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RELh T3,

HLFRCIE, B8D 5 VRFEMROER EEEME I, AMHLLOMZH » TEKIET
LT LR LSOO M ORGTHEARRESOh B E W IR LD BOMB2H10
ZoRETARRE, AXREMBEOENDIV, BB HWAIR, £EEROEHE
B, nEeERTHEELLNRD,

MBRERCI, BIHTFr —ABR - 2 v=vARRECRON 5 3IcRB O HAMN
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5L DIRAHHTERALTH D, DM LOBICBERENI T 5 LW IHEEEoD, Lif
bt 5 RALEBBE & b1 BDORIFHETH S,
<V BERHEAROBRBOBRATS TALh O KBHBEOZ L THDY, ZOR
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OB L 0SB ERPRBR SWTERAGTEEN IR TV HRTIXiLy,
DlEosclEEz, B0 BRELUTO 3 Ao THLAR TS X 5HELEDL, ¥
+, D~ BRHEMROERR VUM X AED Lic, IBE - RMLOEFHERE BREN
CHbhicT AL, FOEEOLT, @EE - KMLoFEMOEAXALLrCTHZE, B
c, @ WA RMBORHALEEY FOMRENRROREN - FENELLHLI,CTAHZ L
HRME L, £LTC, ZhHOMLHRECHESTHE2BRELELTVS,
AREREDDICHID, KEBY TR HRELHEXRXOMERE T Lz, HKEF
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B HRERO RERBUAE, ABRHFESHEAKE, MHEBHFE, AKURTEEROSHHEE
THE, LLRFTHILUSYROLEHRELZIILD, BAOH A EHOELRLET.
ABEO—L, ZhETREERMERECHRE LcbDTH ", HEARMESR
K2 (27~30 @) K0 IUFRO (1980, Oxford) D5 #HACTRERBELICIORZL FA T
W5, AREE, bR, FoROWRYNE, THEERFFEEFMRI LLTELDL
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v BRSAEMBEORMERIERSNIC X b Rins", KB A T2 Hupson (1960) O
SECREVCERAREEAL, Tablel 3HAAOEBEY XL LIcbDTH %S, Paracembra D >
v < VM TH b, Parapinaster b3 RK 2B 5 2 LN TR Iph » o, Filfitk Haploxylon
& Diploxylon D¥BMZE L, HEFHC L BHRMEOBERIIRKREL, SROFR
NEEhE, kB, ~YEBSBEOWERIE, MiRov (1967) @ “Genus Pinus” ¥ L\,
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Table 1. Classification* of specimens examined

Subgenus Section Sampling | Age {Height{B.H.D. :
pecies No. Year (Year) (m) | (om) Location
Tomakomai Exp. For.,
1 1975 30 16 27 | Hokkaido
Haploxyl}gf.z Cembra 2 | 1976~1977 | 46 19 36 ”
inus strobus LINN. | o | 1928 1080 | 48 | 19 | 35 : .
4 {1977 12 5 8 | Sapporo, Hokkaido
Paracembra Botanic Garden,
P, bungeana Zucc. 1 | 1978 Branch Hokkaido Univ., Sapporo
Wakayama Exp. For.
1 1973 50 18 28 Honshu 4
2 1974 34 12 15 ”
Diplozylon 3 | 1975 47 | 12 | 15 | Lomakomai Exp. For,
Pinaster-Lariciones Hokkaido
P. densiflora SIEB. | 4 | 1976~1977 | 48 10 35 »
et ZUCC.
5 1978 50 11 21 »
6 | 1974 58 18 28 Maruyama Zoo, Sapporo
7 1979~1980 | 63 19 30 »
Tomakomai Exp. For.,
1 1975 52 15 17 Hokkaido
Pinaster-Taedae 2 | 1976~1977 | 53 17 27 ”
P. banksiana LAMB. 3 1978~1979 | 55 17 23 .
4 1979~1980 | 56 17 24 »
P, rigida MILL. | 1 |1975 43 | 12 | 25 »

" * Botanical classification and nomenclature was mede according to HUDSON (1960)
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Lz, _ v
D) RAMBEMECIIBENRERORERLBAROBE AM=ZKBIO—2TH5
V7 =vViE, err—R, NI r - ARBMRCERTCH Lo L, HECELEYE
THEBRYEOLOENMELRIRINTS, ToBREYFIAL, EAGEMIEINEC X
D, AMOZEMRESTD Y 7= vOEEN - BHEATFRISHSD, B RERETEHEND
2, V7= vREABOWMEN AR IR TE YD, HL0MERBOhTWS, T0X5K, ¥
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Lz,

FEHRBYHL,CLE S E LT,

3.

=R F &

Table 2, | IEBRFELBHLYRLELDTH S,

<V BB RMBERROREY - FHOEE (LX)

249

ChETCRERLHBEA V7 F 7, BEERE oW TRER T bR T 5"
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Table 2. Procedure of experiments
Material Fixation | Embeddi Section (pm) Stainin Microscope Objective of
edding | Section (pm aining P€ | Observation
Epon 812 0.5 Ultraviolet | Lignification
GA or FAA Heartwood
Methacrylate 10 Fluorescence| Substances
25 1K Light Starch
GA 25 Sudan III ” Lipid
25 %/Iethy_l greens ” Nucleus
yronine
Freslé ¢ Benzidine t Stereo Peroxidase
Increment 1 uriace regen Wall
cores Drie a
Surface {Gold SEM Thickening
GA and B s12 0.5 Sudan Black B Light Lipid g:;dr ch
0s0, | —POR
0.5 TEM Cytoplasm
Incubation in 3H-Phenylalanine, 05 Nuclear Light Autoradio-
14C-Glucose, GA-OsO4Epon 812 : Emulsion g graph
Moisture . - -
- _Content“

1)

BE

A I DERLE-=2 713, HBEREU4RFIOBEELE, O EEE O

FAA, ®3% 7A2—A7AFe ¥ (GA L83) pH7.2, 02M V vEEHK, @3% GA-2%
OsO, KE# BRI E® T -7c, FAABEE =270 % ¥ 18H, GAEE & OsOi B E 149
1mm AORK T ThLh 24 B, 6 RREAE L,

2) amE FBEcHkE, Kk BALEECIYAF7) v— PEBRO=H 812 EH

%ﬁ") 7‘:0
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3) RBUKERERBRURBER
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i) BEEK{E FAABABWIGABEEDOEE S wy 250, HO05um EHKH %8, &
BRIDVAESvAT - RERL, RABEKE (Carl Zeiss, Type MPM 01) B E % 1T
7B BEBEIL 280 nm OBRFERTIT -7, ¥ie, kAT - LTBBHIE, Mgk
¥ 280nm ORPERCEEL, UVEBRROBEHHBLFER L, B, A—8A LoMRE
oW, 063um¢ OB ERFXHRT, 240~320 nm w1t 2B KE R EXRHE L UV BRI
AR7 P ABBEER L, ERBEIRRAY » P CHEIHh, EEHESmmic/ics X 5H
Miltc, BXE A3, A=logl/T (BEHIIBBRT L LTREEIhB) THELE, 1,
FAABE 7 r v 70RBHYEEH I VYV THES, =27 A TCBEZHRL, Ay 5
VIA GV -2 —TLEELCEERE ISM-28) X W EEVRBOBRELT- 2

i) DHHR UVEBZEChZ, UToREZT- 1.

AZZYVV—+EET ey 730 1pm BEY %28, H¥sx7e <o -REPT0E8
Bl —2 B LTV SHEOBRERT -/ (=X vEEBEIPHC I > TU3=RvE
DHLDOHRRETE®, P, 05 77V P vA L v SKBREVI, 05 72700V Ly

FARBBCHR % SKEE»ETTY, U TEIEKCE,E, RPOREHEYTELECRETE
BrXbh7ves5—bRERLE,

iii) FEOR GARBETEOETUE e v 7 bERERE (M= 27+ r =27 2.EFM-
Atype101) # DB AT AF 4 v/ i2n b—ATCHBum BEREENES2E, UFTogead
TOkEBRECH L, Fv 7 voRrtar 2% KL02Z IoRBAEKBRCE S H, BEO R
B1370% =2 7 - A @A F v IIBRC 15 5 MfTot, ¥k, TvrviEBEoRa s
BronNer (1975) O F B X Y fTote, “ERE=HK BB O05um EY R % 70% =%/ —1
HAAF Y75y 7 BERTIL2RERA L, B, A0l B 2ERAOT F, BB
B JEM6AS) ki vBIEL, A2 v PBETHLRBEOBEYT -1,

iv) & LEREMU26pm BEYRT, ML (1975 OFF A b EBEBERCAFAL S Y —
vekr=VREL 7 o AN Y RERTOVEBRBREYT o1

V) RUFFF—E REEOFELR ey 70Dt EF R ETS Y
F U VREERT, A F v A -EERORERVBRELL. RAL (1967 072 b %
BEK, 05% ~vF Y v KBHOmME & 1 HiO KER Iml OR BB RS FM 7wy 7
YBRL, ROEWREL A CTHE, HarxiN & ObsT (1973) 0 F# X h EHEENEREEY
Tot,

Vi) F=PFSOFUS57 44— RERBRDOLMHRAEFLFHHE/NH @x4x1mm) %,
DToEBEBRKC 2 BE A v+ 2 ~— b L, D-[U-4C]-Glucose (#5148 2256 m Ci/mM) i3
10 ¢ Ci/m¢, L-I*H (G)]-Phenylalanine (t:H 848 5~15 Ci/mM) 1250 o Ci/m¢ @ LCE A L 72,
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KCTHEEKCEEIRSG L, “BEEE - =K valeTok, 05mEHHFEZASA VST A
C#E, T4 V€V IIBECREFEAR (v 75 AR10) 2HEEIL, 2BE»L 1 AZH
L, 2=F—2 XTHRL, ELE0F FXHEHARLL,

vii) GKE AR IDZ2TEAT 74V ACETAERECHEDLRD, THrHL
HECHAnm ZE DR SEL, £EHEKRELRE LK,
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1. HMFAROREEKR(EORENRE

BRI, RBEHEONE - BEHLLETV, Be=v o v 7/ RECLHRIOER
T EBRICE > THEREBRNBELYR LTV, Wo@FoBHRERERZO B
b, =4OV IREVERT L EBRMbRT WS,

FOE37BlE LT, LEBcREOhSF e —AORBLHEBMCRORSFr VAT
DRENEETH 5, CHATTAWAY (1949) 12 F » — ARFLOMILOBEO—DTH 5 & 1B~
foo JEFFREY (1917) i3, O CIXEEILIEASE LT = v 4 FOMREERIEDR B Z LR LI,
BANNAN (1936) i, <V BOME= £ U v AMlL, WOMERTFe V4 FELUTHRAEL,
JBE - RILT 3 L@ L,

BaraTiNecz & KeNNEDY (1967) (3, —~ v @D Diploxylon \o B3 5 T1L, oMl
DIBERCIAM P TR 2 CELR, DOMBERCEBCEL Z EER LI, ThE T, Kt
FHBRLFEBER LR LA THBATILOLE L DR T iclc®d, TORFIRVICH
Bk% B\ A, BaMmBER & Davies (1969) {2 UV EER B\, 57— 2 <Y 0XMBEEIOM T
KR, LM TRILLT VB Z E &R Lic, £D%, BaucH b (1974) i3 Diploxylon pine &
FHBROARMIOMILOBRB TR DI &%, "C-227 = Y VERDAZZ I VBB LI,
¥ 72, Fungawa & IsHipA (1975) 13, = v v =FDOKRHRMEL, TH THRARME, LHTRIL
LTWBZ xR, VWolE ), StEMBFRMREOMMBECOVWTLE L OMANRE
BEaxh T80

UED X5, MHRMRED = 2 v /el BEARC OV, IHELHEOK
BHEiCL D, A b ARALARIRTWEDR, BERLOEBLHRELSL LM ET
B L CTHE LPFEX, Baratinecz & (1967) IR HHh T, LOFMIVELEHLATIR
T, AHEO BT, SRBARHNEERORBBEYF O~ Y BEHRic, EERILOREEN
Zfty UVBTHOLMETHZ LD S,

Hest A a0 IBEARLORB T B IR SHER & K PEEEEE TR0 THELX A
LTBER T -1, BT, BEZLeERERN, B TBERTI, Ate—-T =Y DHET|
B O MR BNHE CIREARLEET 528, FRAKGEOBM BORMI L EEE
FARMOEEFBEL, BERBTS (Photo 1), BEEFI3 (Photo 2), 2 REEDIEE AR & iz
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AT rdb0l, RRLOEERLZLDOLMN
# % (Photo 3), RAR{LDHEEFLIZE R FH
BEOBMCE S EETS, o), 7R
LB T RTHRARILTH B (Photo 4),

A TR R REC IR D b
hizvs, ALHERCE D, THHTRER _ T
LThH ey R B B BEic UV IR ) .

240 260 280 300 320
INAE % (Photo 5), A (nm)
Fig. 112, HETHBEFEESD 2 ks Fig. 1. UV spectral curves for the second-
ary wall of matured ray parenchyma
DUVRIAXZ PAHETH 5, W Th (R) and tracheid (T) of Pinus strobus.
by STYIUNYT=2VDARARXZ PARRL
Cwh, RHRAROBRKEIBEFCL~S f
[ 60 ey ° = 8

KEBISEO BFIRo LM T dor " f
SR TSRBHNE THRET 525, SFIHILTH : T
TR RAILD F € T D (Photo 6), Wxk Number of annual rings from cambium (S
BROM LERITCIREALE T, Bl Fig. 2. Quantitative change of thickened

earlywood ray parenchyma with
Mk & 75 (Photo 7), aging of Pinus densiflora (tree

veY ORFEMIEA e —T = No. 1)

ER UL, MBI CIRERIELET T5, Photo 83, olMoFRMiaThy, Mituc
JRE LB R LT3,

7 =Y ORFIBGHEE T, —HoEMIET AR EH A CIRERMLEET T5, £
hIEMOBSEBECEE T2 0Bbh, Ehizb OROBEM OB FMA, I
TRERAMLDEETH 5,

Fig. 213, BB 2RE LckHEMBO =1 2 v 72t BENELEBEbLIS
DTHBH, BHOFRMPOK LRI R BIGE CREATTT 5, £ LT, UM TR
MRDRENREE 5 &kl WLMIERON 2 EHRETTCED &, KALTH - R M
FZIEEREZ Ty, WM RMIOIIEERTRIIZET 21T 5 (Photo 9), KT, MWLHER
THEEEIBEOR(LIES (Photo 10), ZoDkg, RILLUIPEEENRL — 2 VAICEDBIRATY
00K« Hi s (Photo 11),

—OOHABKO UV RO FHALE 2 ML 1o, BHOFMrC 2V THERT-
7z, Fig. 312, BHHiLBHORMEAD UV ZEBREBHREZ R L1200 THS, UVERIL
13, BEHEIs LR TR LTS, Big, BHHREE CEET 5 B T CRE
Lic AR, BSHREE»HER BT CIEE UicRM g i LT UV RILAEE
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Earlywood ray parenchyma near the annual ring boundary

pe e

N
=3

Transmittance
o~
=

80

100

g

Earlywood ray parenchyma in the earlywood-latewood transition zone

B e

R

e

Radial section of ray parenchyma of Pinus densiflora
UV transmittance curve was taken across the ray cells
on the line.
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MAH 5B, Fig 413, BStRME & REE O
2UBEDO UVIRILA~ 7 A BB THD, &
B ITY ALY V= VDAXNT FARIR
LTE D, THME0BEEIREETCHN
=

KPS 8 D BFIR O — O T ALY
BB E TR T 5, =ee ) v affifal K
HEMAOBICHELET 5 IR O MHEEMAID
AMLIHRBHETET L, BEbcfiizas
45 (Photo 12), \»»iX 5, Thb LA
M CIRRAMLDOE ETH Y (Photo 13), I
DHEROH 1 ERATCHRA LML 85
(Photo 14), Z DB, k& A EDMIGTIEE
BERLETEIT 5, Fie, BHEMEO L
— A VIiE, DHEBRLT UM Th
UV BRI RTHEIRDH IS (Photos 15,
16, 17),

Ry Ay ORF GHE K O T/
i3, AHMFPRTEE CTNTRARILTH S
(Photo 18), RA(LDEEIL, LZAHEZH
HAEOH D, BEAOL I RBELELT
W5, W FRRE S IEERL LRE Y &
> e R Miar B3 % (Photo 19), JEEHL,
5hikoBEFEF L LT\5 (Photo 20),
Fig. 51, “hbIREZMRODMFTDH
MOBBERLILDOTHB, “hbito
BEERMI, LOMEROEERATID =
—+ —DEBw UV RIE R LIRD, OH
ERCESEACRINEZ R LR (Photo 21),
¥ 7o, L# T2, Photo 21 w Rbh 5 MiiaE
OERERHE L IIRPEBLALEDLR
AN

Fig. 6 (3, MBE LB FMAD 2 KEE
LIEERPARIL U IcEMao 1 kRED UV R

0.6,
3 0.4}
c
o
£ R
o
202
< VAT
T
4020 280 300 320

A (nm)

Fig. 4. UV spectral curves for the secondary
wall of matured ray parenchyma (R)
and tracheid (T) of Pinus densiflora.

5 10 5 20 V]
Number of annual rings from Cambium heartwood
boundary

Fig. 5. Quantitative change of thickened
ray parenchyma with aging of Pinus

banksiana (tree No. 1).

Filled circles; latewood parenchyma,
empty circles; earlywood parenchyma.

\Rg—\
I

R-1
240 260 80 300 350

A (nm)

UV spectral curves for the secon:
dary wall of matured thick-walled
parenchyma (R-1) and the primary
wall of thin-walled parenchyma (R~
2) of Pinus banksiana.

0.8

o o
£ o

Absorbance

e
S}

Fig. 6.
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WARZ P VB TH D, HIBR I 7Y OV V=2 vDARZ P ARTTH, BEBEIFhEZ
B TBRRARI VA THD,

KPEBEEORIFHII ERORBBARY - L5, SFIMAMPCIRARLOEETHY
(Photo 22), ZLLMBEROK 1 ERATCTHET S, BREETRILTELOMREL, &b}
=Y 7 AMKTIEE Ligys (Photo 23),

VFH =2 v 7 A=Y R BIRSEKROTMMIAHPRTE CRRARILTD
D, AHFRELOIEE LARMBEARACHNL, DOMERTIERUEYEDD I3
%, RSV 7A=Y _ZFE LY (Photo 24), T h b LA O@RERMEE, T OMER
D 3~4 FEFHTD D 2 — 7 — ORI UV RINEZ R Likd (Photo 25), WLMERCTEL K
UVIBIRZ R LEMRE 7es, OHCEST, IBE LARMBEO L — 2 v & & T 5 RMlk
O iaF UVRIRE R THENRES5h B (Photos 26, 27, 28),

KPR E S UM P TIERARIMDO E £ THBHH (Photo 29), MLMEROK 1 ERETTIE
EAR(LETT 5 (Photo 30), =t V) v AMIADIBEIZELL, FrV S FELTRERELTWS,

B RMELYBERCORENRBC LY 3 24 7t e, Tiebb, © BRBHHET
IBERL, @ AMFRELLBITMHCHT T, H5VIEBITH CIRERL O BITH CHE
BIFRILTB 3247 THDB, ThfhwAx47, BrA7, Cr4 7LRAL,

Abm—T=yEve=y CRIEFIHFEBOT N TCOoORMENA 24 7 THoT, &
it Haploxylon 08t 2% %5, Paracembra i v e <=2 32BN T/ 4 FYHBEIL L
i & Diploxylon D¥BEFON®, K H T M RONBABLBSHEE N PR THHHT
'3 Haploxylon OBBMBEHEETH B, W -IF 5, Diploxylon D7 » = Tit, BM OKEHEE
BT HEMABLEINA 247 ThH D,

3HifEL b, MHEFMRERZIFETSCHHBETOLhEEBhS Z EXBER IR,
FARORILOEIZ, £)I6 (1976) X v#EfHIhTE ), KEFORILL O bYCE
WTEHZRTWS, L, FOEHMI-OWLTIZ MaNN 1972) OBE&ER D D IBE Iy,

BHERREEETDO 2REDO UVRINAN 7 b AR 77 Yo Y 7= vOl#Ew R
L, FIBRHEFMROARERFETCESETE, ChHRBEOME LR L THBD,
B, 7=y RHEMR2KEL, GHfoRMrLEMCE, UVERIRAMET T 5Em5
Rbhic, Fercus b (1969), FeErGus & GoriNG (1970) i3, RE®, Ak, BEF Tz
B T HANRIEEZRE A, BAAR CRERMC I A RMEEDECZEb hic v EH]E L
o AAROBRIBANEFTOLOTHY, BEREL DT — 2BDETH S,

B4 7R3BELLTRTCOBBELhBZ L, ~YBEEBEB ST 5 RMEREE2
bh X 5, Haploxylon TR AKVFRBECEFHFLET BH, Diploxylon T2 BFIKEHAR, K
R E & b ICHFET B,

KPEIEEBL, AP TETNTRALTH D, BOHEROH IFEH I CRILT
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%, Zhui=v Rl LIchETH B>, Haploxylon TIIRBMOBME THIC 2 REDHR
BRONBN, Diploxylon T3 2 REDHEECERNEOhI, Thbd, 7o~V i Avy
A=Y TR, BEAEBEZHELTRILEGHRESN, Av A=Y tALHBTS) ¥4
Y CRIEEF D TEE TH - 7, Bannan (1936) 2=+ U v AfIKE, ~ Y BTUHt
FRRATH DALHERTFr VA FELTBERLL, #»9~=Y, v #»H0 35, e
TRHEEOLDOLEEOLONLRD, MEDOHLRIIHE - KEUEOW - FRNEZER S X
DAL, HEOLORECHLMBERTF e v A ¥ ELTRETHZ L ®R LY, Bamser
(1976-2) i3, <Y BOKF - BESBBEZITH CRERMETOH TR L TN L8BE LT,
T2 REOHECO\TIE, Haploxylon DKFEHIEE TRECHEEL, 7H~Y%a8
Diploxylon & Lariciones i Ci3bs A BEEL, v 2 R=vy, UFF<v&E&lr Insignes fic
BIFE L& Lic, Dlhokic, BiEsE - 36 SRAeE  £5RERSCI v E
L BLEBRTHHEE XD,

KPR, BIEEYED= ey v alife, FhE R B ISROMEME, £0
AOBHEMRD 3 EEOMBRSLERLIh w5, 3EEOMIIMEZE XY, HROH
RERERRILEN, SDROMEEMINT, WHBHEECAL LEDICMBEY %5 & &4t
BR3Ihic, ¥, =) v aflilEoR L, FEHOBSEMRCESNYEERBREL BLHE
HRD o7z, Bz, =€v) v aflilas BEOFMBME T, Fv 7 vORERRICEVWHED
hic [I-4 £8), FHS 1976) 12, =+ ) v AMIEOKBESKHEMBOFR L h BLE
HToid~R1, ZoRicohd SEOMITEERNC LBENCLRERDEE LS, ETA
NERREHL= e ) v 2 flR2TTH DY, fboMlEoEHE HEhD,

BIMGERKC B 2 1 7ORMARFETHOR, 7H=Y, ZAVIATY, V¥R
Th Y, Diploxylon BB TH 5,

7 H =Y T, BRBHETALT S A 24 7UADRK ORI, LM R TIERAL
THH, BIIM TORERERT S LR Shie (Fig. 2), Bavativecz & (1967) i3, 7
A=V ERLEIDa—R » 27 AT VBT, KR LCKHEARIIH P TCRACEOR
BWTEER, O FEIL PANSHIN & ZEEUW (1980) O F + A b IC# » T b, DB
WTRBRTADLERD D, W olT ), AvIraA=y, )VFL<Y TR, BERLTTHHR
WOLBIAMELT TR Y, BE URMRE ~ T 5, TS TIRE LR
TILE 5o RbRigh o fotl, MANN (1974) 133 v 7 A= Y RO B E CIRE L%
MREZBE LTS, Zhi2, BREOBIE VDM FEY & PRIOZMBAER I
DHHERISND, JBERL L RMABIIAH P b h0bb3TE B HIE & %\ 5 8 K
Lich, ThOERBEED X 74y 3+ — A0 2 RENBEILROMELRTZ LILERTH
-7z (Photos 19, 25), & T ADPEETHLURMDORAID 1 REECIZBEILRD IS ANFEE LT
(Photo 18), HowArRD » MANWILLER (1969) {3, Southern pine DJERED IS ZMENIEEIL A1
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o, IBE LZMREARRE LR, i, IBE LcRMiE s WEED & Miar M+
%8, BEIRRRARLTH b, WHEDOXBILYHE TH - /= (Photos 19, 55), WARDROP (1976)
AR SRR L L BT 5 LB AR LD EETHBZ LR L,

C 24 70Ol FMINI Diploxylon D7 Hh=<=v, Avrzr=y, VFE=YyrRbhiz,
Diploxylon Ofici 2 7 Y= FIZMBA TV B2, ol EETLTERELD S, Fl
%Y GrEGuUSs (1955, 1970) 1}, Agathis, Araucaria BoOkSHEMECIIMEDL DL ERD
DOHRDBHEBRELTVS, MBEEOKRIILa ~+ —DMEIDLHE T, ZDOHTIIERETD
KLEPTH B, C 2 1 THERMID 1 KkBED UVIRIRA =7 F A3, IBE Li-FMiE B x
17) OD2REDThER > Tk b (Fig. 6), C 24 7OMIABEILE L= UV RN E 1LY
Fe=vERRRBZEERLTWA, ‘

OMLBREZOHTRIRBRC B ZREDO—DTH 55 HEAE~D UV R, 0O
SEMBANFERQEICRE -2, Tibb, SHREAIRSREREKGETOEERAK: LTR
BETEBELTV20THS, UVRIHENRET AR, ¥/ 1 FEEALEOLO TR
SHEMAEEEIL — 2 Y& HA &R (Photo 21), Kxtic, BREAZEHEOL O TIHRKESR
=2 YRINBEHT AR5 S (Photo 10), BEDOBRI, »OoTHERF e - A LHEZ
h, GERRY (1914) 2R ¥ BREALFOBMBCHEENTHIHZ LR LE, ¥, UVRI
EEHDBEHEOEIAHEML, BROBE LMl T L wRix- 7 (Photo 10), BEE ORI
V7= VIRMBEOBRARL LB LEEZ LI BSEN, HEELrkETS UVEHEDCE
REIL, ThboRAEERTIMBE« 0ABEHRB L Y EEIhSLEL2HN%, NELsoN
1975) WOHMEHOBRIRMEORL Y b, FHEOLENRBZ L Y XELBEYZTS
TERTRLE, '

RCOLHPWEOFECOWTHRNS, BHFEME, OHEBRLTEM T T UV
BRIHELRDON, TREBRRNCHEETHE5 LMDV — 2 vREETHHE LD
hbh, thbOMlarsxtBbhb L%\, Thbb, BEOMBECEY 72/ —10
X5 UVBRIREARITHENERTHLELbRD, BRESIN (1970) 1 OMHBEETRE L
5 A RMIE, Lz RMARND B LN, LOMBERCTHETLRMEOL — 2 v
R UVERREZRTHREOBREROMENBEINSED, HRESEThLINGEAER
» ey (Photos 21, 23, 30), NEcEsANY (1973) 134 U 7 = 7 — AT MIRROEIET 5 LIdTc
BEREh, RRCEFECTH L 2R LA, PEL (1979) ZAFLHPT, ~4 FedvaF
VY =R EDLHBROESNEL Z LR Lic, BossHARD (1968) i3 2 7 Hic s\ T,
EF DM T BN B ZGA e, REMLOH TRRBAIAE W &g L,
BOMTROWDMRAOERERD 7 = 7 —AHWEIL, LI {LOBCERLE L), o
MiRcBEH T X b, DM TRIA -2 VERDLR BBDTHA 5, iz, Mk
N—2A VDT = /s —AEHEITEC UV RINZRTH (Photos 17, 28), REHE/ — 2 vOFh
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EEWVEAE AT S S5 (Photo 35), COTE & MarToN (1962) i3, ReMifahr bl L wBE
LIEMBOBTEEIBSTEONR, V) v FielohRMiacitE T 5 &B L,

BHEMREEARICERBINI EBTH TR Z b o, ZhBMELIRDWTUR
(III-3) CESRATZ PO T B,

2. REEKEREILEANOEENER

FEE L, SEOBBRNTEDGR,, AMP TREBRTKOEBK - LTEREL, ToBREE
ARBEREERELOEKER & LTEELRRBLYR L5, BRELOBAE - BECHL TR
HLDOWEIEIRTEDY, BAEVERTI~1 755 0T — 4 AOMMERIER LB
2R THBE®, D Tit, AREABEAODLHRSRY 7= vEPEOWREBE L L b, £0OF
BHIELETT A0, AREABCUETSHHY 7=/ — A BEIRHRMBCREE T &
E2BRTW5AY, ¥, EEEIH#ED
O S BB ERAEBIC OV TOR 100
HL RO W, FREFLEOHMOLH B strobus
RAWHC X s MEORIE, TOMOBRY | (Tree No-2.)
HEEYERETHERO—2TH H®, K
HORBEROHES, K ~O&ERKE

ADES L Lis»>TBbhs, ¥, i 5 T W
DOEBYEYHEIRLLHOBERPHEICLS
BHBEOLEELFESRTED, BAE | 2 densiflors
OHBERLH RS WE DA » = X A0OBE (Tree No.1.)

2, AMoOBEMNFHRACHESFTH5L0TH 50
5, AETER, BHEMRCEERET? %2
BRBOLMBTOEREARE~DWLEY, & P
MO =4 v v 7k 5 ERE & B 5 & TEBm s A4
THELL, Er, ARELEO L+ v
F—YEEEvF o VRIBK I DRIHL,
DM BT TEE DMEA LR SR,

Fig. 7 3B M KEEEREILE~0O UV
BIHBEOWE L DML LM E TR LD

n

—
=)
=)

P. banksiana
(Tree No.1.)

©
1

Rate of incrustatio

DCHB., TRTORRENLE, DHARE S A S——
CUVENARET b — A4 AR RCMEL ‘ ﬁﬂﬁ
THY, BHEMROSFEADL UV RREY Number of annual rings from cambium

FX ey (Photo 31), UM AEA HBITHIC Fig. 7. The rate of incrustation of the bor-

dered pit membranes in tracheids

HFT, A UVRIRAEBZ D, FP—21 A from sapwood to heartwood.
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TECRIRER LEASE LTV 50, BERMAROSEEARC, WERUVERIRRZDLA
7z~ (Photo 32), MM EERHMBEE OFKEIBIUVENREYRL TS, P —AA3F
RIZALET B L 235\ (Photo 33), UV RIRDTE T35 UHM N EL, AOMERDIZIE 2~
SEWIHTH D, BITHICHYTS 2~3FREOTL T, BHBMRIEEL T2,
ERBIAMCHEAET LT3 -5 88), WoiF 5, REEEREAED L —1rADRL
d %y X — YERRAMEE L TE @D b (Photo 36), AOLMER DK 2FEKH T
HETS,

wie, HREABCILET 500D ORMFMANS ORBEYTRE TS 2~3DHE%Y
T, FREAOMBIRETEZ LwRich, DHEEBEOERE T NTHAHLTEDY,
L OEEEDOLRITE -2 LTWinnwZ &4 % (Photo 34), %7, Photo 33 D X 51z,
EETCABHRHEZMRCHET A2 RPHRETOFBREABEIUVRINE RIS, LoD O
ARESIRMRCET A BEMHEETEOTMI UVRIRER LT3, TiT, BSRMEHED
RBEL — 2 vicik, UVRIEIREAERZ I (Photos 32, 35), k&7 a<wy—B
B THECRDOh AUEMEI L { FLET S (Photos 79, 80),

REEEZBEILED UV BRIUIAHFTREDORT, AOHERD 2~3 Eiiicam
CiRD, FONKTCAERMELT U, Harris (1953) i35 o7 — 2 <= YR BWC, BEFLEED
gz apthch LI oR - Tk b, LOMBERTRCEL LB, ThbAMPTHEL
BB UVRINE RIRWEEZ BN, AR BSWTD, TH THBE LT\ B EEFLEE
BESHADLREN, UVRIIZIGEEAFED O o T, BaucH & (1974) X Juniperus
virginiana 1t ¥ CRAMTT TR — VAR 7 =/ —ADBR LR B M, Z—wvy7h=y
DF—AARERBRINE ERR Lie, DHSGWE LTWinwaM P oBREEFLEL,
KBROKSRBIEEC L D+ — L ADRENELL, KBEITELEE % Hh5, THOMAS
& NicHoLAs (1968) | Southern yellow pine "C, LM CIHHE LT\ 2B X8 LicEEE
B bV Y ATETAHRON CREFTHECHE LTWwsZ xR, I 1974 12
7 FREBWT, BRI EEREL, BEIBLCI V@bV EERE L,

EREABENOHESOUBC X VA LLBITH T, BSRMARIECEELTVS
25, BARIIMCHEARES B LAOHECEVETH -1z, SKBOET =5V vEERE
LS, =F L V3B 7 =/ —AERERTZENERNCR DI TV AW, GKBDET
CXOFRMBTERINIEARY 727 =8, UTeB58KEE ) BEABCE L, B8
HRETIE, GKROETEE LOMBEIZLORI), ThbHE) 7 =/ — XS
FHBESLLYFEAYE > TREE LV — 2 VEE D EREBIBCETHLELZDR L), ¥
£h, SEBEAMEOFREE N — 2 vEBENE S OWBEDENRDLh, B E&Eflc
UV RIRAE DR R TIL, BREREPOFBEIABCIIVERRRARBDORRVHLTH B,
Fiz, Bauc (1975) BEEKFIL7 =/ —ABPHEELAD T 5, BREAEO LI+
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F—eiEHI, DOMEROM2ZERTTTHARL, DVIELTOMESOUEIRES, T5
L, ERETRORIh - TR BT A4+ v £~ CEEREDOID L d i b (115
2R), ToXRIALHER RS -1 M),

HEHREE A EBEFLBC S T 5 O, Photo 33 wiRadhs X 5, BTG
ZMlifart, KEEOXEREAYB - TBHTHEELLNS, FEFHRETLHMEE
BOERELERL, BAMTUVRRERLTS, Dt —A A3 REMBLALEETD
5, CORRBILUMEHLREI R T35, BHKEED b — A AITAM PR THEE
KEEHHBEOUENRL VW EREINTEY, ThAXASRLEETIREO—2THAH 5, &
, BRI, AETART A IRBETIRBIENC L ELLNRS,

AMOEBHFANRITENRESH, HORECEELYRIETEABR~NOLHRIUER
PASED 2 3 = X o wBRTHZ LXEETH D, ARLFHFEL LT, FHEEHLOLH
BYORBEA -t T 777 4 —TRTZER, DHRIOWE LBELEDOS L+ v 5
— CEROMEYEENCHLNCTAZ LR ENBLETH B,

3. mAEMAORBEAR(LDEINER

BAR, X K BELSBARREERCHEELTEFTFLTED, ThORAEEhS
ZEROEHRLYEAL TP 2 &1, BROAR - BEOVTRXAMOGELXBEFTHET
BERZLTHD, L obl}d, RERMRIIEARRMREE EOREF T4 TS/
EETHY, BAOEBHBEYRELLTVWS, FMEOERDEOFTHE LT OV TITH
HOBELAR I h, Bl CREREROEIC OV TLIREREDLhTV5, LA, K
SERMBERZORHNEBC OV UL, FRIEBD T L, REELECHERTRBEOL
RE,

MANN (1972) 2 A b = — 7= Y OBRSRMREORZIREOKR YLLK BT B EWMEL
T2 K6 1974 123 3T, SIS (1976) 137 5 =V T, BARMEORBIIEERT AN
Bhb LRI, \WoildH, BALATINECZ & (1967) X Lariz decidua ig T, BHHEMBOK
PRRET LR LN —ATRS LB, BEBCOWTRAENRYLRV, Z0XIK,
B RMRBEIEORMEER L W O ERNMEC S VWTh, WERERLERIILIRT
Wit

AHO BRI EHEMBOBEAMLOZHHEBLRLLCTHZ L THD, LK, <
Y BCEENTHHBOH TOBRERLE, DML oBBELRSWTERBEh 3, BRECIX
UV Ex AV, #kEED UV RIROREHL L RLEROESHNERY B LT L,

BSEMAROBREARLOFEM Y, I-1) THFA3 24 Fieont, HES L eliNb,

A 2 A4 FIHRBEHHE CIREALRTT ) BHRMETH 5, FEHPWRBERIA - T <Y
ETHVRDOWT T o, L IEHEMEIERE CREERKNMLOTETH S, F
POERER ENT RS RMEORERE, APr—7=YTXI A2b 10 it
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T 7H=Y T8 Ahbd 9 BIehid THfTT 5, Photos 37~39 12 2 + v — 7~ v DR MM
EOBSHEMRTH S, 8 ¥ CRYUEBR IN-TERL, KETCHRHEES L BT
NTERARILTH % (Photo 37), 9 FIIZUYEMR I h A -RMRIBEAR{LI A E % (Photo 38),
11 BRBMEBR IR EAEOFRMBOBERILIZSET LTV 52, Photo 1 T~
IOeWBRBLEEL TV AETORMBIRKILORB T2 LBEOENOKCRBT S
(Photo 39), Photos 40~42 (37 % <= OB BH A OBRSHEKTH 5. 78 Cial sk
ETRTRARATD D, BSHREFOBOREL B THS (Photo 40), 8 BRI KK E
I LN BRI S IEERLAISE 5 T3 (Photo 41), 9 ACid 2 REMRINIIZSE
TLREEMRE S RAOR% (Photo 42), £ LT 10 A, ZhLDOBERILIEET L,
FEEARCLESEBRA T, BOA»SHRBRICE > Tl (Photo 41), MiaFITIX, IBE
Tz LEBR TR #TTT 5, Photo 43 Ti2 1 kEEDHRlic 2 REEDHERMN R b h 3 23,
UV B £ BRIV, £ LT Photo 4 0 X 31, 2 REDEBMNEEET 525 7
= vHi MR B EA O BBEAICE - TEHKEE LT, 2RENREE LB 1 kE,
UV ZIDOFEBHREDBISB Z L4355 (Photos 3, 49),

B £ 4 7 3AMBRENOBITHCHTC, H50-IIBIAH TRERLELT 5 kst LMk
Thb, EHPBBBIIAIR—T =Y, THA<Y, AVIARIREOWTHol, Abu—7
<Y TRAFEEECETELR, BERLZT A6 9 At Ttibhi, Thbd, A
DHEROMH LERITICEWT, 7A506 9 ArizK{bFho =) v APkt Ramian
HEPBEINDN, MOBHTINZEALBEEI s\, Photos 45, 46127 A8 AN DTH
D, BELLECRLOETETRTHE VG UVRIREZED S b, Photo 4729 AD DT,
UVBREZRLTWAR{LFO= LY v aIlANREShD, KMLAETT5E, Fofikuz
MIAaBL R CEMRE D, ZhbHtoZREII2, KMeboMBRREDLR T, kAo
Ml AT LcMia s OB R0 TH 5 (Photo 48),

7 h =Y TIREFIRSEBRC I KPR Rbh3, BII0B x4 7ok R#KE
i3, AL I ARIEERLET S, Thbb, WOMBERO2EREBMTC8ANLLERIA
i TAR{bFBOMBEIEE SR, MOFFCIZIhiny, Photo 49 {28 Hn D¢, HEHE
HENSENI-AEOTMEC UV RIS HE - T\ 5%, Photos 50, 51129 BT, [
BiBEEARhOMBEEARON S, KFEBEIRIZEAENC 24 7OFXMBTH D, Bra
7R L, BERMLbOMBEEETE kb o1,

Ry Ay THRIIKHERE K PFEBECROh 5, BIIokHRMENL, DHde
BHBITH T, 8 AbER I ARBEKRILETT 5. Photos 52, 53, 55 (3.9 § 0@#t
AROBEABEY T, BEAMUIERTRCESE L TEZ &% (Photo 52), L,
1 MR 73 HSEAL L CIREARILETT 5 2 &£ d 5% (Photo 55), K FifAEHE D BFIRZ L RDOZ
BEicEBN, ZFMOFMRAOE L= ) v afilmzC 24 7 &T 5, BREKLIZ,
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AP TS L R DA A Ty (Photo 52), MIRANTIXA bR —F =Y, 7h =Y
TR A 214 7OBBEFABRTHHH (Photos 45, 47), A v 7 A=y CixTc LRE S, ¥F
RARLD 1 KRB 2 REOHERE RS b, IBENXRIEETTHIH, 2REIVHER LD
BBTR 1KEER Y 7= vOWEINRES (Photo 53), £ LT 2 KEDALLAMAT
) 7= vIRENELR, BIEFT LT LkESEE UV RIA B Z » (Photo 55), 2 REED
KILDFET T 5, '

C 24 73BAM CIRESTALT I HHRMERTHLS, EHOBREITH<Y, AV
7 A= VEDONTIT o, BFIHSHAR CRFBEE §, = - - UVRIRE R ML
A B3I P BT THE S i (Photos 9, 25, 32, 50), UV RIRHES
eERY, FEEYRE LTV ARSRERIALFEELZOh, TRLLOHERKGET
6 B»b 10 AendtRdbh, £3@ADLNMV, Photo54 (3 v 7A=Y BADLDT,
FMEESEC UVRIETRL, »ORERFL TS, KPFEEETE, AOMERO
1ERBHT, 72<YRTAMB8AKR, ~vZ7A=YTRTAND 10 BRALAEAT,
Photo 56 (17 # <Y T BO DT, =+ ) v AfIACIIZLHRENRbH, BADHID
UVBIN&RLT\\5%, Photo57 128 AD{ DT, =€+ ) v afifmIRILL, FMEIIAKR
TH v, BiEEc UV RIVYENEFRE LT 5, Photos 58~60 (31 7 A=Y THbH,
Photo 58 (27 B L DT, =€ 1) v AMEIZUVERIRERL, hoik- Tk b, Kb
TH%, Photo59 310 ADd DT, —HMOBSRMALELEC UV RIREZRL, 12Ky
BoTWwWb, &AM, 11 Ficid Photo 60 D X HKARILD =€) v affifa s R{L Liz=
) v AMENEDE - TRY, MEORLBHETS S,

A x4 7OBRSRBBEOBERMLOETTHESL, Abr—T <Y TXI~I0H, 77
=Y TIL8~9 A Th b, XREOKRIMLKEHTTTH o7, MANN (1972) ZA b e —F
=Y ORHEMBEESEZIENDREAT TR A ERE L, 486 1974 2515
(1976) 13, ® & # 7=V CHAZMROBHBRIMREED LhICEBNh S Z L &RBDI, 0
BOBRLEIIBH T IVD, ARROBRLEDLEDL L, BHEMRORBIRETENE
PHKICI T B 3% ORHEHERCEBORSLELOND, V0ol ), AHAMT
RETHF r— AR DO\ T, Myers (1924), Mever & COTE (1968), 7 M & (1976), )i 5
(1976) 13, FOEMIThTLh, 12 A~FB 2 A, YFEOR I »HLBEFEOHD, 8~9 7, 9~10 A
THDBERE LY, RHEMRBBEOERERT TR EE CRRAMLOREBTHEET 2ER
LLTROENREL OIS, TMEFORKEEHRICHEHE SN HAREEYL I &5 L 28K
NHEHET HEK E LTHSRMREATOBEL B ET 2, YEROFZMELTRBO
IO FERLOBEREY ST A LAARNESBLORS, Z LTRHERFCE, RKEY
MRLBIERTTAZ EnD, RMERLBERMLLUEBEOBED MICRENBELEB TS
DrELZLhD, Bie, THEARFKEEOFRFCEFLTE Y, BHFMEELKETD
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Table 3. Season of heatwood formation in literature
Climate* Season
Phenomenon Species, Literature | Location W!ImaCeI -
slglm\u‘m

Apll):tg,a;;l:fﬁ:ti wood Fagus sylvatica® | Germany 68, —15

” Tazus baccata'® England 67, —14

. . a7 New

» Pinus radiata® Zealand 69, 0 ‘

» Piuus rdiata2:9%) Australia 92, 0
Respiration ” »” >92, 0
Malic dehydrogenase ” » 92,0
Ethylene » » 92,0 ‘

Cryptomeria Kyoto
Cytoplasm+Nucleus Y Japonicat®®) ‘ Japan 117, —43
Ethylene Juglans nigra™ ’ US.A. 92, —25 ‘@_—.
Peroxidase » ” 92, —25 ———s
Ethylene l Prunus serotina™) » 92, —25
Heartwood coloration ‘ Lariz leptolepis® Sapp?:;an 66, —35
. Tomakomai
106) -

Wall development Pinus strobus Japan 64, —41

” Pinus densiflora » 64, —41

” Pinus banksianal®?) » 64, —41 ——— s |

*%) W.L; warmth index. WI (C-mo)=3 (¢~5)
12—
C.I; coldness index. CI (°Cemo)=— Z}"(5——t)

“n; number of month above 5°C. t; average temperature of month.
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BERRRERLTW 5,

B x4 7OBHEMROBERLOETTHEHILFIRFAR TR 7T H =Y, ~v IR
=YL 8~9ATHD, KEBEBETEIA e —T=YRT~9ATHT (TH=Y, v
7ARYD=EEY v AMBNL BEAENC &AL S THDB), TibbHBx47OREKRL
DOEMITA 24 7LFAK, FEELLELDLKEIFTTH -, OHILOBEOMBBERED
ZHEBCET AR ERIBDTH A, BE, HED (1980 X FM Y rYeDFr V4
FREZFEHIODLLTRLA SN, TMCES LS L, LH{boBOMERED
EHNROHALOEHT L2 RL LTV B0E5 B LVHETHS, 22T, L LEBEELE
ZBRBEOEHTOWTOHRE L AMR TORBE L L L 7Ac1957:38,4675.80.81,02,9,106100 (Table 3),
DHLEBET S RBIHBRBESHOBER LB AOR T, ET LcsREHMRIENT
RAbhsz &dbhd, LI LBAERBHICETT 20, KEMCETT2208:EIE, &
OGETRENS LT, £HMoKBICI?LELbhE, WThice X, LH{LOBROME
BERBEORREROBRE D InE A, WRBEEHOET T 2R HcES L BN DB, £D
EEHEIT, BRCE > TOOHLOXLRKLFOCRTTELOh IS, Ticbb, BAOER
WRER D EEREEYHFRICIR ) AT O AFEMIT™, YEURIhRMRIBML
Az4q47), BOBROBRBERET I ORLA, Thicoh, —ERICELILEEREED,
FhiTouMEMaoR UME) 2RE5 LoTo57d, URNMOBSFRME
JER BB EE Y R TEM E b, BIRIL, DHEARED L HEARRS Th HBIERN—E
D™, FRNEREEDPEH L2 DB THHAMOBIBER L LWT S 2 L2455 T
5%, BAMBER (1976) i3, OM{LE UM BEBELETCHERE LKT 5 REERTHD L
Rz, TOLHE, DML EREEYHRECHRCIED AT OB éE1 D
h3,

C 4 7OBRHAFRMIE T UV R M2 —F — B E > TS RELREHLMHTR
Bohieh, KMEBEHRIrDD YR RESLDOD, DB VEB 24 7ARELLHKICHB X
AL TRY, 0%, DOMERKE CESAE UV RINERT, ZOB, BixE
BLTUVARAMBIRIS LN Lic, CoRRHRMIIZ, 7o~y TR7T~8 A, -
VI A=Y TIRT~10 A BEIh, KMUXB 24 7RARECEILORCET LT 25,
Ao C 2 4 7OFRMBARFEMREE L THFELTE ), 2FELORML 2ERABR
KD, REAGIEHR EBECDH 5,

4. HHEWMEOBREYROEHREL

BRI, IMPTRIEAOABNBEZRL VW58, RLBEERBEINEDE
OERTHAH 5, BFELUIEOBRCIIERMEKRIEHMORX LD b, LRI REBREEY
YEBECHBTARNL, ThiRCAdsHHEBZHOND™, FRHEOFHEC
SWTORRIIERCEL, Fv7 v TREEOKRERE - 7 L KERIMLDPIE -7
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Phloem Sapwood

P, densiflora (early wood)

l P. strobus

Phloem Sapwood
Cambium

R densiffora (late wood) P. banksiana
‘ Phloem Sapwood Phioem Sapwood

Cambium Cambium

%

D:0<De%<<%<<% e <§5-

Fig. 8. Seasonal starch distribution of ray parenchyma cells.
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v —BBERA RS R TV BRI Eir Lk E BIE T, RS (1964 k7 v S v
TS DRHCAHRA T B & L, BME (1978-a) (1304 hCO—IITEN ) X 2 KT
VAN ABTCREHFHEBH I I 8% L, BEoWTh, £&K, BRIV EWVWIZES
FRBBEh T3, 20Xk, BEDEOEHELO—BRYERIHLIACINRTVS
B, UM EELTOMRIPRG, AHO BRI, KHEMRCE Eh5HRDEOTMFO
EZHEMTHELHRC L, HHFMARORFEBR L OBECOWTBEETLZETHS,

Fig. 813, ¥ v 7 vEBOESHEBRYRbLLLLIDOTHS, At e — 7<=V IIARHMETL
b, BCELECBY LKCHOHMLARCEATS 24— v ThY, 8A9 AORIVEE
ChB, 7Hh7YTREONOBEARDLNS, ¥, IHARTIKT v 7 voRims
Bohss, ATy vy vkt s, b, BHREMHENT v 7 vEBRSWHA
5%, Fig. 913, UHAMOER3EROT v vEROEHER LD THS, TV 7V
&@ﬁﬁmb$ﬁmmﬁfﬁ&b,%H#B@%ﬁmﬁﬁf%%?éﬁﬁﬁﬁﬁ%%?Qﬁv
7A=Y, WRTRELKOEC— 7 L5 RABOEAMERTH, KRTE, Fv7 iz 8H
PEETHAE TR E o e & L, DR BRECIS -7 2R LI,

R, BEHCRI BT v voREERYRS L, 3B L LLOMBERD 1 FiRHI T2 8~
11 A, 24EWITIZ8~10 A& FETHHEAARD LRI,

MERoF v 7 v oRECHLEENRD
hic, 7 v 7 vRzARRciifiRnciE i
¥—w 434 L (Photo 61), KOy LFRKI
D BT IFFET A B B (Photo 62),
¥, el v AT VS VISR
BEbhigat (Photo 63), FKOKR HIHHLER
TR GhB (Photo 64),

Fig. 10 i, e FEMlac T T h 5 EEE
DEBHEBEED L LD THS, 3HE
Ed, B BEOCKILLEZLE N, B i

o & °
°Ne o \g °
'\:\g.gﬂ‘ W h\‘fi?r?

23

24 25

oct

THMoRERIARBCII R KRIEHI
RBECEFEETS, LT, 2RIIBERZ
DHERE TRV S IEWIIEET 5 (Photo
65), %o, BITH OB SHAR O M BB
BEEEZONDBEAA IV 2HERRDS
3 (Photo 66),

7 v 7 v ROBHETEBRICIZRER

OB LFAEATH o122, Bl X288

Relative content

\0

s
8

(-]

y\:a{

°

23

24

25

" Number of annual rings from cambium

Fig: 9. Variation of starch content within
annual rings of Pinus densiflora.
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R strobus R, densifiora

Phioem Sapwood Phloem Sapwood
Camb i} Cambium

P. banksiana 1

Phloem Sapwood
Cambium €

o Fig. 10. Seasonal lipid distribution
of ray parenchyma cells.

LRbI, AMe—7=Yidkd Rk
EHEHERL, FY7 VI8 A9 Az
AEMETEY, chedooBicks b
Bt RMREORB L —2DRRERS S,
Ry 7 A=Y TR Y- 7 2 o— R
FleRET, Fv 7 28 LR, I
HrbE ol HEL, ThigwBH
8 A9 BRI hI VW —27%RL
2o KES (197 133 v 7 A<y OKE
FEIERPEEYE LTk h—EOEATH
BT LR LI, UMMEROLDOT v 7 voOlHKE, EHHFIEKREERLHBRBEES D
RIctedEBLORD, \WoIE 5, AMBRADF v7 Oy, 8 89 HicstRMiue:
O Bxr4A7) RRZAZLLBENRDAS, 7TH=YTh, 8 FUEAMMAROT v 7
vOsEA L, BECSIH RS Cgin L, HilLis & (1962) i3 7 F = =B B\, Wfkicl
MAWMD v s EELTIMAERO 2 kb2 &R L, ZRIIKDLHER COBOFIAN
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WATHldE L, KODHAZ~OF v7 voERIL, HHoS5HAHEORIC IS LD
b, LA, HHRMRORBCEOhS X5k, ARAOHMEBEERDS S, BITH TS
VIRBPTENR, Thwy, AvIrRA=vid, ENOLRRHEBENSEIEELL, Ch
2, DUHRRCRETIEMRICORSEFRACILAT v/ vOBEC X500 4h
TR\

BEECOEHTZIBEL b, BedhlLfesv—RERELRL, BECX 5%
BERDORIR o1z, BIIH T, SHHEIIARBCIBENZEAEFE LT,
o (1964) 12, 7B 8 AOBECHRELLMIGE S WML, ThbiOM ity
Frv7vRMOBENOARIhD LEE L, AAETIE, LHRE - THMT 5 ETE
DoHhT, BLABTH TR, ERPCIIZEAEREE Lk, ok, TOWME, AR
BRXLHHBEL LTS lednbahiy,

BIOHCBAEROMBMBCBELZ2bhsFARA IV 2HHERBD LRI
PREUSSER & (1961) 2, Lk CidMiaMIED 7 = » — A THIZhBZ L &R LI, FENGEL
(1970) iLfF+ 2 3 ¥ AR A KBS, HBEILEYR > TRETL— 2 vEBBHL, 31
BT OMHERER TS LB, MREBCERRBORBENRD S L IhDH, BHE
MBI ODOLHEROBRE LTHBELTN2LE2b0%,

5. RAFFo¥—¥, UI/ZUNBHRBOAY, SKROEHEL

BITMZ, CHarraway (1949) i kL h LML O BRI ZH I TLE, LHLBR LR
KRLLTERERIR TS, BIHEEE ST 2RHFEMROBEHIZOWT, ZhETR
DHEOB 33 5 BHEMBOBERL, BRAOHE HEHEOFTLEHEELCEL, &
T, Thbrz, BAHERE S5 AtFy A —E3EE, V7= vHIBRHEORD
A&, FRBEOWTEHERZT, BTHORBECOWTIEBELT -1,

Table 4 RBITHIEOBRNRMAREL FHEEFRBABO SV b+ - EFEEDOEH
BALER LI DTHB, A br =T LAOHBRBRACI N, EWEAIhD, M
OB TSR L FREBIAEBL YRS, LDHaOW T, 587 ARk
CBOLPBWRIEHRROR A MMIRRIEEZRIR, ThHRYEAY I A= ILOHOBHED
ERAHRTH D0, AN EBTHOETCEXKREORBLRVBRBDORD, TH TIERHE
M d AREEFLEL SR RT (Photo 67), BITH CREREARORIEXHATS—F, K
HEMINI4AD B VIEE A0S I AT T, OB F v 8 — 2iFHERT
(Photo 68),

8H, YARKT B <A HEOIMYRAKL, TH=r b AvrA=Y CRREELRDA
HERRORIH, Abr—7 =Y CIHREGECTPERIRATAETTHS, 'H-7 2=
T Z = YRBHERRORALD 1 RERLIE BB SR (Photos 70, 72), ¥C- 71 2 —
ARBEHEMBOMBRECE SRR Eh, LT v 7 vhncgEd L (Photo 71), H#E &
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Table 4. Relative in vivo peroxidase activities of ray parenchyma
and bordered pits in intermediate wood by action on

benzidine+H,0,
P. densiflora P. banksiana
Stem region* Stem region*
M i - || Month I i -
onth Inner sapwood Interme%;zf)ed He;gto d OntR | hner sapwood ntermet;l‘:;t)% He;::)t;d
+ + # # - + + # # -
2 1
- + - - - + - - -
4 + # H# # — 3 + + + H -
+ s - - - + + - - -
5 + + + #t - s + + # # -
+ + s = + s - - -
. + + # # - ; + + # # -
+ - - - - + + - - -
+ + # - -~ + + # # -
9 9
+ + — - — + + - - —

* A frame is one annual ring. Upper column indicates activity of ray parenchyma and
lower column indicates activity of bordered pit membrane of tracheid. Peroxidase
‘activities; #, high (intense color); #, medium; +, low; s, slight; —, none.

b, AMPCRENICERDATRLETTHLSH, BRBIGIPBITH CRILEBCRDATH
7z, Photo 69 (37 #~ VY AMANIZ H-7 x =27 5 = vEBRELELLDTH L, KEHFEE
ELEEN-RAROBCE ARBECEK TARED5h 5, Photo 70 137 » = Y K BH
BMH-7 224752 vEBE LD THS, BRTFRIERBRMLPORSHEBLEE
BOBERLKIEDHID, Photo 7L 137 # = Vv BHEMCHC- YV a —2%FE LD TH
b, BMEEETIEECCLIFHROMBE AT - TRDHH, BRCEE LRl
W bhigy, Photo 72133 v 7 A= v LM BERLERFOTMIC'H- 7 2 =17 5= v
BELIELOT, ERNTFIRECKRRLO 1 kBEL @D BhB, Photo 73 i3 Photo 72 X b
#7300 p L RO TH S, BRFIBP L, 2@ sbhiiks,

Fig. 11 3 &KROALHMOFEL T &L OEHBNERLILL DO TH B, ALr—T=vD
BREREZ, BEALEHHELET, THATHLLIHARCETED L, LOHERTHS
OR/NMEL 7LD, DM TRAFCATENTS, 7<= 128 A9 ABvakReyRT, F
%@ UL RIS L v &V, BITHIZ50%Z B0 KETHY, 8 A9 ACizEbrik
TT5%5, DHIERPBELIOZ BTHD, v 7 A=2136 b 9 Ak TEKEHRE
T35, AMTRABTRVCALARTECARD S, Eﬁﬁum~m71ﬁb,8ﬁ9ﬁ
212 40% BT+ %, : ' :

«»ﬁ*Vﬁ—aﬁﬁm%wﬁﬁ%Klbﬁﬁf&,mﬁoi*mom%%%@ﬁ,m%
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FMilaoMiE, KEERFRIAECA DR

7o, Gorr (1975) 1M« DMMEA A 75 | 7 strobus e
wHbhaz & %R L, Bavcu & (1974) o0 ¢
AN CTERREDOBREL B XGRS

60

D, MelLicdorizhwz E&wRLE, 7
A=, AV 7y A=y CRBITH TR RE
faetd Qe FRIECHE -~ A FF v &
—EEEARLhI., ZOoORBIRERCX
BEETHHMN, KRIEMIZBY e o1,
NELsON (1978) 3 WO IERMAT T~
* v & —EiEMT, in vitro TIHAEER
HRIEFT#, in vive TIXRIE i L8 ®Y

BB A AT ERE L, KRR TIKE S

Wi B E S RS b h kot SO 5

HERECRBEORCIHLELLRS O

(Table 3, BAHTOMFEROTE VIL, 3

< O ORI THRE SR T B0, g WMo am———
SH-7z2=A735=v, YW - sna—-2A 419%367 8 91011121 23

Fic, TATIROAY 7 A= DBITHO Fig. 11. Moisture content of different stem

PSR ARV I D TRRA TR D 2 B e By

ZER LI, 2OZ LRBIHCORBDOH circles; inner sapwood. Squares;

KEFBLTD, & hbid, ) 7= VAR meermediate wood.  Triangles:

BEcrs7 = =n7 5= vt BiEHOK

Ao H R EPIHcR VAT &L, V7= VARATbhTwbZ L 2R
4. BaucH & (1974) i3, 2—®8 v A7 H =2V RBNTE, YC-2=27 =) YORDAKIHE
BLBFHO 1~20kGEMEcBOREsZ xR L, AMETRH-7 =177 =V
BBAHbCERCED bR, COMER, 2=72) VXX H ) 7= VIGEVWHTEHED
T ThHHH, ¥te, 7 /BTEHH7 2247 5=VRERIRIMDAER, BOHO
B REIANE VAV ARENEBOLELZR LT VD, VLol d HC- 7 3 — A BRI
BEAERYRERT, HBEROF v veER LIz, /A2 - ARAMESN, ARHAE
HHBAMTRELMDRAThIZ &3, REHEOHEEMTHIL2RLTVLS, 20
CEix, OHLOBOBHREMBEREOELC, 7 v 7 vALMRTTEH ROh2HES
LLRENDG (-4 8B, A—-13204 737 4 —13, BRHFHEREORBLRBZ 28 AL
11 A3 T -0 TH B, Brisiiilido &y efindof, 48, 51¥HKE
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EMETEBLTCOBENE TS,

BITHOEWEKAR (40~60%) 12, KEEHFZKEAOME Fig.7) LW LTS, 7
Ay, AVIRAZYTIR8 AIAREARIBETL, BAHOEKRLEL RS, 8A9A
RBAFHCET 5 RHEEROBEACSELRBTH D, ZORPOSKRETIE, LML
OETFTLEEND A 5, Hiiits (1978) 13k ORP L UHLOBEECEBE LT3, HA
(1962) 12, HHEMBIWEREDIZL, K5OG E OERBELYE LTS LEXTH
%, Harris (1953) i20HLOB DA S BARRMEIC X - Tiibh 5 LT,

—BOBEL LY, BAHOBBYDIHBEWLMC T, BAH T8 HIADEK
RET, 4EHMOBRSTMBEOE R4 F v &£ — HiEH, FREABEOS ;3 v & —HiF
BOWE, H-7 2 =17 5= vORERMVRAARRE, IMCHSTOREARDLAT,

6. MMTMMOLERLE

BKEED L e, BEOBRNTHEESKIBEBREYZTROMIL, BYRORET
LECERER R E o, R LD TEOREYR LB, chicxt L, HARMmE
BEETCWAHIER L DVEBERAREOBEYRTC LNTES, AHPFTRERNBELH -
TUBHHRMIEL, =4 0 v /CEVIEREA TP ER, LHTRRLIPEE TV
BEELic, BIeE o &, MUMEBR CORHEMROBREN LT XY, AMI»HOM
ADENETTHEEL3Y, 20X REHFHROAFEERC LY, AHOBLEIR
¥%, ¥t, MBOEELXHINTEZ L3, BREOBRBYWALHICTE 52X TEETHS, &
MERE, THIE UMBCOWTIRE L ORI TN BHIE008IE 5, bt
FHADOKOTE - BEDTIH b OHIE BB OV T L5 ORRNRH 5108780,
TOH I OWT ORI RER, BHEMROAFEERESLThEHRET IBERES S OF
WELHTH, BBRANTEZ 28« ORSRMBOMFEOEBE B L L TIT LBV, &H
TI1X, BHEMEO=4 v 7 2 FEROBEELAL, Bic, LOLHRER TOHEE
DEHPEBCOVWTOMBEBHIZEEBEME L,

Fig. 1213, BFIHSEMOEZHBO =4 o v It 54 EROBLER LSO TH S,
Abr—F=Y, THTYVEIRAMPCIRTRTCOBRAEMMIEEZTEY, At —F~
DGO IERD 3~4 MR D, 77 =Y Tk I~2 ERFT»SHIHRET CETH M
BahsHBEELE D (Photo 81), LM AT AMCAFERNET TS, TheRL, ~vIRA~
Vi, MR TR TSTORMHTMENIAE E TV D0, FREHHHE «FEMasH LT
Q, Atrv—7=yORHEMBOFEIEREPLEL TR D b h i, Photo 74127 AL
HERBTHY, B LIEYEORMAE Y E- R B DA > T 5, Photo 75
R6 AL DT, BMEHOTMBE, HikuBu UV RN R EEES oM P L
TW5, 7a=Y0RIE, 7 AUBROEEMcRS b, Photo 76129 ADH DT, W
BB RO RMIEIEE LTHEELTWS, Photo 77124 B b 0T, MBEEYXETIHE
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Ml B koM EPEHER VG- wop
T\ %, Photo 76 ™ X 3 7eMERITEAEE A T [ R strobus
HREIIAEHYBE LD, 2 F1
7y —v-vr=vRER DL, LOHE i
RO LERD B REERITE TR, B O 516
MeREOERLREMLRTS, TORE ood
RIES EABREY, FCBBELAERD | 2 densifion

Refatb R LM% TS (Photo8l), 7THBH  f
I LIckns, 9 BIRIBARE O |
BB DLz, AV 2z A=y OULHE L
RCOEE, £RPADOE I ALUES R
Dbt (AHHRE»SBTHCAT TR %ZRMMMa ©
BT5BsA 7B EMEROFEILIARE

= %), Photo 78136 FDL DT, BAXH
YEORMIRE, B UVRIREZTRTELR

50

50r

AREEBEYFOEMIBEIHE VB > T 5, > s B
Number of annual rings from cambium

tOLSKk, MRELNE>TWBLRbIS Fig. 12. The rate of survival of parenchyma

REBZEEMPRELTADLRI, 2 FA Y cells in the uniseriate ray from

cambium to heartwood.

)y—ver=vir kb s, SDLHER
R CREENGEHS KRB LLES, 9 A2 11 Bt TEHRBDHR S (Photo 82),
TRHEDOWTIRT + A A7 vREL TS e REEROBIMIR LRIt o 1,
AERHEEASRT SHEL b, TN TRTRTEXTED), =Cw) v AMBITONSE
RO 1ERMTEMEE LY, FhrBURgEE, PrEREscMias s, UVE
BETRIAMBETTHERRIERERYLSY, £hid, Are—7=YTRI~9H, 77
=V T T~8 1, v I A=Y Tk 7~10 A% #dbhtc (Photes 45, 56, 58), » F1 7
J—viEr=vifalc kB L, 3EEL L= v AMBROKIAM P TIRETH DA,
WOHMERT, 9 AnD 10 Bifkv Rl Rd, fixiE, Photo83 (L 10 ARt r—7~=
YTHD, =Ee) v ARG REEYRLTWS, Photo84 311 A0 DTH Y, &
BOEERREELR LTS, -
BHEMBEOLERRE, 244 78RbAL, 101, THARE TTXTORMEM
M EETS 24 7T, KPEBEERY, Abr—7 <2 L7 h<yORIIKHERCROh
Fro ~Looix, WH RS RHBMAOBEERNRESL XA T T, A7 AT, VFLA<Y
DOEFIRGHEEC RS R, BES (1979) (3 #13ER 20 e ou THIREFREZHR, O
HOTRTORMEMBANERE, @ IHATTHELEDD, @AM THE Lind5,
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3oy, BEE<YRBIZTXT QR THbD, Pinaster-Taedae Hid -~ v 7 A<,
VXFE=T@QBMTHD, ¥ih, WHRMBROMBTEL, ARBTALTRIY, L{RE
PEREAT TR B b0 E#MI R, FHb (1978) XAFOKRSAFEMILT A 8 Ak
Bafb 2 BRE & i h BRI ORMEET T EHRE L,

ALHERC BT HMEFEOBRILOMILD A H = X 2% BBT5 5L TEERMBETH
5. Mk, UV 9%a#HEE 260nm) 2 H-73 vt —b 53904757 4 - &
CXAFMIcHE G SRS,

IV. BeERIER

=Y BRHEMRO, O BERAMLOBREMEBEZALHCTLZE, TOHEDOET,
@ EHIEBEWESHrLTHZ L, BEHBYE, & ~“riFvyr—+, V7= viiBHE
MORAEOEBRY N, @ KARMROMFHELCDOCTOMELE B Z EXXHED
BRI Th ot UT, BONRERYHAZLLBELTYL,

1. MEEEROEEMNERCKIBNZBREDO SR

CEEEMBaD 2 € 753D v B EMIIER I D, BB X b thin-walled &
thick-walled 15313 B R T B3040 KIRECIRBERI, =4 v 7w iZERing,
RBBBC LY 324 TRPTBHENTER, Thbbd, A X4 7—HEEK L CRERL
255D, B 24 7—UMPREHLBITHICHTTH B VEIBTH CTRERLELT S 30,
C x4 7—BIAHCRERTARILET> DD 32147 TH B,

(v BREFH32470FFE) Tableb3~YEBOHEBLAMEFS3 24 70K
HEMEOGELX T LELOTH D, A x4 7% Haploxylon » Cembra DA b v — 7=y
Paracembra v v =y, Diploxylon o Pinaster-Lariciohes DT A=Y RON, Pinaster-
Taedae DAV 7 A=y, JFE=Y ALV, B4 7RBERLETNTELA,
C % 4 713 Diploxylon R > TRbN %,

GHEBI RIS 324 TOEEY 354 7OFEEY BAESHERLEC L TIDTA

Table 5. Types of ray parenchyma cells in genus Pinus

T Type of ray cells

Subgenus Section
A B G
Haploxylon  Cembra + + —
Paracembra + + -
Diploxylon FParapinaster ? e 9
- Pinaster-Lariciones + + +
Pinaster-Taedae - + +

+ and —; Present and Absent.
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%, Table 6 |3 Funkawa & IsHipa (1975) & 237 - fcBE@HEE I X B i stRMiao e, =
AV IDEREYMIBORA 750 %fT-obDTH 5, <Y BEHIFMRORBEEARILS
BTH D, Cryptomeria type (B BHHETRILLE G LRERFEOZ EhD A 54 T BT
5) UAOTRTCDE A4 THEATVD, AL TRREAETRTOHERHFET 2EX
Wiz 4 7Th5b, BrA 73~y Bofuc, KE@EELXHESOL Y Y5, Pve, 777
YBO=C ) v A0 —RCEET D, C &4 Fi% Diploxylon & 27 ¥ <+ BEFCHF
T3,

Table 6. Types of ray parenchyma cells in softwoods

Type of Type of wall

Maturing process maturation structure*

Species

Haploxylon type | Haploxylon (Cembra, Paracembra)

Thickening and Diploxylon type | Diploxylon (Pinaster-Lariciones)

1 lignification in A type i ‘
sapwood Abies type éf:‘f; Pseudotsuga, Tsuga, Picea,
Lignification in . Crytomeria, Chamaecyparis,

2 apwood (A type) | Cryptomeria type | 7, niperus
Thickening and Diplozylon type Diploxylon (Pinaster-Lariciones,

3 lignification in B type Pinaster-Taedae)
intermediate wood Resin canal tissue | Pinus, Pseudotsuga, Picea, Larix

. Diploxylon (Pinaster-Lariciones,

Diploxylon type Pinaster-Taedae) ’
Lignification in , , . .

4 itermediate wood C type | Sciadopitys type Sc.zadopztys

Diploxylon (Pinaster-Lariciones,

Resin canal tissue Pinaster-Taedae)

* Ray parenchyma of softwood was classified into five types based on their wall ultra-
structure by FUJIKAWA and ISHIDA (1975). Resin canal tissue is added in this table.

(=4 o v 7> RBBBOE(Y  Fig. 1313, A#HhTo3 24 7OFEEEHSOEL
BRLELDTHD, Abw—7 =Y T, BFIBSHEMOER MM OMMEO—MoRM
TR O BERBT A3, TXOERBHGE CUECHMT S (A 24 7), KEBEED
ST RCBOTHTEETS B x4 7), 7H=y TR, BHBOHFERORTIBSRM
B BN THECRBT B (A 24 7), ThUSSMRTMPTCRERMLOEETH D,
BOMTRET S, oK, BHTIRIEEL B x4 7), BHTIZIBE LR C 24 7), K
ERIEEOSFIIILTRCBIM CTRET A, BELVWDOMRE - B4 7, Cx4 ),
Ay A=y T, BIIBSHEKLIMPREE CTTXTRARLTH D, AHFRREH» BT
Mo TR Lo SRRz R4 clmsTs B x4 7), zhblstoMiadBoH i
ExFARIETRTS C 24 7), KFEIREDEFIHIITRTBIH THAL, BETS
DE BxrA47), LiWwbohrds Cx4147),

e X 5324 70FE)  Fig 4 ZBFIBRMERE K PEBEECRTS3514 7
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P. strobus £ densiflora P banksiana

Uniseriate ray

quantity

Radial resin canal

cambium A
heartwood boundary

:] Immature D Type A - Type B

Fig. 13. Quantitative change of matured parenchyme cells
with aging in Pinus species.

HHEHROEEY R LIELDTHED, A Lr—7 =Y T3, BIIRGAKITRTA R4
BHRB, KEBEEILB 24 7 Ch b BEFMO—WIT A 214 THEET S, 7H <V T,
B Ao R R BORMBRETCIETALDIXA 247, ThliMrB s 17, BHt
MEC x4 7ThB, KEBBEDELIC A7 THY, BIFO—IMIc A 514 713, %71
WOBHEO M B 24 THREET B, v 7A=Y TREFIRHAMEIB x4 7L Cx
A 7REFRPRERFRCER > THEET S, KPBEELRFRTHLH, =) v aflla
3T RTC x4 Tbinh,

JREAROMBEANOEE) A xA47, Bagrrd, BERMLOMIEAN TOREBIE
AR TH S, ETERMD LRE~NZKEORENRD, BETTITHY 7=V
DWENEIEE, BETAMBRARALOMIZ I RECKED, FIXKE 2KREONE
SHABIATCETT 5, HEANZEEY 7= vOWRBENFZ 5D, TEELICZZORN
TREZOHT, WOMERECEILS, BHEMROAMLIL IREVRK, A Ax147) B
BWNIE B4 7, Cx47) LW RHRBOREHDTRLR, REBLOFLVHE
it, wThicel, V7= vidfEE, BEHEFEREZMLT ZREOKER2F > TIHHET
LEBEEIND, Cx4 7Tk, Kbiz=—r—0ORBRRE D, V- CORRBERSFREFLEE
st oMl EE AR, LIED { ReEefficE,

WS EEED 2REDY Y= VviZA x4 7B a4 7L e, UVRIRALZ b g5
b, FTYINEATTHHZ ENBRDB A (Figs. 1, 4, \oiZ ), C x4 7OMIET
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P strobus P densiflora P. banksiana

Uniseriate ray

Radial resin canal

Troe A Type B[ JType
~ Fig. 14. Diagram of cell wall development of parenchyma cells _

in the uniseriate rays and radial resin canals in Pmus )

speciles.
1RENLILY, ZO UVIRIRA=7 F A HBRIIAED 2kBEDOEh & £ir b (Fig. 6), Fhid
VZ7=vofiicy 7= v RWBER I B4 DELE2bRhS, B2 A 7ORUBSLOLHIERD 24
WA CTRZZ2DERL, C24 7ORMUBETTHORTLLMBERTH S, ZOBLBIH
B3 BRHFMROLBH LR, ThbbABRNTEENHEEZEORLOREDEDERD
=Dk oTvES, UVEBREERDWTIE, B4 7D 2KELA 24 F7OFRICH~ES
&L, B, FHALBHMCP e WETT2EmRADLhS (Fig.3), V7= vlE
11, #ORx OMROEEREBCY YHEBIRLDTHAS,

CRERANEOBHMHEMED 3L A & DOSFER IS R O BB B B I T5%
T35 (A x47), =~V RO Diploxylon BE L 2 v ¥ <X BOKKHEMER O~ VRO
Bxvv) v B TIRBRBITHECROA B24 7, C24 ), kA{LoFM
ik, BELLRMEKR A x4 7) REXF V7 vERS W 05 (Fig. 9), kR{LOBEERK
BRIEBRCHELE DB EELDLNRD, ¥, HRBHETRBTARHBMEE TS A
17), REEOEMRIMERT T5ECOMIKRLIRZ E0b, T OBEKEEIRSRMAK
B, LR OFEECERBEr ORI ERE T HEEB L LUBET 5 b0 EAN e BETHS
EExbhb, GREGUss (1970) i3 b TMA 2 thin-walled 78, thick-walled &\ 5 (OB
Biriold~T\5, IHFTIXEBRNBRELT2EORAMEOBSHRAII, EBTH
THRILE T - Toiedd, L CWERBMECIRERLLT S X ok h, BRENBEY L
Boksghott#Ezbhn,
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2. HMHEFEMHRRROFHHEE

Fig. 156 3B RMIRBRBOFEH 2R L
b DTHBH, A x4 7ORERMKE, A
m— Ty TR9 Anb 10 Bie, THwY
T8 ANDI KD, Bx4A1L, 7
vy ORFIBAHEE T 8 AHD 9 A,
Ay A=V 8 AbERI A, Ate
— 7=y OKFEBIEETIZT Ab 10 Aic

Sapwood intermediate wood

A

BZBH (TH=Y, AVIATYI DXL 10
B x4 70 isd BRBER L s o), C# 1 . a 5w
L I~
tFomsEmEoRrraEmrELTE 2 g 8] & 8 ¢S §
3 3 x x
bhe, EeTrwveRTAm688 VIS §| § § 3|8 3
, AvrAawveRTAMG10AcEs 2|y ol e o oa|w @
nz)o 3
3. HEEMEOBEENHEL Fig. 15. The season of maturation of ray

parenchyma cells in three types.

CGREFRMIaD =4 o v 7k > f e
BB  BRHEREROE « OMRFNEIIBITH CEERBRETR L, rtdv s
— CIEMIM 2R LA BB M RMa RS h, HEEFLEOTRIIIAN L BITMD
BTlEL, NBHCBITH CRHFZMROEEEE D, ThiIXERICEETH S, KE
BERBILE~DRY 7 = /7 — A OWHFXLAM EBTHOBEERFLEEI Y, THAITHETLT
SERRIIBIH CEWELZTT, L&, 889 A0BITH TOEKRETE, BREKRLOZE
e—FKL, DM LO#TEOBEENEREhS, B8AIADH- 722175 =vDR
DAREAM B TIREITH B, BRBROUBITH TBATHY, & RBITH TILREH
OBSTHAD 1 kB EBECRDO NS, ThIBAHTOY 7= vERERLTVS, %
te, Fv7v, BRLIR, DHRELBIHCWIEHNREEDIES LR L, 81
9 BOAMAB~OF v 7 v OEFL, BIHRST 32 REBERAROFH L —BL, BSHE
OEMETE LC\W5, e, ERPCKT 2BTHHLOREORR, KEOLHHEN
DEMCLIHIDEEZDND,

BITHOWE> Table73, ODHMILLBIELALBRKZOBITH CORBET » =Y 26
ELTHABER LD TH S, ThbOBHRE, OBITHOAAELFLERAOh 2HE
L, OBITHOBARTRAOhBBEK LS TOhD, @ Tk B s 1 THRHEMAOEREKR
{t, C &4 7OKDBBIE, HEREABEDAL v 75 A 2D, FBELNEYE GUd
AR, BOMBERERLEND, RHEMAROEBEFERIN & LBV EHES IS,
chicstl, @ CitC a4 7THRHEFMBOKLDOET, SHRABEDA v 27 7 A e ENE
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Table 7. Nature of intermediate wood of P. densiflora. Phenomenon
during heartwood formation can be divided into two stages,
@ early stage (pale shadow) and @ last stage (dark®shadow)

inner most | intermediate
sapwood wood

Phenomenon heartwood

Thickening and lignification of parenchyma (Btype)
Lignification of parenchyma (Ctype)

Incrustation of bordered pits

Incrustation of cross-field pits

Peroxidase activities of parenchyma

Peroxidase activities of bordered pits

Amount of starch

Amount of lipid

Survival rate of parenchyma

Moisture content (%)

b, ELHEHRMROBE <A F v F—CiEE, V7= VHBPEOBRARRDRAS, KK
WBEOWLY, GAROET, MREFEROETRELLRHEMBEOER L EBERIETT
5%, DM LcBES T AERIIEM T2 LHEEShD,

CRHEEMRORTE) HHNRMEROEFROBTEXRAS L, BRIAMPTRTEZ
HOTIRWT by s (Fig 12), BHFMROBEFR L2 S2OEAERALR, —2XadH
REMHHBIEHNIHE D, —DORXALHBERCTHETHLOTH S, MBIRORBMNET T2
LBIEBMIEL, TOFHIIATHS (v 2 Rx=Y), BETE, MED UVRRORE
BAFAZY) —vEr = YREC I ZFORERCHEOBENLD, BIEXERMZBLTE
zh, EXRTAMLI0 AREZ 5 EHAI NI,

4. LR{EDER

AR TREE TEXTWARMROEEC LY, ThLORMROM LD, HERME
RRELIIC, HEEI - 2TFELOMAYE, Fr—R-Fr VA FORESLH(LOAGE
BEPT5. TLT, ALOWERC LD, LHLIIERBCET 15, OMLOAGRNBRRZD
—STHAHBOH CORMHEMBOEERLE VS EnbRS L (Table7 D @ THZ 585
D—), =YBROLHRET ALS 10 A r o, B, BHRMBOBEOEE
HELRERLR L, T 1951) (LM EOMED b R TIbiEEE» 5 <Y 00T B
TFTapdb 1l B3 Tz R L, ZhboEnd, BEHCBETILEERBT 5
OFE, EELTENOREEIDLET 25, BEHFTIOMLREE LTEREHAL LK
AT TEFTAZENBE IR TV AN, ZoHRRLIMOSRREOECE S b0 L
Exbh, SRRENORD L, TOBRBRAPHERIZIC LELLNDY, WThicew X, ¥
KEEHORL AEHCOMLYPET T &, BACL - TOLMLOBHR L BEND
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A5,
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iR EBEHREDEENLRET S 2D, BIAEOHEY, V7/=v - RV 7=/
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Summary

The objective of this study is to make clear 1) the aging process of cell wall thickening
and ligniﬁdation of ray parenchyma and 2) the seasonal process of them, in Pinus species
and is to obtain 3) the fundamental information on the nature of intermediate wood and 4)
that on the necrobiosis of parenchyma, and is to estimate 5) the season of heartwood for-
mation. And genus Pinus is believed to be a favorable material for the study of maturation
of ray parenchyma cells in relation to heartwood formation, because Pinus species are notable
for diversity of the maturing process of ray parenchyma in connection with the mechanism
of heartwood formation, which can contain the diversity of them in many coniferous species®
$,108)

The materials and methods are summarized in Table 1 and 2. Five Pinus species, P.
strobus, P. bungeana, P. densiflora, P. banksiana and P. rigida were chosen in this study
by reason of the difference of the maturiﬁg process of ray parenchyma. Thickening and
lignification of parenchyma were examined under ultraviolet (UV) microscope (Carl Zeiss, Type
MPM 01) at a wavelength of 280 nm. And cytological observation was undertaken by various
staining methods.

1) Aging process of cell wall development of ray parenchyma cells

The ray parenchyma cells of genus Pinus had been divided into the thick-walled and
thin-walled ones on their wall thickness®®%4® and recently were classified into the haploxylon
type and diploxylon. type based on their wall ultrastructure®®. In this study the ray paren-
chyma cells of Pinus species can be classified into three types found on their maturing process
of walls; 1) parenchyma thickened and lignified in the outermost sapwood (A type), 2) paren-
chyma thickened and lignified in'intermediate wood (B type) and 3) parenchyma lignified
without thickening in intermediate wood (C type). A type cells exist in the uniseriate rays
of P. strobus, P. bungeana and P. densiflora. B type cells exist in the uniseriate rays of P.
densifiora, P. banksiana and P. rigida and in the radial resin canals of P. strobus and P.
bungeana. C type cells exist in the uniseriate rays and resin canals of P. densiflora, P.
banksiana and P. rigida.

" Fig. 13 shows the quantitative change of three type of parenchyma in Pinus species.
In P strobus, parenchyma cells in the uniseriate rays are thickened and lignified near the
cambiﬁm, while a part of the latewood ones near the annual ring boundary remains immature
till next year (A type). The cells of radial resin canal are thickened and lignified in one outer
ring of the sapwood-heartwood boundary (B type). In P. densiflora, a half earlywood paren-
chyma in the uniseriate rays is thickened and lignified near the cambium as shown in Fig. 2
(A type), while the other cells are immature through sapwood and mature only in intermediate
wood.....Remained earlywood parenchyma are thickened and lignified in two outer rings of the
sapwoo&-heartwood boundary (B type), and latewood ones are lignified without thickening in
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the sapwood-heartwood boundary (C type). The cells of radial resin canal mature in one
outer ring of the sapwood-heartwood boundary, and most of them are lignified without thicken-
ing (C type) and the rest is B type. In P. banksiana, parenchyma cells in the uniseriate
rays are immature till the central sapwood and are thickened and lignified from central sapwood
toward intermediate wood (B type). The thickened parenchyma cells amount to more than
one half (Fig. 5. The reamined thin-walled parenchyma are lignified without thickening in
the sapwood-heartwood boundary (C type). The cells of resin canals mature in one outer
ring of the sapwood-heartwood boundary, and all the epitherial cells are lignified without
thickening (C type) and parenchyma cells are composed of thickened ones (B type) and un-
thickened ones (C type).

Fig. 14 shows the presence of three types of parenchyma in the uniseriate rays and radial
resin canal tissue. A type of P. densiflora is found in the marginal parenchyma cells con-
tiguous to ray tracheids (Photo 41). B type cells of P. bankstana are found in a radial line
regardless of their position (Photo 52).

The presence of three types parenchyma in genus Pinus is shown in Table 5. Pinaster-
Lariciones section containing P. densiflora has every types of parenchyma, and Cembra section
and Paracembra section have A type and B type, and Pinaster-Taeda section has B type
and C type.

Secondly, three types of ray parenchyma are applied to the other coniferous species which
were classified into five types based on wall structure by Fujikawa and Isuipaa (1975). These
cell wall types are rearranged in accordance with the maturing process of ray parenchyma
in Table 6. The maturing process 1 corresponding to A type is expanded into Abies, Pseu-
dotsuga, Tsuga, Picea and Larix species. The maturing process 2 having a thick and lignified
primary wall in sapwood is exists in Cryptomeria, Chamaecyparis and Juniperus species, but
is not seen in Pinus species. Maturing process 3 corresponding to B type exists in the thin-
walled epitherial cells of radial resin canals in Pseudotsuga, Picea, Lariz and Pinus. The
maturing process 4 corresponding to C type is expanded into Sciadopitys. It is possible to
say that diploxylon pine is distinguishable species having diversity in respect to the way of
maturation of ray parenchyma.

The thickening and lignification within individual cell progress in the same manner in
both A type and B type. The first material in the secondary walls is laid down in the
unlignified walls, and the apposition of wall material continues for some time. When the
deposition of material almost ends, lignification begins at the middle lamella or primary wall,
and lignification progresses inward with the wall development (Photos 43, 44, 53, 55). In the
ray paraenchyma cells, lignification beginning at the cell corners can not be recognized. In
isolated cell, it is clear that lignification does not extend beyond the primary wall (Photos
19, 55). Lignification in the thin-walled parenchyma (C type) begins at the middle lamella
of cell corners (Photos 9, 50), and progresses in the end wall (Photo 25), and then spreads
over whole primary wall (Photo 21).

The deposition of lignin occurs in a long time after the completion of primary wall for-
mation. The time lag is a few months in A type parenchyma, and is years in B type and
C type parenchyma. The process of lignification in parenchyma is quite different from that
of tracheids in this point. Thin and unlignified parenchyma cell wall is supposed to be the
advantage wall structure in functioning as the way of materials to differentiating tracheids.
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Moreover, a higher starch concentration is found in the thin-walled parenchyma cells of late-
wood than in the thick-walled ones of earlywood in P. densiflora (Fig. 9). _

The UV-absorption spectra of the parenchyma secondary wall, tracheid secondary wall
and thin-walled parenchyma wall are shown in Figs. 1, 4 and 6. Lignin concentrations are
considerable higher in the secondary wall of parenchyma than that of tracheid as stated.”
The parenchyma wall (A type and B type) and tracheid wall lignin spectra are those of guaiacyl
lignin, however thin-walled parenchyma spectra (C type) differ markedly. UV-absorption of
C type parenchyma occurring in the sapwood-heartwood boundary may be due to the depo-
sition of heartwood extractives and of lignin:like substances, as mentioned in the mechanim
for pit closure by KLaAHMER and COTE (1963).

There is a constant decrease in the UV-absorption of ray parenchyma walls from
earlywood toward latewood (Fig. 3). FERrcus et al. (1969) and FErGus and Goring (1970)
stated UV-absorbance of ray cell walls did not change from earlywood to latewood, while
there was a steady decrease in the UV-absorbance of the tracheid secondary wall in the
transition earlywood to latewood.

2) Seasonal process of cell wall development of ray parenchyma cells

The season of cell wall maturation of ray parenchyma is shown in Fig. 15

Thickening and lignification of A type parenchyma progress in the periods of August to
October at the outermost sapwood, (Photos 37~44), and continue to live through sapwood
storing the reserve substances. Maturation of B type parenchyma of P. densiflora and P.
banksiana occurs during August to September in intermediate wood or in the inner sapwood
repsectively. Afterwhile the cells come to die within a few years or soon. In the radial resin
canal tissue of P. strobus, maturation takes place during July to October (Photos 45~53, 55).
Lignification of C type parenchyma occurs during June to October (Photos 54, 56~ 60).

3) The nature of the intermediate wood

The intermediate wood is characterized by some cytological phenomena such as the
incorporation of lignin precurser, peroxydase activities, reserve substances and moisture contents.

Incorporation of H-phenylalanine into the ray parenchyma in August is remarkable both
in cambial zone and intermediate wood, while is more little in sapwood regions (Photos 69, 70).
In intermediate wood appreciable amount of radioactivities are widely detected in the primary
walls of immature parenchyma cells (Photo 72). BaucH et al. (1974) indicated incorporation
of #C-coniferin takes place in the walls of nonlignified ray parenchyma cells within a width
of only one or two cells at the sapwood heartwood boundary in P. sylvestris. Coniferin is
a more immediate lignin precurser than phenylalanine, thus the response of ray cells for
lignin precursers is possibly different among the positions within intermediate wood. And
a considerable amount of the incorporation of phenylalanine in intermediate wood as compared
with adjacent sapwood suggests the vitality of ray cells concerning to biosynthesis of aromatic
compounds is higher in intermediate wood than in sapwood. On the other hand, redioacti-
vities detected in the nucleolus suggest higher activities of protein synthesis in intermediate
wood (Photo 72). “C-glucose is incorporated into ray cells through sapwood, and starch grains
can be heavily labelled even in the inner sapwood, indicates the vitality of parenchyma cells
do not decrease in this region (Photo 71).

Peroxidase activities in cell walls are found in the bordered pit membranes of tracheids
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and nonlignified parenchyma cell walls through sapwood (Photo 67). In intermediate wood,
increased activities of ray parenchyma cells are seen as many workers reported®:*™* (Photo
68), and they are notable only in the growing period (Table 4).

Seasonal distribution of starch is shown in Fig. 8. In P. strobus starch is a marked
decrease between August and September in xylem rays. This decrease may be related to the
maturation of ray cells in the outermost sapwood and the formation of heartwood substances
in intermediate wood. P. banksiana shows noticeable peaks of starch contents in the central
sapwood from August to September, and in the late growth season there is no starch in the
outer sapwood. A seasonal variation is conspicuous even in the place far way from cambium.
P. densiflora also has a clear peak of starch in the inner sapwood from September to October.
The concentration of starch into the inner sapwood has some connection with the wall de-
velopment parenchyma occurring in intermediate wood during this period. Fluctuation within
one annual ring is outstanding in P. densiflora, starch contents in latewood ray cells are
always much more than those in earlywood ones (Fig. 9). It may be due to the difference
of wall structure of parenchyma between earlywood and latewood, namely latewood parenchyma
cell is not subjected to the lignification in sapwood while earlywood parenchyma has secondary
wall thickening (Photo 9).

Seasonal lipid contents are shown in Fig. 10. Three species observed have a general
seasonal tendency of lipid contents which is minimum in summer and maximum in winter.
The constance decrease of lipid is observed through the growth season in intermediate wood.
It indicates the possibility that necrobiosis of parenchyma occurs in the growth season and
reserved lipid is converted into the heartwood substances. FENGEL (1970) stated phenolic
substances can diffuse from ray parenchyma cells into cell wall and into tracheid lumen in
P. sylvestris. The phenolic substances are considered to be lipid droplets (Photos 61, 62, 66).

Seasonal changes of moisture contents are shown in Fig. 11. Both in P. densiflora and
P. banksiana belonging to diploxylon pine, moisture contents are lower values from summer to
autumn both in sapwood and intermediate wood. The lower moisture contents in the inter-
mediate wood as compared with the adjacent sapwood relate to the aspiration of the bordered
pits of tracheids (Photos 31, 32 and Fig. 7). A drop in August and September is possible
to be connected with progression of heartwood formation.

Two stages are recognized about the phenomena during heartwood formation (Table 7).
The nature of ray parenchyma cells apparently differs by their positions within intermediate
wood zone, that is, in the outer part and the inner part. The early stage of heartwood
formation occurring in the outer part of intermediate wood is characterized by the wall
development of B type parenchyma, the beginning of lignification of C type parenchyma,
incrustation of bordered pits with polyphenols and normal cytological phenomena. The last
stage of heartwood formation is characterized by the completion of lignification of C type
parenchyma, the final incrustation of cross-field pits, higher peroxidase activities, heavy in-
corporation of lignin precurser, the decrease of food reserves, the lowering of moisture content
and the degradation of nucleus.

4) The necrobiosis of ray parenchyma cells

The changes of survival rate of ray parenchyma from cambium to heartwood are shown
in Fig. 12. In P. strobus and P. densiflora, all the parenchyma are living through sapwood,
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and the dying of them occurs in the transition zone. While in P. banksiana, the dying of
parenchyma begins in the central sapwood, and the number of dead of cells increases toward
the heartwood. The necrobiosis of parenchyma in the uniseriate ray is supposed to occur
through the growth season in P. strobus (Photos 74, 75), mainly during July to September
in P. densiflora (Photos 76, 77) and mainly September to Nobember in P. banksiana (Photos
54, 78). In the radial resin canal tissue, when cell wall maturation is completed during July
to September, soon they die (Photos 46, 48, 58, 60, 83, 84).

5) The season of heartwood formation

The thickening and lignification of ray parenchyma in the sapwood heartwood transition
being one of the phenomenon during the formation of heartwood occur during July to Septem-
ber in Hokkaido district whose climate belongs to the cold temperate zone. And necrobiosis
of ray parenchyma in the sapwood heartwood boundary also occurs mainly July to October.
Hirar (1951) produced evidence that heartwood formation takes place mainly from late July
till early November in Lariz leptolepis in Hokkaido. However, in the warm temperate zone
trees, heartwood formation has been reported to proceed mainly during dormant periods
(Table 3y®s7.%:8.603  Ray parenchyma cells in the warm temperate zone may have enough
activity even in winter to produce the heartwood substances, and the limited winter temperature
of tree growth is supposed to be about 5°C.*® It is common characteristic to both temperate
zone trees that the season of heartwood formation is not the period when cambial growth
is vigorous but is the period when cambial activity declines.

At present the mechanism of heartwood formation has not been established, however,
heartwood formation is considered to be a positive phenomenon which regulates the volume
of increasing sapwood to an optimum level by the necrosis of the storage tissue. And
heartwood formation is accompanied with the incrustation of the dead xylem with lignin
and polyphenolic substances to protect them from microorganisms.#""® HiLL1s (1975) suggested
that a change in the balance between crown size, transpirational capacity, and diameter of
the tree may initiate changes leading to heartwood formation. BAMBER (1976) stated heartwood
formation acts as a regulatory mechanism for controlling the amount of sapwood. As newly
xylem is continually laid down year after year, lignification of the bordered pit membranes
and parenchyma cells themselves in an corresponding amount of the innermost sapwood to
the newly xylem occurs to cope with the forthcoming death of parenchyma for maintaining
an optimum level of living cells. It is reasonable that the lignification and the final death
of parenchyma occur in the sapwood heartwood transition zone in the late growth season,
because the newly formed parenchyma cells mature and get the function of food reserve.
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Explanation of photographs

The photographs without notice are radial view in ultraviolet microscope at
a wavelength of 280nm. RP, ray parenchyma cell. RT, ray tracheid. E,
epithelial cell. T, tracheid. Ca, cambium.

Pinus strobus LINN.

Latewood ray near the cambium. Maturation of some ray parenchyma
cells contiguous to the annual ring boundary delay till next year (arrow).

A scanning electron micrograph of a radial surface in the inner-latewood
shows the horizontal walls of parenchyma with many simple pits which
are found as a rough surface of wall in the radial sections (arrow). The
noduler thickening of end wall leads to the thickening of radial wall
(small arrow).

Latewood parenchyma in the outer sapwood. Ray cells have rough
secondary walls like the knobs (arrow). In the majority of cases the
simple pits in latewood near the annual ring boundary tend to be
unlignified through sapwood.

Tangential section of ray in the outer sapwood. All the window-like pit
membranes are not lignified. Noduler thickening in end wall is lignified
(arrow).

Tangential section of ray near the sapwood-heartwood boundary. The
window-like pits of parenchyma without protoplasm show strong UV-
absorption (arrow) but no UV-absorption is revealed in the window-like
pit of parenchyma having protoplasm (small arrow).

Tangential section of radial resin canal tissue in the inner sapwood. All
the epithelial cells and ray parenchyma cells in the multiseriate portion
have unlignified immature walls through sapwood. “Sheath-like cells”
drawing a distinction between epithelial cells and surrounding ray paren-
chyma cells were already lignified and died in the outermost sapwood
(arrow).

Tangential section of radial resin canal in the sapwood-heartwood bound-
ary. All the epithelial cells have thin secondary walls and develop as
tylosoid. Ray parenchyma cells have the rough secondary walls."

Pinus bungeana ZUCC. Ray parenchyma cells in the outermost sapwood
are thickened and lignified. Simple pits are also lignified (Wood samples
were taken from branches).

Pinus densiflora SIEB. et ZUCC.

Ray in the annual ring boundary in intermediate wood. Earlywood

. parenchyma have secondary walls but latewood cells have only thin walls

with UV-absorption starting from the cell corners (arrow).
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Tangential section of earlywood ray in heartwood. Window-like pit
membranes indicate UV-absorption during heartwood formation. The
strength of them is different among individual ray cells. Pit membranes
showing UV-absorption are thicker than unlignifies ones in sapwood.

Earlywood ray in heartwood. Caved window-like pit membranes seen in
the cell lumen show UV-absorption in different strength among each cells
(arrows).

Radial resin canal tissue near the cambium. “Sheath-like cells” are
lignified without thickening in the outermost sapwood, and soon die
(arrow).

Tangential section of resin canal in the inner sapwood. All the epitherial
cells and ray parenchyma cells show lack of lignification through sapwood.

Tangential section of resin canal in intermediate wood. Epitherial cells
and near by parenchyma cells are lignified without thickening, but mar-
ginal parenchyma cells have thin secondary walls (arrow). Lignification
of epithelial cells occur earlier than that of surrounding ray parenchyma.

Longitudinal resin canal in the central sapwood. Only a parenchyma has
a developed vacuole containing UV-absorbing substances, but their walls
are not lignified.

Radial resin canal in intermediate wood. Resin duct is full of UV-
absorbing substances (arrow).

Ray in heartwood. Heartwood substances showing strong UV-absorption
deposit on the lumen surface like thin layer (arrow).

Photos 18-23. Pinus banksiana 1LAMB.

Photo

Photo

Photo

Photo

Photo

Photo

18.

19.

20.

21.

22.

23.

Ray in the central sapwood. All the parenchyma cells both in earlywood
and latewood show lack of lignification. Thinner regions such as simple
pits are recognized in the unlignified thin walls here and there (arrow).

Ray in the central sapwood. Thickened and lignified parenchyma appear
suddenly in the central sapwood. A border between lignified dead
parenchyma cell walls and unlignified living parenchyma walls are very
clear (arrow).

A scanning electron micrograph of a radial surface in the thickened
parenchyma in heartwood. Deposition of the secondary wall forms
thickening line surrounding the pinoid pits.

Ray in the sapwood-heartwood boundary. All the thin-walled parenchyma
cells are lignified. Primary walls indicate weak UV-absorption as com-
pared with middle lamella. Radial walls are caved into cell lumen (arrow),
and cytoplasmic residue is observed in every parenchyma.

Tangential section of radial resin canal in the inner sapwood. All the
epitherial cells and ray parenchyma in the multiseriate portion are
immature.

Radial resin canal in intermediate wood. Epitherial cells are lignified
without thickening.
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Photos 24-30. Pinus rigida MILL.
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Photo
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

A scanning electron micrograph of radial surface in heartwood. Rough
secondary walls are heavily thickened and form thickening lines.

Ray in the inner sapwood. Lignification of remained thin-walled paren-
chyma is detected in the middie lamella of cell corners and end wall
(arrow). Adjacent dead parenchyma cells show two different strength of
UV-absorption in the secondary walls, suggesting there are two stages in
secondary wall deposition (small arrow).

Ray in the central sapwood. Some parenchyma cells containing UV-
absorbing substances in vacuoles also indicate UV-absorption in the

primary walls (arrow). Starch grains are found near the substances (small
arrow).

Tangential section of ray in the outer sapwood. A parenchyma cells
contains UV-absorbing substances in the developed vacuole show UV-
absorption slightly in the primary walls (arrow). The other cells have
thin unlignified walls.

Tangential section of ray in intermediate wood. The marginal paren-
chyma cells contiguous to ray tracheids are thickened lignified, and one
of them contains heartwood substances in the lumen. The parenchyma
cells in no contact with ray tracheids remain immature, but lignification
starts from the middle lamella of cell corners (arrow).

Tangential section of radial resin canal tissue in sapwood. All the
epitherial cells and parenchyma cells show lack of lignification. In the
photograph, “sheath-like cells” are conspicious (arrow).

Tangential section of resin canal in heartwood. All epithelial cells and
parenchyma cells are thickened and lignified heavily. Developed tylosoid
has rough secondary wall. The “sheath-like cells” are pressed and distorted
by developed parenchyma (arrow).

Tangential section of ray and bordered pits in the inner sapwood of Pinus
rigida. Both bordered pit membranes of tracheids and pinoid pit mem-
branes of parenchyma do not show UV-absorption (arrows). A ray paren-
chyma next to ray tracheid has lignified secondary wall.

Tangential section of ray and bordered pits in intermediate wood of P.
rigida. Bordered pit membranes in tracheids and ray tracheids absorb
UV light strongly and aspirate, while pinoid pit membranes do not show
any UV-absorption (small arrow). Lignification of thin-walled parenchyma
starts from the cells corners. Uncertain substances are recognized in the
lumen of tracheid (arrow).

Ray in intermediate wood of P. rigida. The bordered pit membrane of
ray tracheid contiguous to the living parenchyma cell shows lack of
lignification (arrow). On the other hand, the bordered pit membranes of
ray tracheid next to the dead parenchyma indicates UV-absorption (arrow).
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Photo 34.

Photo 35.

Photo 36.
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Light micrograph stained with basic fuchsin and methylenblue. Tangen-
tial section in intermediate wood of P. densiflora. All the bordered pits
of one tracheid are not aspirated, while those of the other tracheid are
aspirated (arrows).

Tangential section of ray and tracheid in heartwood of P. rigida. Extra-
neous materials showing weak UV-absorption are found in the lumen of
tracheid between ray parenchyma and bordered pit (arrow).

Stereo micrograph of a radial surface in the inner sapwood of P. densiffora
stained with benzidine and H;0;. Peroxidase activites in the bordered pit
membranes are recognized through sapwood except for the intermediate
wood (arrow).

Photos 37-39. Pinus strobus.

Photo 37.

Photo 38.

Photo 39.

Ray near the cambium in August. Newly formed ray parenchyma cells
are all immature, while ray tracheids are thickened lignified.

Ray near the cambium in September. Only a few parenchyma formed
in the current year have thickening and lignifying secondary walls, but
the other parenchyma connected to a longitudinal resin canal remain
unthickened in their walls (arrow).

Ray near the cambium in November. Cell wall development is almost
completed. Ray parenchyma in the outer-latewood have rough secondary
wall (s), and those in the annual ring boundary have unlignified thin walls.

Photos 40-42. Pinus densiflora.

Photo 40.

Photo 41.

Photo 42.

Ray near the cambium in July. Newly formed parenchyma cells show
lack of secondary thickening, which is in contrast to the secondary wall
thickening of the ray tracheids. Lignification of ray tracheids is in pro-
gress (arrow).

Ray near the cambium in August. The wall thickening and lignification
first occurs in the newly formed parenchyma cells adjacent to ray trach-
eids in earlywood near the annual ring boundary (arrows). Cell wall
development proceeds centrifugally from the earlywood in the annual ring
boundary. Cytoplasm containing abundant RNA shows UV-absorption as
the sample was fixed in glutaraldehyde (small arrow).

Ray near the cambium in August. Secondary wall thickening and ligni-
fication of parenchyma are proceeding. The stages of lignification are
different among individual ray cells. )

Photos 43-48. Pinus strobus.

Photo 43.

Photo 44.

Ray near the cambium in September. The secondary wall thickening
occurs in the unlignified primary walls, but lignification of parenchyma
walls is not recognized in any places (arrow).

Ray near the cambium in September. Various wall developmental stages
are found. When secondary wall thickening is almost completed, deposi-
tion of lignin proceeds from the middle lamella to secondary wall centri-
petally. :
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Tangential section of radial resin canal tissue in intermediate wood in
July. Secondary wall of parenchyma shows weak UV-absoption compared
with matured parenchyma, suggesting that lignification is in progress
(arrow).

Resin canal in intermediate wood in August. Various developmental
stages of parenchyma walls are found in a wide area.

Tangential section of resin canal in intermediate wood in September.
Heavy thickened epitherial cells still have nucleus. Maturation of resin
canal tissue occurs during July to September.

Resin canal in intermediate wood in November. All the unlignified
epithelial cells and parenchyma cells are directly adjacent to thickened
lignified cells. The boundary line between living cells and dead ones is
very distinct.

Photos 49-51. Pinus densiflora.

Photo 49.

Photo 50.

Photo 51.

Tangential section of ray in intermediate wood in August. Earlywood
parenchyma next to ray tracheids had finished secondary wall formation
in the outermost sapwood. But non UV-absorbing layers are - detected
within the primary walls even in the intermediate wood (small arrow). In
a central parenchyma cell, thickening and lignification begin in the cell
corner (arrow). All window-like pit membranes do not absorb UV light.

Earlywood ray near the earlywood-latewood transition in intermediate wood
in September. Some ray parenchyma disconnected with ray tracheids
have thickening secondary walls showing weak UV absorption (ariow).
On the other hand, unthickened parenchyma shows UV-absorption in the
cell corners (small arrow).

Almost the same position as Photo 64. Ray parenchyma detached from
ray tracheid is slightly thickened and lignified (arrow), and remained thin-
walled parenchyma shows UV-absorption in the cell corners and the end
wall (small arrow).

Photos 52-55. Pinus banksiana.

Phato 52.

Photo 53.

Photo 54.

Photo 55.

Ray in the inner sapwood in September. Cell wall development proceeds
in a line centrifugally.

Ray in the inner sapwood in September. Lignification of thickenin‘g walls
progresses inward from the middle lamella to developing secondary wall.
UV-absorption of these walls is rather weak in comparison with that of
ray tracheid (arrow).

Ray in intermediate wood in August. Remained thin-walled parenchyma
showing UV-absorption in the whole wall have nucleus.

Ray in the inner sapwood in September. Only one parenchyma has
thickening wall. The stage of wall formation is an advance of that of
parenchyma in Photo. 67.
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Photos 56-57. Pinus densiflora.

Photo 56.

Photo 57.

Radial resin canal tissue in intermediate wood in July. Living epitherial
cells show UV-absorption with various strengths (arrows), suggesting that
lignification is progressing. Neighboring parenchyma show lack of ligni-
fication,

Tangential section of radial resin canal in intermediate wood in August.
Epitherial cells are lignified without thickening, and resin duct is filled
with UV-absorbing substances. Surrounding ray parenchyma have unli-
gnified thin walls.

Photos 58-60. Pinus banksiana.

Photo 58.

Photo 59.

Photo 60.

Radial resin canal in intermediate wood in July. Thin-walled epitherial
cells showing UV-absorption possess nucleus, suggesting that lignification
is in progress.

Resin canal in intermediate wood in October. Thin-walled living paren-
chyma in the multiseriate portion indicate UV-absorption in the whole
wall (arrow).

Resin canal in intermediate wood in November. Living epithelial cells
are directly adjacent to dead ones. Lignification of thin-walled paren-
chyma and epitherial cells of radial resin canal take place during July to
October in intermediate wood.

Photos 61-64. Pinus densiflora.

Photo 61.

Photo 62.

Photo 63.

Photo 64.

Photo 65.

Photo 66.

Light micrograph stained with Sudan black B. Ray in the inner sapwood
in September. Starch grains are distributed uniformly among cytoplasm
in the growing season. Starch is shown as white grains contrasting

with black lipid.

Light micrograph stained with Sudan black B. Ray in the inner sapwood
in October. Starch grains are concentrated around nucleus in early
autumn and early spring.

Light micrograph stained with 1 and IK. Radial resin canal tissue in the
outer sapwood in August. Ray parenchyma cells have great amount of
starch grains, but in epitherial cells starch grain is not recognized. Starch
appears blue to black. )

Light micrograph stained with I and IK. Radial resin canal in the outer
sapwood in October. In epitherial cells starch grains are revealed only
during late autumn to early winter.

Light micrograph stained with Sudan black B. Ray in the sapwood-
heartwood boundary in January in P. banksiana. In winter ray paren-
chyma cells filled with lipids exist over just before the heartwood, there-
fore the transition between living cells containing many lipids and dead
cells without cytoplasm can be recognized distinctly (arrow).

Electron micrograph of ray parenchyma cells in intermediate wood in
June in P. densiflora. Lipid can be seen in the intercellular spaces (arrow).



Photo 67.

Photo 68.

Photo 69.

Photo 70.

Photo 71.

Photo 72.

Photo 73.

Photo 74.

Photo 75.

Photo 76.

Photo 77.
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Stereo micrograph of a radial surface stained with benzidine and HjO,.
Ray and tracheid in the inner sapwood in May in P. densiflora. Peroxy-
dase activities are seen mainly in the end wall of parenchyma (arrow), and
in the bordered pits.

Stereo micrograph of a radial surface stained with benzidine and H;0; in
intermediate wood in May in P. densiflora. Increased peroxydase activites
of ray parenchyma are found in the regions of two rings width out of
the heartwood boundary, and they are notable only in the growing season
and inconspicuous in the dormant season.

Autoradiograph (3H-phenylalanine). Ray in the inner sapwood in August
in P. densiflora. Radioactivities are detected over mainly unthickened
ray cells remote from ray tracheids, and their silver grains are observed
in the cytoplasm near the cell walls (arrow).

Autoradiograph (3H-phenylalanine). Ray in the cambial zone in August in
P. densiflora. Tritiated phenylalanine is taken up into unlignified paren-
chyma walls, nuclei and cytoplasm in the cambial zone, and quantity of
silver grains in ray is much more than that in tracheid (arrows).

Autoradiograph (14C-glucose). Ray in intermediate wood in September in
P. densiflora. In the intermediate wood, silver grains are seen mainly in
starch grains, which is more abundant than in sapwood.

Autoradiograph (3H-phenylalanine) Ray in the half annual ring outer of
sapwood-heartwood boundary in September in P. banksiana. Radioactivities
are detected in appreciable amount in the primary walls of immature
parenchyma cells (arrow), and fewer amount of the cytoplasmic labelling
are observed in nucleolus (small arrow) and cytoplasm exceptt lipid
droplets.

Autoradiograph (3H-phenylalanine). About 300 #m inside from Photo 72.
To pay attention to the sapwood-heartwood transition zone, it is singificant
number of silver grains of 3H-phenylalanine in the sapwood parenchyma
walls (arrow) decreases gradually toward heartwood and then disappears in
the senescent cells in the heartwood periphery (arrow).

Ray in the sapwood-heartwood boundary in July in P. strobus. A ray
parenchyma possessing pycnotic nucleus is adjacent to dead parenchyma
(arrow).

Ray in the sapwood-heartwood boundary in June in P. strobus. Living
parenchyma and dead parenchyma showing weak UV-absorption in the
caved radial wall (arrow) are found closely.

Ray in the sapwood-heartwood boundary in September in P. densiflora.
Various necrotic stages of parenchyma are recognized. Dead paren-
chyma cells indicate UV-absorption in the window-like pit membranes in
different strength (arrows).

Ray in the sapwood-heartwood boundary in April in P. densiflora. Transi-
tion between living parenchyma and dead parenchyma is clear.



Photo 78.

Photo 79.

Photo 80.
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Ray in the sapwood-heartwood boundary in July in P. banksiana. Living
parenchyma cell is situated adjacent to the parenchyma showing UV-
absorption in the caved radial wall in different strength {arrows).

Fluorescence micrograph stained with acridine red. Transverse section
of tracheids in heartwood of P. densiflora. A lumen of tracheid and pit
chamber are full of the extraneous materials (arrows).

Fluorescense micrograph stained with acridine red. Tangential section in
heartwood of P. densiflora. A lumen of tracheid adjacent to radial resin
canal tissue contains the extraneous materials (arrow).

Photos 81-84. Light micrograph stained with methylgreen and pylonine.

Photo 81.

Photo 82.

Photo 83.

Photo 84.

Ray in the sapwood-heartwood boundary in September in P. densiflora.
Nucleous stained blue becomes from an ellipse towards circular configura-
tion in one or half outer ring of the heartwood boundary, and then
becomes pycnotic and finally disappears. Picnotic nucleus is stained red
(arrow), and they are observed mainly during July to August.

Ray in the sapwood-heartwood boundary in September in P. banksiana.
Active nucleus stained blue changes their coloration into red in the
sapwood-heartwood boundary (arrows). They are observed from September
to November.

Radial resin canal tissue in the sapwood-heartwood in October in P.
strobus. Nuclei of epitherial cells in the heartwood transition show red
coloration mainly during September to October (arrow). Necrotic stage
is the same as Photo 46.

Radial resin canal in the sapwood-heartwood boundary in December in P.
strobus. Nuclei of epitherial cells show blue coloration in the other month
(arrow). Necrotic stage is the same as Photo 48,



Plate I

¥ e g e s e e

e

e




Plate II [ITEN

e, o
P e e




Plate 1II

R

% TR
-

gggga .



A

1

Plate IV




A Plate V




Plate VI WA

.

-




Plate VII

=

=

.

e

fwmmw.

::.
S:.E.
-
.

L




Plate VIII 1A




TN Plate IX

e

10um




Plate X

o

e
v
Y

e

C

.
e

=
=

7
-
o
.
s
P
i g@;

o
-

E

.

.
-
-
-

S
e

:
L

.
.
0
L
.
i
o
o

-

o
.
-

e
”
v
.
o
.
L
e
e
i

.
-
.
.
-
-
SgrE
:
1

c
-

-
-

M
s

.
e
.

e
-
S
- ﬁw.wmwm%w?

-




*

Plate XI

R -

i

i
L

F

-

g 0%
s - .

i L

Pt
e
e

.

:
T ; -
L
*T -
E

=

N
e

all

-

L




Plate XII

SeEs b

e %».wﬁws e

%,‘
- -
e

e

i

o

Sae L st

L




Plate XIII




I

Plate XIV

=
v
b

G







