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Frost Hardening Substances of Saghalien Fir
By
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This work has been fairly supported by grants from the Ministry of Education in 1971
and 1972.

** HPERNCHFEL, EYOMEELES 2 HELMEEHE L Ls e Ts,
The term, frost hardening substances means those kinds of substances which exist in plams
and make them frost hardy.
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YOG & SEWE L, EOREBFRCTETHCEEST % 4 0r, BEERRAMERCSH
BHONEOVTUL, LTLIHEHE TRV, SO L 2EDD D, EHP2X75F Y
(Gardenia jasminoides ELL1S var. grandifiora Naxal) OEMXERICIL T, EOMBRTA
THRCEEAND LR AR, 72F+ v DEOEEL, EOAMCASLEOERE
T, EAREECEERES T LERLL. LarL, ABHHPORR#AOR
BT, MEPOBRBEY AT HED THMEEIXEEA LU 2\,

KouN BV it % v XY (Brassica oleracea L. var. Badger MARKET) % JBHH T CI&1E 0L B
T5 LML BRBRE L HEMT 52, O0EOTEBBERET -3CrInds, BEEER
BELLVD, WMEERXISLWHLLALLEMTII LA T2, %k, Py iM%
(Solanum tuberosum L.) #{ERAETH LIV U AL HEMT IR, HECkLd L5
feb e, = U 0 (Aegagropila Sauteri (NEEs) KUtz.) (IR IZ L A EBATHEWLA, &
Bk wTd LERK —20°C 0B c 2 5. DX 5 LB E DEIRIIIL L Db
DB B 5B ‘

WAWARMBER AN DT 2T, £ OREHHEE LR/ IHRELBBD L 55, Kk
i, EYERCEBCEEL, TOoMBEHCEETEEELORZHELALRATVS,
L, ki, MRPEAYSLT, BEFFCHRRENKREL, CODMRORER
EryEDATHEEND D EOBHCRENWENE L\, KurasH 5 13=v F 7V (Pisum
sativum L.) i~ Benzyladenine *HE L TREMEZ Ed 1, ks, DX 57/ Cytokinin Ho
BWRIL=Y F7 OBAECRBOFHCERLGERREOR D,

MWEA»D LV R Ly EY, BRUEOEMCHIL T, TOMELELERY &HT
BHRHCEDS Z LN TEIE, WEREL hHWE L OEZERRREFRY, ShETl V2HR
TEBETCHB, b F=Y (Abies sachalinensis MASTERS) DEED 1 I 1 x5
ZERXST, Hlex MHEORBRIIS T TTER, i, MHUHEOMERCK XF
THREYERCHETE DTHENRDOD S DT, WOLDORRYE I,

RBHHEIUTE

P ¥y OB ERFEE MO FEBR O SR CREL . Bl 15~45 54D
FERIDE L DEHRRLD, 1ERY)DBESOBREL 1o, HBAREBOEEhE88% T
BREGDIR Lt EORE, S, BREPAMIMBELRDOLERScm XREL L,

BEORERINI 1 APHNEI T, FLl- TR 1 AFG L THD 2EC K Z o .

BABCHRELULKELIRET oo, 2BHEPCL b F~ Y OKREVREL .

HAEDRO NN
EEHBEOBBOFER bR Fig. 1L TR LIcEB D TH 5,
WL RERLEOL 2REEXR B, ¥TA%/ ~ATHEL, OWT70%
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AR —~NT2EMHETEHEYE o, T0% 2 % 7 — LT, BBLEEIRE, 35°~
40°C CHEV7 AR5 E TREL L, #BiEOBETHEL T ABESI 2B MBL
TLh DX, BHCACEREDABRBEDLERHEYTHACYI Y - 75/ -1 - K (3:
4:TERE) ORGBXBEHCMZIR- 7z, BBETSLWIRACET2RBCOBEL 2,
AR~ VAR OYEL, EHBE (200~300 mesh, HERKE) ol n 5 av A
W, 0% #8272 % WL TEHBEE, PPy OB EYAGEBROGETHREL THH
WHEGEOSHBGEEY L LD, COFEYILR AV T a ) —A 287 =LK 4:1:2
BRI THRLUTHEREL, P F=Y 0B EOMERLEDHLEEL L LD, LrL, $0
POIENVIVEBIE, ChLOBHEOBEC L OFRNDE LKL - T, BRsE

Shoots and needles of Saghalien fir
crushed or homogenized
extracted with 70% methanol two times
Filtrate

Concentrated solution
shaken with P. B. W.

[
Upper layer

1
Lower layer

—
Soluble substances

(Descending column (Ascending column
chromatograghy) chromatography)
eluted with developed with
70% methanol water
Rt about(.5~1.0 Rf0.7~1.0
P M. W, l 70% methanol
Rf about 0.5~1.0
(Ascending column I~ !
chromatograghy ) R{O'4~O'6 RI0.6~0-9
developed with Sample 3 1B. M. W.
P.BW. 1B.M. W,
o RI0.15~0.4 Rt0.15~0.4
I L IP. M. W, IP. M. W,
RiQ.5~0.75 Rt0.75~1.0 RIQ.2~0.45 RfQ.45~0.75
RIO 5:6873 ‘ RIQ 75A"?' o Samele 3’ Sample 4°
T T B. Ac. W. B. Ac. W.
Som'ple 1 Sample 2 RfFQ.0~0.2 RfQ.0~0-.2
1 1B ™ w. 1B. M. W. IP. Am. W. | P Am W
Rt 0.15~0.4 RIQ.5~0.75 RIQ.0~0.2 RtQ.0~0.2
P, M. W. IP. M. W, ” S le 4”
Rt 0-|5~0-75 RIQ.65~0.9 _Sample 37 ampe 4
Sample 17 Sample 2’ iatio
B. Ac. W. B. Ac. W. Ab;r;m\],\}l. :n Pyridine* Butanol* Water ( 3:4:7 v/v)
RfO-ONO 2 RtQ.7~0.9 1P, M. W. Isopmponol'Meth0ﬂ0|‘WOTer (4 1:2 v/v_
IP. Am. W. 1P, Am. W. A B W.: AcstoneButanol-Water (3¢ 12 v/V)
RfO‘,2~0',,4 R*O'ZS’“] -0 B. M. W.: lsobutand- Methanol- water (4:1:2 v/V)
_Sample 17 Sample 2” B. Ac. W. Butanols Acetic acid* Water (4:1:5 v/v
IP. Am. W. : lsopropanol+ Ammonia- Water (10:1:1 v/v

{
Insoluble substances

Fig. 1. The purification of frost hardening substances.

dried up and added to methanol
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BEODEL, RBREAOTRAEBET A HEBOES T
BREARSSHTEDIRELE,

HBunwic# 7 A3 E£E X 25cm, RE45cm D
DONRELT, REAR25cm DD LHERALI, #
7 ABICRRROWEB KL 00, BEPCrices
H2rS5H3ecm DL AR, BWHELAZEE, B
BL-EBEE XY 6~Tmm OEX2bt, Xb
CHEEBRE DD, B TEE . OB EE
RICNETC, 7 r< 257 4 AFEOHT, Fig. 1 KR L
Lteitir TR 18cm RBAL . RBEAGER ) T | jae

" f— Glass tube

J— Cellulose
powder

25 cm

ROBHGEE L VL, IOFEEILRHOE =111 =y - - ==

BT REOGRIL Y » TREL TERY oOT 1, Fig. 2. The apparatus of ascending
IOLXSEL TR0 BRI E 212 column chromatography.
0% » 27—, BF3 L 4K enL T —20°C, 1971 Eh b it —35°C DERCHEL,
DB L TE DL TERIZH T,

WA EHROHE

Bz IcWBERMEREBEDD S ENTEBNE 5203, P F=YERDOBHECTE L
Erb Lo HFCEFHCTLLDI,

gz L, ALKV PR, 12 A TFTHCRECARS L, BRARTT
L, W2AMTHFEL, MERZILDS, BHATERLC3SELUED M F~ Y HROEFR
WA T, FOER, ERCELETIEXDOLZWTL, 1EOFENL L HOBHEERRCTS
D 100 AR DEN 2 B A B,

ZFECL, HY RN EERISSOKELX HAREL T 7 ARIDO A+ F » v, 1970 Fhs
BRRBEFECANTHEFLREL I, MEELEDHHWED R Hixb L 6HOFENL &
SlEER A, HEERY6BE I/, TRELL, 1EOFEERCXIECENL L L
BrdrRAvlk, FRTELRTIAULEDOEARNDL & » TREED DB L 5D EDI,

HRLTESWIHERERESROD 2 EAF OB YUE HEI0~50g b LLE) %
40X40 cm OEH CREREK No.5l) iTHRIC THLAB 4dem D E ARy FTLAZEE
TR ZNOBEETH20cm BIL 7o, 1KOEKEA VLRI IS 1055, BR11%55
L, RANLGTRELAZ AR FE00~01 55\ ik 00~005 D& EiZ.5< DTHDH & o
oo FWEFEARBSmDERLHDOR MY v v —~VHIREE, FIEED8~10% HEK
(i%%)@bbaﬁtoﬁﬁoﬁﬁ,§5wuwaA%%mEﬁbt%émummL,ﬁﬁi
% 8~10% BEEWRR L, b)Yy~ VARG ERCH I 21,

WELE, FPF=Y0EWEY, [ILFOHLM%Y El Teb Xl 1EDFY >+
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Fig. 3. Saghalien fir needles in Petri-dishes.

The needles are placed like those in a Petri-dish at the
right lower corner before exposing to low temperature.

—LiZiE, 8~12HMoEL1IHEL T,
6MlE Tlheb o, 1ERT 8L
oo TRHDREY 2y —L %, EIFPE
HOBE LIS THERBICEL L, B
SHXCH Tl L HITEE LA, #E
SHCWE KA BHrr T, b)Yy —
VDK R RETL 7,

BRI LT, 1{EOIFELE &
STHENT VY~V ADOER, FlicH
BLLIEON Y > —LHOKTL
HHEER B DR, MRS
FIUEETERCIOL T b T TR
BoMAE2>< b, Thrthoficiz, &%
REV e —LOERFRBSLETRD
Lowli, Slewd o TEICEHL
foo TR EEND LIk A & 0wl HE
SR,

G S EXYENICBL, MRX
¥ioDbh, FEOREREAY BEME CHlZE

Fig. 4. The decolored status of Saghalien
fir needles.

Left; wholly decolored needle
Right; non decolored one
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L, BiEREE, Bita/sl, 1 R7HE, KBTHe, 26Re0 4RBesdc. 1Mok
BRBRELEEINS b Thkt 0T, EoRFLEFARETSL0nEL, EokM, +
WECOFZMBEATTHCHET L0155, 1 BIHE L4REOMOBERBOL O
BT RTAEGHEE L, BELAEBZOVRWEREMEEATE b DEARRL T,

b Fe Y OECEI BT —5°C, 35 5MOBRETHRET S, Chi VEVWERET, 55
WiT X D BV S e BRRARBEBET L Lk, HDBECRLT, ZhbDEY
EREOMMEE TLOL LR LICb N, EXEALLVD, BEXLLBOIT 504
REBZh iy, SU-BETH LAMIBEY ST, BEOFEYHEL .

AL TR WA D 0% » 2 7 —~ LB, 5 IEKBREZRE, 35°~40°C T
FL, EREEOHTRTEATKCENLL T, HE10cm OFRFEHC LT FYHEK
O LIRicH 5 AMOIHEFRCTEEL T, TOMBEEAYRDDIZENTEEINE S %R
Nz, HE 14UV 13ms, 2R 1E, FH5EOEEIEETHS, T, 1B 2~IE,
KAL) B WBER, HARCHREXKAEAEEBLL, FHLOFFERCIHLS
EL D, i, ERBPEBLSOHERY, TELLRTRRLLHTERCIL LD
PR 20X28cm, X 5cm DARRBCHAEL TERBRLE-ZE1L b5,

ERC XTI, BRCHFCALEEL, MEDKRCI>THEMC L KELEEL
Foo EBL KA LA C L BRI,

BEOHEL, ERCILLTHL IBRUE OB EI o1,

X B B R

HAEBTTEDO N FYOEEND T0% £ 2/ —ATHHL, coiisreyoy 7
27— KCAEL 7 LBER, TRE»OBLhLHEEYEL ThEh 8% BREK 3mlic
EMLTI994E1 A0 B F=YEAROBWTELRAVWELD ESEEBEVERR 2 1.
BREBEYVSY - 787 —4 - KTABL THLARL LB, Thi TEo2TRMA MM
BUKERLBIFSRBOKEML T, ALRBYHBLTLEYDLE, REYEREL, 8%
R AL THEHEL .

2EOEND LS 2HOEX IEDR M) v —viEhbN, BREILLA, HRIT
Table 1 ¢H 5%,

LR, TREOHELL, P FY0oBWEOMGHYEDS, ChboPHEZLTH
1AW L 2 HEIL Sz tho Z DERTE, FOBRBEEROBELYATL, LBHO
WESNECEORBEEY X D EDH TS,

HBEBTTEgDOI F=VYOREEIN HMHELLLY Yy F 2 -1 - KO EBHO7 € +
VHBWE, FENBEYThFh 8% K 3ml T EnL T, 1969131 F=Y D
BEWECHI ., EXHEI VT IERIX Table2 TH 3,
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TP VAIBEHE, RBEHELELCF F=Y DB WEDOHEEYEHSERHND 5,
FEwv ORE, ABET0gnbHEBLICY Sy TR -1 KD TFRBHD £ &/
—~AREWE, TEHEY T T 10% BEKE 25 mlb i LT, 19994238 HICF F~

Table 1.

Effects of substances of upper and lower layer shaken with

P.B.W. on frost hardiness (Exposed at —5°C for 30 min.)

Supplied for

1 days

Substances | Cont. Upper Lower Cont. Upper Lower | Cont. Upper Lower Cont. Upper Lower
Decolored,
Non 5 4 1 5 3
Partly 1 1 1 2 1 4
Mostly 10 3 6 10 5 9 5 3
Wholly 1 1| 12 1 1 7
Supplied for 1 days 2 days

Substances

Cont. Upper Lower Cont. Upper Lower

Cont. Upper Lower Cont. Upper Lower

Decolored,
Non

Partly
Mostly
Wholly

10 4 4 1
12 2 8 12 8 11

1 6 8
4 11

N s W

10

Table 2.

Effects of substances soluble and insoluble in acetone

on frost hardiness (Exposed at —5°C for 30 min.)

Supplied for

1 day

Substances

Cont. Sol. Insol. Cont.

Sol.

Insol. Cont. Sol. Insol.

Decolored,
Non

Partly
Mostly
Wholly

10

Supplied for

2 days

Substances

Cont. Sol. Insol. Cont. Sol. Insol.

Cont. Sol. Insol. Cont. Sol. Insol.

Decolored,
Non

Partly
Mostly
Wholly

o W e

12 9 7 12

w
- R
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Table 3. Effects of substances soluble and insoluble in methanol
on frost hardiness (Exposed at —5°C for 30 min.)

Supplied for 1 day
Substances Cont. Sol. Insol. Cont. Sol. Insol. Cont. Sol. Insol. Cont. Sol. Insol.
Decolored,
Non 3 4 6 2 10
Partly 1 2 1
Mostly 2 4 2 6 6 2 4 1
Wholly 8 4 6 2 4 4 1 4
Supplied for 2 days
Substances Cont. Sol. Insol. Cont. Sol. Insol. Cont. Sol. Insol. Cont. Sol. Insol.
Decolored,
Non 2 2 1 2 10 5 10
Partly 2 2 3
Mostly 2. 6 7 7 6 9 5 2 10
Wholly 8 3 3

VOBECECHIC L, ERHE IR TLERIE Table 3 TH 5,

AR —ATEWE, TEDEIELLCE Py OEWEOMEME®HD 50, REWE
DERE, CoHBixb T 1HRWL 2B/, BEh 2 e, HE0E i,

HEETgD L FYORENLT0% 227 —ATHHE LY HARZE Y S v -7 57
—AKOBARTABEL CHLLBEO7 ¢+ vIIBWE EREWE, BIVOTEBHO 2 £
AR B BEE TR TN 8% ERK 3ml it AL T, 196943 H 15 AC F F= Y DFE L
B Hlcrle, BEELRE MY v v~V 2BEABRERCK W, HBO-»ic 8% Ml
BT EBI 2 EEY LN Y v — VDD ERCETRBE L.

ek, EBET € vAIBME L RBEWEL, BERERE oD T AR, 0% 2 £
7 ~NT, TREBAR —ATEWELT% 252/ -1, DTKERLCHEE IS, RE
HEEDLTEREDFEHL I,

EXHEE I TR Table 4-1, 42 TH 5,

AR~ NI EHER DIz LEBLUSN DL Table 4-2 TR THEER Y 35 & It w 1255,
WTh Y 12 MDOELMALBHETH e, RELAMALLT, ERREWEXNBO 120
EOS b IMIBHHL ieledh, —T°COBBTHRENREOhR -1, ThbbEX£
SFlehoite,

BTS2 TO~COBTABREC S W BOERXERCE N LDI D, e
DOEFECI LT 2EME ET IO THD, SO EN—BUAEHATELNE 52T, =
Tl —5°C, 40 FMOBWEERIIIA LEIREGLAR I Ttbvhb, AL
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Table 4-1.  Effects of substances soluble in methanol and substances

soluble and insoluble in acetone on frost hardiness*

(Supplied with these substances for 7 days and exposed

at —5°C for 40 min.)

Cont. put Soluble in in acetone
Decolored in room Cont. methanol Soluble Insoluble
Non 12
Partly
Mostly
Wholly 12 9 3
Table 4-2. Effects of substances soluble in methanol on frost
hardiness*
Supplied for 8 days 9 days 9 days 13 days 16 days
—5°C for —5°C for —5°C for —7°C** for —8°C** for
Exposed at 50 min. 60 min. 60 min. 35 min. 35 min.
Decolored,
Non 12 7 1
Partly 2 1 1
Mostly 12 2 8 10
Wholly 1 2 1

** Exposed at —5°C for 15 min. and at —7° or —8°C for 35 min.

el

7k AEE, REREY HicxcEr —5°C, 40 HFEOBERIEMIET I bh
B4, ZOERTIX —5C, S0 FHIOEBII -2 bhiehote, tls, T VA BYWEY
HlezZ REOEMIT I ARBCIXZOWEC X » TELR 5 FIEAL,

AR —~NAEHBERDlex BEE, BEI oo Uledi- T % 3 T%mL,
16 By —8°C, B oMOBEBCHTHC 2B X O b, ¥, COWBEE DL THh
b9 AHUEDERBEBROER T, RESTHETIIKRDOEDPFTY » & b HEMEIFEEE
DEIET BB E RN, 1EHSHETIE, DWW CHEENTFGCEDEMRE T ABE TS
ERE,

7t VvEBEWE, TRWE, 25/ -ANEHBEEYEMLUCEECE, chbedicx
Thb2EBBRIE, )OI ERRBRELECLHELL, LELZDRDENHERETS S
ENR o D TERICA G, PEDRERC L - TECH LT HENE DI SCEE L
MOV TiXbhbity,

PRV ORE AREBETERLR0gALIHHLHBERZC YISOV T X -1 KD

* thboRIALATHE 2455 (1969) woxri,
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BEWTAEL THIETERDO A 5/ - AW EWEYR, ThTh10% EEK 25 mé i hL
T, 3EHON MY — VAL PV OB WER 196944 A 13 H bi-rh. BE
BEREECR N 2EOR MY Y+ — VO 1IERIE, 22/ —ATBWEEKCENLT7 T A
TRAN, TD7 FRAaBERAKCOT, TOKBRY ToHERSE T, ZEL, 2hi 10%
BER2mb it L Thicric,. BEXHFB I T LR Table5 th 5,

Table 5. Effects of substances soluble in methanol on frost hardiness*

Sunplied Cont. Substanées soluble in methanol
upf,’r’e Exposed at Decolored put in put in  put in refrig- boiled, put in
room room erator refrigerator
Non 9 12 12
—5°C for Partly 3
4 days 40 min. Mostly
Wholly 12
Non 10 12 12
—5°C for Partly 2
5 days 50 min. Mostly
Wholly 12
Non 12 12 12
—5°C for Partly
6 days 60 min. Mostly
Wholly 12
Non 9 12 12
—7°C** for Partly 3
9 days 35 min. Mostly
Wholly 12
Non 4
11 d —8°C** for Partly 2
ays 35 min. Mostly 4
Wholly 12 2
Non 11 2
—10°C*** for Partly 1 3
15 d .
ays 35 min. Mostly 6
Wholly 12 1
Non 10 4
—10°C*** for | Partly 1 2
16 days .
4 35 min. Mostly 1 4
Wholly 2

** Exposed at —5°C for 15 min. and at —7° or —8°C for 35 min.
**#*  Exposed at —5°C for 13 min,, at —5°~—10°C for 2 min. and at —10°C for 35 min.

* LORDOLIBIILEBI T DR,
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2Z ) =LA BEHBEXERNBIVOCERSREANTHcLbhic P V=Y DFEWER, 5H
#izir —5°C, 50 4, 6 Hikicik —5°C, 60 7fHl, 9 B#ik —7°C, 35 pHOEMIT L
BXAsB,

AR —ATIEYEXERNTH2 5L, VBRBRIZI I CHREL, 9HBIZRKEL
COBRoT, CORDIMEADT F~Y 0EIEEY > FERCAVLhE» -, EERE
THlz b DRI ECRBEL, BRERNTHI2 2L EDREI <D, T,
AR —AFBEYEXRBE TSI LI OERTIE, P FY0BECEOMRIIE HIH X
Hic, BOERRXEL 51, LREHNTHLLLEBEECWHL AL,

BEABECSWAED 1#IT 15 Bk Lot 16 BT —10°C, 3530 # iz i,
—10°C I EL L -EVEREOBBR TCL b LBE LICb N, 1 EMBELL:, HEY
blexThrb150%, 4288 —1°CREBHLALEDS b, BRUES LIoxx /) —LH]
BB B2 ETIR TR, BRAEY LWL OTIX 3K, 55 TLREATRES
bbb, FREORRHIER ThbLIRAFOSIMLLIXL B, 4829 Bk —10°C
XS LAETE, BRLEVWLDOEYI LI LEDS L SHABELL., 5 A5 BRZECTH
ERRFBEL THehb, BARENFEZBIZL 500, HERIZD0HHLM TR,

196945 A 21 HiZ, JLEBEAFH/LMEEREREHCERL P I3 FLED F F=Uh
b, IHACHMEL T HUEARYREL, | ACRELBEELRBCABRLT, €YY
veT s = KOEBROT € r VEAJBWEEANBYE, TRMOx 2/ —AWEYHEE
REBEWEC T T, BMEEABEE TS ACREL-60g 1LAD30gnbE IR LELERERD
WBYFRER10% FEEK25mb it LT, 5 22HREEDEFEDRF W+ F= Y EK
OEMNS Lo TBEWEL Lo, EXFEBILTLERIX Table 6 TH 5,

BERIVCKXCHELKEENS LR LT« b vIEIBWE, REWEELDL, PF=Y0
BEOEOMERYED S Z ENTEDLH, TOFBRRBHEDE > BNEG, FOFBEOKE
MEEDRLLEIALDOYEY, ALEOEERCENL THeL o bbb, MR
HEEBDLERRILOBENDL E VLI ONRL L BHEV,

ROBENDE DR LI &/ — LA BEWEOERIRX, ZO2HEEOFOKENLLEDE
L7cd ORISIEET 505, » 2/ —AABEREOHER, FOLORLALRTWHESBL
BLD,

YDV TR = KOT BEOHBERIE I EREFHLRLTL, A&7 —AR
BB BB L, XORBENDEDVELIAZ ) —ATREYEEX Doz oIz 3 A
Br enREL, BORENSOLTRICIZ 4 BECREL I,

BBIVLZOBEENLEDLE LT VAIBYE, &5/ —~ARBWEETBNEYXC
DEROLIOICESRETHILDE, FFY0EHEWEOEBYETS, Li¥L, LOKEN
BDA K] —ARNEWEC L BEFRRXEREBERI Kb ol ¥, 7 VRABEHELAR
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Table 6. Effects of substances which were extracted from shoots and
needles collected in spring and in winter on frost hardiness

Date oirfgnneggﬁgs shoots May 21st. January
Shaken with P.B.W. Cont Upper layer Lower layerUpper layer Lower layer
Substances " |in acetone in methanol| in acetone in methanol
Sol. Insol.  Sol. Insol. | Sol. Insol.  Sol. Insol.
Supplied | Exposed at | Decolored,
for Non 2 10 10 5 10 3
—5°C for Partly 4 3 3
2 days ?
35 min. Mostly - 6 4 7 2 4
Wholly 10 4 3
Non 10 3 10
—5°C for Partly 1 2 7
3d :
ays 40 min. Mostly 2 5 7 3
Wholly 10 9 8 10 3
Non 10 10
3 days —5°C for Partly
50 min. [ Mostly
Wholly
Non 8
—5°C for Partly 2
4d :
ays 54 min. Mostly
Wholly 10 10 10 10 10 10
Non
5 days —5°C for Partly
40 min, Mostly 6 2 10
Wholly 10 10 4 8
Non 1 1 2
6 days —5°C for Partly 1 3 395
40 min. Mostly 4397 106 13
Wholly | 10 10 |6 5 1
Non 10 7 8
—5°C for Partly
6 days 60 min. Mostly . 3 2
Wholly 10

BHWBEOEDHMEYIHTAERR, 25/ —ATBEWEEREYECL bR EWHL B L
{5V o ' o

1971 8 H29H T, JLBERFEE /MU GTEEROMRR 2240 1 F< v B AL S Y44
AREYHEL, 1ACRELCEELAKCABLT, 7 VIIBWBEEREYBEL - b 2=
L, FEETSACKREL0gRIV60g, 1LBCRELI-0gDRENSE DL
ERERDOYWEE T Eh 10% BHEE25mlic &L T, 197241 AITAC S s,
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BHGEI R Tx R Table 7 ¢H 5,

COERTIE, P F~Y 0B EOMBEC S LETHRE, 8 AOKEL DEROX
DEEND L Y RELIENEhOYE TR EAE 8L TH o, e, 8 ADHEHE60Og 2
BLhREUIT &by EIEE, 0gmbehiELiT by REHEOIEASZIERET
TH B,

€Y SYeTR = Ko LBHEOME R, REFEIh&sicxTh, ThETORRT
%, P FeyoBLEORMEEY —5°C, 565??55@&%!1:7’:716 FTEDDHILNTERD -
2o COERTIE, 7 b /TEWEY 16 HEBIL P F= Y OoFEGWEX —5°C, 607
DHFEC 10K 4ARMNTELIT IR, 71 VvABEDEY S hELBINCI2 T D,

Table 7. Effects of substances soluble and insoluble in acetone which
weré extracted from shoots and needles of 30 or 60g col- -
lected in late summer and:in winter on frost hardiness

Date of collecting Shoots i
and needles . August 29th : January
Cont. Soluble ' Insoluble  |Soluble Insoluble
Substances )
30g 60g g 60g 30g @ 30g
Supplied | Exposed at | Decolored,
for Non 2
—5°C for Partly 1 2 1 1
5 days ?
40 min. Mostly 4 8 5 6
Wholly 6 2 1 4
Non 1 1 3 1 1
—5°C for Partly 1 7 1
7 d :
48 | 40 min. Mostly 2 2 5 5 6
Wholly 8 8 3 4 3
Non
—5°C for Partly
12 d :
a¥$ | 50 min. Mostly 1 2 7 1 6
- Wholly 10 10 9 8 3 4
Non 1 1
—5°C for Partly 1
14 d :
Y% | 50 min. Mostly 2 2 5 2 3
Wholly | 10 10 8 8 4 8 5
Non 2 1
—5°C for Partly 2 2
15 d ¥
@Y% | 60 min. Mostly 3 5 6
Wholly 10 10 10 7 1 10 1
Non 4 4
—5°C for Partly 1 3 5
16 d r
ays 60 min. Mostly 8 7 2 7 1
Wholly 10 10 2 2 3 .
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Table 8-1. Effects of substances soluble and insoluble in methanol which
were extracted from shoots and needles of 30 or 60 g collected in late
summer and in winter on frost hardiness

Date of collecting shoots
and needles August 20th January
Cont. Soluble Insoluble Soluble Insoluble
Substances
30g 60g 30g 60g 30 g* 0g
Supplied | Exposed at | Decolored,
for Non 10 10 3 4 10 4
—5°C for Partly 2 3 3
5 days ¥
40 min. Mostly 7 5 3 3
Wholly 3
Non 4 8 8
—5°C for Partly 4 1 2
7 da :
¥® | 60min. Mostly 2 1 10
Wholly 10 10 10
Non 8 9 1 10
—5°C for Partly 1 1
10 d ;
ays 60 min. Mostly 1 3 2 3
Wholly 10 6 8 7
Table 8-2. Effects of substances soluble Table 8-3. Effects of substances insolu-
in methanol on frost hardiness ble in methanol on frost hardiness
Suppli- | Exposed | Decolor- { August  Jan. Suppli-| Exposed | Decolor- | August  Jan.
ed for at ed 30g 60g 30g* ed for at ed g 60g 30g
Non 10 10 Non
14 _Z:)?** Partly 14 ——f5(: S Partly
days | 45'min, | Mostly | 8 days | 6o min. | Mostly
Wholly | 2 Wholly | 10 10 77 10
Non 10 10 Non
18 "ﬁg;c*** Partly 17 _f50° S‘ Partly
days 35 min. Mostly 6 days 60 min. | Mostly 3 3 10
Wholly | 4 Wholly 7 7
Non 2 Non 6 9 8
19 —Z(f)zg**** Partly 1 18 —f5(: S Partly 4 1 2
days 35 min. Mostly 1 8 7 days 60 min. | Mostly
Wholly | 9 2 Wholly

** Exposed at —5°C for 15 min. and at —7°C for 45 min.
***  Exposed at —5°C for 10 min., at —5~—10°C for 5 min. and at —10°C for 35 min.
*k¥*x  Exposed at —7°C for 15 min,, at —7~—20°C for 13 min. and at —20°C for 35 min.

* TAOKEMILEVE LI A2 ~ AT BYWEOERIITRIL DR,
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AEBCSARKREL-0gkL060g, 1HERELM30g DHEENS Fig. 1 WiRT
FHETEOIR LI A2/ — AR LTEBENERLThLTh 10% FEHEK 25 mé it &L T,
19724 1 A 15 BT Hic e, ErbNk Y vy —vuw 1 A25HECERSSBRERAR
BEHNC o, YBWBELELLLBE2EL V1L, TOLUREZHEKBATREL
foo BEBHH ¥ T2 kR 1L Table 8-1, 8-2, 83 TH %,

AR~ LA BHBEOWEEYEDHERE, LFOKENgLbEDELELbDE, 8
BoBENgHLEIELLLDTIE, BEAFENT., ThboPBEEIzbRE
F=yDFEWEL I8 AR, —10°C DFECE2C 25, EORBRBOBE T, 19
BEZIAREHINLEHOENR —20°C OBEBFIEP e LB OB 52 Ehibh5b,
—20°C DIEBRICE B LI S b 2 OB, 3~4% ORBERTL b 527l -ic i b T
BELL, EREYHELR» DT, MELELEVGIBELLREREY ST S LIXTER
A, BELHELIESABH, Thbb —200CXL LTG50 %L, FhFho 10
KOEIRETHELXL D, BALEBRE I RBDBILRNTERI 1,

BADKEINg DL DL — AT BB TH, I8BHIKIL,
Y DENEOYHLL E —10°C OFREICT T2 B, —20°C DERIZ IS LEOBE
It DETIRE T bl s to, '

2B —AAREWEE DI TERIELELT, 8AL1AOBEND & DL UHK
BWEOERAZLRLBZ LR THLG, ThHOWBEI LR FTYDBFEWEDOKR
oz, 18 Bt —5°C, 60 7 MIDOEHBIAL FEEXO>FHI &7, axbhdlik
6ot

YoV -T R~ KCABELTHLETERODEL ELEROYEL v INEELED
HIERML, ¥i, TREDO 22/ —ARBEHWHEITERELY L, LTOFA2E, 8A
C1ACBRELEBENSE DR LA X LA EWEY Fig. L CRPEFCRAT LS
BBLT, BBl RN 2R, ARBE TS AORESg KL 0100g, 1 AOHES g M
LEVRLBHELAEIhLOYE X EhEh 10% FEE26mé it LT, 1972481 21
BiCdhrcztz, EXHE X TR L Table9 TH 3,

1AOKENGEHLLAS 1 OWMEELY B HERIR, ZOEEDO8 AoRENLDE
REEET 50, PPBEVEOTHS, COPBEED IR F2Y0EWHEL, 12AH
i —5°C, 60 OB TELIC -2, 13 BEIKIX —7°C, 35 SMOBBE Sz b
Towich,

1ADKESOg »ORBHEL AR 2 OMEEYFHDAERIL, 8 BoBIES0g & 100 g 7
LEOFRFROMEAEL RS, 0gbBEHLLODERCLA WL 5 THS,

1HCERELE N Fey ok, SHEETS0g»biM, BHLLRN1, 2 R
SEFNFR10% BEEE S ML LT, 19704£5 21 BRARBC L 2@O<1 Y o
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= VIRELRbRIPF=Y, =2V =Y, TAVI T HTSOBEWECHI 2. &k,
COEBRTRHGIRAR 31X70% 4 27 ~ACRBE, RI04~065 DHEA L D EL-LDTH
5, PRV L=y eV OBEIEMTERL TWHAELETHANS L 7, TAYV A PHH Y
SOEIBMCS 25 15 FEDHEBAND & s, EXBHEIE TR T Table 10
Th5, '

Table 9. -Effects of sample 1 and 2 which were extracted and purified
from shoots and needles of 50 or 100 g collected in late sum-
mer and in winter on frost hardiness '

Date ot collecting shoots i August 29th i

and needles v January
Sample Cogt. Sample 1 Sample 2 |Sample 1 Sample 2
50g 100g 50g 100g| 50g 50g
Supplied | Exposed at | Decolored, ;
for Non 8 1 - 8 1
—5°C for Partly 1 1 1
8 days r
40 min. Mostly ;9 8 2 5 8 1 5
~ Wholly 8 1 . 5 3
Non.
—5°C for Partly 1 1
10d . i
ays 40 min. Mostly 8 5 8 5
Wholly - 10 2 5 2 5
Non 10 9
—5°C for Partly 4 6 4
10 days 7
34 50 min. Mostly 5 9 6 4 1 6
Wholly 5 1
Non 1 7 1
—5°C for Partly 2 1
11 days :
¥y 60 min. M ostly 8 7 4 10 9 9
Wholly 10 2 5 1
: Non 8 10 2
—5°C for Partly 2 2
12 days :
y 60 min. Mostly ‘ 5 8 3
Whol_ly 10 5 10 5
) Non 1
—5°C for Partly -
13 days -
Y 60 min. . Mostly 1 6 1
Wholly 10
) Non
7 i —7°C* for Partly 1 1
13 days iy .
4 . 35 min. | Mostly i
Wholly 10 4 2

* Exposed at —5°C for 13 min. and at —7°C for 35 min.
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Table 10. Frost hardiness of young needles of each tree species
supplied with each sample*

Abies sachalinensis P.;eud.ot‘}qga Picea jezoensis
Supplied » azifolia
for Exposed at | Decolored Sample Sample Sample
Cont. 1 2 3 Cont. 1 2 3 Cont. 1 2 3
Non 2 1 1 2 10 6 4
—5°C for Partly 1 4
4 days :
7 40 min. Mostly 8 5 6 4 3 2 1 2
Wholly 10 5 4 10 4 7 9 6
Non 6 10 1 10 1 6
’ —5°C for Partly 2 4
5 days :
s 40 min** Mostly 4 3 3 1 2] 2 5
Wholly 10 7 7 10 8 8 8 2
Non 1 7 10 1 1
—5°C for Partly .
6 d :
OB somina*r | hogy 7 1 2 2 1 1 4 6
Wholly 10 3 8 8 10 1 9 10 9 5
) Non 1 1 4
—5°C for Partly 4 3 3 2
7 days :
¥ 50 min**F* | Mostly 6 4 4 4 1 3 6 4
Wholly 10 5 6 10 3 10 8 10 4 4

**  The young needles of Picea Jezoensis were exposed at —5°C for 50 min.
*** The young needles of Picea jezoensis were exposed at —5°C for 60 min.
*exk The young needles of Abies sachalinensis and Pseudotsuga taxifolia supplied thh
sample I were exposed at —5°C for 60 min. ;
The young needles of Picea jezoensis were exposed at —5°C for 15 min. and at
—7°C for 40 min.

TRt R BIEAN b - L VRGO 1 Th %, AR 127 EMpLbRI ¥
~ v OFEL —5°C, 60 FHDOHEREC 10 P 0B FHNCIcx, 7AV A ¥+ 75 DFEL
10 Bech 7 OB EIC e % B =V < Y OBEIIE —7°C, 0 FHOBMIC b 40T
EEI3T, BY 6ROELRAMC LD, A2, BR3 L=~y 0FC-EOMEL Y
BOAERAZRG. oL, 7293 X475 0BGIE, A2, B3 ofEEY D
BERIXZ b THhT, —ycAmﬁﬁ@ﬁﬁfﬂ%a%bf5ﬂ§fbo EE ORI
* —5°C, m%ﬁ@ﬁ%htxéif%ba &uf%t#otoit,ﬁ§$@ﬁ@mﬁﬁ
L, TSR, =V VOEVWERX FYOXh I DREEIE L,

EHDOEAD B ZHERASSEY & o ltedd, ThbORBESILThb 4 B
A ENRREL, THRCIEELCOAR e, @A CORELR, HBELSTYR L
TeBIZ D D e BIRELL, ThboRBEHIcrD L, =V <Y DERFTOERT

¥ oROLIPIEIMI0O TR,
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bo LLBLERIT, ¥, PR VOEORF LI LY, A2 OBEMARL - & s
ol ChODORABC L Z2EOEROER, SHEDOI B TR F~vY2bo &bdlehsis,

FE= Y ORKE, AEETI0gALHME, BELALERES2LThTh 10% HEK 5 ml
CEmLT, 197146 A19 BrAREC LI 2HOF Vs v LIk bR FEDE
I BOABBEOEC Sz, THEY FF=Y, ¥5<, vSvex i HECS 2
LR 15 FEDHEBAROBFORLVWALLRE L, P FwyD0¥L, XOEHREOKL
DI, FFOLIRELMEERLLERA»OREL 12, EXHE I ¥ Tk Rz Table 11
TH %,

4B OHEBEEBROBRIDEVIELDOWTWAEY, MEEXEDBHEREX, F F~yLit
DEIBOIHBAVWLTLIEABLY BNb- b, ¥k, COEBRTIIRAM2 1R M4
DIERRBIERRCBITH S, LRELEL OERERENLHEIT5 L, PFYDOEHEVWED
WY ED HEAERAM 4 238K 2 L VX 5 Th B, B0 Table 10 KRL izflBD
BECHIcz By, ABO= : BOBECE, £EAMOMEEYEDBIERR b
F=YRHlei B L rZABOERIEDBI D,

ZOFERTIE, BEETE L cRBEOERCL, —5°C, 40 HHDOEREICTELS BT

Table 11. Frost hardiness of young needles of each fir species
supplied with each sample

Abii;se;sggmli- Abies Mariesii | Abies Veitchii | Abies homolepis
Supplied Deco-
quJgr Exposed at 1(;(:;1 Sample Sample Sample . Sample
Cont. 172/ 8 4 Cont. 17 97 3" 47 Cont. 17 97 37 A’ Cont. 1723 &
Non 1 8 4 25 1 97 3 3 2 1
5 days | =5°C for [Partly | 1 1238 2 132 2 101
40 min. Mostly| 6 2 41 3 55 1 6 4 21 1 5 441
Wholly| 2 11 4 916 6 9 9 4 6 6 9
Non 3413 11 2 4 2 2
* 5 days —5°C for | Partly 1 7 2 3 2 111 1 1 2
40 min. Mostly| 7 444 1 6637 262857 9 585
Wholly| 2 21 8 23 6 3 6 1 3 3 10 1 2 4
Non 1 610 8 99 1 108 3 8§ 6 6 1 6 2 3 2
6 days —5°C for | Partly 3 1 11 1 2 4 2 3 2 211
40min. | Mostly| 5 2 1 3 152 2 251 166556
Wholly} 1 6 8 1 4 1
Non 3 2 3 3 12 1
6 days* —5°C for | Partly 7 3 1 1 1 4 3 2 4 11 5
S0min. | Mosily| 1 4 7 68 27 35 3 2 43
Wholly| 9 110 2[ 10 2 8 20 10 2 4 2 10 4 6 1

* BEw 6 HE#sS, —5°Cb0f3xb LB mllcoei,



P Fe Y OREENE (RE) 19

MOl 2ERELRT, ChbE I BOABEBOMEL CTEIRVFEND Lo HEWE
DOWEMEL, SREHST S5 Ity L L Tr8BRIBCEHERLALRT,

RE L R, EM3E Y 1EAHACHEELC, BEROMEELYED S L2
TELBNE S TR, ik, AF 31X Fig. 1 TRLLEFAE 3 %, BEBKEonich T 4
BHW, AVFTR7 =2 &)= K (4:1:2 5H) CRHEL, RI015~04 04@EiY &
DL TR,

ZREBEL PPV ORKE AEETISgxLHE, BRLALEY, K1mlOEaTE
PLTEBLL, BERIEE, AR 10cm ORMEHMOH13ml THD, 197046 A3 H
HHRUBHT6HIIAETIAKSERFSEEFELC, o, ThbOoRBOBRRALREETE
B0bLhlkni#E2 T, £H, AR 2~3E, E»bAALLYbAVWEECKEES
LT, #ExnbL, HBOBRCLIAREZEBEL .

BAY S 0¥ FERERBZC AR, KRIC S LTI & FIEDEBRC 2T 2 EAC
BACKYEBL THALBAAIRRVISEE L, EREBZEORE XIS FHT
—5°C ¥ C T, FREDKM —5°CIciiRky I b L, WEAMTOC ¥ CREYDITSHY
FECELic, R Table 12 TH %,

21, RE 2, AR SAWBLAEEAR, —5C, 0LMTRELAEREY 570,
—5°Cie 35 3RIXH L6 A12 HOKERTIE, FRAB IR EHBOHROBED
LT e, 6 13 DK ECIRR?2, 6 AUADKERETERARBI Y S EHRD
WEILE VL, &L LT, ChODEMEDILB L, BRADEEFERIDRLA RS E VST
I,

Py O, AERECT20ga0HE, BRLLERABMEKIméDEIGTENALT,
$EZ O F=y LEABACES L, BAXPZE10cm 0&RBEHL Y 12~13KTH 5,

Table 12. Frost damage of seedlings exposed to low temperature*

Exposed at Date exposed sggiit?és Cont. Sample 1 Sample 2 Sample 3

used 12 11 12 11

_5C for | June12th injured 5 1 = —
30 min. used 12 13 13 12
June 13th injured 3 — — —

used 12 13 13 13

June 12th injured 9 8 6 7

—5°C for used 13 13 11 13
35 min. June 13th injured 8 2 9 2
used 13 13 13 11

June 14th injured 7 = 1 8

* IoRITMIORC ORI,
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1972466 ASEM B IXUHT6 AI3A¥CLlEREICHS5EDEM6 A17H L 19 HIZHHK
FLic, HBRERE, FHYUDIHLImlTH S, ‘

ERZIBLT1~2 HEICAH%KOBHRELHNE 20x28cm, FEX 5cm ORFC 5oL, FHH
Li, 1EOREYY, HBRIVCERANLILLEREY TR LR 12K3D, 5H605%B
ML, BFIC LB, £ LSl LBARE 2H 308 10K &EL, 6FICbNT, £
HERDOFITCIL, BEUABRR LCEARAREAEL TRBLN, ThEhoFloRtCAEZ L
AR SBIL, KBEOT WL TRARDOMNEBLY L5 L 5 CBHL A, FELERNE
BB L5 KRBE» B TERCELL, ThZThOEARNTE HZRETHFCHLVAY
5B L5k,

BRI IS LEOME, Zoffiik Table 12 DERICH W hE L B8R L TH S,

Table 13 ICIXHEY 5 FREAROAE LT RO, EBREIH LLEEAL, HE, &
AR E Sl CEAR, EREAER12XK30TH 5,

RE U LRB A Bl x e B AROBBEEH B L RTHHL BLLI PR, %7,
—5°C 1z 30 43fdl, 354, 0 45MEH LcBOBERROI L bhnlend, Ak L& S

Table 13. Frost damage of seedlings exposed to low temperature

ftxff ;?é Date exposed | Cont. Sample 1’ Sample 2 Sample 3’ Sample 4’

No. of seedlings injured

30 min. June 21st 5 2 1 3 1
30 min. June 21st 3 — 1 3 1
35 min. June 22nd 5 1 4 3 1
40 min. June 23rd 6 — 3 1 1

Table 14. Rf values of each sample that makes the young needles

of Saghalien fir frost hardy**

Solvent Sample 1 Sample 2 Sample 3 Sample 4
70% methanol 0.6~0.7 0.7~0.8 0.4~05 0.7~0.8
Water 0.8~0.9 0.8~0.9 0.8~0.9*  about 0.9
IP.M.W. 4:1:2v)y 06%~07  0.7~08 0.2~0.3 0.5~0.6%
P.B.W. 3:4:7v/v about 05 0.8~0.9 0.4~0.5 0.4*~0.5
A.B.W. 3:1:2v/v 05~0.6* : 08~09* 0.4~05 about 0.4
IB.M.W. 4:1:2v/v 0.1~0.2* . 05~0.6% 0.1~0.2% 0.1~0.2%
B.Ac. W. 4:1:5v/v 0.0~0.1* 0.7~0.8 0.0~0.1* 0.0~0.1*
IP.Am. W. 10:1:1v/v 0.2~0.3 0.8~0.9 about 0.05 about 0.05

* Young needles become more efficiently frost hardy on marked side.

¥ CroRIXBRILcoRi,
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4 OEADHBELHDBEAINR VB EEL T, LELIHEY S FERARA
HHADEET, ThbORMY TSR TERS D, HBWIEERERNTHEBMEL 2
hoDRBNIhIhEEHARCHELhBLEILhENDTHS, BB 2 LER Y b
2EARDOEEIRAR U LA 4 2B 2B FLBRThinh S0, Th TR
A BRBEHEFTTH S,

REEAEH, BEOBECREBEL, FF<YOoRWEOMEME DS R EEXHANIHE
B2 Table 14 TH 5,

40X 40 cm DR 1~3 KRB A H R LA €k, AVkABOBRIELOHF,
BEABRET50g LM, HELLRCHEY TS, BHIERTRIRsT, ShEth
Fh10% BER 25 ml e L L Thicxtc, RBELTHNY, 2, 3, 4 A2, RH
BRLLTT 2 A B - KA v T rss—n-Tve=7 KeHALERTIE, A8
17,27, 8, " EALK,

ERRE TN FROBECRELL 2, BWEOMEELED S REMENR, 01 F34
D2oDEFLREEHCHObIDZ L0 HD, 20250 REFEHOEANZEFLL
BETE, BEREYRILVWEEY REFET0055 XTS5 LTHY &L, ERE Inz
LU EEYEDL REEYRE L, 02250 RIEHFOEBCW bhENDHDLEL
2, WEERYED D REE, B EAE Lo REEHOP TS, ThiHBWEAELORE
EBHC L s Twd LD ELT,

% ®

BYOREECESTIHELLT, ShETRVALHEPENRL Y BT LRI, Sh
LOMER, HBREHTHZVEATAEDS LT, BEHOHBEEDH ML LEIT LD
o T, FAMCRNERLTT L5 BHTE ) BFDRLDORE, LirL, EHOW
Wt L L OBELRERGY L 0 ELACRT b, Bhnb L dRUDEY,
B UEOEBC S 2 C, FOMBEEYREY L bT, HHCEDOh D Z LABETHD,
ZARBIT, BERCRELL L FeY OBENL LWV ELYEE, P FYOBEVE
AEHPEFO L F~ Y OB AKC ST, LOMBMEY ALNCEDDZENTEDINE IR
BEANDOTH B,

e, BEUBROTHEV bF=y, ¥5<, v5umxi, BRIERTH=Y <Y,
TAYNHFYSERTBEALASE, ChALOBED LEOF,nb1X, 1 EORERE
CRELROER LR, F, FBRLThERFROT, WEILROLOREOHRER
OREREYBETS L THENERCHETES, 2OZLd, ThHOHEBOEYER
CHWiBholoTh s, - ’

PR OBEYTELRT I AFOREETII O LA, $ELLLREY 1 AT
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BbHLO5 L, P FYOHREZHEOD L TOMHEMED 122 APAIMETOEM % 28
U ®, ZOXLXFRZ ORI —-35°C, SEHOBEEII- 2 bRk BENnbTH S,

FE Y ORREHEY 2 OKRO X 5 AW LETEIT 284, AW 9E
DRADIE THHRRE, £f, bliiWEOMEYTE BRI MRELHET, MHIECH
ETEDEREFHMETH D, BOTELRVELL Lo Fe Y OB WEIZOLBCER
L7z,

HHTERLI3EALED P F= Y EROEFERLHRESENHIL, BWORIDZLABHE
DHEI, EMCEETIEXOL TS, 1EDOHENS 1 BEOEHSEER 5750 100 BeEi
BOENRZOND, WEFORET L BFECEETHETIE, EORILWLLADLRLMND
505, FRCAGCDIEN PR TT e X, BECEETHELTEAVIE, BEAEE
BLRIDENRZLAD, RRICITEDRIRE 10mm itk B1lmmRBFOEL LB
5550k, ThLOEIEERE CLDLRLEBRLCE EMRETAL, ¥, B4 A
EEDODT B,

EXHEIHE2E, ThThoYBEEY B ELY 1BO MYy » ~LIRODOL,
KB E LOHEDOR TR EL, TELRIELWEHTERCIOT L5 ER
bARIL, ¥, 1EIOHBEERTII LEOFEND Lo LELTEAVELD, BEOHEER
WLEDL, BleitWBOEALFR I - TREI R EELTLL, Fie, BHRERE
DHLRWSEHTES, P FvYORPABECEIZOEEOHCEMBET cEOBEREY
BETXS, BEOER, BALLF =Y 0BEWE, BELAERFE3~4 828 BET
T, BHLIZ LB dhb, BREILLAYE, TOREORBYEET ARG T
REOEELHRCTE S,

BRI B X EOREORAEE, BAREI, BREX, L) ERCRAE T AEE
HEUFFBEEREREY AV ERTIE —5°C, B4 Th 5, ZORE, BHOEE Clit
DHREDBNI - T, FREOHMIVLOFTLHRALL L, LML, R VEVEE
HBHCEIRVCEHOBRBOBECL, RADXR LSO, ETE, 1EREAH, BAK
xR LD L THALEOBRL, B, FREMBERDOTHhECERY, BELALELULE
BV ETLIENRSLbIh S, UL, REBBESLOBEMSEECTHAL Ttk 3T
BERTLDLOR K L b RTH< &, HRIUCIEEWEEIIZ50 BHOBEMES
BET, BEXRLL, ¥, 1BMELKLUVIALERE L HUETEZELLObAS,
ZABTT, BABENDTWAY, —80C ¥ TOHMKEE, 605 ComKHMOBET
3, FEBBREEOREDOWAITHRECFBLHEL T3, —1°CUTOEBTHEL
BACIX, EoRELHE L RERTIE—FKL R,

MeBEHEZ L, s b F=Y BRI, 2 A TORBEERARS L, BRAAET T
L, W2AMTHFETS, CORPKBECARLEARDLACIE, FLECFELELLDOL
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$50, ERCHELLEIOENR: LAABECETR, FMETS, 1 ACARLEBERD
FRThIEECHETS, BERNDBRE2RLTHRERS I abith -

NP Y v —VRARTEARR SR LER, BRI TIERZRIDBREZ ST
SO ERXHT, EREMALHDOEERD -t XEL DRI,

BERED N F =Y BHRAOHKENS 70% £ 2 7 —ATHIELTEIEL, €YDV - T &
/=N KTABRL CTHLEBROT €« + v BYE L REWHEIL Table 7 iwRTEB T,
PRy OBEWEOMERY —5°C, 60 FHOBECHINE, 1MIATLLC LS ETHD
HIENTERD, ZOFARXTRED 2 2/ —ABWEEREWH, & ACAFEHHICL
BRBENVHLUBL L, LaL, Tablel 0FERERENLHLMLLITEL, BV YV T X
J = KO LBEOWEIERECLIALWL 2 B0EHMP 2 BEE, TEROY
BIbvd, BuEOBRAEYML )P TS, i, EBEO7 € VAIBYEOMELE LS
HBHEMIX, Table2 DEBROZ L, BRECEHNMBLLLBECE, 7 v IEWE
EBEUh, BLARG, LrL, SEETEVEMCH Thick, TRThO HRHE
WEBE BTl 7 Table 6, Table 7 OFERE TR, 74 Y IEHEOERHIC-THIAE
WEOER I DL, T2 BEORGFOFEC LWL ENLLRS, TADLD
RExIPbEEX DL, EBRO7 v vABHEIERECLEPNRIERAL Lo, Th
Hlx BEHORBE L EOWEENEMTE LV IRRIDE VR, TOWEIE
WEOHRICKBIEAD SHNDH, Eie, ThIRPTULERSBRINSD & aPiL0n,
ZDYE D b O THEIEEAESRICREND 2 OM It ERDWTULbI LRV,
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Summary

To clarify the close relationship between frost hardiness and certain substances in
plants, it is necessary that these plants are supplied with substances extracted from the
plants and are artificially made frost hardy regardless of season. The substances extra-
cted from the shoots and needles of Saghalien fir (A. sachalinensis MASTERs) made the
young needles and one-year old seedlings of this species frost hardy in the growing
season.

The current shoots and needles of Saghalien fir were collected from 15- to 45-year
old plantation trees mainly in the middle of January every year and also on May 21st,
1969 and on August 29th, 1971.

The method and process of the purification of frost hardening substances are shown
in Fig. 1.

A filtrate was concentrated as much as possilbe under reduced pressure at 35~



P Fe vy oRREHE (Rl 29

40°C. The concentrated solution was added to P.B.W. solution equivalent to half the
amount of the fresh weight of the shoots and needles used for extraction, and was
then shaken. Substances soluble in methano! were eluted with 70% methanol by des-
cending column chromatography and the fraction of Rf about 0.5~1.0, which made the
young needles of Saghalien fir frost hardy, was obtained. This fraction was again
chromatographed using IP.M.W. solution, and the active substances were further puri-
fied. The apparatus of ascending column chromatography is shown in Fig. 2. Mainly
glass tubes of 4.5 cm in inside diameter and 25 cm long were used for ascending column
chromatography. Cellulose powder of 200~300 mesh was used as an adsorbing agent.
Cellulose powder soaked with a sample and dried was packed as a layer 6~7 mm thick
about 3 cm inside from the edge of glass tube, which was put into solvent. The sample
was developed with adequate solvent up to the height of about 18 cm in the chroma-
tography cabinet. The extracted fraction effective on frost hardiness was developed
again with another solvent.

whether or not the extracted substances had an effect on frost hardiness was inves-
tigated, using the young needles of Saghalien fir collected from buds soon after un-
folding. About one hundred needles were obtained from one bud of a 3- or 4-year old
seedling of Saghalien fir, excluding the needles of bud base and apex.

Potted seedlings were put into the plant growth chamber or green house at the
times of necessity from the end of December. These seedlings unfolded their buds in
about two weeks. Needles placed in each Petri-dish and supplied with each substance
were gathered in a Petri-dish and placed on filter paper moistened with water before
exposing to low temperature. A piece of ice was put on the filter paper to prevent
the needles from super-cooling. The needles collected from one bud were used for one
freezing experiment. The decolored status of needles was observed through the micro-
scope immediately after thawing. Needles or portions of needles which were not
decolored were green and kept turgor for a long time and some of them elongated in
a week. However, decolored needles became brownish-gray and lost their turgor in 3
or 4 days. The frost damage to needles, therefore, can be determined by observing the
decolored status of them immediately after thawing. The close relation between frost
damage and decolored status is disturbed in the case of subjecting needles to low
temperature below —10°C. '

One-year old seedlings of Saghalien fir were sprayed with an aqueous solution of
each sample and these seedlings, in porous pots or transplanted into wooden boxes,
were frozen at —5°C for various lengths of time and frost damage was determined a
week or more after the freezing experiment.

The upper layer shaken with P.B.W. solution was concentrated and added to water,
and deposits were discarded. Substances soluble in water were used as substances of
the upper layer. Substances of the upper and lower layers extracted from shoots and
needles of 7 g fresh weight were dissolved in 3m# of 8% sucrose solution, and each
solution was applied to the young needles of Saghalien fir on January 30th, 1969. The
results are shown in Table 1.

The substances of the upper layer were added to acetone and were then divided
into two groups, soluble and insoluble in acetone. The substances extracted from shoots
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and needles of 7g fresh weight were dissolved in 3mé of 8% sucrose solution respec-
tively, and the solutions were applied to young needles on January 31st, 1969. The
results are shown in Table 2.

Substances soluble and insoluble in methanol extracted from shoots and needles of
10 g fresh weight were dissolved in 25mé of 10% sucrose solution respectively, and
these solutions were applied to young needles on February 8th, 1969. The results are
shown in Table 3.

Each of substances soluble and insoluble in acetone was eluted with 70% methanol
by a column packed with cellulose powder, and fractions making young needles frost
hardy were obtained. The substances soluble in methanol were eluted with 70% meth-
anol and the fraction affecting frost hardiness was again chromatographed using water.
These partially purified substances soluble and insoluble in acetone, and soluble in
methanol extracted from shoots and needles of 30 g fresh weight, were dissolved in
3mé of 8% sucrose solution respectively, and these solutions were applied to young
needles on March 15th, 1969. The young needles in Petri-dishes were put in an electric
refrigerator at 0~5°C, excluding one dish for control. The results are shown in Table
4-1 and 4-2.

Although the young needles were added to the solution of substances soluble and
insoluble in acetone, and 8% sucrose solution alone for various lengths of time, they
were unable to withstand freezing in low temperatures and for times shown in Table
4~2. The young needles of Saghalien fir became more and more frost hardy with time
when they were treated with solution of substances soluble in methanol.

The substances soluble in methanol were extracted from each of shoots and needles
of 30 g fresh weight. One of these substances was dissolved in water, and this solution
was boiled for 7 minutes. These substances were dissolved in 2.5 mé of 10% sucrose
solution respectively and these solutions were applied to young needles on April 13th,
1969. The results are shown in Table 5.

Some of the young needles were able to withstand an exposure of —10°C for 35
minutes without any injury.

Each of the substances extracted from shoots and needles of 60 g fresh weight
collected in spring, and 30 g fresh weight collected in winter, was dissolved in 2.5 mé
of 10% sucrose solution, and each solution was applied to young needles on May 22nd,
1969. The results are shown in Table 6.

The actions of substances soluble and insoluble in acetone extracted from late
summer shoots and needles were compared with those from winter ones. Young need-
les were treated with the solution of each of these substances on January 17th, 1972.
The results are shown in Table 7.

How much the substances soluble and insoluble in methanol extracted from shoots
and needles collected in late summer and winter made young needles frost hardy was
investigated. Each of these substances was dissolved in 2.5 mé of 10%sucrose solution
and each solution was applied to young needles on January 15th, 1972. The young
needles in Petri-dishes were put in an electric refrigerator for 10 days and then placed
on a desk in a room. The solution of each of these substances was renewed twice.
On such occasions, the young needles were sterilized with organic mercury. The results
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are shown in Table 8-1, 8-2 and 8-3.

The young needles of two groups treated with the solutions of methanol soluble
substances extracted from winter shoots and needles of 30 g and late summer ones of
60 g, and then exposed at —20°C, were placed on filter paper moistened with a sucrose
solution of low concentration. These needles kept their green color and turgor, and
no sympton of frost damage could be detected up to the end of observation; that is,
for 50 days,

Each sample extracted from shoots and needles collected in late summer and winter,
and purified by the method and process shown in Fig. 1, was dissolved in 25 m{ of
10% sucrose solution, and each solution was applied to young needles on January 2l1st,
1972. The results are shown in Table 9.

Sample 1 obtained from winter shoots and needles of 50 g fresh weight seemed to
be a little more effective on frost hardiness than that obtained from late summer ones
of 100 g fresh weight.

Each sample obtained from winter shoots and needles of 80 g fresh weight was
dissolved in 5mé of 10% sucrose solution, and the solution was applied to the young
needles of each tree species in two Petri-dishes per each sample on May 21st, 1970.
The results are shown in Table 10.

Sample 1 was the most efficient in making the young needles of all the tree spe-
cies frost hardy. Sample 2 and sample 3 were very effective on the frost hardiness of
the young needles of Picea jezoensis, but only a little effective on those of Pseudotsuga
taxifolia.

Each sample obtained from winter shoots and needles of Saghalien fir of 100 g
fresh weight was dissolved in 5mé of 10% sucrose solution, and the solution was ap-
plied to the young needles of the four kinds of fir species in two Petri-dishes per each
sample on June 19th, 1971. The young needles of Saghalien fir were collected from
grafting stocks which unfolded their buds very late because of desiccating injury during
the winter season. The results are shown in Table 11.

Sample 1’ was the most efficient in making the young needles of all the fir species
frost hardy. Sample 3’ was the least effective on frost hardiness among the four kinds
of samples.

One-year old seedlings of Saghalien fir were sprayed with an aqueous solution of
each sample. Sample 3 was developed with IB.M.W. solution using a column packed
with cellulose powder and the fraction of Rf 0.15~04 was extracted. This fraction
was used as sample 3 in this experiment. Each sample obtained from shoots and needles
equivalent to 15 g fresh weight was dissolved in water at the rate of 1 mé. Eleven to
thirteen seedlings in a porous pot of 10 cm in inside diameter were sprayed with an
aqueous solution of each sample of about 1.3 m¢ per pot every other day from June
3rd to 11th, 1970. They were sprayed five times in total. The seedlings were sprayed
with water alone, to the extent of drops not falling from the needles, two or three
times a day. The seedlings in porous pots were sprayed with cold water before
exposure and also just before attaining the temperature of —5°C, in order to prevent
them from super-cooling. The results are shown in Table 12.

Each sample obtained from shoots and needles equivalent to 20 g fresh weight was
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dissolved in water at the rate of 1mé. One-year old seedlings of Saghalien fir were
sprayed with an aqueous solution of each sample of about 1.3mé per pot every other
day from June 5th to 13th, and also on June 17th and 19th, 1972. They were sprayed
seven times in total. The seedlings in porous pots were transplanted into wooden boxes
one or two days before exposure to low temperature. Each of twelve seedlings was
used for one freezing experiment. Other treatments were similar to those mentioned
above. The results are shown in Table 13.

Rf values of each sample effective on frost hardiness were determined using filter
paper 40 cm square. The results are shown in Table 14.

Conclusion

1. The substances extracted from the shoots and needles of A. sachalinensis made
the young needles of this species collected from buds soon after unfolding frost hardy
to the extent of withstanding freezing at —20°C without any injury.

2. Each sample increased the frost hardiness of one-year old seedlings of A.
sachalinensis in the growing season.

3. Frost hardening substances were contained in the shoots and needles of A.
sachalinensis in the growing season. However, their absolute amount seemed to be
about half of that in the winter.

4. Samples 1 and 1’ were the most effective in making the young needles of A.
sachalinensis frost hardy among the four kinds of samples, and Sample 4 was the next
most effective to Samples 1 and 1’. Samples 3 and 3’ were the least effective. Each
sample increased the frost hardiness of one-year old seedlings in almost the same order
as the young needles.

5. Sample 1 was the most effective in making the young needles of Picea jezocnsis
frost hardy for a short time. Sample 2 and Sample 3 increased the frost hardiness of
the young needles of P. jezoensis more effectively than those of A. sachalinensis.

6. Sample 1 increased the frost hardiness of the young needles of Pseudotsuga
tarifolia, but Sample 2 and Sample 3 were only slightly effective.

7. The differences of effects of each sample on frost hardiness were not significant
among the four kinds of fir species.

8. The frost hardiness of young needles soon after unfolding seemed to be greater
in the tree species that were distributed naturally in higher altitudes or latitudes.

9. The Rf values of each sample that made young needles frost hardy were
determined using filter paper 40 cm square.



