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Fundamental Studies of Deep-Freezing on Tree Pollen (II)

Sanji IcHikaAwa and Tsunahide SHIDEI
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RBHGRESIERNOMBEPEREICLID, Bl OB EFEEBELET ¢ 25 LBIYRE
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1. BEHZEEBLHEEORE MRESERELLHET IARREEESHENE L, BEOKR
MAaEPo7b, EREKEVZHER, IHITET L CHREANSICEAZKMEETET
INRLRBEEEMICETT 5, SORARICHAERITEESNS LR AERICHET 2. T
hWooER s — 2 BEA L, OMITHBEEICETAATATZ N ARPERLCTE S
KEHBIERORIZALNLEELB 5N, ITNRIEROEFEIZE>THEVAEETHE V.

2. EBMEERHERFAREIGINSINE, BERAGKERITENEKE DL ORHL
HOGAITRAE L, BREELZEWT, BBAKENGRT, X, £{HET . FERE
DEIES L { e

3. TEMOBEOBRRNIC2EED 2, 1 oRMBANEKTHD, 1OB3HERNAEETS 5,
R EAEITIE T LI 2HBRBA LN 5,
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F %D Flashing HE THEEM/MNOKER THRANICEZEZ N, TORZEHEMET T
AEFPR A RICBERINIZ EDLESHITHIITE 54, 0L 2{ERN ORI & X
Fk e

Flashing L 7z{Er % —HMH L, T HICHERKE L L2 BE - lHITE b Ml ol
AR b, BREAMBOEELADZEHLHEMBTCRAENZIER L LTEESI N, Ml
B o TERAEOEEREE ).

WM (Flashing) @@+ 5 &, h5=v, ¥ ¥R ETREELIAROELETI
Lbdb, HilA =Y THBHEOEHEEKR L L THE I NS, Exine, Intine &{IiE OHEEARL
h, = vERIIER THRFILBFICEAWHTE L, @ﬁ%bﬁ‘(ﬁ%%ﬁ?ﬁgﬁ%@—") EEZDL
b,

COHEHBMEBE2ZROMMIENBEREILL > TR > BB TRAT D L, BEMEOEM 2%
WAk EBER L A EERkEbR I DLE2L b b, T RMREOHAITL b WEED
D7 2T N, Flashing Bt H 7 = VIERMRRE LR 2. D OHENETT L L
MR NITK BIR AT & B0

IO DBERTXTCOEMITBET 23 0THEL, e 7 v AFOEHRTRIOEMETT
RBIETER\ve T727 4 AFFEIMTHERT 2 &L, Flashing 750 Th, BEHKLTD
U Flashing L, Pseudoplasmolysis 122 b 1% o

4. MBEABREEY S <R TL {BETE 5, —5°C THik L —10°C T Bkl L7658,
Medium CH 2KBKFEE2 D, FEHRHSEL 22 L, WEKERUSFRNICERTS
(BHE8), TOoMINEEITENOEFCEREEERELT, MELCINBEL LA
% \no

5. ULEotbEBMBREBICKER LIZIER DS b, Quercus grauca, Magnolia grandifiora, Lariz
REDEMIIRBOREESD T LD D, BB EKBOIMNISET 2 HEFENITED
i1 7% \wo &7z Camellia sasanqua 1E8y TIZHEEIZ L b Lipid B E OB H % 4 5,

H5 B O B B E

WES TARRTER LD, EBHNO BRKISK S FERT 5 &, MORMEES s RBICH
RIET 2o HPMIE OB T OV TREIZE L OFFED 235 225, 168 045 & AR A3t ©
MLV ERTDL00, BHHOBRRICRLZ2H3BD, BHERL - TIEROS TAEELS
BTH 2. 715 = VIR OV THEEREE 2R L, +CIHED Licds, MBEoItnci,
ZOMMLIBIZEAT L2 ENTE B,

BURERERITIE, kEAERICL 2MBEORIEY, FEBEMRSE AL LI LT IRRNEERDIZ
o, AEBABIT L > THEBEAIZBRBIEREA OGN EL kot b, LTI IENE OB
WThIWEELEYE, & LTEBMAEELAONS, Z2TRIOTETHRE L THsRE
E L7

1. RETITET 5L OBk
CAFRY, Juxy, e IYRFE, P UABEOREMEE L URERTIRS T 5EROHR
R T, BAEEICBT 5 2-3 DRI R % 2 7o

B DUREIT S DRI O BiRE & M Bk, TGRS, RS o 2 i bhd. 37,
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h 7= IR TLONTTMBAEEICEZ I 2 KA HR LN T,

HREABKRIE (72%) B OEBICET A 5N DMK Flashing B2 ©thp, X
LT Flash L7z i+ ME LEFERE LABCALNIMBENEE TS 5. 210 OFIKANER
IR R HALE X, MBRNEEEIZ 0BG, TEREEFEIVL I ENTE,

1.1 #pamaEs (Intracellularfreezing)

fakn =R EKRT= Y YL, AN~ F2ENFRE —27°C TRHEHH L HE
OHIFAREMETEE IR Lic, #H0EE, 556500 —-30°C DIEEE* T+ v + Lo BME
DAF—Y (—24~—26°C) TR L, EITHRH L7 RAFEFEBHTHI =22 2 VBB
STHEL, BHE2OAHERE 277 Medium OANRAITKEEEY R2ZBHVERT 2 &
XOBXHHEE (BE2 OKH, BHBKBZEY 60~80%) X, 4% 0.8°C/sec. TH » Tz,
0L LTHRHE LA 7= iERE, BHBEE 90~120 8% T OMIT Flashing & T
+ 5. %%, Flashing BAIE OFRTIE Medium D7k Ad0kEE L, BIBEHMBEINLKRMLIZIT—
T %o

37, —18°CIRRENT, &L AKOEREITE W, Flashing FMAEEM 2 HE L 2kE, 16
PREO KNG EEITh e o THELIZRETIRE Y GhHIBE 60 #5%), 15~258EBNRI ML
{, BbEEZITE, BLA DRI Flashing ¥k - 72, T OBE, B4 OERITEHT 5 Flashing
HBREAICEEICRECL I EHEEIN S,

Flashing L7-fEMOEREIR, FEEARBLELTHHNRTS 2, ZNIETEBR A0 L,
NWELATEASODEIRBITHILEEZLON S,

Pinoid 18}, T Aabbr=3+v2¥, 7u<yEOiEk® Flashing 332 912 {, itz
DEBETTEe=5 v RFIER O Flashing T £ { BETE LD > 7

X 512 Medium % B4 X S FICIEMR 210 % Flash X570, ¥ 2 r4 4 T fkIER
Fev v L, MBENENTSZ SEER, KTy v LS4 LR Flashing +2% 2 &
BEEINT: (BHE3), Flashing Bih 2 T OMRBIZAK Mount OBA LFHETH 2. ZOHNA,
BN BREERREKRBU LOKEFLEBROT Y PV T 5 HEEORL ERAKLEELD
N5,

$F A, 54 2FMEHO Flashing JIZITEBOFETEEL 5 5. WIHLHEKREIZLALER
%, —30°CHERETEERE LR, o<y LA MBENEN* 2 L, Flashing
Lic (BE4), 74 2F TRIEMBE T 4L #i8 Lo 6 BaKROFEIEN & A7t fak
TR BOBT Flashing 75 2 L B OEER LFEBETH - 72 (BE4, 5)o

1.2 #fapsiss (Flashing) fE8) O B B &

Flashing L7zh 5 < vk %# 30°C OBEETCEHBLITRE L 720b, HURHE L RO H®E
ETHE X, £ OE, WHEHTO~IL ) % Flashing OB EL LT, EHEATIS
% Medium DX &L REOBERZKGVHIEAICAERL, HIEELZ EERAZWEERLTE
Behotro ZTOMOMBMNERKETEME T CEHLZGRELTREINS (BH6),

PUERLI-MBEANEEREROELL, E—KROMBANEE>E D Flashing (X > TIERED
BEITERENE LI LR INRTTIRIETY Oy, BHD L RMPNEEICL -

* COoXRFRLHERFEENLFER, BHEHRZ XFE-_ROBRFERT, KEKICSVTHT
RoledDTHE,
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THREORBREBENSEDONDL LON, BERDOIELTLERLTWEY, #7=ViiERoR
HECRONZHEE, APLOKBEDBATESITECIYHNEBEE NN %
BT 2, e=51v2¥, 7oV R TOREEOHRRR, ZORGTTRERT L2 LT
Ehdofcds, VU IEROBEEI = LR BHEZERKESERENTICRATS
DWBEINT 2F 74 2FERNTIOBEERELEALNT, B Flashing 32 (BES %
),

UbtoZ bbb, BBHETEIOKGWIEHARITTEZLLR, T XTOERITALALEE
Tt % ¢, Taxoid ® & 5 |7 Intine #FE , DIEMEEDS Varrucate fEE DB SIZH T h <,
AEFEBESMEE 2 LIT{ » Gramineae B TR F I DI WT b b, BEMMMEE O 210
CHETHHELELON D,

1-3 MK EEER ORBUE

Flash 13 HMHEZ R > T b 5=Vt %, +30°C TAHICHRET 2 LHRRIZERL, 3
PR E R E LA (BET), MKkl Intine IAOMEL 4 bR, S8 (Exine) & 16
MR ARk L OBIZEARS VBB I N L, ZORAMTRBE-NEARKESEAONEZ LD Ect-
intine A VBBELEL 73D ThY, LidoC, ZOHSZRBERESIMEZLONL, &
OEEARSITMBEABE L2, 24 ¥ X7 2 E0RNOBERICIBEINL, A
TONZEIIT, TOERTHEZEELE, ERRNANREXRZKENTELZ L0, K (B)
BEOHBEEROERELEZbND, BETONIA S EMOBEELH 5L L THE
Thh, TREARFTORNTEBEORELML I ENTE S, ZORBA~NOEEENIER
METRMBANERSOHERCBRE LTALh, —BEORE+EETCEHMKE Lty 7~ vt
THbhad, #7<vitRAEL LI TBBMAFR~NOREL AL ADL3DLELDLN L,
$#1T Flashing DR, MlaHE, BEHMEICEMOZEESI L INEFRHELH TS 5,
Y AR OEEIE, RiEE Plasma NAEOKSBAEROBEZEL LN LZFHROALFT R R L
LTEEINI K (BEE4), BHEORBHNELREBH LAV TOBMYI-hE b kv, J
4 AFFIER T, T TIRFHT O PRSI EAEIES L RBEORELE L, BT
LBHEBRAIALNE D 5 .

1-4 jfastei#s (Extracellularfreezing)

BKREON 7= v EMEAN—7FRITAE LR, KTy ¥+ L7zDb—5°C THIK, ED
IZ—10°C Iza®m LCHBA BRI L AFESITRTBIEG * 2 7.

AL (BB RA) 123 5kiE —10°C It Rt vnicik, 2HRBMURIIHEKL, 1E
BEARECAHEANENAEERET BTz b, 7 5= Y IERITH T 2K B O B R B EITR
L7248, RITHANE, BIZERAR O H 2 ROBA (BE 8 <) #MMRIZEH T 5. —RITHE
13 BRI IR 2R T ol LKA BREICER T 5 2 0Fmd, KIEENE L, #H
R LETT 2 0ORLINEE EOERRDV %L, TR ESOMEET S 1BEHET 57201
THMNEREEDL EEL Do

oA —10°C T 16 BB E I L BRBEESOHTH 5, T2 b b il ik
A 22 AR WERAETT 50 ZRRMBAEEITI Y IERNEBOBHKNRAEITL -
TR SRR LEEZEL LN S

mpas s oS MialE (ERE) IWEELX 52T, IMRECHEEREDL . L7
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o THEEBIEMNRICRY, SRR EEENICEIED) BE . MRBASEIICL 2IERNE
POERT BIEREIRELEELONLIW V) ayTey r b LeBEE Exine OFHE % <,
(BH9) Intine FAPEEETELTVHLITH S, HERKEIHETES .

2. BEALR OHMERE

BERRABERICL DHEEOGERTEE LEERET LI LIHSORMELE LT S, £
TTEHMIT L o TRA LTBEOMBRICH T 2R 2 SR IEE & B 5 B HHEIZL -
T OFEREGHEORELRYM L. Ab, B (B BOEMERFRXERZA74 877
ALY, EERE L TRHENOEEEER TR LERBELBOHEEBER IS L. ZOH
BB L BHE 8 — VAT OISR O G £ 12T —B LT ZRAREICEHT
% WG E O BB X B O e N

2.1 =FIEMITI T 5 BERS

AEBOTRE « RFBRIEH 7~ VMO T N EZIZABTH 2 BB HEOMITD 2 HE A%
AR « BER ORERH LN DN (Intine) DS (BTl BB OERE) 2R FTRIEHRED 2
BIRAETHILETHY, IOEMBEDO L2~V IZLEbbhTHkL, HLIZRT LI, R
Fhak (W72%EKHE) 1EH

Tt —196°C 10 5 JL B8 T ¥ WLR T2%AFMAEHDO—196°C HHEASHLEIC LD 3

e Bl
D ZHBT T D, MOBHEE Table 1 Frost injured of Cryptomeria japonica pollen.
5% 27200 REXT I_mlr;g:; 10 sec. 20 sec. 40 sec.
B/, FTofes s D Bic " Pattern N type 59.6%,
LY, BI=VIiEROBA Injury. D, 40.4%, 999, 100%
BCEERLEZTTELN, Germ. %, 5.9% 0 0
ZOMEMITD EERED " Pattern C, 11.8%
Z Intine OE X 0T Injury D, 3.5% C, type C, type
» - On Agar N type  42.39 1009, 1009,
HRFT230LEELLNDT medium B, 36,50,
ERTTIRON e Lictio setting
THT7 =V LY BEnz 0 after
. . 72 hrs.
Intine KGELEITL - T Water contents; 729,

BIOKEREEY, WaE~
DIKKEROBATERITT 530 LBDN B, |
BRIGEEZIDMERIEZE L OEA, B2 B OF 2 3EFK L THIE L UBOBBHEN L2 D%
Vo %72 —196°C HERH 10 ABEOFR, MEEHBIBERAE 2R TIEREH 60 BITI K
S0, T2EBRFRTHEBERRFTIIORDTLOHBITE L7 (F1B88B) oz tid
EFEMER (BEAEZOALALNEN) T, ZOBLBRERLTRIFETLIIEDTEL N,
WhEAEBWEREES T T30 LHhbNg,
U ORTHELZBROBEECEANEREOMIZ, FRET2DLLIENMMARKBORELLSZ
WD L VEMTHBT B

2:2 e=3YREEMOFEIESE
—#%IZ Pinoid {E¥y O @B EE L Taxoid BB CHE L THETA L, B2 —-rviAns~<
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VIBEES BV IHLDIEMTORMEROBERERELEER, ALRFIKETHEDLLIEE
BoEMELEEL LTHERBEMRICL > THIFT 2HELLENL I TH S, LicdioTh{oh
DBRHEBREITE BHEABRURFRETOER OB & T BT 2 HIEICL 27

2:2.1 BKIEBIIALNLHEESE

BEKERINE®7 68% kit lecc 5327 A TH Uitk —80°C ~EEAH L
ToRER, EBEBHEI0ITRT L) 2EBRE/R LTe —80°C T 2~4 4 HBRE L= L BIER
MRERMCT S WA EZRAROBPERTE, $ARFEMBREBEALGNE, 351716~
100 AT 5 &, ZORBKOHIRBLORELTCKEL LD, 22~24 R ONE T
HI35E (Exine) 2 b ik 3 L { 12 Intine #AMTh 0 2Rl bstk Uz, BlEOKES L —80°C
MBBITE 2HEEEL, AHLBEOKRBEOREICKEINDL I Litb1 b, 2 I OKRBBORK
TKRBOBEHTHL I LEETTIBREILLONT LRV, kl, WTFhOEBITTH
FHT IORMERC ML RT I LOOHMEEOREEI T ThD I LEHELHTH %

2:2.2 BAKIEBOSEEBEEITL bR

BH#EE I HIZED L7 68% fkitn % 24X 32 mm JE£X 013~0.17mm O H X—27 5 =
&R, 574 Y TH UK —80°C IT—EREHS M L, % 72RRRIT6.5% &/KELL
BB Lume L.

COHMMBOBRRGEKBIER EIRALEBBELEL LN BERRL LN N,
BEKBEH TEDLTPICELMENICEATFBHRICA LN D2, HHOERERIIA LN
HEoRABERERZAL LAV, TOMBELHIHOMRLHE TEET DL, 2FERHL
HE LR, G320 REAKBETE T, IERNOKMELHRETHLLELD
Noo LdL, TONBEEREATRFRETRFLEC, 20OZEhbe=7 Y 2FIEHTI,
Ml E A BHAOEEOR P EBN AT LS BEEXS L,

2:2:3 =3 vRELMOMIIN L

HIAOKRBRICHWIER *

B2k W WKLY AR M MEKE LS D=0 %

BAHNEC 351 3 168 D AT & B 55, a5 —80°C LB A

Table 2. Frost injured of Cedrus pollen. (water mounted) L AE2HRITRT LS

6.5% pollen 689, pollen TR L7 BIL 6.5% 1E

—80°C —196°C Germ. 9%, —80°C Injured Bre —80°C, 120 Weirr AL

o LR £{EETHY,
min. — 87.0 3 sec. .

30 min. —_ 89.3 6 sec. RFERIBEXEELT, §

60 min. — 84.8 15 sec. Germ. ML 2RI AV, D%
2 hr. — 90.5 30 sec. 0% SN .

3 hr. — 84.6 60 sec. Injur. TEBMRIITER Y 5 KRN

21 hr. - 90.4 90 sec. C, IRy 4o Medium T

30 hr. — 81.1 1 '
ol - o 20 sec. KB > TRE T T d
120 hr. — 82.0 6 min. EBICBER, BxTwniwn
+ 48 hr. 3 min, 91.2 12 min. - N N -
50 hr. I hr. 86.6 30 min. ‘%ﬁbﬁ5°%%5k‘@
22 hr. 3 min. 80.2 60 min. &£ 9 BRAEG KB O T Fla-

Control germination; 88.3%, shing HE R LA,
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—%, fKRBIEHOBETH, 7 7= VIEROBIRA L NI BKBDORAL, ev7 ¥
FTRRERONE VW, ZOHD S, Pinoid D DEBEOBATHERR O AR5+ L9 %
ERPI bRV D ERbN b,

Lo L ST s oREBEREBbI 2 [ttofas, EHoORERII BRTE L
L, BRFTMOEHICAHZL 2HMEL E0BERIN, TR LTA8ERE C BogEE 2 —
YERL, BEFLEVEZELLBE L TEBMNVRENR s LRHEE LY 20

2.3 ZOMOIEMITH b NS HEERESE

T h 7k EJEREEIT Lipid RME % G118, R Magnoliaceae % EFILEWRFH L
dOEBOBKIER QL MERICRDbNIBEN, MENEATHE NS

BEDNE -V EBRFRET B BERTIONEL, WIFRIBREKBELU EOAS* 4
B ofEEih bR, LB LY rh o 44 %)% Lipid BB >S5 DEEOIERTH,
EREAMIHBEOBUNALNE (FEI1BR), 2B KkBIER v BERERICHEESND
hE BEMABEEMNMTELSL L EMORO, Xid Exine DRFLALNE (EE12-BDE),
COBEMBEY /o VIEM TR X5 &, Airbag & Exine HIZIEMEEH HLEERT 285
MR ONT, T DAL Taxoid B8 OB RS ITELT, TEEIERESE FHEBEE N,

54 AFFEIEM TR, 1BEAEMBEOHBRENEMNE SN % Vo Flashing L 72 1E8 % F U
THTY, BREZKBORBATIHMAEREBALN AW ERTTIRONT, ZhiE54 4 F
LW, 4 ARERNE—RIZEBESBEZEL LIZ{WIERTHE L L0, B0 oItk
23DEHEZObN5, Lichio TREBERP T 2YHMNARBIEBOBE—RTE %L, HICEHE
BhEME OBFIZL - TRHZNZEL, TRCHRT28EEXDEEI OV TABREITH
BT ENEZ DB N,

3. BEMEIZX > THT 2 2:3 DfEE

MEZTEE LTBEMNEBEIZOWTONTHR . L LEHNESE, BROICEIAETEREE
5 LTANENY, BHE BHERELZECEETRITTHENTIES b b, FBEIC
SN FROBEIRFOBBIIEELIELT, ENOAGRIERLIZ LI HTHRETHD
(&fiFL), ThHRWTRIERLEOERELONIIDOTHL-DEEREL LTlE-
720

3.1 RIRAEIT L 108 OB & REE DEAL

68% fake =7 Y AF¥ B ET ¥ S MITHAL, 2ESEEK, AWORKEHBTRFERRERA
HAickTh, BRERAEOBEIZL > TEMNAOERGRIZEDD 2HElDY - 7o BIRHE 48,
NRERZOBRAERIEBOBEGE, BIXK BLEITRT L) KE MM L. TOMBITETHEH
KERAEEDL 30~35°C OWHETD Y, TORELUTTTNTHIET 5o I ORERFEELS
DML L, RFRETOHBER L & DITEBEGREML, T2RHEHORFHRII% T
*f LB A L7 fEmid 70~90% 1IRhs. ZOBRBRHEBBERIEEATEIEETCHE L%
AL, LB OFRFERELMELDL LN

* F IR THE S LTRAEDORTE LTERRIEES T > 2 BAEBL TR, BRI
LHONZEESNF—THE. Ll, EHOEREY - BEMNESEELFEITIBEL2, 20O

ESRBAREE THE, LS CEiT B, ERERMEORIRTRHEL BRI,
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B3k AEAMELEE<T Y AXLEH OB L YRR TR L, BRI
Table 3 Effects of rapidcooling treatments on germnation s o .
rate and starch formation rate of Cedrus deodara Jﬁ“ﬁiif(%iiﬂ L7 qeH 4 €
pollen. #OMER R AL AHETE
Starch Starch Germination B0 10~25% BE LIrBE
formation formation rate (%) .
at2¢hr. | at48hr. | at72hr. BRHRAONT, BHOT
Cont. 62.3% | 85.9%, 95.1%, FEEIFHITHE L TRDO T
— 5°C 49.0 89.8 91.7 -
o The o
—~10°C 52.6 83.2 } 93.7 i ggg %W%m%i
—15°C 48.5 72.5 91.4 RRAEFY R WP O B % R
—;g;’g }fz,é ;g; ggg L, T2E:RT 10% KL ICI&
_.30°C ‘ 37:2 44:3 62:2 Tt 2. ZOERETE,
—35°C 27.4 12.4 0 NRTBRERETC HOESE
—40°C 19.9 16.0 0 Sx— LI
—45°C 22.0 8.2 0 NF =TT LI
—50°C 13.9 12.9 0 UL oB#ERERRS I,
o - o 0 BB O £ BB O T B
—65°C 12.7 2.0 0 AHERAAEIT X - TR X
~80°C 6.5 3.0 0 %if L1 B FF SOT B

STARCH FORMA TION
after setting 48hr

hr.

~5-10 -20 -30 -40 -50 -60 -70 -80°C

Bl ZEGHREELe <7 R FER
OHEHRABE L, RFR, BHEBRR
OHEB

Fig. 1 Germination rate and starch forma-

tion rate of rapidly cooled Cedrus

deodara pollen.

b, EHMEEEE L TR
FThEE bk, T EBERORETLRE
i, B1ROLS KIEBOBIERELLLTL
d—E LTk, Licdio T, MMRMNIER
& - T DR O MG IR HEE L 5
2D EHKDOKGEERDIE, HEKkvrT
PO ARRELEARER D230 LE DN
%1,

32 EEAMIERMICREAET 5 RRRE

TTREEREO FHY L LTHELLD
DTHbH, AF, 7R TIOHRLRE
ETHy, FTLEHEBRERELICEEIRA
bLith,

A F 22% GKRO M & Bk « S o HEE
BEL, ERABICREET ZRRICOVWTHE
L7ce2h, ROBEREREBR . K2ITRT
L) RAHEEOER, SRR ERITEERER
Fhlchve Tt KB 1I~4ETHD
WER LB O HIT R S5 T ORIRA,

BEKBEROBAICERAELALZVEY, SaHKREESL, QHEMBEL L) RRETRE
T B0 IR OB AR RA L LR D BT PIBERICE v, —196°C TRIR L7, M
AMABEL %5 LEICKBBERIHEMT 2EmITH -7 (K3)

FRBE B O I~TIRRT L) REFEK LT aRAT 2 L L LRERARNE DA LD,
FI5 1%, HRBCAELY, EAML, £AERIIKBEROMMRAAONE N, LT
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Bb, RIFELLIICIHEHRE 30 W Rapid cooling W Direct -cooling
RICERT 2. LaL, & ) o o
GG, TEMEELZEOIE 20{° le o o S
MENNOBEHITIRR % \ o % .

n, (5K 13-9, 10) 104 g | .\\s | 9\0

B 7=V IERCE T HAM .\9 ° . N8

DRI, 2FLPPRE . 9\\%\0 %\o o \‘%\

h K[ FEA O Intine 1 2 3_'1'.‘ _1"—'2"—-3—2——% A 3,-.?:?

WEIRBNESRIRE LTI oy i poms i & RIC U 7o = #E R A O SR I% 2 I
L, KEBEZEHHLNWE Fig. 2 Number of air-bubble produced by some kinds of treatments in

15O I B N S8 1T A & % pollen of Cryplomeria japonica.

Rimk LTHET 5, 172
+EBEERELZERIKIRLN2Z L RAF LA
Thbo Thbb 22% EHO 1 ERMIFEERIC Hn
T REOFEE, —10,—20,—196°C £X & 3 £ 60
BT4&IE8 O 60% U ERSEESEA LN, £ 2D
TEW I RE 2 TE8Y & 4 K RARICR IR BT Pregermi-
nation DREEZRT DT, ERNOBEBICEREEERIT
it EnEEZTL N,

Pinus, Quercus, Magnolia 7% ¥ O T 3 KR 0LE %,
BB OBE, BT LERICREEADL T
Lsd Do AT IMMENBNE (, 2~3 ERKE
Thi. "TFRIRFICERBIEZY (BELY),

HEo~NI-GlE, =a—- 5Ly F, T A—
Ty, 2AFvMEERL>TAIRBINT, HENE
NI LTI BB LR L ENLMBENSEBET 5
iDL, METEL, KBTHLZLEWETH D,
7 HEEEY S T IEREK 2 0h 5k [REORs
R, I AREIEPEHCIEWEEEGOED, S8%
Bik % &L - THET AIEROEARS Z ERLLT
FEert s & (EHEGEEB, CRELE) BEWO
TEH LS 5, Duffield® (& 22°C, 50% DM SHEE D
EEREREBET TR Lz~ YIERIC, 230K&%
72y (Vacuoles) B A Tniz & O, HIE - fIEEY
LIRERBEAICKBORELA DL LORTNE, Tk
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507 O Rapid
40 X Direct
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/
20-;6/
101 X
310 0  70day

3R A FEh oK BN LY

Fig
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.3 Nuambers of air-bubbles in deep-
frozen pollen of Cryptomeria japo-

nica.
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a) 1b#rEE, 4l - MR (Exine, Intine) S E L GHBM L, EMET CEARTHEEL ) 58T
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DNBIEN 5L B ER L ¥ 5,

e) EMRABIIKQBZEUCHREORM S LCFRE L. FRRIMMOFRER L REBRTY
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BRI LIEEDO—DL LT, MBEEITFRET 2 HO4REER O Inhibitor A3k L, HMiN
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Résumd

This paper deals with the pattern of freezing and injury when pollen was deep-frozen.

Two kind of injury was observed when pollen was deep-frozen, that is mechanical injury
and physiological one.

1. The following phenomena are considered mechanical injury. Psuedoplasmolysis
(separation of cytoplasm from cell wall), prolongation of time to frecze, formation of ice-
crystal in the cytoplasm when high water content pollen is deep-frozen and crack formation
when pollen was directly immersed in liquid nitrogen (—196°C). Sometimes air bubbles
were formed in cytoplasm but it was not harmful to germination.

2. Physiological injury appears when pollen was deep-frozen at about limiting tempera-
ture for crystalization or treated at about limiting water content for crystalization. Phy-
siologically injured pollen decreased the ability of starch formation on agar medium or lost
its ability, and elongation of pollentube was not good.

Two kind of patterns was observed when pollen was deep-frozen.

One is intracellularfreezing, the other is cxtracellularfreezing.
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There are two stages in intracellularfreezing.

1. “Flashing”.

Formation of minute ice-crystal in cytoplasm in a moment as the temperature falls. In
this stage the shape of pollen is the same as the normal one.

2. “Pseudoplasmolysis™ and shrink of cytoplasm.

Flashed pollen is frozen twice, large ice-crystal is formed in the cytoplasm and it shrinks.
Therefore the shape of pollen is changed completely.

In the case of Larix, flashed normal (ellipsoidal) pollen turned to globose after thawing,
and the membrane such as exine and intine separated from cytoplasm owing to pseudoplas-
molysis. “Flashing” was also observed in Camellia sasanqua Thunb. It is difficult to ob-
serve “flashing” in pollen of Cedrus deodara Loud.. ‘‘Flashing” was observed in dead pollen
of rye (Secale cereale 1..) and it was flashed twice but did not occur pseudoplasmolysis.

Typical extracellularfreezing was observed in pollen of Larix leptolepis Gordon. Mounted
water formed ice-crystal when ice nucleus was inoculated at —5°C and prothalial cell in
larch pollen shrinked as time prolong (photo. 8). Pollen viability was not seriously affected
by extracellularfreezing and the shape of pollen was changed when it was rewarmed.
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FLASHING (1
tAlix o g

PHOTO 1.

ntracetlular freezin )

# —26'C ' Start

(*‘f" ™

¥ 60sec,
flashing

View of intracellular freezing (Flashed) pollen. of Larix reptolepis.
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)

Water mounted

(

Oscilogram of super rapid cooling.

PHOTO. 2.

pollen of Larix.

)

Flashing

View of intracellular freezing (

PHOTO. 3.

silicon oil mounted)

(709, water contents,
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Flashin twice)

Flashing
=20'c

DRY
POLLEN |

PHOTO. 4. View of intracellular freezing. (Camellia sasanqua pollen)
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Secale cereale

PHOTO. 5. View of intracellular freezing. (Secale ceraale, —20°C super direct freezing)
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PHOTO. 6. View of in-
tracllular [reezing and
flashing  Larix  pollen.
which was frozen again.
(Water mounteded, —25°C

super direct cooling)

Note; A1-2JBtype' X Az_5 ,
Bi-2:Btype njury B35 Intracellular freezing (twice)

Ci-3:Normal Ca-5 Flash

PHOTO. 7. Frost injured Larix
pollen. (After thawilng; Pseud-

oplasmolysis)




Extracellularfreezmg —10%

LARIX

PHOTO. 8.

Extracellular freezing Larix pollcn. ~(1), (moumcd in distired water)

27



28

LARIX
2% _10¢
Silicon oil
mount

Extracellular 1hr.
Freezing

D EXI.

PHOTO. 9. Extracellular freezing Larix pollen—(2), (mounted in Silicone oil)
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16% DC -80 / 1hr 50% DC -80/1hr 687% DC-80/ 1hr

(.

Directcooling-so"cnmin, —80 / 8 min.

o =y

68% Control

PHOTO. 10. Many kind
of frost injured ol Cedrus

deodara.

—196 / 3sec. 196 / 3sec. -196 / 6 sec.
after setting 72 hrs.

on agar medium

PHOTO. 11. Frost injured pollen.
(Camellia sasanqua)

Lipid exudation was observed.
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Larix Larix(pregermination) Larix ( germination)

Michelia Magnolia Betula

PHOTO. 12. Morphological changes of some kind of pollen immerzed in liquied nitrogen.



P. thunb.

Sapium
DC —196/30min.

Michelia
DC-196
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PHOTO. 13.

67
water
mounted
—~80/48hr.
-196/3 min.

Ouercus
: -196-1yr,

F type injured pollen and development of air bubble in Cryplomeria

Japonica pollen.



