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EFFECTS OF INCLINATION ANGLE OF STEM ON GROWTH STRESS AND ANATOMICAL
CHARACTERISTICS IN THREE WOODY ANGIOSPERMS FORMING REACTION WOOD
WITHOUT GELATINOUS FIBERS

Hiraiwa T. ._1’2, Takashima Y.", Ishiguri F.2, lizuka K.?, Yokota S.>, Yoshizawa N.

!"United Graduate School of Agricultural Science, Tokyo University of Agriculture and Technology,
Fuchu, Tokyo 183-8509, Japan
? Faculty of Agriculture, Utsunomiya University, Ustunomiya 321-8505, Japan

In woody angiosperms, reaction wood is formed usually on the upper side of inclined stems or
branches where excessive tensile growth stress causing large promotion of radial growth generates. In
general, it can be characterized by the presence of gelatinous (G) layer being formed in wood fiber cell
walls and the reduction in the number and diameter of vessels. On the other hand, in some species which
possibly belong to the primitive angiosperms, the G-layer is not always formed in reaction wood fibers.
The detailed nature of reaction wood without G-fibers in angiosperms has not been much investigated. In
addition, there are less information concerning the effects of the inclination angle of stem from the vertical
on the growth stress and anatomical characteristics in reaction wood. In the present study, the reaction
wood was artificially formed with inclination angle of 30, 50, and 70 degrees from the vertical in the stems
of Paulownia tomentosa Steud., Liriodendron tulipfera L., and Osmanthus fragrans Lour. var. aurantiacus
Makino, of which reaction wood does not form G-layer in wood fibers. Vertically straight stems were used
as normall wood in each species. The effects of inclination angle of stem from the vertical were
investigated on the longitudinal-released strain and the change of anatomical characteristics.

In each species, generation of large negative longitudinal-released strain was confirmed on the upper
side of all the inclined stems compared to the control stems having formed normal wood. Xylem formed
with inclination angle of 30 degrees showed the largest tensile stress on the upper side of the inclined stem
of P. tomentosa, whereas, in L. tulipfera and O. fragrans, inclination angle of the 50 degrees gave the
largest tensile growth stress on their stems.

In all the three species examined here, radial growth was promoted on the upper side of inclined
stems. The number of vessels in all the reaction woods formed significantly decreased in comparison with
that of normal wood, suggesting that the influence of stem inclination angle is greater rather than growth
promotion. On the other hand, the changes in the diameter of vessels and the length of wood fibers and
vessel elements were different among species and among their different inclination angles. Reaction wood
of P. tomentosa increased vessel diameter, whereas that of O. fragrans decreased it compared with normal
wood, and L. tulipfera showed no difference in vessel diameter between normal and reaction woods. The
length of wood fibers and vessel elements significantly increased in reaction wood of P. tomentosa and O.
fragrans, while both of them decreased significantly in reaction wood of L. tulipfera.

The typical three-layered structure (S1+S2+S3) was comfirmed in the secondary wall of normal
wood fibers in three species. On the other hand, reaction wood fibers of L. tulipfera and O. fragrans lacked
the S3 layer, whereas reaction wood fibers of P. tomentosa showed a three layered structure. In these
species, reaction wood formed with the inclination angle of 30 and 50 degrees showed smaller microfibril
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angles in the S2 layer of wood fibers than that of 70 degrees. In L. tulipfera, reaction wood fibers formed
with the inclination angle of 30 and 50 degrees showed remarkably small microfibril angle less than 10
degrees, this fact being similar to G-layer of tension wood.

In these species, secondary wall of reaction wood fibers showed weaker coloration than that in
normal wood after both phloroglucinol-HCI] and Méule stainings, indicating the decrease of lignin content
in the secondary wall of wood fibers by reaction wood formation, especially the decrease in syringyl unit
of lignins. Visible-light microspectrophotometric analysis gave smaller values in the maximum absorbance
in the secondary wall of reaction wood fibers formed with the inclination angle of 30 and 50 degrees
compared to that of 70 degrees in each species. Reaction wood of L. tulipfera caused the marked swelling
of secondary wall in reaction wood fibers formed with inclination angle of 30 and 50 degrees after the
treatment of both phloroglucinol-HCl and Méule reagents. In addition, the secondary wall of wood fibers
in normal wood of L. tulipfera was not stained with phloroglucinol-HCI reagent, whereas the secondary
wall was stained in purple red with Maule reagent, indicating that the secondary wall is predominantly
composed of syringyl unit in lignins.

Based on the results obtained in this study, it is considered that P. tomentosa, L. tulipfera, and O.
fragrans form tension wood-like reaction wood in terms of growth stress and anatomical characteristics
except for the absence of G-layer. In addition, growth stress, number of vessels, microfibril angle of S2
layer of wood fibers, and lignin distribution in the secondary wall of wood fibers were different among
reaction woods formed with three different inclination angles. It was suggested, therefore, that the
inclination angle of stem affected the changes of growth stress, leading to the anatomical changes, that is,
difference of stem inclination angle caused difference in degree of development in reaction wood severity.

INTEGRATE-EPIGENETIC ORIGIN OF THE KARELIAN BIRCH:
THE HYPOTHESIS AND THE FACTS

Isakov Yu. N.I, Soustova NM. 1, Isakov I. Yu.’

"Institute of Forest Genetic and Selection, Voronezh (ph. +7 4732 53 87 17), E-mail: isakov@vmail.ru
2 Voronezh state academy of forestry engineering, Voronezh, Russian Federation

Abstract. Viral and genetic hypothesis of Karelian birch origin and expressions of variability are
discussed. The facts, confirming this points are given. They are based on the data of morphological,
anatomical cytogenetic study of Karelian birch biomorphs and on the analyses of literature data.
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OnHOM U3 aKTyaJbHBIX MPOOJIEM TeHETUKH SIBISICTCSI BCKPBITHE TPUPOBI (PCHOTUITNYECKON M3MEHYH-
BOCTH, HabJrozaromeics: B nomysauusix. Kapensckas 0epé3a — TAKCOHOMHUUYECKH HE BIOJIHE ONpeneiaéHHas
rpynnupoBKa. JIokampHO 3aHMUMAas HEOONbIIHE TUIOMAAN, OHA XapaKTePU3yeTCs MCKIFOUYUTENFHO BHICOKUM
nomuMopdu3MoM N0 MHOTHUM Tipu3HakaM. OTHOI U3 MHTEPECHBIX 0COOEHHOCTEH KapelbCKOi OepE3bl SIBIs-
eTcsl TO, YTO HacJeOBaHUE MIPU3HAKOB HE TIOAYMHSETCS ONpeaeNéHHBIM 3aKOHOMEPHOCTSIM: IIPU THOpuAn3a-
LMY BIOJIHE ONpeleNEHHbIX (JOpM B MOTOMCTBE BOSHUKAET NPAKTUUYECKH BcE pazHooOpasue (hopm, HO C pas-
HOW 9acTOTOH, B 3aBUCHMOCTH OT THIIa CKpeImnBaHui. Takoi cBoeoOpas3HbIil 3h(eKT pacuieruieHus: He To-
3BOJIIET YTBEPXkaTh O HACJIEIOBAaHUM KAaKOTO-TO ONpPeNeNEHHOro Mpu3HakKa (B COOTBETCTBUU C MEHIENEB-
CKOH Teopueil); BEpOsTHO, HACIeLyeTcsd KaKOH-TO CUMOMOTHUYECKHU KoMITieKe. CONocTaBIeHHEe HAKOILICH-
HBIX JTAHHBIX 0 OMOJIOTHM KapeahCKOW Oepé3nbl M JOCTHKEHUH MOJICKYJLIPHOW TeHETHKH [32] MO3BOIMIO
NPEIUIOKUTh NaTOT€HHO-TCHETUYECKYI0 TUIIOTE3y €€ MPOUCXOXKICHUS. BhICOKMH (eHOTHIMYECKHH TOJHU-
MOP(U3M OOBSACHSIICS «MHIYKLIUEH MyTaluid (TeHHOW U TeHOMHOW NPUPOAbI) BenencTBue uaterpauuu JJHK
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