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Fig. 1. Effect of some above freezing storage on
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various water contents.
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Table 2. Sugar composition of 245day stored some kind of Pinuspollen as affected by various states.
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X7eh (Rl ~42R), RAIXMHDOWHE S FEEEN ECIEZ EDv, 2o RK(pRBIOEEIT,
%%?ﬁﬁm&ﬁb,ﬁ%mﬁ%ﬂoﬁmm%%%ﬁﬁ®ﬁﬁmiﬁéhb&%k&ﬂ%oM%,E
Ebicihi, REOPCEIRIBFEREOEIT —12°C THT5 & DX, Fi STANLEY (%~
YIEBDOHBREHE L LT, TERNBO RIS BRERERLBETIRDILELONTVES, L
L#ofﬁF%#ﬁﬁﬁohﬁ@¢1K&ﬂ%,E%K%#tkbxéo

ébkchwﬁﬁkoumecnzmv/ﬁ%@WEfgﬁwxﬁxﬁ%%%f%atao«
CO; ¥ AHATE IWERLZICEREL TCOEREEOERTERZ Y AR, BFOT7 v AH
ARRIB LT, @EAEHRRALDDRIR T,

FIE BERCBTAHIEROLRT

1. BERIFROFERROLEFENOHE

1.1 AHEBRUBERFFER

0°Ch25 —79°C ¥ CORFOREXB LT, THOXEF . v —frEHh s L, EHlic Dry-Ice
ROREM =2 ) A ACIDORRLBYTH D, HHEELHE X LI Dry-lce oARI X
D THEBOEENRZ IS, FRMABOREL OB L - THRTAC L3 TE S,

BRERTCRRBAERILRETH > TRECEFETH VAR FHAIhTW 5, BEEHRIX —19
5.8°C TilEL, WAOBAECLZORELXHRDL, HEEHCKETH D, RERSIXILINDE ]
® Liquied Nitrogen refrigerator ¥ FIf L7z ABBITFABRFREELE HEzH v, LNR
6405, LNR 25 B 255, WTHLIBEDOTTHERAL 5 51 0Tk, ERTH-T, 1
DEFEEBICH LN 5 FAMEE LOBEENL KL, FLEAEEFROBREL2I/AR1 y £
BW1FTHEERTH IVFERS W,

BlEo#EB s LCERTATERERL, BEERT THEMNREORVWTIAT 7 (lcc FR
TRV, RANTABEBROBARERY 8mm AHE 7 AF o — 70 #YETH S,

D7 vIABERLIETEROBHBEIROTFTETHE LI, Bib, 7Ty vy — I A%
BETEEL, FEOLHERICOWTAIMREY XD, —196°C ~OEESHCOVLTL, + >
B VS5 7 CEBELE, Dry-lce, Et-OH Tx bh 3 RESHEE OEF T 8.06°C/min. #7777,
¥ 7oz ORE~OEEAHEO MFAAEE (BB 2, #1/sec.~T/sec. THbh, —196°C D

BT T/sec. iRlLtc, COBEE, EHOBE, 7 v /Lo X 5AHEEDX I, FEAMIC
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B EAEERLI BEELTI W,

Fh, TYIAhREE, 7Y IARBCELLRYIOBAREDEY, BEAHEL 2V,
$Ae a2 vAZ Vv VEENTEBRCHET S EEEOML 8o, BE (198 FDART v 7 LB
CELLHS, Br7 v 7RG BoBHMBETh s, EHOW « REIELRRTIEAF « ¥
vy e 5wy SEEOIMNGHAEE (HERES) BROIT LS TH-T

BoOH KK 5 H4 R B 3 0
g N0 B E 7o | mEASE | 7y ame | AREAR
Pinus thumbergii 18.5°C/#p 3.2°C/Bp 45 % 90
Cryptomeria japonica 13.0°C/f) 8.7°C/# 26 % 46
Larix leptorepis 15~ 21°C/#) 8.4~12.5°C/# 45 Fp 95

[E) Cryptomeria i3 —80°C EELHNOBEEOEETH 5,

T VIANECET SR ORHEEIBED TRV ELRTE, ZOoERENOEFCL ST, &
AR ROBEIE vEEREREY IRV,

MBIETRT +20~ +30°C OHMBEERNCEEREL TR L. Z OREL A ko InfR#EE
BT 6°C/sec. ThHo Eh, < ORER—MCIEHOBEREHONIEL Y, LoHRET
HH, EFETHIHREZDOBETCROTLRELEELI Tt v,

1.2 TEmEFHOHE

LETERNT &~ Bl e L% > Agar « Sucrose Medium o Rz ¥ &, 2475 9605 TR
FERFL T, %Oﬂﬁkﬁ?%iﬁ$khtou@ﬁ%ﬁﬁ%ﬁﬁ@%mV“WTD&ﬁ&Tb
b, ﬁ#h;of5H6%ﬁ@ﬁFE$OEE%E%T?%®@mtv Fleh 3=V ATHRFE
IRETRFRBELCERIZ, —E0XEEXL Y, TOFAERHBETLI 02 b - TAEFLRE L.
EERIIEF 3 BFRE AV, BLFPEWNRTS 3 HETL E D, #200~300Ki o\ T RFEREH
Nico KBABENDAEFROERVRFNTHERC OV, ELBXOREFR T2 ABETEROR
FERIT S - TEFRL LEBER SV (FHXER T Survival EFERL)

2. = vIiEBoERNEE

19624 MERARMAITRE LIz 2 v = Y 1E8%, 539, 85%, 32%DEmaKR0 ¥ %, 1°C/min.
DEERS > THHLICET S, BIRCTRTRRY 21 Tiebb, HKEKZ R —35°C %
THEETHN —40°C UT ORI CHETET 5, 82, 5B EMTH —50°C THFERIZ10% BB L
—=75°C TR T RCER Wb, Hie —50°C LIRTEBNZFESFIR BIm B W TRFEL LERE LG\,
(F8) COHRY, SOLIELABRTERCHTHRFRLCTRRTHLENIDIEL b, Ticbb
TEBERRE REBRTEREOHERLEBERTH %,

8°C/min. D#E (Rapid Cooling) THHMNIEL L CBETH, BREBERE L HEEEL LD
TEKBOMI AL A EEEFIL, 1°C/min. OiE#A# (Slow-Cooling) i) % HIEHF & 1%
FE LV Thbb, 7 e~y {ERoss, COREOSHERIEMOFET ST H BELBIRK
DI WEERLTW5, (K9, 10)

FRBERREEEVRETERSNBEEL T AL, 20% SAKER Tt —80°C T TAHLTD
A HR 3 Control & K#ER\, b bOERE 30°C/min. OBREAIHE (HESH; FIE

* EEEATL 18°Clsec, TH - foo
*ok ﬁ*ﬂ:p\_; 5TH Hé%ﬁ@]&g_ik“)h\fﬂi%ﬁ%fﬁﬁféo
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Table 3. Effect of slow speed cooling, and direct rewarming on germinability and pollen tube
length of Pinus thunbergii pollen
. on Agar, Sucrose Medium

Pollen | Temp. iﬁirng 24hr. 48hr. 72hr. 96hr.
Cont. 67.2% 47.0u 86.0% 125.6 u 79.4% 161.4u 89.6% 171.8u
—5°C 56.0 47.4 72.5 126.8 84.1 153.3 87.9 235.3
e —10C 59.0 36.7 81.3 97.9 66.1 142.5 88.7 160.6
%’ —20C 68.0 37.6 86.0 109.2 82.0 158.6 90.3  204.5
8 —25C 39.1 38.4 90.1 123.2 92.0  150.5 91.9 171.6
§ —-30C 44 .4 34.7 84.1 132.9 84.1 190.0 91.0  270.9
’ ; —-35C 33.5 32.1 50.8 118.5 59.3 157.4 49.0 2374
’ R —40C 0.0 0.0 + + + + + +
% —45C 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0
3 —50C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
—70C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cont. 22.7 24.1 72.4 78.1 82.0 91.7 *k *%
* —25C 55.7 37.1 87.8 121.7 89.0 131.1 86.4  200.8
[aN]
& —50C 0.0 0.0 13.1 30.8 13.7 33.4 15.9 33.4
® —75C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cont,. 58.5 46.9 85.9 135.0 84.8 141.8 88.2 154.7
Q o
% —25C 46.0 32.8 84.3 114.6 91.7 186.5 84.4 154.6
;’; —50C 0.0 0.0 32.7 38.0 6.3 48.3 6.3 48.3
—75C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1m“¢w—m3\ 1007
! 4
. 34.8% 1
— = ]
«© 0 >
E 50- 32.2% E 50+
O
2 2 53.3%
~ ——y ¥A—— v
~10 -20 -30 —40 -50 —60 -70 -80°C -10 ~20 -30 40 -50 -60 -70 —-80°C
Fig. 9. Effect of slow cooling and direct Fig. 10. Effect of rapid cooling and direct
rewarming on survival of Pinus rewarming on survival of Pinus
thunbergii pollen. thunbergit pollen.

DRECEERALEEOALAEE, Direct Cooling) THH U4, WHEOSELH CHIETE
Lo &1E80E, 26%1EMe 02, TRTIOGUPIICHIIEL TV b, LT, EEKRD 7 »
=VIEHOBE, HSHEERIE VEELERY LT, LERIEE L EKReoLFTRERS &
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W T X\,

LL, 26%DECEKREMCIIBHEErIKRE EEr 5z, —196°C AHEAHTIERLT
WHZ LD, CTOBEOESKROBECRAHNEENZETHLIELLE LT 5, :

X bz, BEO~ VB CHHRBRY AL, Pinus densiflora (6, 26%), P. pinasta (7, 36%),“‘
P. banksiana (4, 31%), P. thunbergii (5, 809%), P. taeda (9, 27%), P. rigida (5, 27%), P.-
massoniana (7, 27%), P. Luchuensis (7, 27%), P. koraiensis (7, 28%) OZEGKIBIEH R
Cedrus deodara (6, 16, 27, 35, 50, 60%) fEM%Z VTR ESHLEYRLILLEZ S, 1L
DI>EERY 2. HbLbESKRER T2 —30~—40C THEFERITIEEL, —65°C UTTTRT
DOIEBNITHASIET Do

o4~ 9 BDEEKRIEM TIE —55~—60°C T—HMEHFEROBWI ¥ L 5BELH B, £k
—70°C CHEWERFERYHERL > 5, 2O X5 ARSI X B BIEERE « KR, fiHO 7 v =

YIEMOBE L BERUERR L. Foz 0fEk% —196°C 1007 ——
CEBESHLICES, HHINEHRE, F4 ALAELS 1 g‘ i
, SESHTIE —T0°C T TREAEL TER T, —if 08 g Se
w —196°C T CEFETHIERE BB, Tisbb, P thunb., P. ) ° ‘, E3
masson., P. Luchu., P. korai., SD5E&KEERL, —196°C be E;
WT2RHER VT h iR, BURFREMFL TV-5, ZOHRE S °\ o §;
2, EEAHIC X DECAHEE GUC/min) HRT M £ 0o og ®
REE2Dh 5, @1 ¢ e
b5 ¥AFEAKCIARITE G, ToM—0% | B
W THB, HI® Dry-season icBIfET % B v A AN T d
I LT TV 5 R, TEFS L ERE OBIREFERIREVER 1 o !
ThEe T OMME A TAEANL AR, HI2CR LT X I N DN
51 v TEl & AR Y 2 foo 3 L2800 Logkke 10 720 -30-40 -50 60 -70%C
Biz, -0 THETL EnY, TEENToE T T
KR THIEEFRC LY OBFLR LI % 23 A5 X 55T of some kind of Pinus spp.
b, Pollen.

Owet pollen @dry pollen
Table 4. Effect of direct cooling at-196°C on germinability of various water content of
some kind of pinus spp. Pollen.

Dry-pollen Wet -pollen

Pollen 5 min. 60min. 72hr. 5 min. 60min. 72hr.
P. denciflora 89.3 92.1 31.1 00.0 12.9 00.0
P. pinasta 96.1 91.0 80.6 00.0 00.0 00.0
P. banksiana 93.4 94.2 91.5 00.0 00.0 00.0
P. thunbergii 92.0 83.3 93.8 56.0 44.4 79.3
P. taeda 91.7 90.5 82.8 38.1 21.4 00.0
P. rigida 83.8 94.3 54.9 64.8 33.6 00.0
P. massoniana 91.0 51.8 + 85.2 16.7 37.9
P. Luchuensis 76.2 38.8 46.2 35.7 42.8 48.7
P. Koraiensis 86.2 57.3 61.0 00.0 22.5 42.5

.




LR ERT S &~y TIEH (Pinod) % iEd, S, Hi
BEHOSTEC I VEHABELZEEZ LR, 7e<y Tk
—30°C LI'F —40°C T 32% LA LD & KRIEBHIBHIELET 5,
COBE, BHAEEC X - TEFRIZERE Ul wid, HEEw
B2THEKRRIES 70 & Tlx, HEASHT —196°C TTH4T
L3 %o ThbbAHEEREVEKEOBSOAHKCHE
HE2BEEZDNS, ¥730% 7 v Y EROHBETLY T
QIREEX —80~—40°C TH Y, ¥/ 030%H, HEEELRD
FRITEKRE VLD, b= T YAFEMD, BERAELE
2T I\ 7=y CREETEL TR ERRMEDTER LS
HAE L OB REFRCE WL 2, BDTENIEREOT
WEABRIEE oeh (E3) ZoBAIREEILERT 2 o
B b Roh, BRI EENBEEEY S ThdnsEx
bhd, ZOBEIREADTCHERT 5, RBESKRAFTE
¥oTXTik, Control m b LR BEORWFEF LT
LT\W%, (EE 18R
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100'

1 so%\ |\
1 35%

—10 -20 -30 -40 -50 -60 -70 -80°C

Survival
o
S

Fig. 12. Effect of rapid colling and
direct rewarming on survival
of Cedrus pollen.

ok, BT L EKRELOM AL ABERCHAVSEY, DTOXRRL TR TR L 5Hi—L
THWAZ LT, HDHEREOLE, HHEYOERIILVWRECEEYHERAEE L X T,
FREBREEBL T VWEEDOEKRELHRERAEGKE (B) ¢HFli.

8. A¥H (Taxoid) 7EMo &R LA

21,2 .
AFTERNE Pinold & Ric - BEHER b, BFBBLLL R, < OMMOTEMS Intine
BERKBAEL, FOEFIL L - CEENED Exine hOIERRABEEL, © % %EFE T 3%, Intine
olgMEEo B 213 Taxold wg+ 51{t¥%, Cunninghamia, Thuja, Juniperus ir FfEEFI X ~TE

th, AFTRIEBREOH 245, Larix 215 f5RE

TH5, %1 Exine iz Eay « M nEEcy 1008

o T, TEHOEBEENERE T, KPR Zi
XoTOERZEh, TRBAKBORECESY 5115,
+10°C LI Echiul, AFERTS~100RThiirTs
xOCkﬁL%AuﬁkAk%&Lkb

FEHE I Verrucate t%;a&ﬁl,, =V D Tegulate %x_
EHBELUTEBAXESTHD, Lo THAKLXBE
i, = VEBELTRL, 3% 0aKEDES, 2HMT
T\ b,
%&rmutaﬁmﬁ¥ﬁ$%ﬁ%m,ﬁiﬁgﬁ E
B, 54 7 BROHCIL IR B 5 Jb bk
WA OBEELERRL, EREANTI AE, BREABLL

Survival

Qi18%
©:22%
Bi21%
A43%
X72%

\ AR
‘L\\

" A T -
~10 -20 -30 —40 -50 -60 -70 -80°C

YO SR L7, $HRAIEMITIK, For—2THEBL, Fig. 13. Effect of rapid cooling and

18, 22, 27, 43, T2% 0D 5 BEOEKETHE L 1, 2%
TEBE +4°C TTi24rR, WMEAL BRI, et

direct rewarming on survival
of Cryptomeria japonica pollen.

* Pinoid typeit~>, e~ 5 ‘VK45?1%6&6’5§75¥ﬁ®%§ﬁ&%?§§“&b§2 TRASIEE O RN IS A

HOBRGBE LD KA L O TZOGRAHEHEH LI,
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BLIKAZRKTEVESTLDOTHY, RBOGKETHFHELC, ThODIEREEEAHN Lk
B8R Lo

AFERTIR20% L TFoEKRTHIE, BEETOEFELUERTE S, F1-22, 27% BB T
—50°C R BEERINEBL, 4 —65, —75°C CTXNCHEHHELET D, T2 EOESK
RIEHOBRERREE L —40~-50C THh, —30C FTI2hE VEFROETE L LI
Enh, COEKECHTHEBRABE X, —-35~-4CEELELOLNS,

IHE, F[ESHATE —75°C THETE L - 22% KR0S %, —80°C wERAMLIKER,
RO RTISCAFRCELOAS Yy F 325N 50, HEESAC IR —80°C ThEMHER
T, UREEBLTIERNER I Thhote, TOZ L, FEO 7 v~ Y {EHOBE LT,
30°C/min. DRHEENAEL XL WTWAEIDEEZIBRB,

FhIOMAEC L 5T, AFEROPIEGH (Air babble) BREATEEAN DD, HENES
KEBEOEMC AL DBRTH B M, BFCEBIRIEZ L, COKBITOWTIL, HIFRO R
FEOHETHFRL

Table 5. Effect of direct cooling on germinability of Cryptomeria
japonica pollen (Water cont. 22.0%)

Immersed

. . 30sec. | 1min. | 3 5 10 15 20min. | 30min. | 1hr. 2hr 5hr |24hr
in —80C

Germina -

bility (%) 79.0 | 46.4 | 63.3 | 80.2 | 75.7 | 71.0 | 52.1 | 43.5 | 78.5 | 80.4 | 55.4 | 62.1

Taxoid w35 =27 5% v v (Thuja orientaris) RU°, & X 3% (Juniperus rigida) o\
T, BEAH LIRS T, AN L FEOREY L1, '

22% 0 Juniperus E¥yTix, —20°C THEEEH?F

e WL iend, —196°C 105 MOEEAH TS, EHFERIX

*4 HUBEZHFL TS, (K14 739, 46205
BKRIEH TIE —40~ —50°C CHEETHZ &4b

\‘ﬂLﬁ Bbo THRHLOERND, WEBARE, HERAS
KEED, AFERCED TLMER &5 LV % 5o

S 77 IEHORBRAEKES, 2 F BT

O Thuja Jo% By (15 iz, »5 < /ﬂa*ﬁ@ih@ﬁ%ﬁ: %
:JTuh":; ;g;’z #H¢7 { Pregermination (Fj%i) ,{ji‘ﬁE 'C » Z; &

WH T EBIRT B, Bl 5= Y OB ATRE

Fig. 14. Effect of rapid cooling and direct FIRTHRLIE L, RHHCRIFTIRIL, ﬁho%{ﬁ

rewarming on survival of Thuja PRI B2 %Y 2T Pregermination
orientalis and Juniperus rigida pollen. L, TOREBEYFRTIENEEBELEELEZ R X

* TR IEE A OREMIERIL L7 Pregermination IRk L, EMCERHTL 0L oM S BRIHEL & 278
ThoHo Fho, TOHBICS &T L TEEE] & EBNRIENREOMEICOLTLVLED L Z Abh bl

100¢

e
=

Survival

K ey ey
-10 ~20 -30 -40-50 -60 -70 -80 1967
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%,

kot b bEFROWR T EE L, 168
DERE, ThbblEhRNEhs HHKOR L B
BBGRE L B, ZOREH TIERRNOKIEREL,
R RGRNRBEY5x 5 Ebhb, BELS
AEDBARICOWTIREETHERT 5,

4. Pinoid 7E¥ ORI DWT

EROBHBROFTIERATOKY, HERERS
ARBUTCRAMTHEAHEEI S VEELERE
BEZLREVWE ERFTETON, LOHUBERT
0 30 3010 50 o0 o 0 e ©EWRTER O IEEE T & AR & FBCOKSAR

Fig. 15. Effect of rapid cooling and direct PRIIEDFET Do LA > THRBET 5%

rewarming on survival of Lalix BErBRET 5, FROCMBEEY HHCBD 2 &
leptolepis pollen. BTl view, BEFEME (Direct-rewarming.
PHEED. 6'C/sec. kmEE 18°C/sec.), URF o

7 - BACHKE UICRECINRT 52 iR (1°C/27T~33%)) O X o1,

BEO= v AEREACTERET R oL 25, KRTRD X5, EFROE\L D5
DARE—VDHDBZ ENLI T,

KR RIS R T ERBE b B E A, KOFETEH » MBAEY R EZ L,

a; SEAHCIYAREX CHAHLLE, EEMELEL0, (K16 0OH)

b, EZEBHCTX > THEOREE THAIL, OLEETMRLAED D, (NBXEE 1°C/30min.,
X 16. @HD

c; —80°C 2 CcHEHESHL, 3HMERBLELLOYL, FTEQCEE (K16, #iEio Plot ofE)
¥ CEEME, FORENSEBEMRELCL O (K16, XH) THbH, EROKEFIL, K16D£RI,
WEOEY HERHTAeD, FEHTEALL,

P. luchu. (27%), P. korai. (28%) , P. masson. (27%), Cedrus (229%) OfE¥TIt, 2ES
HeEEME (8 a) K XI5 AFROBMTHR &, BHMR (ERB) R X 54 FROBER L 1XIEH
Bofis <2 —vERLTW5S, Tihbbd, Z0O4EREH, MEORENEFCIZEASEEY L
2l EELZTI v UL, P banks. (81%), P. thunb. (309%). P. taeda. (27%), P. rigida
(27%6), P. dens. (26%) TEMyTIRAELH - BEMRLLHE L, EEAH « BFEMEOHE LT
RAEFORABRECAZREND D, BEMELTILAEANCIARABREL VBCEETKS
BELZ 3T 5H, 0% hEEAHTIT—45°C LT —60°C THETRERER T —45°C, —50°C,
=70°C 1 LEEMBLICHE, BOGRNELST5HELERL TV,

B (1°C/804) TR LALBERHEMET S0 —40C iigoBERLYERTHE L 1T
I MBEHOBEEEETH Y, COREHFIVIHBEARELXOEBCTREH LE 2005, kD
BEHIAESHOBEMBARE L 3E—KT 5,

% 7= P. korai (289), P. masson. (2719%), P. Luchu. (271%) RO Cedrus (22%) TE¥% EEEL
HLUBEOEEN SEEMET 2 ABOR B E LT ABEFREB O, ThbOERD LD
SREVNHEBALTCHB Z e/ b3, Pthunb. {EHOBREKERI D, PERWVETH -1

F o mRRAEY BRI LUiclo b B8y 5 T BERARRITE R LZEKED L = F FAFD
flchs, WBIEEAHT —80°C/3RMAEOD L, MOFBEE X CEEMR, ToH, &&Enh

Survival
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Fig. 16. Effect of various rewarming

Survival —

100
1

Survival —
.

ot
, S

P.densiflora 26% P. taeda 27% P.rigida 27%
- 10094 = 100
~ 4 ‘-D_‘ o] ] “2
o~ 0 0O N
o\ 5 oN®
° \ )
e Voo
\ L
L J t ]
..,_.. '
.., 11
-30 -40 -50 -60 -70C ~ -30 -40 -50 -60 -70C
1 bomevamd
Sme——crl.
P .koraiensis  28% Cedrus 22% P. Luchuensis 27%

w
=3
2 s

Survival —»

100-r-—

e —————r
-30 -40 -50 -60 -70C
— Temp.

P.banksiana 31%

P. banksiana 31%

T T — ey ——r— o
T30 40 -50 -60 —70C —30 —40 —50 —60 —70C

P. thunbergii 30% P.massoniana27%

P. thunbergii 30% P. massoniana27%

kind of pinoid pollen.

® Direct cooling and

O—0O—0 Rapid cooling and

|
l

Xoaea X one

ow—

X Slow rewarming from various temperature after rapid cooling. (—196°C)

rate and rewarming temperature on suravival of some

slow rewarming.
direct rewarming.

Intracellular freezing zone when slow rewarmed.
Intracellular freezing zone, treated in —196°C.
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BLEDDTHS, 16, 22%BTERNXTNTOLIETE VAT
BRI, 35% L EOfERix 3T o AU TEHMEIE L T
Bo 21%&KEE, =7 VAFORBAGARTE KIS E

THYH, ZOEBDOEFOBANIIRBIC EATWS, Hib 1005
~20, —25°C 7 ]
L OEMRZ, b ThREEFEROIZEELRL T 5,
ZDZEMBABBEOKS B LT —25~-30°C D
ERPRFKGERTETHED LD T Lhbhd,e

—80, —35°C LR TITEESTEL,

5. WHl e piRO < hEL KT B EHE

B8 ORBERITE DO R A L~ Tid, HE « IR DR

masso, 27%
Ced.22%

luchu. 27%

o rigid. 27%
korai. 28%

8 taeda. 27%

100

oy
<

Survival

@ thunb 30%

e\banks. 31%

Pinast.30%

Py ) o

6 th.
! 3 Repeating— 10

Fig. 18. Effect of repeated directcooling
and directrewarming on germina-

bility of various water contents of
some kind of Pinus spp. pollen.

100
10.8/—80°

15.6/—80°(Thu)
©15.6/—196(Thu)

g1043/— 196°(Thu)
18,22/—196°(C)

Survival
o
S

TTT—22/-80°(C)
18/ —80°(C)

10th.

Repeating —

Fig. 19. Effect of repeated directcooling
and directrewarming on germina-
bility of various water contents of
Taxoid pollens. (Thu); Thuja
orientalis (C); Cryptomeria japonica

Cedrus deodara

16%:

Survival
o
S

Ad

27%
. 35, 50, 60%

-20 -25 -30 -35¢C

Fig. 17. Effect of various water content

LD DE{F on survival rate When rewarm
DHFTHE L slowly from various below zero
BN B temperature of cedrus pollen.

Bo £ THEINBOEEL BERA~G 2 5 HEL R
L7

SERIERZ AT O MERBRC A GITER TH B, &
BT T HES AT —80°C 104 R L, EEMME
T H20°C IO DBRE L AE Y L dDTH BT D
B IR L RBORBRE L5 LK 18, 190
& Inh, P pinasta 309, P. banks. 31%TE¥NT
SFBHT —T0°C WHEOER, T TR BT 5 TER
ThHBHN, 3HEOEEL T P banks (X EFRIKE
L, P. pinaste e rh D EoBELICRHLZ DR
o L UfEoo7EENE 6 BloiuR L CEFRTHT
B, R L 10 BT ok MW AFRE - T
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TE8 & FkE, EEAH, EENR LV BEVCEE S



68

2 HNRTEFNETHEDLZEERLT VS, LL, XLEEEKREROAFIEN T 1EBOLHT
FTCREEL o

6. SHEBTERERAED/NME
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HE2 Ve L LIEFERAEEKRIIE VRS BEOTER CIRESEASH (7T°C/sec.) HEY & % bk
HHRELINRANDIZ LD D, LI - TIERHOGEHTHRENBERLPEL REFETOREEAH
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(15%) TEH O AFSHAIZ DT, K2DERY 2 7o T OIEROHE b SR & Rk, GKEN
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Fig, 20, Effect of rapidcooling on survival Fig. 21. Effect of rapidcooling on survival

of ANEMOPHILY pollen. of Magnoliaceae pollen.
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Fig. 22. Effect of rapidcooling on survival BRI
of ENTOMOPHILY pollen. B °
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WoSETHWE B, WH BB Lol TERLZEDHRD (K 30),
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(K11, 12, 18, 19)

3. MEAREMES XL, +200CHBHBCERRATAZ LT LY, & 18°C/sec. ¥ 6°C/
sec. DEENR L BRb, EAMK lcc 5 A7 v oA R ENESTIOFENI VL, ¥, JEE
B EE (1°C/30min.) TIXINEAE CRMNELHir s, makRERN —85°C~—45C D
BEWRYEECEATS &, £L0BA, BEXTSE (K 16), LT, ZOREFOBEEE
B, BEEEYOER I TrELEER TS L2 5, ‘

4. REBIEROERAETE, BTN & RETEHC X - THMARFARECHARA S KR
RABN5B, Tiob bR, SIEBER T 52, REEBOHE, i hEaKETYH,
EETELODOR DD, CHIZTERMREPOBBECHERECHERTEE0LELLRBEN, ¥
RihEzZFHLIBWALI T —2 -2 bR T iy,
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Table 6. Water content of some kind of pollen

Pollen Dried Ordinary Wet Maxim.
Pinus thunbergii. 5—12% 17—20% 26—53% 72 %
Pinus spp. 5—13 15—18 22—30 72
Cedru deodara 4—-10 15—19 22—54 68
Tsuga diversifolia. 15
Keteleria davidiana 13
Cryptomeria japonica 410 11-18 26—39 72
Lalix reptolepis. 5 16—22 24—30 76
Thuja orientalis. 11 16 22—39
Taxus cuspidata. 19
Torreya nucifera. 19
Juniperus rigida 22
Cunninghamia 14
Lanceolata.
Ginkgo biloba. 18 23 32—-33
Alnus japonica 10 15—17 24—55 71
A. sieboldiana 20—22 28
Betula platyphylla. 7 15 33
Quercus serata 9 22 34—49
Q. variabilis. 22 34
Q glauca 29
Corylus sp. 14
Fraxinus sp. 14
Platycarya strobilacea. 16
Idesia polycarpa. 12 17—22 23
Camellia sazanka 9—13 21 32 72
Cudrania tricuspidata 21—25
Stewartis monadelpha. 19
Sapium sebiferum 16 23
Magnolia grandiflora. 8 17—26 37—46
Liriodendron Tulipifera. 22—24 31
Michelia fuscata. 13 16 31
Punica granatum 16 18 52
Juglans sp. 22
Datula sp. 21
Zea mays, Oriza sativa =60—70
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Fig. 238. Diagram shows survival
zone (@) and injured zone
(=) after rapidcooled and
directrewarmed in various
temperature at various
water content of Pinus
pollen.
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Fig. 24. Diagram shows survival
zone (@) and injured zone
(—) after rapidcooled and
directrewarmed in various
temperature at various
water content of Cedrus
pollen.
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Pinaceae 6 O EHEN I3RS
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BEEC Y > CRBEROEECE LR b, FLEHCL - TZoRIOMERY $Rins, Pinoid
CRTABEERRICSLOEDHDE LI, ZOWITOKRNMNEEEBEIDLEELLRS,

Taxoid OBEEHIFCHFIZETONRICISRK, 4BOHWIEThithDENRLLDDND, TO
iy Taxoid 4 # 7 Intine OEINEHIC X > TAES RInDDT, ZOMEBHILEINHERA
REVELSLDLBEREELDR D, AFDRAGKRIL28% T Juniperus LIZEFRLTH S,
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Fig. 25. Diagram shows survival
zone (@) and injured zone
(—) after rapidcooled and
directrewarmed in va-
rious temperature at va-
rious water content of
Cryptomeria pollen.
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Fig.26. Diagram shows survival
zone (@) and injured zone
(—) after rapidcooled and
directrewarmed in va-
rious temperature at va-
rious water content of
Larix Thuja Juniperus p
ollens.
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Fig. 27. Diagram shows survival
zone (@) and injured zone
(—) after rapidcooled and
directrewarmed in va-
rious temperature at va-
rious water content of
Magnoliaceae pollens.
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Fig. 30. Diagram shows survival

Fig. 28. Diagram shows sur-
vival zone (@)and injured
zone (—) after rapidco-
oled and directrewarmed
in various temperature
at various water content
of ENTOMOPHILY pol-

Fig.

29. Diagram shows sur-
vival zone (@) and injured
zone (—) after rapidco-
oled and direct rewarmed
in various temperature
at various water content
of ANEMOPHILY pollen.

3.

and injured zone after rapid
cooling treatment on various
pollens.

IRZERBTER © BRASBOE R

Magnoliaceae O EHKE35E & M

len. RR2TeRT e, BRAKR
MNBH L LETH T, Thuja & AHFFERUCE VLA LBEABEIZ40% EHoHE —3I'CUTT
Do THEBTERCHEK L TRREWBE Th » o Camellia, Punica % 4 O REEH OB EOHR
BRABEIILREL, —22°C LIT G0% 1EROHE) Thh, BREKEILI% T Magnolia
IORREWETH D, N B 4BORETEHROBRFERA L R L oo —BRARERERIERMB L L
T, Punica ORFARBEL2%ERNOBET —20C T Thy, BRAESKRIBYUBELELLL
bo ¥RBIEIER 4 EOREBIEHEY R 292K Lic, 32% Quercus TEX O TR FIRE X —50°C
HUTthh, ILREKENELI DL —25°C BE LD, = Fagaceae, Betulaceae 7z ¥ DIE
B OTKSBIELERL, X 28 0 RETEROHE & K& LERLV L5 Th T

4. FENME

B HEEOEH OBERAEC R 5 HEBIEHFALY LT 5 L R0~ T X o kinD, RRITH
1o 25 O OBREB A S KRIL2H 2 H40%FTH D IBS DLEN D D, FERTERETRED
—=20°C b, AFD —4A8CEBEZ Tk VOMAEDDZ ENED LRI,

—RCEIERE S ERTENREL, BAAGKELLESMERCILL TEY, C o2z, K- B
#&D 7% Channel OFFEREROEELD b2 BIEM OKRS&ELZRL, FORE, MK
BEM, BEOWMS X 5K EBE TR Vitrification 2FE U KGO EREELEL > 53D EEL
bh b, EFl—BOCITERE KRBT THhIE ORI K GED ERIT AR, DED
KBEELIRTHAKNTFELEV E2ERL, BEETCEFELI B2 E2ENRTS, Lo
2o T Z OENRKRFBEH, ﬁ%ogﬁg{&iﬁﬂ?ﬁmﬁsh‘éi%‘:%# L%,

#iko Freezing-point XM Sc JITEBRWNNIL BB Y ERRA D, HRI0BE TEBS
HL 5 2REBRFIT -41.5°C 5, L LTE%UJ%EH@%H Heterogeneous nucleatlon LEZD
% DT Freezing-point 12k X b & m?fﬁ)é 1, F B EN 10 AT O 0D T
72\~ D T Freezing-point RILEENIDEEL T IV, COXKBREYERTHEER, Tibd
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EMBELRB DI TS, MRS IhE, ARLEHEERORAKFEREL, @F ~25C &
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ORTVAHD, COREDTThHEMBENO BEKGBAHOREBCSS LEXbh b, LM
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Fig. 32. Effect of prefreeging temperature fo Fig. 33. Effect of prefreezing temperature
various prefreezing time of Cryptomeria to various prefreezing itme of Larix
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Résumé

The preservation of pollen in deep-frozen state has been studied since 1961.

The purpose of this study was to find out the method of storage in the deep-frozen state and to
pollinate the most favourable time.

The best way to store pollen for a long time is to stop the biological activity at —196°C.

Free water participating in pollen metabolism, forms ice-crystals and causes physical injury when
deep-frozen, so reducing the water content of pollen is most important. The maximum water
content at a definite temperature below zero, and minimum temperature at definite water content
to avoid frost injury are called limiting temperature for crystalization, respectively.

Pollen has its own charasteristic value for these factors and they determine the survival range
of deep-frozen pollen.

Cooling rate is not as usual but pollen of about limiting water content must be cooled rapidly.

Rapid rewarming is important, for if it is rewarmed slowly, ice-crystal is formed and the pollen
is injured.

The temperature range where frost damage most easily occurs is from about —85°C, —45°C
depending upon tree species.

High water content pollen (about 7095) died when it was frozen rapidly, but it was still able t0
live by frozen prefreezing it at —10°C, —20°C and --30°C before it was deep-frozen. )

For many species the most effective pre-freezing temperature and time are about —30°C and
more than four or five hours respectively.

Pre-freezing treatment was very effective in many species such as Cryptomeria japonica and many

other trees when they were deep-frozen at —196°C for 100 days.



(1) Cryptomeria pollen

t2) Larix pullhcr;'?u

Oscillogram of a ampouled pollen immersed into
liquid nitrogen (2), and —80°C Et-OH, CO; bath
(1) and subsequently rewarmed in room temper-
ature at +30°C.
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Photo plate 1.
View of germination and frost injured Cedrus pollen.

%

i

-50C . —-70°C

Cooling; Rapidly (8°C/min.), Pollen water contents; 68%.
Upper; After setting 10 min. (in Water drops)
Below; After setting 72hrs. (on Agar sucrose medium)



Photo plate 2.
Effect of Pre-freezing

Cryptomeria japonica

O

PF-15/5hrs, —196/51 hrs. PF—-20/3hrs., —196/120 hrs. PF—-30/3hrs., —196/27hrs.

Larix leptolepis

"%

—

WY
e 2°

PF—5/6hrs., —196/21hrs. PF-10/6hrs., —196/12hrs. PF-15/1hr. —196/20min.

Cedrus deoddra

PF-10/44hr., —80/30hrs. PF—-20/44hrs., —80/30hrs. PF-30/44hrs., —80/30hrs.

PF 10/3 hrs, —196/20 hrs.; on the treatment of pre-freezing 8 hrs by —10°C
and 20 hrs. immersed in —196°C after pre-freezing.
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Photo plate 3. Effect of Pre-freezing
Cryptomeria japonica pollen (Water contents aprox. 72%)

50, . ; o o B, g 3 @ ot
PF 15/5 hrs —196/100 days. PF 20/30 hrs., —196/100 days. PF 30/30 hrs., —196/100 days.
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. SPECIMEN

Chromatogram of sugars in pollen of various water content stores at +30, +20, +10,
and +4°C. (Cedrus deodara)

1; Fresh pollen 2; 5day stored 3; lldays stored 4; 2ldays F=Fructose G=Glucose
stored 5; 37days stored 6; 72days stored 7; 96days stored S=Sucrose M=Maltose
1 Indicates the extinct of Sucrose. R=Raffinose S’””=Unknown



