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Formation and Wall Structure of Tyloses in Castanea crenata

SIEB. et ZUcc.
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B =]

7 ) OREF v - 23 T-35COLETOBERE TR I NI, Fo—-2B 21t ALERE
Uil otz BEF o -2 3BOMEHRIIEL, SBEASEERER L., BEOEERIZ, ¥
0 — 2 2T AH O ZMIBAIC  Hiic KB EEXHRICED shiz, BORLIZBEIZPLEN
THMD» & REU~ET LI, E7z, 2 ) TREMIBEF o — 2RIz, RRFeo—2
BAM—OHBATBR TEMN 28U BRI N2 8D Ebh s, BOME « UE - RMLBRIZE
HF o —2LAMTHHEEBAONEY, RRF o -2 TREBEORLE, Fr—2&ThsER
Ut MO REE2ICEH Y protective layer HELIOBEMSERI NI, Bitid, 5ICHBE
ARBEL V/hFo -2 2BRL, BEE2T55 e sBREINIT,

I. 3 U » K

BHTHRILAEZELVIFo -2 QT [RAF v —x] LER) O mature ZBEDRFEEICO W
Tit, BN ODMEIRTNEYY, Lhl, Z0O2RZERZ BELFELEG, —
B, BT e s ORBORBICELT AR EOUBEIL L > TRESEZF o -2 (FhZh |
HEF o -2, THEFa—2 | EER) Tid, AGBIDASF o0 —2DFHERES CEMBT
%, BEBEEDOF o — 2BEEE R BB UIIEE L » 29999,

EEL D FarSRREBVWTEEF o — R EBEF o -2 2BBLTCEl, BEF o -2 Tl
5 —3BCOITNTDRETT 0 —2ADOFEESBD o1, 7o - ABOREIRITEALHBES
higrotz, BEF 0 - 2OBRIIKKEREORE 221 5 BREBEOBHSTRET, Fo -
ZBEOHE - RV L BETE T2, RRF o0 —2 DK » B 1z—IcOHMANE D & O ica
o TR, DHMLEBEESS B EELLN, FT, BR - REBECIFTHROD 5 C & HHE
NTNBEY o UL, 277 OHEBETREMIBHE M —OMBERBRBHISR2RL, £
BRIL->TRUMODG B ONFOERTEF o —AHBERINTVEZEIL2EPELL, K
BAEL NI -1,

ZHhTHUT, SHEERE U2y ) Tk FHREZ L ) O —OMBER S HENFROHR TS
h, RRF 0 -2 3RIM—DOMBIB TR UDTERIN C L H¥bh->120T, FRF o
—ZAQHEERZES ETERNTh-12, £ T, 247 L @AROTETEREL S MICHEF o —2
BT 5L L HIT, KRR 0 — 2 BB X ORM L BIE 2 H~ 12



207
2. MK & T K

Fo—2AQREICIEa S T OHG EAKROREER 2RV, 197812 1 Ay Y 2 1KY
HhHElL, R TOUME»5IZIZ3amADRE o v o 2/E8IL, 37, 14, 20, 27, 35°CT
EELUI,

BEF v - 2OBHEICIE, HERERELEEER LRSS BEAET 27 ) 2R 2HL
Tro 1AUTIZ1978%E8 H29H, 984, 8, 11, 14, 1THIFhFR 12F>F VL (HEI
mm) TR HF, 9 AIOHIEARLTE FY v RETIRERISAZEBEF o — 2 288 U, b
3 1AC13197T84E12H30H, 197941 89, 19, 31H, 2 B11, 21K 2517, 8 Hl6Hictk
KUtz BEFe 2383 B0 L TAMKERINADT, ) ARIGHEEHRICI W TIHER
BT I 3—4em g DM LT H T 12,

BB, HMERBIUCHEF 208K, RAF o -20RELZBYT 5129, IMENHOY
FERILBEER 2 HOIF2 5 7,

KRF v —ZADFEHGAR LU THE LI, LESHBMTIZ19794:6 4 8 H, 8 H23H,
10A12H, 198041 A7 H, 8 H14HIK, FESASEEINIR S EBE MK T1319794 6 H14H,
104 6 H, 19804 2 A21HIL, FhZh1EFT2W 0B L, M- TRAESE (11—284F
&) PUWREGEME CHEL, REHOKRF v -2 DOFEEEH I,

FRNTNENS 3B VAT LT FOELICETEL, TEM BZRHIKIZ S bic 1 UL
FRITLERZIIBET N CEAY U LATHEETL, = H O DEEHEENR 2EHLT4%
KEEY 7 = v TRYLE LIz, SEM BERARNEERSEZRBe -7 172U

3. HMR & E XK
3.1 EEFo—20ERK

HSVRBNTEIFIOBPEY LFEEE, T—3BCOTNTORETFue —XOEEZENEH LN
7z (Figl) , LT, ([EEEFETIEEREZILELL Lok, TCTiHoIeFo -2V ERS

[}

35 1y 2134

o N

o \\ N\

gz7 N

=20 NI

c \\\ N \\

214 \\‘Q‘\\\

©

.g 7 s AR
9 1] 23| 4

10 1520 30 5070 100 200 500
incubation time (hrs)

Fig.1 Development of incubated tyloses in earlywood vessels of the current-year growth ring.

1: small tylosis buds were formed in every vessel.

2 : most of tyloses elongated to the length of a quarter of vessel diameter (about 200 gm).

3 : most of tyloses elongated to the length of a half of vessel diameter.

4 : incubated tyloses had blocked the vessel lumina and their color changed to light brown (lignifica-
tion of walls).
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Résumé

The formation and wall structure of incubated, traumatic, and natural tyloses in
Castanea crenata SIEB. et Zucc., were observed.

(1) “Incubated tyloses” were induced in the growth chambers” maintained at 7, 14, 20,
27, and 35°C. Abundant tyloses developed at each temperature, although they developed
slowly in lower temperature (Fig. 1). The incubated tylosis wall was stained with
OsO, in the same density as the innermost protective layer in the parenchyma cell which
was forming the tylosis, and it had a thickness of 0.2-0.3 um. The incubated tylosis
wall hardly thickened.

(2) “Traumatic tyloses” were induced in two living trees which were bored with a
drill. The development of traumatic tyloses in earlywood vessels of the current-year
growth ring from August to September was as follows: many tylosis buds were enlarging
after 2 days from the boring. After 5 days from the boring tyloses blocked the vessel
lumina and their walls were thickening. The wall of parenchyma cells which were forming
the tyloses also thickened simultaneously with thickening of the tylosis wall (Fig.5).
Parallel-oriented microtubules were observed near the plasmalemma of tylosis in the
thieckening stage (Fig.3), and the wall formed in this stage exhibited highly oriented
microfibrillar strueture (Fig.7). Blind pit-like structures of tylosis wall were also formed
in the thickening stage (Fig.4). Judging from the stainability with KMnO,, outer
part of the tylosis wall began to be lignified immediately after the wall began to
thicken (Fig.6). The lignification proceeded to inner part of the wall, following after
the proceeding of wall thickening (Figs.4,5,7). After 15 days from the boring the
tylosis wall had a thickness of about 1 gxm, and was wholly well lignified.

Traumatic tyloses developed even in winter, although they developed very slowly (Fig.8).
(8) “Natural tyloses”, which were formed normally in a living tree (Fig.9), developed
in the transition zone (Fig.10). A small number of developing tyloses formed mainly
from a ray parenchyma cell were found in the vessels adjacent to heartwood zone. Enlarging
buds (Fig.11) and the tyloses in the wall thickening stage were observed all the year
round. Natural tyloses, therefore, seem to be formed throughout the year.

Wall formation in natural tylosis appears to procégfd through the same steps as
traumatic tyloses. Well-lignified wall of the natural tylosis had also a thickness of
about 1 um, and its structure was similar to that of a traumatic tylosis.

The wall of parenchyma cells which were forming natural tyloses also thickened in
the thickening stage of the tylosis wall. This wall was, however, not deposited on the
pit membranes of interparenchymatous pit-pairs.

After the lignification stage natural tyloses and the parenchyma cell from which the tyloses
were formed deposited one more osmiophilic layer again (Fig.12). This layer was observed
on the whole inner surface of their walls, and it was similar to the innermost protective

layer found in a parenchyma cell. The tylosis-parenchyma cell complex with the osmiophilie
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Fig.2 Travmatic tylosis wall in the enlarging stage. The tylosis has a single osmiophilic wall in
this stage. a: fixed with glutaraldehyde (GA) and OsO4. b fixed with GA and KMnO,. Tylosis
wall appears to be swollen with KMnO,.

Fig.3 Traunmatic tylosis wall in the thickening stage, fixed with GA and OsO4. The inner light wall
(electron-transparent) is thickening in this stage. Many microtubules ean be observed (arrows).

Fig. 4 Blind pit-like structures of traumatic tyloses in the thickening stage, fixed with GA and KMnO,.
a . a pit-like structure is formed in this stage. The outer tylosis wall formed in the enlarging stage
is densely stained with KMnO,. b : no plasmodesmata are found on the tylosis walls corresponding
to the pit membrane, although pit-like structures are forming a pair.

Fig.5 Traumatic tylosis-parenchyma cell complex in the thickening stage, fixed with GA and KMnO,.
a . the thickening wall of the complex is less stained and light-colored in this stage. b : enlarged view
of the ray-ray pit-pair shown in a. The pit membrane is covered only by a protective layer, and
the thickening light wall is not observed on it.

Fig.6 Traumatic tyloses in the early period of thickening stage, fixed with GA and KMnO,.

Fig.7 Oblique section of traumatic tylosis wall in the lignification stage, fixed with GA and KMnO,.
The fibrillar pattern (broken lines) indicates a highly oriented microfibrillar structure in the thickened
wall,

Fig.8 Radial view of traumatic tyloses developing in the current-year growth ring in winter. a : the
tylosis buds after about 3 weels from the boring. b : the tyloses after one and a half months from
the boring.

Fig.9 Radial view of natural tyloses in heartwood.

ABBREVIATIONS T :tylosis Tw: tylosis wall P pit-like structure N : nucleus R : ray
parenchyma cell ~ PL : protective layer V : vessel Vw . vessel wall
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layer sometimes formed tyloses again (Figs.13,14), and it often stored many starch
grains (Fig.15). The whole tylosis-parenchyma cell complex seems to behave as a single

parenchyma cell.

Fig. 10 Radial view of natural tylosis buds developing in the transition zone.

Fig. 11 Enlarging natural tylosis buds with a single osmiophilic wall sampled in January, fixed

with GA and OsO,.

Fig. 12 Osmiophilic layer (arrow) in a well-lignified natural tylosis, fixed with GA and OsO,.

This layer is also observed on the tylosis wall corresponding to the pit membrane as shown in b.

Fig. 13 Small natural tylosis with two tylosis buds.

Fig. 14 Small natural tylosis (T) with a small tylosis (T), fixed with GA and 0sO,. A pit-like

structure (P) may be formed first in the tylosis (T) as illustrated in b, After the osmiophilic layer
(arrows in a, and the broken line in b) is deposited, the tylosis (T“) may be formed again. The

outer dark wall of the tylosis (T') is also joined with the osmiophilic layer, and the inner light

wall of tyloses (T and T) and the ray parenchyma cell (R) may be formed simultaneously.

Fig. 15 Starch grains stored in the natural tylosis with the osmiophilic layer, fixed with GA and
0s0;,.



