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Fundamental Studies on Deep-Freezing storage of Tree Pollen (III)

Sanji Icuikawa and Tsunahide SHiDE

H /3
o b 47 UG 75 AL B D 5hy B
W6 LM OBIEIRENIRE 48 b) A LB OB BN R
L BRI OWEE « HikkE 6. MIEEATEIER OBLAL
HAE DB 7. KMOMEERE

2. RMErEAER O AT E I & AAE )
21 =Y RUEB ORrEERS R
22 AFRIEH OUTRERE R
23 JLEBMRUZOOILEBO

BT AR O ALLARIZL B
B, BERRPE e 57
L BrErE ik
2. REMERKUEFRYE

IR R 21 HEO=VHEABOBS
3. HMKEEMERICEYN A kRE 2.2 AFEHAEROES
AR R A kH 2+3 AF=vEitho
4. BEBLBOBEIZFT2 REETLHEITOWT
R R o M 3. FBEOMELRE
5. A ;‘(ﬂ?E#}@éEﬁK&lf—j‘ 5kﬁ§g ............................................ 64
%Nk 3-8 DBISOER e 64
a) FrvewnaYiEBo RESUIMIE oo orvmrrerieiniiiiiiiiii e, 65

L33 B

AR T —196°C OBIKE FTRBMTET 2800 £@W 2 HMMEEIFTItE ], 0§
THRE Lo REEREBIBIRE VTR 217 % o 7085 R M USRS O AL3ERIT & 2 H
Tk ERYE (seed fertility) IZoWTili~< %2 EITF 5,

1) BHEHPICRE S EMrEE L 2lE i, EFERORL{ENLOENS O, RUIERERDK
VEMZEI DD ENA LD LN,

2) EMEOWEEIERNEKRIZZESHICL 2R REKEL D JEL 2T R HF,
*Ofildiziz 10% BEEEZLbN 2,

3) HEHEODEHETCRIEHMEIF, rvEoavEB 2 HVWTER® 1T k- ik
B, BAER EEALREEV0°C TL00 48 (4 27EH) LHEFELED o7 BB OKSEA
REOE DM LT IERRIL B THREL R,

4) BHEBRIT1I~5EMERLLRF, =2, 25 VERTALRR LR #7120
BIEENRICL 2 EZ LN BB RAON Ad oo I A T2 VET * BBICHERE L 124



48
R, ARG, HEOEFIMLEX ERELEL, BHRIIEMEIALN LD 570

#6% EMOBIKRRTE

BIEE T THEF 2l LENRRET A HEI T TIRENACINELERL TWd,
%L’J:Z)/\I)CEE?H:M%V)N (E3H) FTnwT, BHIZEY H&(f*?ﬁrnﬁziﬂiﬁ¥%ﬂﬁfﬁ“
x& ﬂ'g\n%e 2& T MR D BARFEE S HENL XA, HRUMMER » U o o¥8k - /M % & VJ&H‘*R’T?&@
122, ‘%”, ﬂiﬂ%& FOMBTI T TRERMIISAZINTWwE3DL H 5,

Z‘Efﬁ}a)ﬁﬁ{ﬁﬁﬁﬂﬁ“iﬁﬁi PRHBOBRICIEE > Tw b BHRAEE, %0’7‘%ﬁﬁ‘$§7)ﬁ&0’#
&of%@%?##ﬁL %mﬁﬁffﬁéﬂ%%®&%nBﬂéo — BERIRTIK 20 {it
o /OiEIDU’Z‘E*}}%M\%&ﬂ“%tbiﬁ%ﬁ”ﬁ’?ﬁﬁtﬁf ThoTwnb *y v ’C@%o HHEHE
REEMEOENL RNTEAMENLIEREEY —196°C TilkT 2 EHEFHERERAL
TR

1 BERRIFEOREE « FikREERFEORE

ﬁ@%ﬁVWWt%ﬁE®ﬁ%ﬁ%b#Lbﬁﬁ&mbﬂ7Am$(ﬁﬁﬁ%)’%@L 2
cC H3RT Y FNEKTHEH L0b, ﬁ&ﬁﬂ&V&of?Z?&'“tﬁﬂVﬁétfﬁ
HEHPITHE Lo WFNROEE S BRI 1~ 2 U R CHILE 2 # b MRIERTE T G L 7o
TR DB U7 fEm i, BEEMRILIT L » T +30°C BEOMEL TR LELORRET
%%?xb%ﬁﬁto&kﬁﬁﬁﬂﬁ%&&%@117/7w*&DWL2/& L—iThiJT
RHET AL TG o Teo HEORELITTITHE2E Tk“tﬁbfééoitx%-7/ﬁﬁ
BREC A 7 =7 THBIEE AR T KA ZATRZR T2\, HEEFREL JUH
W OEBEZ B Lo I OKBRITIUE d bt Td b WHE 2 I b RIMITET 2 B2 6388

B1E BEEAREHO—RMEE CURT LD5IH)
Table 1. Specification of the liquid nitrogen jar.

OD-108 LR-10A-6
High 56.8 cm 53.8 cm
Diameter 28.0 cm 26.0 cm
Inside diameter at the neck 55 cm 51 cm
No. of Ampoules 252 Amp. 180 Amp.
Weight (Empty) 6.7 kg 5.7 kg
Weight (Full) 17.7 kg 146 kg
S 12,0 1%=* 10.0 1%*
Liquid Nitrogen 110 1* 93 [*
*x ok
consumption of Nz/day gzg i " ggg } *
* ok
operative days per fill. gg j:z: " ;2 j::*
**. Stationary *; In practical use, 10uses per day.
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Table 2. Survival (Germination rate) of deep-freezing storing pollen.

Water
Pollen cong) r;]l;?x 1112];1,8 1(3;313 21:11;?17 3yr. | 4yr. | Syr. | 6yr. | 7yr. | 8yr. | Cont.
o .
20.0 48,8 | =+ 0 20.4
Cedrus deodara g ; g‘r; g i 8 gg g
14.0 87.4 —
Pinus rigida | 15.0 92.5 | 49,4
" P taeda 80.7 63.1
P. Luchu. 11.0 96. 9 82.8
P. banks. 13.0 77.5 i 92,1
P. pinast. 13.0 99.5 | 100
P. dens. 17.0 1 95.0 | 95.0
P. masson. ? 87.7 | 28.4
20.4(S) 76.6 | 28.1 =+
20. 4(R) 86.4 | 19.4 T
P. thunb. 20.4(D) 1.9 0 0
18.0 23.5 76.3
10.0 32.6 79.1
Keteleeria david. 13.0 0 60. 6
26.5 0 0 0
Crpiomeriajapor. | 16,0 | | 769 2.7 15.0
11.0 45,8 75.9
38.6 0 0 0
Thuja orient. 15. 6 80.2 | 43.4 48.2
10. 8 92.0]72.6 63. 4
Juniperus 41.6 36. 8 0
Cunninghamia 1. 14.0 78.7 30.0 78.0
Torreya n. 19.0 [ 90.0 98. 2
26.0 85.0 ] 25.0 32.4
Magnolia grandif. 17.0 62.6 | 36.7 67.8
8.0 46.3 | 79.4 | 26.3
Michelia f. ik 8.0
Liriodendron t. 5421 8 19.0 34.0137.8 5L.7 48' 9
23.0 95.0 | 76.5 67.8 97.8
Idesia polycarpa 18.0 65.9 | 82.6 41.0 98.0
17.0 95.0 98. 0
12.0 85.1176.0 24.2 37.7
Gleditsia j. dry 22,7650 98.7 56. 2
Philadelphus s. dry 190.0 98.0 98.5
Stewartia m. 19.0]53.4 99.0 | 59, 1
34.3 0 0 0
Quercus dent. 12.0 51.9 | 48.3 69. 4
9.7 91.6 | 74.4 21.4
Cudramia t. 25.0118.6 10.0
Punica g 18.9168.0 49,3
’ 16.0 | 69.7 39.1
Betula p. 15.0 | 38.5 +
Sapium s. 16.0 | 11.2 0
Quercus g. 28.5] 3.4
Salix g. 19.0 26.5 78.0 +
Platycarya s. 16.0 ] 19.9 | |
Aesculs ¢. ? 39.6 |
Phoenix sp. 82.0 |
Datura sp. ? | 820 | |
(S): Slow cooling (R): Rapid cooling (D): Direct cooling
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Fig. 3. Survival of larch pollen stored at various
temperatures. (Cited from 21)
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Table 3. Germination of cone pollen following cold treatment.

Temp. Germ.%, Nl:;ll):; of Temp. Germ.%, Nl:;?::; of
" Control 49.5 9, 184 & Control 49.5 184
8 0°C 6.4 344 5 0°C 6.4 344
[ —3°C 1.4 270 8
N —5°C + 245 ° ~5°C 0
° —7°C 0 &
= &
—10°C 0 " —10°C 0
—20°C 0 —20°C 0
—70°C 0 —70°C 0

WaE -VCEEAHNFY v ERORTER

Table 4. Germination of cone pollen following direct cooling at —1°C.

Time Germination rate Number of pollen
10 min. 21.49, 215

25 min. 34.8 302

40 min, 36.3 124

80 min. 41.0 217

120 min. 30.9 236

210 min. 41.8 153

b) 4 3 B O 15 AL B 5
43 0°C Kbk R4 ITFF &5 122 bF D OIERILRE 100 5 RIALE Lo
0/HTHIBORERLRL, HUBER2~3FORFERY 100METHE L. T —1
°C UFOFRTOBERA FIEBICHANTD > 7eo KB DT OWMBEIIRI L 7168 & 5 4
BIBE Lt BEKCELBER3BITRE T o ZRLIERTTRFEEFIE L THE
EEMHET 2, 52 —80°C DEFHEME T 156 MM ONET LREERBER ECHEE
WE A B D SIS DY 4 BRI IS B bt & R 455 & A AR OOV LI RERS L £ E D %
Vo UEDEERELLKSIBYRAEG T2 L 0L RAWELZ A F RIER TIREFOWEERTREER
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Fig. 4. Survival of corn pollen stored at 0°C, 4°C. Fig. 5. Survival of rice pollen stored at 0°C.
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TTIRH I ETHER OB OMEBMROEMNRSL LN, ZORIFEE LRI OREHEOHERT
Y, ThERIEROZTKRELIEOBEIIIEEND & OXT, BIER T TRIERORHIELL
ZREBLTEL, Lo THHRE L KEBOBREAR(EL LN L W K5 IR L7 EH
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Table 5. Sugar composition of pollen stored at +4°C and —196°C.

Water Stor. Stor. Germ. Number of
Pollen . Spots
content temp. period rate spots

Pinus thunb. 27% +4° C 32 Mon. 0% W. Fr. GL — 3
27% —196°C 27 0 — Fr. GL Su 3
P. pinasta 29% +4° C 29 0 W. Fr. GL Su 4
? —196°C 12 0 W. Fr. GL Su 4
Cunninghamia 3459 +4° C 10 0 —_— Fr. Gl. — 2
34.5%, —196°C 10 0 — Fr. GL  Su 3
Torreya nucif- ? +4° C 7 0 — — GL — 1
199, —196°C 7 + — Fr. GL Su 3
Philadelphus ? +4° C 7 0 — — Gl Su. 2
? —196°C 7 90.0 W. Fr. GL Su 4
Betula 7%, +4° C 7 0 — Fr. GL  Su 3
7% —196°C 7 0 W. Fr. GL Su 4
339% +4° C 7 0 — Fr. GL — 2
339, —196°C 7 0 — Fr. Gl Su 3
Quercus dent. 9.7% +4° C 18 0 W. Fr. GIL Su. 4
9.7%, —196°C 18 74.4 W. Fr. GL Su 4
34.3% +4° C 18 0 W. Fr. GL — 3
Quercus serat. 28.5% +4° C 6 0 ? Fr. GI. —_ 3
28.59%, —196°C 6 34 — Fr. GL  Su 3
Alnus sieb. ? Fresh 1 * W. Fr. GlL Su. 4
229, —196°C 10 * ? Fr. GL Su. 4
Magnolia 8% +4° C 6 0 — Fr. Gl Su 3
8¢, —196°C 6 0 W. Fr. GL Su 4
39%, +4° C 6 0 — Fr. GL Su 3
399, —196°C 6 0 W. Fr. GL Su 4
269, —196°C 6 85.0 W. Fr. GL Su 4

Fr.; Fructose, Gl.; Glucose, Su.; Surcose, W.; White spot, (Unknown)
?;  Unknown spot,
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OEMRERRROBMEN TN OBRBEITAE LIERE70%c 2 7 — A THHL, 74 7 — .
Befg « KRTOERBBLE, T20 o4 Fesr72 04 P TEBIBHRERH LY DT
Hbo BT @ﬁruﬁﬁﬁ%%%Vﬂbxt%ﬁromfw&ﬁﬁttoVﬁ%#riémﬁ
@W%@ﬁﬁﬁ®§mu?fw©«tv/,tv7¢z#%%®%A&ﬁ3H%@#%#xen
To I +4°C KK LD DD b, BAKEIEROHAE Sucrose DHEIA LI LDIZ
L —196°C TR L7 b cld 2 41 ¥R (39% GKHE), v 5 H@83%), 7 v &4 =2¥F
(34.5%), 7m=v (27%) B L ETTTCREHER L REBLL AR ZVW I b LT
&ﬂ%e®ﬁﬁﬁ&6ﬂtogﬂi@@ﬁﬁﬁTf@Eﬁﬁ%&é<Hbﬁﬁﬂféoto
%V%Safﬁ%mﬁﬁmiui@tv7+x%WE?ﬁ#é&L% , HIERETBRBARE

TEHLTREN EEENDL EONEBIOLS AR TIH L1 0: Sucrose %% > T 5b
;&@%@@iﬁﬁa%%et*éom%ﬁmﬁTK$H%ﬁﬁW%H,@%%%%E%Lbé
B, D% EBRKAY, LA EMSTHEAET I LERL T ILREERTEOANWE
EELEWT b0

7. ARTEONMEERE

—196° CHBILE T TR © 7 EMITHE LR, 2LRBOAERTENRTI LB TE L,
BRI B BRI R Ll Y 25K R R LRI L > TA b N HEBRREGKRI YT L
T# 10% BEKRV. Lichi-> THERRESKEBOWE I BIKEREERICHEELERE Lo
THDo TORBRITHNLERBELRRIKBOZRZBMEETICEMBEER L &kLsT
R OERFITERELZKGSVPERT 2854, IHbBRETR P NHEBHEE 2284 E,
RPBETHLHEGTPLIIWBITL > TRBRTIHEOHMENT NI BERT 230 Bbh
b0 BEDOLIAD, WOy -2 TBEHEXHTIFT 2R LoN TR0, EHSEER
FRETHRONZ AFTEBITR Cp XU Dy BGEBEZNZ L, TRHEFERIIFHORE
EVPBEINTWL I LR INLDIERPMEREERZ ) GO E2WRITEMIKINThENE
ZRTHDOLEDLN, ZOEKIEEY S AKNMEBBETHELKRITEE L case LHEET
%60L#L~ﬁ;ﬂ%%)KE@ﬁbWtﬁuﬁﬁﬁﬁ%ﬁﬁk&%%éﬂé,O?@iﬁ&
BEID Do BWIETL DN AF, 27%~30% OEEO= VLB 24K « Ik 10 [ 08
WLRABREIT o728, PRDVORFRELHR LA LELLEKRELEL CHHEESY,
BT WEEAET2h3THY, Lichio THEESH « HEMR LW RBEEMIIEES BRH
LY A BER TR RHABREE T OENOEE XS 2B W E LTHLREL6L 3
DEZEZbN D,

B OB L BRATORBIEOWE ICHEERT 5. LM ROL 2RO LLTRAD
REBLEDEVRBHET LI N T ERFROPVER D SN —THRINT &I BEDT N
—FIE T AR, GkREE, LS V-FOEE R TS ﬁﬁu&ehﬁm#,mw
%%?%&@@ﬁ%waéﬁ%@z<mmﬁﬁﬁféb,%V@%%E%Abwﬁﬁgm;o
THho o

UEDRIEERLEBRETHBESTH LN TEBE T TRUMEREL, SYEERLEET L
WOERPFEIIEBR OERITE > THESZKGEEVZZW LS BB DL LKRGEFES L VBRL
TETHY, EBRIZRIEN OBBICEA OBBEBRATKRL Y, ZIFIOBBERAGKE T THK
TLLETIO4MLMBEI DL ENTE D, BARERIEN CREBEORETKEITH I
Ry —2RELTPHAERTLIHKBELLONS, L LEMA4 IR OB SR ERIK
SERKTH H7c0, HLBREL LOBRKEHIREN LT 2BRANEEIRTETS 2, 415, +



57

vERIYESLC~—-1°C TN ETH, 4 FIERIE 10040, Py Ee 23 96 KL
LiZhIco T, bILTRBLBRFNEHFFT L2 ENTE I ZOBIRBEER O % H I

Lichr —AThbo T 1HLNOIFKITHSZEEE L T0C~-20°C BETESZEEM
b5 (B7=v3 ru<vg2), —20°C AEEFHEK TIRERRIEZVPONS v EHEL
iz

%mm&%A%@$¥V$H%M£%% O RO T oL, B = v HETRALE
M&ﬁ@%@ﬁuwéwﬁﬁm&wbﬂfzb,c@%&géﬁﬁvvm%%%ﬁumbfk%
BFHENL, Lichi- TRBEOMHRZ olEh 2R 2 BN ol & L, BIE
HEBMP TR THINEAEDITHL L i Lo,

BEOHERBERBENE, —196°CHELZELTL . $REVEETHYIBLLE
WEETHLD, EMEFEOFEE LUSHIZHECRTwE, ERAEREEVWI SR F 27
FBRTHEMEDEITEY, B, 7o~ SRR HEMBETOBHNREIC BKEEX
iR THM EBEL OIS, F 7 BIREIKIER OBBMK = L 572 & 25 Sucrose i
EOII R EEKRRBIER I FEDBRADONBEEEL I T A HE BRAREILILEN
A% Sucrose AL HKL AW LT &% - T

BTE RrEAER O ALRRIC K A HET, #HikitE

BIREME 212 & T L R mIc ATRER L CRESE, RS ORNE L DTl
LHE L THe L LBRER FICH T 2 BRI O3 B0 P02 SME 2 IRmT 20
DED BEREMHIC B D NTAERN D, L LAEZXTWDS & LT HEEIE & RO & 15 L
TVRHEIPNRMBETH D, Tk WHIEE £ ZRERICH LET OMRE B b1
ENMETEWT 22 EBDETEL )0 2L THELEEAMBETEL~Y, AFRUDI=Y
O BIE BRI KA W TATRR 2T 5\, ZOBROBT OMERIER EICoWTHE L

1L #e &

REEMEAROE 6 X~ U BIRLAER TH 50 ZNZNDOIEBHI 44 O BHALH E 8y
T —196°C rPichyi LIEH: +30°C 2 CIE Lco AR E TR O°C HiEOF = v —JHIT
ARTEEL, REBEICERICRL, ERKETELLLD "TEHT, 2L TE WIHER
B L7zo BFEEMRALZODERET LML, HHITL - TRERR, RFABREITE-
Too b A 7=V ORI RBEREXPOEEFF A TAR g7 - (-80°C) AN
TeFa—UvHZBEL, KR OLILEETEEHERF CHREMR S HBE THE L. Z DMK
10B R B L 7cds, P34 7421 2kg 05 LEHBOBDITTES, —80°C ZH#iF Lo

2. REERRUHET-RA
2.1 HEO~ YRR OBE

XK6IR L6 D= v % 1966 4E0 5 1 F AHIKBEHITHE L, 1967 4£%, HESRSH
Bk PEERABRHPHBEEICL > TINLOMERTDO 7 v=y, Th=vERBET L ALKE
ABhfThbil, (F8~11), 7 o<V &ML LLETORERELETRIEIBREK (&5
B L7-0b AR ERR LK) OBFREBEXKEZRZve LB 7=V 2B ELL
REOHRE (E10, 11 %) BTORERITPEYVYO NI vFERLNE, ZONT Y FERE
W OMAEORESAEL LML, 2V BNTORELAFTEEZEINL o ¢, ZHEBEIHEIL
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Boexk ALRERERICH L BERETRIEROBE
Table 6. Outline of artificial pollination with the deepfrreze-stored pollen.

ollen Stor. Stor. Water Germination rate?,

P period temp. content %, —80°C —196°C
Pinus thunberg. 1 year —196°C 5.0% 50.49,
P. densif. 1 ” 6.0 63.4
P. taeda 1 ” 9.0 70.0
P. Luchu. 1 ” 7.0 66.8
P. masson. 1 ” 7.0 36.5
P. pinasta 1 ” 7.0 95.8

. 2 —80°C ? 56.7% 29.8
g’f;’;’;’”‘” 2 ” ? 59.0 23.3
Jab 2 " ? 48.0 24.3
Larix lept. 5 —196°C 22.0 See table 13, 14

BT AIRBEEBICE L MED < Y BEREEEN ORI R
Table 7. Germination of artificial pollination with the deep-freeze-
stored Pinus pollen.

Germination rate %,
Species
Fresh pollen Stores pollen
Pinus thunbergii 19.0%, 50.4%,
P. densiflora 47.2 63.4
P. taeda 49.3 70.0
P, Luchuensis 51.4 66.8
P. massoniana 50.9 36.5
P. pinasta 35.8 95.8

TAERICLZIOLBbND, ZL2RERLARBKRECEBTFORE2T, BER2LOBHIR
NIYEFBRONENT LD BH, THBICST2BEAGITEYTH -2 LITHET
LEEZDBNETHAH) ULOHRLLATRY 1 74, BEERCHE LLER TRV
RETORECHETORRE &, BIZERTHEKRENENEEL LML,

2.2 2¥FEEROEHES

1962 £ 3 A HLBHE3HETIHY ORHBETAML 14EH —80°C 1 L8 —196°C ITHF
HLEAF{ER TR, EBLBEESAV 7BIERIN BT OFELORFLEH L LU
NHRHLH LOEITE L TCRBRERYT% 5720 M 1EBICO % 3 7 iOMIEILO W TXE
Tk oto TORR, FI2ITRLLLSK, BEFEREIMRE (HR32H Open pollination)
R LTPEZD 66% BEOERITIEE > TWwde Thid TEHT, 2L 2REOEREHEIC
Lb3DL#E2%, No.1 & No. 4 BHIZEATEHFLIEEC L EOT LR RRIC L
PEFOERIGBOBFER L VEL, A¥YEFOESRER 3.1mg/k 12 b_TAhED
Blo YLD XS ITRRERITHKT 2 EZLONIBFRAOHENR LN S LS BIKER
BICEET 2AOHBREELZVIOLEDN 2, RSP RHEE, WEREEL LI
LZEBDONIERDEI VYLD TRED 2T FHETFAERIBHBMO T v+ KT NID
BT D3 H DT % o
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Table 8. Result of pollinating P. thunbergii with different pine pollen that had been stored at —196°C for one year.
N UK | gmm sz FEE 1E5REX YO 5
\\\ w | | BV wmww o ow | mme em e 2OF wern JERYR x ox x(m TR
L . No. of | No. of | %% | No. of cone | No. of | OB | No. of | No.of | Fullseeds | Full seeds
AN female |collected percent scales cone nfotal full empty | per collected | per obtained | Seed fertility
flowers | cones ovules seeds seeds cones (G) seeds
ﬁmﬁ%'ﬁ‘\ i % \ (%) seeds
(A) (B) (B/A) (C) (D) (E) (F) (F/B) (%) ! (FIE) (%) | (G/D) (%)
IR ggnjﬁ 29 27 93.1| 83.8+11.5 | 164.4| 1,976 | 1,723| 253 | 63.8+14.6 | 87.2+ 5.5 | 381+ 6.7
P. thunb. x P. thunb.
) ifouﬁ 21 17 8L.0| 77.2+ 9.3 | 154.4| 1,019 883 136 | 51.9+16.2 | 86.7+ 5.8 | 33.7+14.5
ik gfnfg 50 34 68.0 | 88.4+ 8.0 | 176.8 | 1,916 | 488 | 1,428 | 14.4+ 4.6 | 25.5+14.1 | 81+ 2.9
P, thunb. X P. dens.
i) "ﬁuﬁ 28 25 80.3| 77.1+ 9.4 | 154.2| 1,192 177 | 1,015| 7.1+ 55 | 14.8424.5 | 4.6+ 3.3
FRHREP| &2 | a | 537 7504194 | 1500 925 o| 925 — - -
P, thunb. X P. taeda
L) falﬁl 19 16 84.2 | 63.6+ 6.7 | 127.2| 424 0| 424 — — —
LR p?Eoll?rZ 28 16 57.1| 78.6+10.6 | 157.2| 88| 101| 785| 6.3+ 5.1 | 1L4+ 51 | 4.0+ 3.0
P. thunb. x P. Luchu.
5 & I)%n*fn 14 13 92,9 | 65.5+ 6.1 | 131.0| 512 79| 433] 6.1+ 4.3 | 15.4+10.1 | 4.6%+ 3.2
R ,i?uiﬁ 27 25 92.6 | 83.2+ 8.5 | 168.4| 1,176 | 349 | 827 20.5+12.8 | 20.7+11.2 | 12.2+ 6.3
P.thunb. X P. masso.
b B f:%ua 11 9 81.8| 77.4+ 6.1 | 154.8| 478 | 223| 225| 24.8+ 7.8 | 46.7+ 7.4 | 16.0+ 4.5
b A _ _
Fresh pollen 8 0 0 - - - - - -
P. thunb. x P. pinast.
i) Iguﬁ 17 17 | 100.0| 64.4+ 6.7 | 128.8| 869 o 669 — — -

65
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Table 9. Result of pollinating P. densiflora with different pine pellen that had been stored —196°C for one year.
HIER 5 FeErE ITHRELH D
~ N S RN G e T G EEEIE R
~ No. of | No. of ng?e No. of cone No. of rcllt()ital' No. of | No. of Full seeds Full seeds
~ female |collected| cone full empty | per collected | per obtained | Seeds fertility
. \ |8 percent scales 1 total d #) G
a T \ % B owers | cones (%) ovules | 4o seeds seeds cones (G) cones
\ (A) (B) (B/A) (©) (D) (E) (F) (FB) (%) | (FIE) (%) | (G/D) (%)
R rﬁlﬁ 21 18 | 8.7 | 55.1+ 87 | 110.2 2 2 0| 01+o0 100 + 0 0.1+ 0
P. dens, X P. thunb.
Sﬂrforf;fd ﬁlﬁ 9 6 | 66.7 | 533+ 7.5 | 106.6 2 0 2 — — —
e }ffnfﬁ 15 8 | 533 | 45.1+12.5 | 90.2| 175 | 68 107 | 8.5+14.9 | 38.9+18.7 | 9.4+14.7
P. dens. X P. dens.
b & 17;% AT 3 | 25.0 | 520+ 36 | 1040| 20| 25 4 | 83+ 74 | 8.2+17.4 | 8.0+ 6.0
i pﬁ]ﬁ 18 16 | 8.9 | 55.4+ 4.8 | 110.8| 175 9 166 | 0.6+ 1.1 | 51+39.3 | 0.5+ 0.9
P, dens. X P. taeda.
b B ﬁnﬁ 14 8 | 57.1 | 58.94+ 4.2 | 117.8 0| — — — — —
s Iﬁlﬁ 20 8 | 40.0 | 55.6+ 7.8 | 1112 5 1 4| 0.1+ 0 20,0+ 0 0.1+ 0
P. dens. x P. Luchu.
i) ﬁlfgl 19 16 | 8.2 | 52.4+ 80 | 1048 16 0 16 - — -
RS gfnjﬁ 17 13 | 76.5 | 52.8+ 6.6 | 105.6 2 0 2 — - —
P. dens. X P. masso.
il A
Stored pollen 9 0 0 - - - - - - - -
o gfufj 24 19 | 79.2 | 56.0+ 5.4 | 112.0 0| — - - — —
P. dens. X P. pinast.
5 L B | 7 | 63.6 | 540+ 2.8 | 1080 2 0 2 - — —

Stored pollen




Table 10.  Cones and seeds obtained by pollinating P. thunbergii with different
pine pollen that had been stored at —196°C.
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W10FE —196°C IrEEM O 7 v < v R T L RE
S B 5 & T
- T Cone Seed
. Mom |4+ E R K % 5 R | £ H B
REHLA it ’u}\ Lcngth Width [Fresh Weight| Length Width  |Fresh Weight
{cm) (g) {mm) (mm) (mg)
F 2.840.1 | 10.7+5.9 | 5.54+0.1 | 3.6+0.8 16.6+3.0
resh po]len
P. thunb. X P. thunb. (3 & B -
T E | 4 7400226206 94423 ]5.2+41.0]3.1£0.7 | 12.6+1.7
Stored pollen
& RE E B ) 4.420.9 | 2.5+40.4 | 83+3.450+0.7|3.1£0.5 | 121429
Fresh pollen
P. thunb. X P. dens. i Tt B
T 4.6+0.5 | 2.5+0.2 8.24+2.3(5.0+0.8|31+£0.3| 11.5+1.8
Stored pollen
BOEEAE B ) 45405 | 2.440.3] 10,1424 — — —
Fresh pollen
P. thunb. X P. taeda =k E B
Rk A 5.340.4 | 2.840.5 | 15.243.4| — — -
Stored pollen |
BB AL 81 |5 540.8]3.040.2 | 16.543.5|5140.3 | 3.440.1| 14.242.2
Fresh pollen
P. thunb. X P. Luchu. & B
ik 4,740.6 | 2.6+0.3 | 12.24+2.7 | 4.840.53.2+0.4 | 11.34+3.2
Stored pollen
AN 1 4.540.7 | 2.440.4 | 14.244.9 | 5.140.8 | 3.3+0.4 | 13.1+1.3
Fresh pollen
P. thunb. x P. masso. 3 5 i
T B 71 4,840.6 | 2.6+0.1 1 11.6+2.2 1 4.840.4 | 3.2+0.6 | 11.8+2.0
Stored pollen i
B M AL B4 4400 | 2.440.4] 115423 — _ -
. Fresh pollen
P. thunb. X P. pinast. &I
i 5.240.7 | 3.040.3 | 16.3+2.5 ‘ - — -
Stored pollen
Table 11. Cones and seeds obtained by pollinating P. densiflora with different
pine pollen that had been stored at —196°C.
H11FE —196°C IFREHRO 7 H <= Y REHE T LHR
T~ B £ M
o T B’ Cone Seed
S E &% T EIEE R Y- i % (£ ' R
REHE S it B - Length Width [Fresh Weightt Length Width |Fresh Weight
N (em) | (em) (8) (mm) | (mm) (mg)
FEALB 1910212402 11£0.02 35405 | 2.5+0.5| 7.1x0.6
resh pollen
P. dens. x P. thunb. B8
g 2.3+0.6 | 1.440.2 | 1.6+0.8 — — -
tored pollen
FE B2 700715203 22414 | 444123020 | 7.8+0.7
resh pollen
P. dens. X P. dens. o %
5 B AE B | 5 840415402 2.6+£0.5 |4.54+0.7]3.0+0.2| 85+1.8
Stored pollen
BOEETE B )9 340.4]1.540.3 1.940.8 |4.0£0.7 |2.8+0.4 | 7.4£L5
Fresh pollen
P. dens. X P. taeda. &Y
2.240.5(1.3+0.2 | 1.7+0.5 — — —
Stored pollen
BB AL B 940.3]1.140.2| 1.0+0.4 |40 3.0 -
Fresh pollen
P. dens. X P. Luchu. &
2.3+0.2 | 1.3+0.2 | 1.5+0.6 — — —
Stored pollen
BB IEB 5140513404 1.440.3 - - —
P. dens. X P. masso Fresh pollen
T T ERER _ _ — _
Stored pollen
BB AR B 9340613403 1.420.8 - — —
. Fresh pollen
P. dens. X P. pinast. %W
7 2,5+0.311.440.2 | 1.7+0.5 — — —
Stored pollen
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#12E =¥ —196°C RUr —~80°C 1 4ERRTEETER O A TR AR
Table 12. Result of artificial pollination with Cryptomeria pollen that had been stored at —196°
or —80°C for | year.

Mother tree No-1 No-1 No-1 No-2 No-2 ' No-2 No-3 No-3
pollen (2yrs. stor.) Open S-196 S-80 S-196 R-80 D-196 D-80 = R-80
seed weight (mg/grain) 2.24 1.40 1.77 2.28 3.95 2.50 3.82 1.95

Full seed per (%)

obtained seed 76.9 19.7 42.5 53.0 68.4 59.5 82.2 26.2

No-3 No4 No4 No+4 No4 No4 No4 Cont
R-196 Open Cont. D-80 R-196 D-196 D-196 Cont.
3.31 3.04 3.41 2.41 2.65 2.26 2.18 3.98mg

76.3 71.9 68.2 66.5 61.7 86.9 86.6 59.8 %

S: Slow cooling R: Rapid cooling D: Direct cooling

203 15y OREET L YWD NT
1968 £ 8 H LR EHITHrEE L 22% S/KBO{EN T 1969 4 5 H LA E LR ERR
BHNHEERO 7 e - A28 TR L 20N - BF ORI X IBICRERTEY TH D,

Table 13. Result of artificial pollination with Larix pollen that had been stored
at —196°C for one year.

BIBE HF=v —196°C 1 EHRTEEL DA TRZRLHER

mugs | EO0N e | KR Dm0 oM ETASKETREE

. No. of Germi-
Mother Stor. Survival No. of No. of No. of :

tree Pollen temp. of pollen | total seed |Germ. seed Es?epdty Full seed :x:ttelon

98 49A + 2°C 75. 0% 69 9 41 39.2% 13. 0%
99 47A + 2° 35.0 58 6 52 10. 3 10.3
60 52A + 2° 30. 8 81 14 67 17.3 17.3
98 52A — 10° + 86 3 82 4.7 3.5
60 47A - 10° 83.3 84 37 40 52.5 4.0
98 47A - 20° 87.8 48 9 39 18.8 18.8
99 47A — 20° 87.8 73 38 35 52.1 52.1
60 47A — 20° 87.8 91 45 34 63.8 49.5
41 21A —196° 87.8 76 49 27 64.5 64.5
41 16A —196° 19.3 77 41 35 54.5 53.2
40 16A —196° 19.3 85 8 77 9.4 9.4
40 21A —196° 87.8 102 3 99 2.9 2.9
40 40A —196° 100 92 32 57 33.1 34.8
99 Open 100 84 27 57 32.1 321
60 Open 100 87 21 64 26. 4 24.1

—196°

98 98A (ST) 100 67 26 36 46.2 38.8

ST: =z bu~#AILkSEE Strow sealed

* LO—MORBRBIEELAEARBOWARERIEL LTHLDLN, EL U TRAARBHEERTH
BT bI
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RERTORERIZ N7 v+ BEL, B, HHBLEE Open) LHEL I WY, KRBEFMD
M ERFABR UL ZAMBRFRELIZARTION L Dot Bs~C BodikkiEsr ) 1}
IR TRREETFBIEZEA LB ONE DL 5 T

T/ OEBRITHILDL 1968 E F THEMBABRIEL o=k v A5 =2 (BMAERRA
W) ERELr 2L 2B RUMEMBD2 70—V IR L, A b N -BFORBRFRERT T
AL ELD, HUMUDIINEBRER L. ThbL, WwFNOBBE I IIERBMOBELRF

Table 14. Germination of seeds obtained by artificial pollination with Larix pollen
that had been stored at —196°C for four years.
WlaEk Ah7~v —196°CAERIrEEN KA T R
(1964 & H KB E MR HUER)

pa—y @WK Faop| REME | EERE | REET | B F N | naem
olien =
% |No. b B o4 B B o H o B %;ﬁ;@ (1969)
95 |68 B & 98 6 20| 4 16| 4 24 24 15
» = 4 | # | Non pollinat. 11 0 8| o 8| o 8§ 72 8
g5 | # | Self pollinat. 79 | 12 57| 4 48| 4 61 77 36
*y
» | Open 49 0 12 1 11 1 13 26 2
v | —196°CAMEN R | 76 1 9| 2 8| 1 11 14 7
5168 m & 18 0 13] 1 13] 0 4 77 1
Ty | Non pollinat. 12 1 7 1 0 16 0
345 | # | Self pollinat. 9 0 3{ 2 1 5 55 2
7
» | Open 85 2 1 40| 4 38| 2 44 51 32
v | —196°CA%ERRE| 160 1 125 10 | 127| 2 | 139 86 5
7557‘;; V| 2| self [ 123 0 86| 2 85 1 1 88 71 53
5 June 18 July 8 July 18 Aug. 11.
#REHH ’ 1969 1969 | 1969 1969

COERBIHEL DALMEEE T —80°C Et-OH, Dry-lce itk > TZEBH LIS DTH 3,

BABIZNS v EREL BT LRRETH 24, FRERORETL O NEBT ORFERDS
EARBOLCI S B LDbR % T bOMT T Sofiex (Soft-X-ray) TEH LLEFH
%2100 Te REBFOKE SIMEAR L) L HHIER ORKBT OB K E WHRIDL LR
720

FLIOBTEEBIEEL, 19704F8 A 1S4 ¥ #HE LR, k% (Damping off)
BERID RINAZRBLEEL LN IR B LN, SHOAFRBICREREEDDL
Nhdhote (BE3BR). A+4% REETOBEBUHLACTROKOREOERLHEEK
BORB A EREHELHET L TFETSH 2o

3. ABOING LR
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Résumé

Results of fundamental studies related to the long-term storage of tree pollen at
—196°C were reported in two previous papers. In the present paper, result of the
long-term storage of pollen at deep-freezing temperatures and the fertility of seeds ob-
tained by artificial pollination with the stored pollen are dealt with, and also a general
discussion of the studies is presented.

1) Among pollen that had been stored in liquid nitrogen for eight years, some
pollen showed no change in longevity, while others showed a considerable decrease.

2) In order to store pollen safely for a long period, the water content must be lower
than the limiting water content for freezing which seems to be about 109%,.

3) For comparison, rice and corn pollen were used in an experiment, which are
among the shortest-lived at prevailing temperatures. Rice pollen, unlike tree pollen,
survived for only 100 minutes at 10°C. That water content plays the most important
role in pollen survival, does not be applied here.

4) Cryptomeria, Pinus and Larix pollen were used in an artificial pollination, which
no influence of deep-freeze storage was observed. Larix seeds sown in nursery showed
no difference in development and growth of the seedling compared with the control.
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Photo. 1. Germination of pollen stored at deep-freezing temperatures.
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Photo. 2. Larch seeds obtains by artificial pollination with the Five year stored pollen.
(Photographed with soft-X-ray,. courtesy Forest Exp. Sta. of Hokkaido)
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Photo. 3. Two year-oldscedlings from seeds obtained by pollinating with Larix pollen
that had been stored at —196°C for five years. (courtesy masses. Kubota
and Kaji, Forest Exp. Sta. of Hokkaido)
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