOIEOAHUSIM CKOPOCTH H, COOTBETCTBEHHO, MPOIOIKUTENb-
HOCTH Pa3BHUTHS B 30HaX. lIpm 3TOM yBenmueHWE CKOPOCTH Pa3BUTHsI MapamMeTpa BEIET K COKPAIICHHIO
MPOIOJDKUTENILHOCTY Pa3BUTHS U HAa000poT. HecMoTpst Ha BpeMeHHbIE KOJieOaHUsi CKOPOCTH, BBI3BAHHBIC
MOTOTHBIMU yCIIOBHSIMH, CYIIIECTBYET O0INast TEHISHIN K CHIPKEHUIO CKOPOCTH POCTA PACTSKEHUEM B XO-
ne cezoHa. CKOPOCTh paauaibHOTO PACITUPECHIS CTEHOK paHHUX Tpaxeu B 2—3 pa3za BBIIIE, YeM MO3THUX
Tpaxeu. B cCOOTBETCTBUU C 3TUM paJuaibHBIC pa3Mephl pAaHHUX TPaxeu]| MPEBHIIIAIOT TAKOBBIC MO3THUX
ki1eToK. CKOpOCTh OTJIOKEHHSI BTOPHYHBIX CTEHOK TaKXe BapbUPYET IO CE30HY, CHIKASACh B KOHIIE CE30-
Ha. [IpofomKnuTeNbHOCTh pa3BUTHSA B 30HE CO3PEBaHUS MPH STOM YBEIMYUBAETCs. Pa3BuTHe BTOPUYHOM
CTEHKM PaHHUX TPaxew] 3aHMMAaeT MECHBIINA BPEMEHHON MPOMEKYTOK, YeM MO3THUX, JUIUTEILHOCTH CO-
3peBaHusl KOTOpBIX KonebneTcst oT 30—35 mo 50-55 cyrok. TommuHa U MIOMIAlb MOTIEPEYHOTO CEUSHUS
CTEHOK TO3JHUX TPaxew, COOTBETCTBEHHO, 3HAYMTEIHFHO MPEBHIIIACT 3TH MOKA3aTeNH TPaXewu] paHHEeH
IpeBecuHbl. TakuMm 00pazom, pasiardne BO BpEMEHHOM pacipeelIeHUH MPOLIECCOB 10 CE30HY U pa3Has pe-
akuus crajauii auddepeHianyy Ha TeMIepaTypy BO3Jyxa U BJIaroo0ecneuyeHHOCTh JICKUT B OCHOBE pas-
JTMYUH MOPQOJIOTHYECKUX MMOKa3aTeNeld paHHUX U TIO3IHUX TPAaXEeHl XBOWHBIX.

Bnustaue dakTopoB omocpenyercs reHoTurnoM. KoanaecTBo paHHUX TPaXxewl B TOAMIHOM IIPUPOCTE
JUCTBEHHUIIBI CHOMPCKOM U COCHBI OOBIKHOBEHHOM, PACTYIIIMX B OJTHOM JPEBOCTOE, 3aBUCHUT OT CPOKOB Ha-
yaJia BereTally TeX K€ MOPOJ] U3 Pa3HBIX PallOHOB MPOHU3PACTAHMS — KaK OT TEMIIOB JICJICHUS KaMOHallb-
HBIX WHHUIMAJIEH, Tak 1 Hadasla 00pa30BaTelbHBIX MpolieccoB. CpaBHEHHE MMOKa3aTeneld OHTOreHe3a Tpaxe-
W]l TOMAIHOTO CJIOS IPEBECUHBI JINCTBECHHUIIBI CHOMPCKON M COCHBI OOBIKHOBEHHOM, PACTYIIUX B OJHOM
JPEBOCTOE U OTIMYAIOIIMXCS MOP(HOIOTUIECKUME TTapaMeTpaMH, MOKa3aio, YTO B OCHOBE ATHX pa3iHyuil
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JISKUT pa3Has CKOPOCTh Pa3BHUTHS KJIETOK KaK B 30HE POCTa PACTsDKEHHEM, Tak U B 30HE OTJIOXKEHHUS Be-
IIECTB BTOPHUYHOM CTeHKH. CKOPOCTh POCTa PACTKEHUEM TPAaXEH] JTUCTBEHHHUIIBI IPEBBIIAET TAKOBYIO Y
COCHBI KaK IIpHU 00pa3oBaHMU PaHHEH, Tak M MO3IHEH IpeBecHHbl. Takum oOpa3om, MOp(HOreHe3 KIETOK
KCHJIEMBI COCHBI M JIICTBEHHUIIBI, XOTS U MMEET OJMHAKOBYIO PEaKIHIO Ha BHEUTHHE (DaKTOPBI, Pa3IndcH
10 CBOMM KOJMYECTBEHHBIM ITOKA3aTEISIM.

Paznuunble mpenensl NOBBIICHUST TEMIIEPATyphl BO3AyXa, ONaronpusTHbIC Ui Pa3BUTHS MEPBUY-
HBIX U BTOPUYHBIX CTCHOK TPaxew]l CBS3aHbl C Pa3HBIMH HJIOTEHHBIMU COOBITUSIMH, COIPOBOXKIAIOIIUMH
pa3BHUTHE KIIETOK B Kax ol u3 a3 auddepenimanuu. POCT nepBUYHBIX CTEHOK KJICTOK CBSA3aH C TAKUMHU
(pU3NUECKUMH CBOWCTBAMH, KaK IUIACTUYHOCTh U THAPABINYECKAs IPOBOIUMOCTD, O0YCIIOBICHHBIX B3aH-
MOJEHCTBUEM MOJIMCAXaPUIOB CTEHOK. [Ipy pa3BUTHH yTONIIEHUS! CTEHOK OCHOBHYIO POJIb UI'PAET AOCTYII-
HOCTB CyOCTPaTOB, MIX MOCTYIUIEHHE K MECTY CHHTE3a, UTO 3aBHUCHUT OT TPAHCIIOPTa B paHaJbHOM HaIPaB-
JICHUU B COCTOSIHUS MeMOpaH. Y CTaHOBJICHO, YTO MaJlasi TOJIIIMHA CTEHOK PAaHHUX Tpaxeu U Majbli paju-
JIBHBIN pa3Mep MO3JHHUX HE 3aBHCAT OT OCTYNHOCTH cyOcTpaTta. Kak npu ¢popMupoBaHNM paHHUX, TaK U
MO3/THUX TPaXeu] BbICOKas CKOPOCTh TIEPBOIl CTaINU Pa3BUTH BTOPHYHON CTEHKH oOecrednBaeTrcs 6osee
BBICOKHM yYpOBHEM cyOcTpara.

Broxp psna pa3BHBaIOmIMXCA Tpaxena MakCUMalbHOE (B pacdyeTe Ha KIETKY) KOJIUYECTBO YIJIEBO-
JIOB COJEPKUTCSI Ha HAYAJILHOM JTalle CTAJAWU PA3BUTHsI BTOPUYHBIX CTEHOK, YTO YKa3bIBAeT HA YCHJICH-
HBIH TPaHCIIOPT CyOCTPaTOB K MECTY CHHTE3a OCHOBHOM OMOMacchl cTeHOK Tpaxena. Kaxaplii u3 cybcTpa-
TOB MMEET CBOIO JMHAMHUKY. Hampumep, HU3KUI ypOBEHb YPOHOBBIX KHCIOT, CyOCTpaT JUIS MEKTHHOBBIX
BEILECTB Ha IIEPBOM 3Tale pocTa, 00yCIIOBICH UX PacXoJOM Ha CHHTE3 3THX BELIECTB, OCHOBHBIX COCTaB-
JSIONIMX CPETUHHBIX TUIACTHHOK M TIEPBUYHBIX CTEHOK Pa3BUBAIOIIMXCS KIETOK, H ackopbaTta — peryisTo-
pa MopdoreHesa KJIETOK. BBICOKHH ypOBEHb YPOHOBBIX KHCJIOT Ha BTOPOM 3Tale pocTa COOTBETCTBYET
CHIDKEHHUIO UX MOTPeOJICHUSI Ha CHUHTE3 3TUX coenuHeHui. [loatanHo MeHseTcs coaepkaHue U cocTas ¢e-
HOJIKapOOHOBBIX KHCJIOT, B YACTHOCTH OKCHKOPHUYHBIX, KOTOPbIE Y9aCTBYIOT KaK B OCTAHOBKE POCTa Iep-
BUYHBIX CTCHOK (AH(epysIoBble MOCTHKH), TaK U JUTHU(PHUKANNN TKaHH. B cocTaBe MeTa0OIMTOB OHU Ha-
XOZSTCS B OCHOBHOM B CBSI3aHHOH (popMe B BUJE MPOCTHIX U CIOXKHBIX 3UPOB U Ha BCEX 3TaNax pPa3BUTHS
Tpaxeus B KJIETKax IM03IHEH KCuieMbl ux Oomnbiue, yeM panHeil. [loBrienHoe conepxanue heHonkapoo-
HOBBIX KHCJIOT B CBOOOAHOH (popme (KOTOpBIE SBISIOTCS SAaMH Ui KIETKH) B KIIETKAaX PaHHEH KCHIJIEMBI
MOKET OBITh NPUYMHON MEHBLICH MPOAOJKUTEILHOCTH Pa3BUTHA KIETOK B 30HE CO3PEBaHUs, U KakK pe-
3yJNbTaT MEHbBLIEH TONIIMHBI UX KJIETOYHBIX CTCHOK.

BaxxupiM moOKa3zarereM aKkTHBHOCTH IMPOIIECCOB, CBA3AHHBIX C 00pa3oBaHUEM KJIETOK KamOuem, mx
pOCTOM, pa3BUTHEM M JHUTHU(UKALUEH, SBISETCS colepxaHue ackopOuHOBOW kucnotel (AK), koropas
BMECTE C €e OKUCIICHHOU (popmoii perunpoackopouHoBoit kuciotoi (JJAK), omnpenensier ypoBeHb OKHCITH-
TEJIbHO-BOCCTAHOBUTEJIHOIO IIOTEHIIMAIA TKAHU.

CymecTBYIOT Kak o0miue, Tak 1 crenuduieckne 0cCOOEHHOCTH B Pa3BUTUU CTPYKTYpPHI CTEHOK Tpa-
XEeUJ paHHEW M Mmo3gHel kcwieMbl. OCHOBHAsI Macca LEJUII0I03bl IEPBUYHBIX CTEHOK CHHTE3MPYETCsl Ha
HAuyaJIbHBIX 3Talax pocTa, T. €. B HayaJle CO3/1aeTcs KapKac CTEHKH, TOTAa KaK KOHeYHasi CTPYKTypa, IpH-
JTAroIIas KeCTKOCTh CTeHKe, (hopMHUpyeTcs K KOHITY (ha3bl pocTa pacTsikeHueM. [Ipn 3Tom oTiiokeHne MUK-
PpodUOPUILT LETUTION03bI M TEMULEIUTION03 Ha KXKJOM M3 3TAllOB 3TOTO pocTa WAET aCHHXPOHHO, YTO BbI-
3BAaHO MYJIbCUPYIOIIMM U3MEHEHHEM BOJHOTO MOTEHIMAIa KJIETOK U UX anomacta. OTIoXeHne TeMHULe-
mono3 A u b u ux (pakmnmii, CBI3aHHBIX W HE CBSI3aHHBIX C IEIUTIOI030M, IEKTUHOBBIX BEIICCTB U UX CO-
cTaBa, apabuWHOrajakTaHa ¥ apaOWHOTaJaKTaHOBBIX OEJIKOB, BaXKHBIX MO ()YHKIMOHAIBEHBIM CBOWCTBaM
KOMITOHEHTOB, CIIEM(DUIHO ISl KaXA0H cTaguy Mop(horeHesa u CBs3aHO KaK ¢ M3MEHEHUEM HalpaBiicH-
HOCTH CHHTE3a, TAK U U3MEHEHUEM CTPYKTYPHI YITICBOJAHBIX ITOJUMEPOB 10/ BIMSHUEM BOJHOIO CTpecca.
W3-3a u3MeHeHus CTPYKTYphl CAMHX T€MHIISIUTIONIO3 Ha TOCIIEe0BATEIbHBIX CTAINAX OHTOTE€HE3a Tpaxens
MEHSETCS CTENEHb UX arperupOBaHHOCTH C LEJII0I0301. IMEHHO CTeNeHb Takoil CBSA3M BIUSAET Ha Pa3BH-
THE NEPBUYHBIX CTEHOK, IIOCKOJIBKY ONPEAEISIET YPOBEHD OCJIA0JCHHOCTH UX CTPYKTYPHI U, CIE€JOBATEIb-
HO, HA4aJI0 pOcTa CTeHOK. Tak, mpu GOpMHUPOBAHUH PAHHUX TPAXEWJ COCHBI M JIMCTBEHHUIIBI IIEJITI0I032 B
KaMOHaNbHOW 30HE HE aCCOLUMPOBaHA C KCHIIOTJIIOKAHOM, U UX TECHOE B3aUMOACHCTBHE BO3HUKACT TOJb-
KO Ha BTOPOH CTaJuM pocTa pacTshkeHueM. B mepuon obpa3oBaHus MO3HEH KCHIIEMbI TECHAS! CBS3b LIETI-
JIFOJIO3bI M KCHJIOTJIIOKAaHA CYIIECTBYET YK€ B KaMOHMaNbHOW 30HE. YCHJICHHE JIaTepalTbHOTO CBA3BIBAHUS
MHUKPOGHUOPHILIT LETUTION03bI U KCHIIOTIIIOKaHa SBISIETCS Pe3yJIbTATOM W3MEHEHUS MOJICKYJISIPHOM U HaJMO-
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JEKYJSIPHON CTPYKTYPHI TOCIEAHETO BCICIACTBHE CHIDKEHHUS BOJHOTO IMOTEHITMANIA TKAHU I10J] BIUSHUEM
BHEIIIHET0 BOAHOIO cTpecca. IToroM Takoro pa3BUTHsI ABIAETCA MEHBUINN pagualbHBINA pa3Mep MO3THUX
TpaxeuJ MO CPABHEHUIO C paHHUMU. IIOBBINIEHHOE KOJIMYECTBO HU3KOMOJEKYJSIPHOTO KCHJIOIJIIOKaHa B
KaMOHMaITbHOM 30HE W CBSA3b BRICOKOMOJICKYJIIPHOTO C IEJUTIOI030M MOXKET OBITh IPUYIUHON OOJBINICH 1TH-
HBI MTO3JHUX TPAXEUJI 0 CPABHEHUIO C PAHHUMH, TTOCKOJIBKY B 3THX YCJIOBHSIX MUKPO(UOPUILIBI LSOO~
3Bl CKOJIB3AT APYT OTHOCUTENBHO JIpYyTra B OOJBbIICH CTEIIEHH, YeM OTOJIBUTAOTCS B MOIIEPEIHOM.

OCHOBHOW CHHTE3 MEKTUHOBBIX BELIECTB, CTPYKTYPHBIX 3JIEMEHTOB CPEIMHHBIX IIACTUHOK U MEPBUY-
HBIX CTCHOK, BOYKHBIX JJIsl CO3/IAaHUS CTPYKTYPBI U MOP(OTreHe3a TKAHU B 11€JI0M, UJICT Ha CTaJIMH POCTa KIICTOK
pacTsbkeHHeM, T. €. B ¢ase, olpeAestoniell BHEIHUN pa3Mep KieTok. CHIDKEHHE CKOPOCTH POCTa COMPOBOXK-
JIAeTCsl COKPALICHUEM CHHTE3a IEKTUHOB U U3MEHEHUEM MX COCTaBa, B YACTHOCTH, YBEJIMUEHHUE KUCIIBIX EKTH-
HOBBIX BertiecTB. [10OBBITIICHNE HX COMEPIKAHMS CIIOCOOCTBYET YKPEIUICHHIO CTPYKTYPBI CTEHOK Oyaromapsi ux
CBSI35IM C JIPYTMMHU YTJICBOHBIMH MoJMMepamMu. Kpome Toro, M3MeHsIeTCs KOJIMYECTBO U CTPYKTypa apaObuHora-
JaKTaHa, THAPO(MUIFHOTO BEIECTBA, CIIOCOOCTBYIOIIETO CKOJBKEHUIO KIIETOK JPYT OTHOCHTENBHO Jpyra, W
(hpaxmmii KCHIOTITIOKaHa (TEMUIIEIUTION036I b), CBI3aHHBIX W HECBS3aHHBIX C IIEJUIIOIO30M. B O3 MHIX Tpaxeu-
Jlax CBA3aHHOTO C IIEJUTIOJIO30i KCHIIOTINIIOKAaHa MOYTH B /1Ba pa3a OoJjblie, yeM B paHHHX. Kpome Toro, mpu
POCTE EPBUYHBIX CTCHOK TMO3/JHAX TPaxewJl MOYTH B TPH pa3a Oobilie (HPaKIUii TEMULICIUTION03 A, CBSI3aHHBIX
C [eJUTIONI0301. Takue pa3nudus B COCTaBe CTPYKTYPHBIX MTOJMCAXaPUIOB MOTYT OBITh OJIHOW M3 TIPUYHNH MEHb-
IIET0 PAIUaIbHOTO JUAMETpa Tpaxeu/l MO3IHEHN IPEBECUHEI [0 CPABHEHUIO C PaHHEH.

C HayalloM pa3BHUTHUS BTOPUYHBIX CTEHOK, aKKYMYJIHPYIOIIUX OCHOBHYIO OHOMACCy TOJUYHOTO TIPH-
pocTa, u B X0/ie TIocenyomel IMTHu(pUKAINA B MATPUKCE CTEHOK KaK PaHHUX, TaK W TO3IHUX TPaXew.l
TeMHIIEIUTIONO03Bl  KCHUIJIOTJIIOKAHOBBIX (pakIUid MPOJOIDKAIOT YBEIHMYMBATHCS, TOTAa Kak (pakuun A
yMeHbIaThes. [Ipu 3ToM cTpyKTypa (POPMHUPYIOIIETOCsS MaTPUKCA CTEHOK PAHHUX TPaxeu OTIIMYACTCS OT
CTPYKTYpBhI MaTpUKCa KJICTOYHBIX CTCHOK IMO3JHEH JpPEBECHHBI. Tak, mepei JUTrHU(UKAIUEH B CTEHKaX
KIJIETOK paHHEH KCHUIIEMBI TeMHUIICIUTIONO36I (hpakimii b coctamsroT g0 70 % o01iero cocrtaBa reMHIICIITIO-
7103, TOT/Ia KaK B CTCHKAX IMO3JHEH KCHUIIEMBI COACPKHUTCS MPAKTHUSCKH PABHOE KOJIUYECTBO TEMUIIEIIIIO-
no3 rpynn A u b. U3BecTHO, 4TO nUrHUGUKAIUS HAYMHACTCS B Cpejie moyimcaxapuaHoro rens. Eciu pac-
CUYUTATh 3TY OCHOBY IO IUIOIIA/IA CTEHOK TPaxeua, TO OKaXKETCsl, YTO, HAIPUMEDP B paHHEN KCUJIEME JIUCT-
BEHHHIIBI, OHA HAYMHACTCS TIOCIIE OTJIOXKEHUS 22—26 % BEmecTB BTOPUYHBIX CTCHOK, IMMO3MHEH KCHIEMBI —
ToNbKO 9—13 %. B TO e Bpems KOIMUeCTBO LEIUIIOI03bI B 3TOM 30HE PaHHUX TPaxeuJ MEHbIIE, YeM B TOU
JKe 30He Mo3aHuX. Takoe pasnudnre 00yCIOBIEHO, BEPOSTHO, HE TOJIBKO MPHUPOIOH TEeMHUIIEILTION03, HO U,
MO-BUIMMOMY, TIPOCTPAHCTBEHHBIM PACIIONOKEHUEM MUKPO(QHUOPHILT IIEJUTOIO36. DTO YKa3bIBaCT Ha pas3-
HYIO MAaTPUYHYIO OCHOBY, B CPElIe KOTOPOI MPOXOUT MOTUMEPHU3AIUS IPEIIIICCTBEHHUKOB JIUTHUHA.

Jluraugukanus AByX CIOEB KCHIIEMBI TOJUYHOTO MPUPOCTA MPOTEKAET B PA3IUYHBIX YCIOBUSX HE
TOJIBKO M3-32 Pa3HUIIBI B MATPUKCE CTEHOK, HO M M3-32 U3MECHECHHSI COJICPKAHUSI M COCTaBa MPEIIICCTBECH-
HUKOB JINTHUHA, a TAK)KE aCKOPOMHOBOM KUCIIOTHI, ONPECIISIONICH X JOCTYIHOCTh MOCISAYIONICH NeTH -
porenHol nonumepusanuu. OtHommenue AK/JTAK meHsercs mo-pasHoOMy B X0JI€ JIMTHU(DUKAIIMH PaHHEH U
Mo37He! KcuiieMbl. B paHHei kcuieMe OHO MajiaeT OT Hadasa JUTHU(GUKAIUN B CTOPOHY 3pEIbIX KIETOK U,
HAaIIPOTHB, YBEIMYMBACTCS B 3PEIION TO3MHEH KCHIIEME, YTO yKa3blBaeT Ha Pa3HBIA YPOBEHb OKHUCIUTEIIb-
HO-BOCCTaHOBUTEIBHBIX MPOLECCOB MPU PA3BUTUHU KIETOK ATUX CIOEB FOJAUYHOTO MPUPOCTA.

B cooTBeTcTBUM C 3TUM Kak B JUCTBEHHUIIE, TaK M COCHE JINTHU(HUKAIWS paHHEH U MO3THEH KCue-
MBI TIPOUCXOAUT C pa3HOW nuHamukou. IIpu popmmpoBaHnm paHHeH KCHIEMbl HHTEHCHBHOCTh CHHTE3a
JUTHUHA YBEITUYUBAETCS MMOCTEIICHHO, JOCTUTAasl MAaKCUMyMa K KOHITy CO3peBaHUs Tpaxeu. B xome pa3Bu-
THS TIO3JTHEH KCUIIEMbI HAUOOJIbIIIEe KOJTMYSCTBO JIUTHUHA OTKIIAIbIBACTCS B CAMOM Havaie JTUTHU(DUKAITH
1 YMEHBIIAETCS [0 MEpE CO3PEBAHUS Tpaxeua. ITU U3MEHEHUSI KOPPEIUPYIOT C KOJIUUYECTBOM U COCTaBOM
OKCHUKOPUYHBIX KHCJIOT, KaK CyOCTPaToB B CHHTE3¢ MOHOJIMTHOJIOB — MPEIICCTBEHHUKOB JIMTHUHA. Pa3-
HBIC YCIIOBUS JIMTHU(DUKAIIMYA PAaHHEH U TIO3THEH KCUIIEMbI BEIyT K H3MEHEHHUIO B CTPYKType nurHuHa. Co-
JIep>KaHue ¥ COOTHOIICHNE (DEHMIIMPOIIAHOBBIX €IMHUI], a TaKXKe CBA3eH MEXAy HUMHU U YTIIEBOJIAMU KIle-
TOYHBIX CTEHOK MEHSIOTCS 10 MEPE CO3PEBAHMSI TPAXCHI U PA3ITUIHBI JUISl IBYX THUIIOB KCHiieMbl. OTHOIIIE-
HUE CHPUHTWIBHBIX SUHUI] K TBASIMIGHBIM B JUTHHHE PAaHHEH KCHIIEMBI YBEITUYHBACTCS C CO3PEBAHUEM
Tpaxeus, TOrga Kak B JIMTHUHE MO3JHEH, HAPOTUB, yMEHbIIAETCA. B IUrHUHE 3penoi paHHEH KCuieMbl
3TO OTHOIIICHHUE B JIBa pa3a BEHIIIE, YeM MO3AHeH. Ha mocmeqoBaTenbHBIX 3Tanax JUTHH(PUKAIINNA paHHEH U
MO3/IHEH KCHJIEMBI JINTHUHBI COJICPIKAT TAKIKE OKCUKOPUYHBIC KHCIOThI, COSAMHSIONINE CI0XKHBIMU 3(Up-
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CTpyKTypHBIE U (yHKIMOHAIBHBIE OTKJIIOHEHUSI OT HOPMAJIBHOTO POCTA M PA3BUTHUSI PaCTEHUIT

HBIMH CBSI3SIMH MOJIEKYJIBI TUTHUHA MEXIY COOON M MPOCTHIMU 3(UPHBIMH CBS3SIMH €70 MaKpOMOJIEKYJIBI C
noJircaxapuaamMu, OOKOBBIE LIEMIOUYKH KOTOPBIX COCTOST U3 OCTAaTKOB apaOWHO3bI, KCHIIO3BI U IMMIOK03bI. Ko-
JIMYECTBO YITIEBOAOB U COCTaB OKCUKOPUYHBIX KUCIIOT MEHSAETCS B XO/1€ IMTHU(HUKALINY.

CornacHO TaHHBIM Teb-XpoMaTorpaduu, JUTHUH, CHHTE3NPOBAHHBIN Ha MEPBBIX CTAIUAX MPOIIECc-
ca, U3-3a CBsi3ell C moimcaxapuaaMy KIETOYHOH CTEHKH MMEeT MOBBIIICHHYIO0 MOJICKYIISIPHYIO Maccy U 00-
Jiee OJHOPOJCH, YeM Ha IMOCIeAyIOIMX cTaausx GopMupoBaHus Tpaxeua. B xome OmocuHTe3a cpeHss
MOJIEKYJIIpHAsl Macca MpenaparoB JMTHUHA MEHIETCS, M TUCIEPCHOCTh MOIUMepa Bo3pacraeT. Jlucnepc-
HOCTbH JIMTHUHA, BBIICJICHHOTO U3 3pEJIOi MO3/IHEH KCHIeMBI, BbIlIe, YeM paHHel. OH comepKHUT (Gpakiuy ¢
BBICOKOH MOJIEKYJIApHONH Maccoil. Bo3MOXHO, 4acTb BBICOKOMOJIEKYJISIPHOTO JINTHMHA JIOKQJIM30BaHa B
cpeauHHOM macTuHKe. MK-CHekTphl Mokasany pasiinyve B CTPYKType MOJMMepa PaHHHUX CTaAWN JIMTHH-
(hmKanmu IByX TUIIOB KCHJIEMBI C OJJTHOW CTOPOHBI, C APYTOM — YCHIIEHHE KOHeHCANH ()eHMIIITPOIIaHOBBIX
€IMHUIL] 110 MEPE CO3peBaHus Tpaxen. JlaHHbIE YKA3bIBAIOT HA I1OCIEI0BATEIbHBIE U3MEHEHUS B CTPYKTY-
pe JTUTHUHA B X0/€ TUTHU(UKALMY PaHHEH 1 O3MHEH KCHIIEMBI, IPUBOSIIIE K TeTEPOreHHOCTH MOJINMe-
pa 3pemnoii KCUIeMbl TOAWYHBIX TPHPOCTOB B XBOMHBIX.

THE MORPHOLOGY AND FUNCTION OF UNDERGROUND SYSTEMS OF SPECIES FROM
BRAZILIAN SAVANNA

Appezzato-da-Gloria B. ! s Soares A. N s Silva J. M. s Bombo A. B. ! s Martins A. R.z; Fidelis A.°

'Department of Biological Sciences, Escola Superior de Agricultura ‘Luiz de Queiroz’, Universidade de Sdo Paulo,13418-900,
Piracicaba, SP, Brazil; anielcasoares@hotmail.com; aline_bbombo@hotmail.com; bagloria@esalq.usp.br
Institute of Biology, Universidade Estadual de Campinas, 13083-970, Campinas, SP, Brazil;
3Department of Ecology, Universidade de Sao Paulo, 05508-900, Sao Paulo, Brazil,

The Brazilian Cerrado, a neotropical savanna, covers approximately 2 million km2, representing about 23
% of the area of the country. This vegetation presents a wide physiognomic variation (Fig. 1): campo limpo, a
grassland, to cerraddo, a tall woodland. The intermediate physiognomies (campo sujo a shrub savanna, campo
cerrado a savanna woodland, and cerrado sensu stricto a woodland) are considered ecotones of the two
extremes. There are different physiognomies due to distinct factors, such as deep and well drained soils that are
acidic and with high aluminum content, seasonality, with dry periods of 3—4 months, and fire [6].

Savanna physiognomies
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Figure 1. Influence of the fire and soil fertility in the Brazilian Cerrado physiognomies (based on Coutinho [6])
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