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Seasonal Changes in Chemical Components of Abies
sachalinensis Cones During the Periods of
Featilization and Maturity
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Table 1.

Seasons of flower bud formation of conifers in Japan

Seasons of flower bud formation

?

3

A. sachalinensis
L. leptolepis

P. jezoensis

P. densiflora
P. thunbergii
C. japonica

C. obtusa

early July~late July
early July~late July
mid-July ~mid-Aug.
mid-Aug.

late Aug.

mid-July ~mid-Sep.
late July~mid-Sep.

early July~late July
early July~late July
mid-July ~ mid-Aug.
mid-July~late July
late July~early Aug.
late June~late Sep.
early July~mid-Sep.
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Fig. 1. Seasonal changes in extractable reserves, lignin, hemicellulose
and cellulose of cone.

(from the results by DICKMANN, D. I. and KozLowski, T. T.)
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Fig. 2. Seasonal changes in extractable reserves, lignin, hemicellulose

and cellulose of cone.

(from the results by DICKMANN, D. I. and KOZLOWSKI, T. T.)
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Fig. 3. Seasonal changes in N-nutrient of cone.
(from the results by DICKMANN, D. I. and KozLowski, T. T.)
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Fig. 4. Seasonal changes in N-nutrient of cone.
(from the results by DICKMANN, D. I. and KozLowsKi, T. T.)
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6 A kR, PARBIVCTARKTS, RELELILHVOLEER, SKERSIVIEORE
kAl EDOE(kL Table 2 235 Table 6 K REh 5,

HREOEEWINKC &7y, SHBER, BNEXHNTA2AERERLTVS, Ll
b, HFHMEBELBECTEPDTE Table 7T @R3INB L5, 7ra—ar-<vErHER
JORAMEEIL6 B LALbBIOERYRL, 24/ —AHHHEDL 6 AdE X v EIDOHE
HxZRT,

DickMaNN, D. L & T hiE, THBICZTEIY B2 RBZMBYHOB L E BT,
) F=2vRIPTerr - ARENTAEBEEZREDTEY, P FvYHRBRWTL, 72

Table 2. Seasonal changes in fresh weight, per
cone in June. (g)

early middle late

6.21 9.07 17.24

Table 3. Seasonal changes in moisture contents
per cone in June. (g)

early middle late

3.91 5.67 12.42
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Table 4. Seasonal changes in content in methanolic
extractives per cone in June. (g)

early middle late

0.627 0.961 1.143

Table 5. Seasonal changes in content in alcohol-
benzene extractives per cone in June. (g)

early middle late

0.356 0.489 0.688

Table 6.. Seasonal changes in content in hot water
extractives per cone in June. (g)

early middle late

0.556 0.772 1.239

Table 7. Seasonal changes in concentration of
three extracts in June. (%)

early middle late
methanol 85 10.6 6.6
alcohol-benzene 5.7 5.4 4.0
hot water 9.0 85 7.2

— A=V E v OR[BILEL, ZOMBYIAMROFT T FHEEF~EM LTS LHEX
ha., Xbi, Pinus resinosa WE\T, MV 7 v LEEBIC X AHEHORER, 6 BRICEK
lH%RTD, —H, F F=V0BRR6 ALHOT 2 — - v v B ITRAMEHOBRE
DBRAMEXRL, Ebi, 6 AhHD A 2/ — A HHBOBENRRKEYTT, 20 &,
BATE 3 X O #AAY Pinus resinosa Ti3.6 RPATHH, b F=Y TR ThH5 A THTHS
CEREBETHE, IBMI VNI BROCFFBERERZRTZ &3, ZORMAZENS L
ZHEVENTH Y, FRCHRBEABERTHS,

EbR, REFEC I ZHMHEOREL, Y 7 e LEBOBA 6 A THORKME LA
i, SEDOERICBWTIR6 A LAIIZT A2 —A-v ¥ vl T ONRKH
DRENBEAERRL, Ebic, &/ —AHEHOBREIZ6 AFPBRKEYRL, 7o =2
— A=V E VR ICEKMEHD 2 27 —VEBEH~OBITE IHAINS,

e B LT, BAMEDIBELBEI LRI AR DLh, £ER L TYL
REZXSBORKIPELEL L, LK, BREhOoOb5ETIZ, SR LT, M2
EnD3fED 7N 2 — ARBINT 50T, BRAMBTRIEB L BIOEALY RT EHEIRS,
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Fig. 5, Fig. 6, Fig. 7T K XU Fig. 8 kR =7 w2 Y5 o BIVHEB/ v~ 735 4

1.0

j=) =) V
[ o o
(o] o} ]
Rf ] [ o
o -] o
0.5 ° ° o
0 o_ o ° ° °
v Ky = ° ° 0
o o o
° ° 0 0 o
° ° ° Q ] @
° ° ° ° ° °
O 0 O Ia) a I
Early Middle Late Early ‘Middle Late
(1) ()
Fig. 5. TLC of methanolic extract in June.
Solvent: Toluene-Formic acid-Ethyl

Formate (5:1:4v/v)
Detecting reagent:
I: 50% HzSO4
II: Diazotized Sulfanilic Acid

1.0 {5 R W N
@) O O
- O O
Rt o O O
o O @)
0.5
00 0
Early Middle Late
Fig. 7. TLC of hot water extract
in June.
Solvent: Ethyl Acetate-Methyl

Ethyl Ketone-Formic
Acid-H;0(5:3:1:1v/v)
Detecting reagent: 50% H,SO,

(F %)

1.0 L o —
0 o [
0 o °
Rf °
)
0.5 | o ° °
0 ° o
= i o
0 o °
Q) Q Vi)
Early Middle Late
Fig. 6. TLC of alcohol-benzene
extract in June.
Solvent: Toluene-Formic Acid-

Ethyl Formate (5:1:4
v/v)

Detecting reagent: 50% H,SO,
1.0
Rt o o a
0.5 r
0 o 0
o o o
L] Q o
2 8 <Q
o & =)
(4 Qo 3
[ (o= [=]
o O 0o
Early Middle Late

Fig. 8. PPC of hot water extract
in June.
n-Butanol-Acetic Acid-
H,O (4:1:5v/v)
Detecting reagent: Ninhidrin

Solvent :
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BRT, ThbOBERIC X, BEAMBRLU M, KELEIZEDSRIg) w1, BAH
HBRWT, 6 AFHORME, EARIVTHORBEIEKRLT, =ve FY vRETH
BT57 IV BEEEIhIYWECELIERD LR,
III-3 72 b 7=00ORRMES
EEYERTHDR, AF (T v o7 =) D00INERE A % / — A ERDENERIL
ARZ ALY, ERERVRELL,
001NIER 2 2 /7 — LV EBRDENBRILA R 7 + L% Fig. 9 KR,
Fig. 9t RXNB X5, 00INERE % / — A CEMUIEEIL 276 me 35 X 0% 544 mp
CBRAMEE R L,
RN EB LMD oo, R 15 BEORRELAGT, 6 ALA, PARIVUTHD
TYrST = vDRERT I
FIEPEF1L 276 my, 515 mpy, 540 mp 35 X O 544 mp & Fi 7o,
¥, BEREBLUL 100mé K LEERE 3B 5T TER L,
Fig. 10 i 276 my OPE R COEEZEL R L, Fig. 11 © 515mpy OE R COEEBEREY T
L, Fig. 12 i 540 mp TOEEMER K LUV Fig. 13 K 544 mp TOERBBRELR L,
TV YT = vORLE oW, BIEE®OS LA X b, BREFXERT S RONT,
REOBHELFHREWEL, 6 APz, BARAHLDEB~LENTS,

-
o
2
)
300 400 500 my
Fig. 9. UV spectrum of anthocyanins
in 001N HCI-MeOH.
2.0 1.0
-
o
- °
)
g. 1.0 0.5 /\
n
Early Middle Late Early Middle Late
Fig. 10. Seasonal changes in an- Fig. 11. Seasonal changes in an-

thocyaning per g of cone

thocyanins per g of cone
in June at 276 my.

in June at 515 my.
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1.0
[ 1.0 |
- -
g 05} 3
< T 051
Early Middle Late Early Middle Late
Fig. 12. Seosonal changes in an- Fig. 13. Seasonal changes in an-
thocyanins per g of cone thocyanins per g of cone
in June at 540 mg. in June at 544 mp.

TYrST2VvIPETEDHNALTHOMESI VEFEL, THRRIVZHEECT
YEFYT =2 vRHc BT kW EEEI D,

L#s L, Fig. 10, Fig. 11, Fig. 12 8 X O Fig. 13 b BL Mk X 51C, 7 v b7 =vD
BB RZEDbhic, bbb, 6 AhHORNL6 A LBk XOhHORE & HE LT,
rYoEWEEDT Vb T = vERLE,

¥t, 6 HEH, PHBICTHDO IR T, BABRRRARZ AL DER LD,
nEﬁxy%—Qavmxb&abnéwm“o%ﬁ%%u%bhf,émtxm@&ﬁ%b
bhi,

TYrYT = vOESRKRIE, EZL0EBASECIVHEEYITH I LARE SR TY
B, B Th, KT X HEEDOD KL ISMOBbLR T2, B9, FEOEEH,
BEREHESICERYELEOEEITB LR T, XPHHEOERXT v o7 = vk
BMERETS, Lh L, BB IO v 7 BRH®®0 137 v o7 = vOERPET
XD, &K, FausT, ML i3 2 v R 7 BHODERE 7T v b ¥ 7 = vOERE R v+ { BB
HFORKEL, 2 vRAI7BAOBBLT v o T =2y (75874 F) ~ORKBEE, 7 ==
MENE VBOBHEITER LR T, & VA7 BERICHEREREHERT v b v 7 = VAR
CRAREEREFHETHHEHEEL TS,

bk, 7 I/ BEIVEOREE 137 1  BOBEIC X 5T, Mt oEENDD,
BHEOT 3 BIIRENCERTLH, BOodORMENDELRT., ¥4, A—73/8
THRER X T, FOHEIRLLBELDS,

EEMBEOEELEILILTHILMN, XV ) vBII7T v v T2y (75874 F) 5%
MHT BN a7 7 FARRIREST S, PNV vIETOMRE I EENBATH
D, BFHOEHEMN XL Y vOSBIETOERILE e THMT 5D,

KrugMaN, S. L. i@ X hiE, Pinus ponderosa 35 X 0" Pinus lambertiana OFXKBEF L b,
IR Y YRPEDOFEEIHEI IR TW5,

FRE=YRBWT, 6 AR, FEHBICTEDO7 v+ 7= vOREOEL, BEMG A



648 IEERFEETHBRARRE $36% K35

TH) XoRAxc¥EmTS5, LT 6 AR KELHED, TACHTTEITS, £LT,
COEADTAEEL, BFERCELLD, FVAZBOERBIONC VY vEHEOHEM
B, TYrvT = ol b0 L#EEIRS,
II4 ZXRNRSEIERCTLY I OEE
SHBTic Bt 7 e~ 75 4 (Fig. 5, Fig. 7 3 X0 Fig. 8) TogRic L v, EAH
o6 APEORE2S, 6 A LARIVOTHORMCRERIhVHEBRDLRI, &
DHDIL, =ve P vRARECIHEARGIFREAEXEL, 7 I VBLEEILS, EDE,
7 3 BaFoREE (Fig. 14, Fig. 15, Fig. 16, Fig. 17, Fig. 18 3 X O Fig. 19) & 4 &1t
T, TARFFVRBIP Iz 3 vERBR LK,
7 3 BV DR S Fig. 14 55 Fig. 19 k©iRd,
-5 7X/BOEE
Fig. 14, Fig. 15 3 X ' Fig. 16 TR &N 5 X 5 ic, EERM I K LT, TLo7 I /B

PEETHEHEZRD,
T, 7TARFFE VEE (Asp), AVt =y (Thr), =Y v (Ser.), 7 x 3 vE (Glu.),

g Asp. Ser. Glu. /A:l/a.L NHy
1 2 3 4 5 [ 7 8 1 2 3 4 br
Fig. 14. Amino acid analysis in early June.
Asp. Ser. Glu. Ala. val. lle, Lys. NH;
Amide
o .
° Thr, Pro. Gly. 5 Met. Leu. His.
1 2 3 4 5 6 7 8 1 2 3 4 hr
Fig. 15. Amino acida analysis in middle June.
Asp. Ser, Glu. Ala. NH,
o __/\._/h/\w
°o |l L AA NN o] |
1 2 3 & 5 6 7 8 1 2 3 4 hr

Fig. 16. Amino acid analysis in late June.
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sy vy Gly), 73=v (Ala), -2V v (Val), xFF+=v Met.), 41 Vv a4 v (Ile),
4vvlew), Vv lys)BIUOe A+ v His) D 12BEHTH-7. ThHLDHT Asp,

Ser., Glu. 8 XU Ala. D4 RO 7 2 BRI KRT T EHED T3,

Xbig, Fig.17, Fig. 18 8 X' Fig. 19 e 7 = 1 V{L&HOHI D7 3 7 BOaWRE =T,
Fig. 17, Fig. 18 35 X 0" Fig. 19 ¥ i3, kG BEUMORB 2 EER L LTEDL L,

Fig. 17 7»% Fig. 19 ¥ CoOKERE X b, 6 Ah@oRBMCEED 7 ~ 4 FLEWDOFEN
EhL, 7=4 FLEWIMASBTAHZ L I DHER L, Asp. B X Glu. 23
WINT 52X, 74 FMLEWITT A7 F v (Asp-NHp) 58X/ 1 % § v (Glu-NHy)

BHb Tz,

EHEEINRD,

Aok, EEWHELOKKC XD, BT I VBTHD, Asp, Glu, 7 <1 FLED,

(%)

Ser. BX Ala. 6 A LA, HHBIOTHOEIX Table 8 iwRIN 3B,

oD

oD

Standard Hydrolyzed
Asp. Ser, Glu. Asp. Ser. Glu.

1 2 3 4 5 1 2 3 4 5
Fig. 17. Amino acid analysis in early June.
Standard Hydrolyzed

Amide
S’er.
Asp. Glu. Asp. Ser. Glu.

t 2 3 4 5 1 2 3 4 5
Fig. 18. Amino acid analysis in middle June.
Standard Hydrolyzed

Asp. Ser. Glu. Asp. Ser. Glu.

___'/\_/\_A\__J

1 2 3 4 S
Amino acid analysis in late June.

Fig. 19.

1

2 3 4 5

hr

hr

hr
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Table 8. Seasonal changes in Asp., amides, Ser., Glu.
and Ala. per 20 g of cone in June. (#M)

early middle late
Asp. 0.16 0.57 0.12
amides N.D. 0.20 N.D.
Ser. 0.11 0.31 0.12
Glu. 0.21 0.67 0.31
Ala. 0.32 0.60 0.56

(N.D.: not detected)

6 ALABXOTHORBELBE LT, FHORKID, TARFFvEIV I/ E IV
WEDT7 <4 VILEYRERE IRz, WED7 <=4 F{baWwit, RERNTHEINSE, fio
AErOBB Lt 0 BRCHETS LIXRETHS,

Pinus resinosa™® BT, RENOELZEE L Fig. 3 XUV Fig. 4 tRENB L5,
TEFSBF X Y, BRABEIh, BEOHERBIOCZRH LY, BTABEHTHZ EMNR
dbhb, LT, BERLAVOERIZIHRPI LIZTRERERD 7 A LAasrbhi ol
ORI IEB LT, ZOEBENERCKEWELEEDOLRSD,

¥, BTORAOHMCE VT, ERLAYIETER L, REOEM IV,
EVRIBOJZIRLHRRBZ b EHEIRT WS,

6 AP RS, 774 FMLAMDOEEIREDBI T T <4 FLEMIER L, BB
Loop BT ~BETLEMOBHKLTHD LHMNEINS,

BRSPDOT 3 BERICOWTL, #LOFIRENBLRTE D, BL BB DI,
TARGEVE, ILEIVvBBIVETRLDT I FTHBETARFFVRBIVN /AR I VT
BB, TOM, PETIBEN, 7=V, 72=2A7F=v, F7YVvy, sfvy, )
V, AFF=v, Trl)v, V)V, Avt=vEBINFeLVEEDT I/ BRBEIRT
Wa,

BarNEs, R. L. iz L T2 Pinys serotina OBHEHFRO 7 3 7 BARIIESC X - CF
tL, ZDBRRERIVCLXIRET, 4 ELGOBIEHMOREE 11 And 12 At} Tol
KoRHhc, £7 IV BEERERERLS.

¥72, 7w~ (Pinus thunbergii) DRE® 3 JUETFS O Lhud, REOZEE
BEBEBFFEO2 AT TIRLEAEHEMOERARED OV, LT, BFrBl}r3, 74
F{L&#i, 8 APAREKRERRT, ¥, ZHL6 ANEORHETHS EBbh, R
ETHEORAORERED 1L AThB, LT, 771 FLANIRAELRT, 8 5k
DRBETI, 23% OBREBECRIPENREENE LS ERNRDLRS,

ThrebDl by, MECHFETDH7 <4 FLaWil, BRI VBB LELDLETE
Shb, IbE, 774 VLEWOBEIZ, AEROBK T4 B LA0oRKENRRECE
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WL 6 ARHIER TS0 LENMIN S,

6 AFAN, BREORBERT, THMER THHLEEIRTEY, TOR, &
D7 <4 FLEMPRBCELETHZ L, REARBBOEELRARTH S,

B, FAEIVE, TAATEFVEBEIO®wY vigld 6 APARBERELR LI,

724 F{LAWTH D, TAAFTEVRIVINE I VREREFRT AASF VBB LT
A VBRI EE LTEREIND,

—B, T/ BEr VREDOEDOT I/ EEBRIGEME TS T VAT 7 — EIHE
BRCIES AWM LTED, HL07 I 7BIIHEETH Y VBEIAL X I VYRRBD\WILT AT
FUBHLER L D LEELIIS,

7 <A FLBEYOEERERLT v e =7 OREIER®H L B2 LR DM, AR
CEWTiE, BTFABHT M EIH 0fRBAKLHENIID,

-6 FHMHERIORE

III-6-1 7> br7=

FFeYREBEIVELRL, 3EOT VYT =V B AW TOR—R—Ir< ST
74— (P.P.C) 1% RffH 0.30, 023 8 XU 0.18 /R L, IHE, n-7 %/ —A-2N g (1:1
viv BB T P.P.C. 1 0.06, 0.04 3 X 00 0.03 D Rf fE% 7 L1,

SER, 001N EfE £ & / — AR TORMERILA 7 + 1% Fig. 20, Fig. 21 3 XU Fig.
2RT, FLT, AREEATA I =Y 2 BEMLTELRIASZ PATHS,

Fig. 20 75 Fig. 2 REh 5 X oK,
3EDO7 Vv 7 = vi2280me BI540 my
LB RN ER LI,

SE, Bbhi-7 vy 7 =i, 10% K
Bith V) v awdlr=%/ — A TOMKFET
BB AREIRT, bk, BIHRRIA
RZMPATCT VLT v T = vOBAIL,

-log T

300 400 S00 my
310 mg 5K & R AL % & -0 »3 Fig. 20 » 5 Fig. Fig. 20. UV spectrum of cyanin.

L EFREIRD X ICERRE T, FRBILT
ELEWERBIRA, X6k, HarBONE, J. B.
kd, 7T = vOEMEBRIRARZ b
AOFECIE, BREERCI ST, 7vi¥
7 = vOERBEIERN IS,

Thbb, 40mp CEFTERKLE L TR «
BRI ABREEORXEOKIC X v, B 00 40 00 mu
GRABRCHEEIIS, 5, FFeYERR Fig. 21. UV spectrum of delphin.

-log T
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Ih#Bbhi, 3BO7 VT = VviRERE

HOHA13, 1085 L I0 BRL, 3firs 546

CHELL OB THH EHEEINRD,
b, Fig. 20 55 Fig. 22 0 i cR X

RAHERT A I =7 2aDBMZ X b, THEED %

AR AR, FhFR15me, 2me L0t |

28mp OREHERBDShBZ Lk b, 3

BO7 v+ v7 = v BRI, EEOKERE 300 400 500  mu
DAL R EEET S LI Fig. 22. UV spectrum of petunin.

DR, BEEYINERTIBEMAL, MAkIETS, ek FEDiso-7 s 47
va—AEMz, Tra—aABEARBeIETs, B hbFE Tiso-T iAT A2 —A
THIHL, 7ra—ABRBikE, BET5, 3BOT7 v o7 =0 vy, BERE-HEE-K (30:
3:10v/v) OBETP.P.C. 2ElT5 &, £hEh 045 035K X 00520 RFEERL, *
RERDT v o720, 720y, RF.20vRIOFALT 4 =0 v ThDEHRTE
Sh, ¥, BE&HO RfEL P.P.C. kT—HLEDT, ThFhv 7=V, RFa.= v
IUBFN7 4 =2 v EHEE LR,

IBK, i50-7 IAT A2 - A HIHBOKEL, 14 vEBHE, 7 v-1—354 + IR-410
ZHLTHERE BAW. B5XU0n-78/7 —A-¥ ) vk (6:4:3v/v) G, P.P.C. %%
mbtﬁ%,an—xﬁﬁﬁéhto:@%%3E®7Vb77:7u77:97,&%;
EYVVBIVTAT 4 2 VORBETHERII /N2 —AChEEHEEIRS,

DER, BT VYT = vOWIMKIRE, TV O T = vD 1B EB A & ) — LT
FEED 20% HfkE %, 70°C OKBEETIMR L, ~EHM S LRk E & b7 L, P.P.C.
ETOEBHT LB, ABE, Y. 3 L0 Havasar K. OFED 12 & - CEH Lic, Thicks &,
TYbYT=2vD3-€/ vy VYOBEIL2HE, -4 Y FOBSIL3 L35/ v FD
BRIAEDT Vo7 =2 vBIOT VIV T2 vRADBBR, 7V o T = voEky X
VHERCMBZ ENTES,

SEBLRIT VYT = VI3 BELABOARy FABDL R, BARRILA <7 b
AOREREBADHRT, 35-C /Y FDT7 Vv 7 = vOR RS EEIN D,

DEL, ZhHLDT v v 7 = vER LT, BEMLAE KT X 5K REFTF - 1o, BERAL
KRAKW X% K5 i 3 L OBEH BT 5 )71 C CHANDLER, B. V. 3 X 0% Harper, K. A.
KEBHED TRl L, T7ebb, 30% BB AEAEHCTERTRIGHE, <5ova
7y 7ML TREOBBKRE LR E, Wik, 30% 7 vE=7KCMKIMEL, Byl
MEZEL, RORBRLT, BKOn-7 2/ Ao MeTHEETol, n-7 2 7 — LB
BARE, CN-ERTINADBE L, =—FATRSMML, 7 v —~54 1 IRAOEEFLCHE
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R T - T,
n-7 %/ —AHHBRER JOCEHBTOMKSBEOKBRIE L ) 274 ¥ ) A LH] R
LB TMS-PZ) # VT ) A fbB KB LT, ¥ A7 v~ b 757 4 —DFKE Lz,
HAZa=b 7357 4= 3K GC8HEFEAL, REFAIR)=FL v /542~
A20M, HEZ 7 vey A7 HMDS, 2m % 5 A5 5 2% B\, F.LD. 2R Lz,
73— AOBERIIIMAK S BE & REROBIELITY, ¥ ) AL, RERZFRL, €&
1T o7,
ﬁﬁ®%%,V7=97R%¢@3ﬁbrwa—xaS&Ofwz—xﬁuLmﬂws&
F 2= VDERILL00:094 BIVFAL 7 4 =2 vOFhIT1.00:092 R L,
CheoEREYy, PF=YREDOT7T v Y

OH

T2, 7=V, F.=2VvBIFFALT7  Ho 0 OH  Cyanin
4 =P VD3S-C /ALY FTHBEERE L. A 0—Gl
MicBERE =T, ‘ Gl -0

3EOT VYT =Vt FeyBRRRETS . OMe
EEo—REELbRS, ¥7=0v-3571a O ° OH Petunin
Y PRy 7= vEXiTh, Y 7 <F 7 (Centaurea 0-G1 OH
cyanus) OfE, &V 7 (Dahlie variabilis) DIEER X ot —o
Qe v 7 =F VY (Zinnia dlegans) DLl EC A "o 3 OHOH betohin
T%, ¥l, SFa2=22v-3 5T rray Pz
v=vi XiTh, *F . =7 (Petunia hybrida) ® 6l —b0 0-G! OH
1€ 3 X O Vitis rotundifolia D B RIZ 2 AH ¥ =
v (muscadinin) & LTE&EhB. B, L7 4 Gl : Glucose

=y v-3,5-C Az Y FiEFr7 4 vE XN, Salvia patens DIEIR X O° Verbena hybrida
DIERECEEND,

RERACR AT, 7Yy 7= VidTRTEBGHL LTEEL, B 7rva—X, 757
F—ABIONT o/, —ARETHDB, FLT, 2703 FOBE, 742 FOBEER
JOENRIMLE SR bINTHEBEREND D, BEFORIINEIEWZLBRRDLHR
T, XbIE, EEOEBRBO—TFERB O TIERC =271 EATE848Lb 5.,

EEEOEMC BT 5 EHIT, BECESEORBNLERNELON, BT REREWT
i3, ToXi ki ELLRS,

—H, BBt BE7 =/ —ARBRE 7V 20 F - a VR X - TEBEh SR, ALX
S e BRVEMOEBECIHEIIh TS,

I, BEACZ, EEOBEOEMNC, MEMRRPCHTIRENER, BEEOH
B, ANPGRS XOCERFEDER EORRERHEORE S X OHHEFAM fr L 2MEE X
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hTws, LaLads, BEHOBHE#EIRSLSEDCE VL, B REKRERD
EERTHBLL Lhicy,

IMI-6-2 d{+)-hFFv

SR E LT, 132mg DETHLRIYEIEL, ©7 VAL 7 7 = L BAIC X 5 BBRIG
BEEETRL, 5/ - AHELE-HTORARRERRE LI, SHK, A= v-¥@-¥
BrxFr 5:1:4vV) R EIAHBI/r<t 7574 — (T.L.C)IZ RFIE0.20 %R L, 2% BEik
b= =2m<br37 44— PP.C)ILRFAECIT R LI, Fih, BAIX172°C T
Hote, EBE, BABERINANZ F AL Inax 280 mp B KRER B, 5 v = v RFEOHWE
LHEEZIIB,

TOWBOEBMESHKBANZ A% Fig. 23 ©iRT, ELRERTHL d(+)-h=F v &
DEMABRIFMABRTERIT, 2030k d(+)-» 7+ vERE L,

TLETHE CusHuOs & LT FHEME C: 6206 H: 486

EEME C: 6182 H: 495

BETEEBD, REIVEORI A+ TF 2 FeV$EEL DL BMBEIRD, &

RllHcE@ s REIhTW5, SHETRIEFOBETHZLCEBL, ZOHEOH

(cD;),c0

_/—/

N

8 7 6 5 4 3 2 1 0
PPM

Fig. 23. NMR spectrum of d-(+)-catechin.

Table 9. Effects of d-(+)-catechin on frost hardness

Exposed at —5°C for 35 min —5°C for 35 min —5°C for 30 min
Cont. Subs. Cont. Subs. Cont. Subs.
Decolored
Non 6,8 . 9, 10
Partly 4,2 1, 0
Mostly
Wholy 10,10 - | 10, 10 10, 10 10, 10
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T % B6062,69).60) 1= ST ER BT - T2,

Table 9 CHEBEERIC OV TOKELRT,

CORR, d&(+H)H T F VIRIIHEESRIZD ORIV LR ENS, Thbb, 2h
ExTehrokRBREEB LT, EoRABRBRAERENR I STLDLTHS,

1163 EOFvE

EEOMEKE LT, RESmg BbNIHEI, e v-FB-F@=F1 5:1:4v/v) T
» T.L.C. TIX RFEO0I5S R L, < v¥vDLDBHAIL RfH0.70 2R Lic, Bl&iL845°C
b 86°C THotr, IBIK, TAARI PAR LD MTiL396 RDbObIT,

HFABBILA L7 b A% Fig. 24 Kit, Thickbd s, 2030, v vEe#H
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Summary

The studies on morphological and physiological changes in development of cones were
reported by many investigators.

The number of published reports on seasonal changes of chemical components is very
small and the study occupies important part in the seed formation.

At first, the seasonal changes were studied during the periods of fertilization and maturity
and three anthocyanins, d-(+)-catechin, cerotic acid, abietic acid, g-stiosterol and its glucoside
were identified and fourteen amino acids were detected from young cones of Abies sachalinensis
(Todomatsu).

1. The seasonal changes in fresh weight, moisture content and weights of three extrac-
tives (methanol, hot water and alcohol-benzene) of cone increase rapidly from early June to
late June.

2. After the pollination, in about 10 days, the both concentrations of alcohol-benzene
and hot water extractives of cone reached the maxima values.

In middle June, the concentration of methanol extractives of cone reached maximum
value.

3. The decrease in concentration of alcohol-benzene extractives is gradual, varying from
57% to 4.0%.

The decrease in concentration of hot water extractives is gradual, varying from 9.0%
to 7.2%.

The concentration of methanol extractives is 8.5% initially, it increases to 10.6% in middle
June, and decreases rapidly to 6.6%.

4. The quantitues of anthocyanins and free amino acids are maxima values in middle
June. v

5. The presence of amide compounds (glutamine and asparagine) in middle June, is con-
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sidered to be a indicator of some steps in seed formation.

6. Three anthocyanins (cyanin, delphin and petunin) are coloring substances of cones
in appearance.

7. The fourteen amino acids detected are asparatic acid, threonine, serine, amide com-
pounds (glutamine and asparagine), glutamic acid, proline, glycine, alanine, valine, methonine,
isoleucine, leucine, lysine and histidine.



