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BT ORERED 2 21, WFRGFEET IO N CABERETLH 5, INbD X 1%
AL UL FEE SR B IDITUL, A LD E s = Tobh i s S, BoRO % x o Ff
FEET DD oL M o0, Flod ¥ 2 bk X OLIFEE, KELEY S < Sl
THHY, FETEHAIERRID 2 100 T SOFHEE L bULERSARE IR T2 10, 33
Fa Ty YD XREDCTIDOFHEE S HBWEREERE, 25 WO LW 2 Redh bk
7o 2, 3 DFLE 2T DEFELY Y, Flora v =Y O X R OWTOREL TR L TRy
Mo C ity A Y EILSDIEhACEEREO 2 RSV T 2 BEABROMRE LV E LD
EERIT, Abw =TT YO XROFELREL OBURCOWVT, 2, 3 ORBREREL O <bx TH
5,

1. # £t

FaviwyIVEA e =7 YO XKL, JLEEEAENLESR O TR ERE®R T, ==
VYD 2L, BRI O B R R BAT, oo = YO xR, JbiEE) EEO B TR R bR
AT, TRFEIL 1955 EORKIC E B, TOFED 5 HLICTI IR R b TE i,

2. BOBLICORERBEO YRICOVTOER

RBABDFE

b Hh UDEETHBEKIC 48 Fff ol 2 2%, L b LIk 7icD DA TE 13.5 em /1% 15
em DS B Y =W, JERL T2 H Wbt L HICE E X EKkEShLRr b, &
BB B\, EEICIE 2541°C, 15:£1°C, 8+1°C, KX 2+1°C % iblL, FhFh
DERERC KRR (A) %, BEOD LI TL 5 L CAEEH % L Ui, JBEAL 9
Fhk 10 LRV THDHA, EDORG EDLNICAEEARRCRH S LS,

RERBOFE

RELEOEE L BT L L5, LabLlickarEibly, TRLERDKIZ 200 20 X 7% dHTh,
£ B B B

1956 455 A 25 HICHAFRCIL Lo b FEFRBROEREY Fig. LIl T, ZORZLHIATHS
FEERIT, AR HOCHFRRIC ) DL L DRI OWTOERFIERTH Y, MHEL TV D
WEOFIEH L XBED e TRT, T TR OB HkORENI=2 > 7T & { bbb Table
1ho Dt

HEECIIe 222 Y E TR THAHEDTHBEL, & TR CHEE 75. (1954) p. 94) Lzt
DT "Tav =" b, —FFE2Ta v EnTnwb,
(1) HEHBERERTFTREE
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Fig. 1 Favty~<yY, 393V, BIO A <YDXROFKFTE I TRTITLO
The effect of various stratifications on the germination of Pinus koraiensis,

P. pentaphylla, and P. pumila seeds. Ordinates show real germination percent.

TG : temperature for germination. In the condition for stratification, paren-

thesized numbers show the time in months. Stratifying condition for the lot
with asteriks of P. koraiensis seeds is 2°C. (2)—25°C. (1)—2°C. (2).
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Table 1. Favtey=Y, T2Y <Y, SIU A~ YDXROFKIELERROBIE
Summary of the effect of various stratification on the germination
of P. kovaiensis, P. pentaphylla, and P. pumila seeds.

2 i o ;é g‘%n Result of germinat?on test ! ﬁ%’ig‘%%$
ol B HLoFEm oy o= + ' A
g| BEAERBE Lo S5<et glmyw| FALE xon | gomi
e [ ot fal S
» Temperature for o ’-kg ;Ab{%‘é s Ge“t’}i' lg"*": ];%T\ q pe??:elx(;tn
e . . ¢ o .= nating emain- ecaye —
i stratification ;ﬁﬁéﬁs‘ggméw E‘ ceed ing seed | (A+100 A
= (Time in months) B0 3 3o, seed | g j
| RN @ga uJ‘ (%) (B) (%)(R)(/O) (D)‘ X B)
| 2°C(5) ' 0 2s°c’ 30.4 ‘ 63.0 ‘ 6.6 ’ 30.4
2°C(4) ’ 0 25°c] 17.8 ! 78.4 \ 3.8 17.8
2°C(3) 1 0 ’ 25“C' 8.7 ‘ 87.0 } 4.3 | 8.7
2 I '
2 2°C(2) } o | 25°c’ 2.7 ‘ 94.0 | 3.3 2.7
V ! T
S 2°C(2)-25°C(1)-2°C(2) ' 5.8 | 25°C ?57.4(54.1)!33.1(31.2) 9.5(8.9) 59.9
5 | .
2 I
< ‘ | 25°C 165.6(65.4)18.5(18.4) 15.9(15.9)) 65.7
R o [ -
25°C(2)-2° C(3) 0.3 15°C 54.9 40. 4 4.7 | 55.0
PN 8°C 53.3 41.7 5.0 | 53.4
r;t 25~8°C 63.0 26.6 10.4 ’ 63.1
. | | |
i i 25°C 45.6(45.6)’51.8(51.7) 2.6(2.6) | 45.7
o o
"y | 25°C(1)-2°C(2) | 0.1 15°C } 30.6 68.4 1.0 30.7
8°C | 28.2 71.8 0 28.3
‘ 25~8°C| 52.8 46.2 1.0 | 52.8
|
ﬂ 15°C(5) L 1.0 ] 25°C [ 7.0(6.9) ’80.7(79.9)12.3(12.2)\ 7.9
| |
: 8°C(5) | o | 25°C 37.8(37.6)[55.7(55.4)| 6.5(6.5) 8.1
2°C(5) i o | 25°CL 28.1 67.9 4.0 [ 28.1
2°C(4) ' 0 ; 25°C \ 18.5 ©75.8 5.7 ‘ 18.5
|
2°C(3) | o lac| ez 8.4 | sa | nz
2°C(2) ’ o 25°c| 5.3 ' 91.9 \ 2.8 1 5.3
I -
2 2°C(2)-25°C(0.5)2°C(2.5) | 3.3 ‘ 25°C 40.6(39.3))53.5(51.7)‘ 5.9(5.7‘)} 2.6
) " §
3 25°C 165.8(65.2)] 9.2(9.1) [25.0(24.8)  66.1
b 25°C (2)-2°C (3) 0.9 15°C 74.4 15.5 10.1 74.6
X 8°C | 42.4 55.1 2.5 12.9
25~8°C|  72.1 16.4 1.5 72.4
> 25°C | 37.2 55.5 73 | w2
ﬁ 25°C (1)=2° C (2) o 15°C 39.8 56.7 3.5 39.8
. 8°C 13.5 83.4 3.1 13.5
25~8°C 40.4 46.2 13.4 40.4
15°C(5) } 0.5 ’ 25°C [n.1(11.0)78.8(78.4)\10.1(10.1)1 1.5
8°C(5) ’ 0 } 25°C | 2.5 58.1 ; 9.4 t 32.5
25~8°C(5) o zs°c| 9.0 | s24 | 86 9.0
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3 . ;é q.%D Result of germination test m%é'li
Sl oW E AL om E R RIS : A
“Z i E AL m B BEG; o ‘asiiq‘-j‘) s:}%;fjéﬁ %ﬁ\%}?} QX7 germni‘
) Temperature for ;"ﬂ?'gb K{GE . & Germi- | \Wx X AR pe?:e;(%n
e s ) N ©.%| nating | Remain- | Decayed —
g : stratxﬁcatw:; , ﬁggg.g@ﬁﬂqé% g seed ing seed (A+101%OA
E) Time in months 5@ B S ro seed P
7 e o E,lﬁg & (%) (BD (%) (R) (%) (D)) X B)
2°C(5) ’ 32.3 25°c:|91 (2. 1)} 4.5(3.0) 1 3.8(2.6) | 94.4
20(:(4) ‘ 1. 1 25°C ’88 7(87 8)‘ 5.7(5. 6) ’ 5.6(5.6) ’ 88.8
2° (:(3) ’ 0 } 25°C | 75.6 ' 20.3 } 4.1 ’ 75.6
‘ rc2) ] o | 2°C 3&6‘ 56.9 45} 38.6
S |
§ ‘ °C(2)—25 C(0.5)-2°C(2. 5)‘ 42.6 1 25°C }38.5(22.1)132.5(18.7)29.0(16.6)[ 64.7
g T T o T
- | } 25°C {70.6(70.2)| 3.1(3.1) 26.3(26.2)’ 70.7
A 25°C(2)-2°C(3) 0.5 | 15°C } 84.5 2.0 13.5 | 84.6
PN ‘ 25~8°C 83.6 1.5 14.9 83.7
Yo - —
Y 25°C 77.3 101) 12.6 } 77.3
M 25°C(1)-2°C(2) 15°C 92.1 1.6 6.3 92.1
; i25»~8 cl - 88.9 4.5 6.6 88.9
| 15° c(s) \ 0.5 } 25°C 1 1. 0(1 0) ;77 5(77 1)21 5(21 4) 1.5
‘ 8°C(5) } 1.5 \ 25°C |30 6(30. 1)\61 7(60 8)4 7.7(7. 6) ‘ 31.6
‘ 25~8° C(5) ‘ 1.0 l 25°C ' 0 ’ 80.2 ‘ 19.8 " 1.0
e 1. %ﬁ%u,favﬂ/?VLoufm%ah,na?v/-»4v/koufiwa
Notes fHl¥s = 7sote,
The period of germination test was 35 days for P. koraiensis and 30 days
for P. pentaphylla and P. pumila.
2. FTRTOHFHHIL, 1 F+E2DF W ZZORTINTHHTH S,
All the percent is based on the number of filled seeds.
3. 25~8°C (% 25°C (8HHID~8°C (16 B OAEALDL T\ 5D,
25~8°C. shows the alternating temperatures of 25°C. (8 hrs.)~8°C. (16 hrs.).
4. () oihofiit, T<’Zﬁ@f@bl%—0i4%ﬁ\ﬁ‘t%®f, W R I LD DEXD X 5D
Kl nT5HEEZLDL TN,
Numerals in ( ) show B X 101000A s RxlOTOO—OA—, or DX%OO_OA—, which
shows the percentage of B, R, or D to original quantity of the seeds.
hARZSNB &

Z R OFHGET B 1D OIRFALENTOWTL, b2 IR Th R R DR R 2 lebh T E iEn
H T, EBROHIERC WAL ARETE DAL TE R, LaL, [METUETZE2EHD
SRR 7 3 7 7 2B DL T, BFFEREES o7 7, Lia o CEBIC LIS S h
T2l L 5 ThH Do —HNETIE, WALWARREED & 5iC 20K ISHL - RIS

h’s),

THIEET b 2070 ) —BEGIC Db TE R L TH DD b2 I Th b I b, PIRWA, +



TBENED x 2 OFEYRE  ER)ID — 45 —

V= X DA DN LG Z O FEE D05 ZENTEBRES S LOR, EHFL Y F LD X205
R JE TR AEERe L Y < F ORI, KORCDOHIFREE NS ERY 2V VR L T B
CHAVCIEWEMNANZ, ThE ) BIFHERILDLIEY, T L TEETFRLWOHELZL T, &
5 By W R h X CHEITELREENLDIRTNE. 2O X5 LT, R EEe )~ F X5
FEDOFEDS, PR CDHOFEEMC I OTCHLULNSE O & FTIUE, 7377 R e i
GRMEL L D LB E IR EHETHONSIcD 2 THhDH, Fig.l OFa vy YRIFray
~ Y OERA BIUE, 73TV AR AR TFOL BB ERPHEL L OT 2 Z L hbh
B. LonL, ~7 <Y OSSN 2 L ), KIREEALE T reesbhd, 737
T 2AEREONT L, Fa vy~ Y ay s Y TR I g 5 Xhotehs, ATV D
BT LAR LT I DXV 2B OHEY, B U ABEAETLEC IO UKIROREN - &
BOTLBZEELDL TS, EEFEMMOMERL, Fa vy <Y w3y YOHEATIL 2°C
I d 8°C DITH AL B LA, A T YDOBEITIIH E LIS 2°C DIZI NIV,

EEL, Fa Ty I YDEFTONTORLDOHEYT, URE—ESE—IKE) © 7 3 77 w4lmH
WHUDLWIHELEDEL LD T L b E bt Licdd, ZOFEKT LS L, 1R LDORELRET
THEHAE SOl 2 708, FHHOERMICIF L UESRC /e ole, £ T2 EROFERY T, SRy
EUDTRNISFEIIIIC LTI 2 OFRERRUHEN L bRD L I kL bRz, TOREE, h
BOFEDSHNIIUTIT L A ETH AR E2bh DT, £LTID 3FEADERTY, ZOENK
Lirdbhic.

LZAHT Table 1 %525 L, FEFRBRERDHD T TIRL 32 2 ROEEGH A LATfEH LH LT
WaHD b, FEFEDHEY  BRBGETE, ZORLNANZ DRI IR Yk
LT, 7377 BB Eo% 2 XDEGH I LTWAD, Big UL T FFERE Lo
TEDEDBRDTWAE., THIY « 2o YD RITDONTO ER Th 2 CRHESEN bk
2, ZHZOWTIE, 73 77 AR X D L FFERED RN R R E , TOLDRFEAD
R TTHTE 2 20, NHFEFRETHS WY S 5o ThA S L Aniic. ZLTZ
DFEFCL, ZDH Yy H=h ZTHIPTEL B bbND, ZHCLTh, ZDLHRLEDFEXD
HEERTPLTHZ LR 2377 AMORETH Y, ZOFHEREBHCISHT S & Xk, SRHHD
FHCE CEEFREIES S L 2WAET, MR A e T haBad, SEPELE Ve T
HIEFEIDFEL LTV, R X RHNE XD BNB I ADTHHMOHBREL, 279 wbls LWER
HLOTEDERbbNEnb, FEEANOERELTTHTEL X RTINLTh, TUTEHDWEEY
Bz Bz LTINS

OEFRCIPEMEBIZ DT HRB L, F3 7Ry YDRFOEE T B, 25°C T FKEST
BA, I U YD X R 15°Ch 25~8°COERMN LV, ~ A=Y LRI BIRUTHEY, =2
Y=Y EDLEBITE SV WilEE O TS LS kbbb, 20 bk, KBALEOHH
T I DV BINTFT A AL =YD 2 21%, 2°CO X5 Ha TR L IPARTEFLILDDHZ LI X
DThbmd, $DEETHTY « 70 YDOPIFEY TLONL 51, FHEDO L EOBEEFERILZH0
ARG DERC Lo Thb b b D TH Db, 520X 5 RIREERD 78 11X, 3AD XY A%LD
LCnaBic &,
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Fig. 2 Favty~YD 1953 L 1954 4E0 ¥ RIC X 5 FELLE ZF Tkl MARL
HEBRORER LT d<e<ed 25°C

The effect of various stratifications on the germination R ‘

of 1953 and 1954 crops of P. koraiensis. Ordinates show (2HA)-2°C(3H )

germination percent, which is common to Fig. 3~Fig. 5. BEL, TR

Temperature for germination: 25°C. )
[P THENTEDLE

¥k, 2°COMMI RN ThE, FoL DR EIFTs oL TELRA S . Bl IR
IBEEL, 2°CED Y 8CHLBWIITZ IV L, B RED 2 R HIRELE T2 FETOWL TR
IHFEL TS,

nA=y2°C (49 B) OMERBALIE & b\ 5 2 Lk TFbicy, KB EL 3T Lo
NTWR TR FEEL R LD HDY, ZOREIE X RS2 THA ) THAH 5 1b, 45 AHIIELD
Fe BEEFS D QLRI A &7 L e B,

3. XMA=FRYDIX[COVWTOER

AR w =T =YD RZIDIEHTOCTUL, TTRWE DVDWENHE IR T D, ek zid, Zox
FEFICHDONWTL P LLHFZEL 7z Barpwin”, KoBLET®, X8 RouMEDERY DL DA D, AT
LEEER D % RITOWTOPFEDMIZO A 3 ZEMTESY, F LTI hbOERGEEREFHRE
H#'® Woody Plant Seed Manual® £t D g LbbNTV 5, bW ThbFERET 20°
C (16D ~30°C(8 Wefi) DRI A &V, MHFCX ISRV ETH D bR Tn5b, FEELE
oW THHFIZIL, 10°C T 30 HIEH B\ ik 5°C T 60 BISEELLEITS & 5 onhTh b, Bt
2 ~ 4 HHINEAEE T2 L 5 A C0 B, ZRIEDWTL, bt ICOFE §3FR e UL 5 7af
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FErLDLTD, & oA TERETHRESS X0 Woody Plant Seed Manual it L& ETin5
FERBROHBL, TILANTER L3k bbb, FEALD LR ZIUT, TEs 5k

2 RIELE L F 2~3 EIICIEFEL B BIEFCh H, Roumensr T LA LB UMEXHLL TV 5,
STEEN ZORRE S bRETRAEDEDMICH Dk, Tihbb A e -7 =YL, b LonE
PED 2 32 XD FOE BB WX REDTBN, BHELL BRTULLL TED X5 BRERey LvTh
HLBRBELEBIT, THARY » 20 =YD X RThHhE LT LA L FEFED & & OEERE - &
HFEOBR L bRZZEThHB,

B DE &

FERFTHL D0 0.5 B8R ek 7.5em D2V —NICEFEE I &, NoEDTHE 50 fid # *
HILDAI, BREIHE, £ 22 RbRTHLT RN P Y —MEHOWEHT 2EC ooz LIt X2
ToL D, WA TR CEREMECR 2ol THEOEBERMA “n—m” Thbbd%, n 12
25°C RWIHE, mik 2°C KBWICHETH S, DRT (% 1955 4 12 ADIL U DICHFEEIC I
GRTETHS, 1956 45 10 HE THRICKE, Thabii$oL 2°CB\WiebDTHY, DI5.
D2 1% 1955 4 12 ADR L DIMFEEEC K bR TETHabLToE 15°C, 2°C B Wb DTH%,
FLTCINBODIE, WFhLERREC kNI Z e 2 Lo L Tnwb, Bl # 2% 3T
DRT Khb & b,

E I

51 [EO5ER ¢ PILENE 1956 SE7 1 16 HAD 10 A 14 HIZATR 2w, 10 A 14 Has SR

IR R 3 = fe 0T, FOREEA Fig. 335 X% Fig. 4L,
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Fig. 3 HlE% 5 7cA bw =7 YO X 2OFEFCE Lig T L REOHE

The effect of light and temperature on the germination of pretreated seeds
of P.strobus. White column: exposure to diffused light for eight hours every
day; black column: dark condition. The number on the top of each lot shows
the day when the germination percent was summed up.

52 MO - FALIY 1956 42 12 HS5 HA2H 1957 421 A 14 Hic Tk o\, 1A 14 Ha

BRIFC IR A b S 7D, e D% Fig. 51cLo,
MARZIHLhBZ &
2 HOFEEE £ LT, KEAEL 2°C T 20 Hil¥k 2 e X Ta7sf 0 2 b, 28ty
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Fig. 4 25°C & 25~15°C TDA kv —7 < Y DI& YR
The germination process of pretreated seeds of P. strobus
under 25°C. (solid line) and 25~15°C. (dotted line).
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Fig. 5 TiLE%Y 5 e v — 7= Y0 X 2 DI I X 1F 36 & B FE O
The effect of light and temperature on the germination of pretreated

seeds of P. strobus. L: exposure to diffused light for eight hours
every day; D: dark condition.

RELFEFELB DL ENHELNTHD N HOFEFITHE? 2 RouMeDer'™ DD L IZIFICT
Who

BOERI, 25°C Kb 25~15°C Kb & bicBi s Mflifctic e b ahie  —Ladi»T 25~15°C X
12 25°C KBPN TV BHHWEEECE B IR T o—7%, 25°C KD IIED BN b2t &k
Lo bk, —F 25~15"C X TIX, BERDIZ 5 A2 2 Ths WiEx L L1,

25°CKE 25~1I5°CKIETHLE BRAHE, ALw—7=<YD 25T 25'C 10t d2kiF 5 M I L5
Thb, LnL DRT o 25°CIX, 25~15°C X, & LU 15~25"C [XOKINE, BRI < W% 7o m
CTNWEEROHMENRS b s b Lhcunwo EXIRL T 5, EFSEEFREHEE 1% 30°C (8
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HD~20°C (16 W) DEEA T TH TR D, Roumenrr™ & & (20~25"C) DiF 3 H < bR
SFEFFTBHLDNTBH D, BRCELWHREL S S T2l Tiul, 2ol izt
COWTHDEEDED LAFHERELONLEA ) WTHCLTH, THYY » 7wV bRTH
AT WFEEMEA LT 5 X5 Th D, AR L o TREFEADERY T ohT, B
RENBBENOL LB L HELNTHS.

RIS & 210 dh S5 U 25°C It 7 3 77 w4, B L7 X 5 fehiid L &ieh ot
Einh Tl <, 5-85 KA DB TR ITEAIME D 4 b LB LS bA WY LD L, TH<Y
c 2 YOFEED AN ZHHET, 2503 D HWFEEL R X R, B fURME A 4
BWEIEIDLEESTHD,

FEREEDCRTH DD BEOHFE CONBEEAFFIR JFTHEL, Tra~<y - re<y0l
SN DO XD RSN, AL E =T Y DOBRAIIESHE DIL DX Y Lishot, LA LDRT

Table 2. HEIN T Ieh\ W EORE & FEERBO MG
The effect of the temperature during storage on the germinaiton of
P. strobus seeds. Conditions for germination: 25°C. and exposure to
diffused light for eight hours every day.

[

fREEE R T H\ OB ESRA ‘ IO ORK Germination percent in
Temperature condition 15 — : -
- B [d] H H H fH H [H A [
during storage | 7 days 9 days | 11 days | 14 days }21 days 28 days
DRT: kept at 2°C. for 5 months
after keeping at room temper- 4.5 18.5 33.5 43.0 47.0 50.5
ature for 5 months.
Di15: kept at 15°C. for 10 months. 8.0 22.5 10.5 60.5 66.5 67.5
D2: kept at 2°C. for 10 months. 20.0 43.5 | 57.5 } 65.0 65.0 j 67.0

1ZD15, D2 i BRTWL babd b, TEIMEIR B 2 ennzE L, Tl L bRE
DT A NBICRIET D LD EE L

EHT, X RO I TR ER EFEFED L EDBEIRE X DAV L HbE T, chITLhE
N D TSI A DN Z T e b R Y I ED X 2 ORIEDIMEDS, Bl WL Th5 0
Thh, ZRONWRADBEBOF T 1 LD TWB LMANZENE Z L 2bELITLEY, L
TINEBRUZENTYED ZRCDOWTL WD ERL S, Tibb, TH<Y - 2o<Y0D X3
1L A ETIMER A AL E L\ 25, A b v — 7' YRR A B & 5 4 203007 D s < o<
FNTED, ~I YRR LA LD X FNMERUMELIE T5, —HFa vty 3293 YD%
FOREZE, 737 7 wl@EFAEC IO THRUCRFZEbRE, 322, 250 Iibdhkd T
CBRENRLDT, RANS TR VT YDA D X E2T, B UBED % €4 LW
DHTRRIEE b LD THD, Tkl UL 573 77 e X5 CHENDERAYHEmC T
FRHBIENTED ELDOTH,  HHE A < FAUTERELLIR A T T HRED R8RD X305 5250
by, YFAEDHELIMN BN b0 EBbbhd, Tl ) \v) X RONWRME L EKFREL OB

*RIGCLHEO B UV 7LDhTh, TREFNRD X R L DTHI DD RZYENLENL, 5
WSRO 2 ANEDEICH D 5 S EEFHRL QOB
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DN T L, 2L WANLIERRICOWLTO L H LGRS Sisb v i, ko h Lz bk

W2 Z 5\,

TOMEDHEE, WAHND ERLTC TN PSRRI T IEE 0, BIRIBRET g B, 32
BETORED TR0 lHli» § 84, BT X 3% %2 I 20 TR D ERE R
RUBGEERES, HOCRFACMEEHE MY I S0, 3 X ORI BB O <o 0 b 1L
L5 LONET,

4. » b % L

I DRI = VXYY TV AT DK FOFEEEEIT DT, B
WD B\ REOFR BRI FOWM L DIFRE L HR, oA b w =7 = YO X ROFEY L EBECOWT
2, 3DFEREER IO,

(1) Faviey=YRIOTav <Y X OFETMECIL, JMAIGRALI X D & 7 3 77 wikEil
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Studies on Hastening the Germination of the Seeds

of Five-leaved Pines

Sumihiko AsAkawa

The seeds of all the Japanese five-leaved pines fail to germinate for a long time
without pretreafing. The effective method which has been the most commonly
used to hasten the germination of forest tree seeds is the stratification including
moist low-temperature treatment, the effect of this method on the seeds of five-
leaved pines having been reported in foreign literature”’!'’. The writer also described
the effect of this method on Pinus kovaiensis and P. pentaphylla seeds and some
changes occurring in those of the former during such a pretreatment.”®?’ In this
paper are summarized the results of the stratifying effect on the germination of
the seeds of Japanese five-leaved pines, and in addition the results of the germination
tests of P. strobus seeds are reported.

1. Materials

Pinus koraiensis and P. strobus seeds were collected in the Tokyo University
Forest in Sorati-gun of Hokkaido, P. pentaphylla seeds in Siraisi National Forest in
Karita-gun of Miyagi Prefecture, and P. pumila seeds in Tesikaga National Forest
in Kawakami-gun of Hokkaido in the fall of 1955, and sent to our laboratory after
extracting and cleaning.

2. Experiments on the Seeds of the Japanese Five-leaved Pines
Method for stratification: After being soaked in tap water at room temperature
for 48 hours, the seeds were kept in moistened sphagnum, placed in 13.5 or 15cm
petri dishes, and occasionally supplied with water so as not to get dry during
stratification. Three incubators and a refrigerator were regulated at 254+1°C., 154:
1°C., 8+1°C., and 24-1°C., respectively. Condition for stratification is expressed as
T°C. (n), where T stands for the stratifying temperature and n stands for the time
in months kept at T°C. FEach of nine or ten lots was designed to finish up its
stratifying period on the same day.
Method for germination test: Germination test was carried out in 13.5 or 15 c¢m deep
petri dishes with moistened sphagnum, having 200 seeds. In the expression of
alternating temperatures, the left number means the temperature held for 8 hours
(day), and the right one indicates that held for 16 hours (night).
Experimental results: All the germination tests were conducted from May the 25th
in 1956, the results of which are shown in Fig. 1. The ordinates in this figure
express the real germination percentage to the seeds at the beginning of these tests.
So Table 1 was arranged to compare synthetically the hastening effect among
various stratifying conditions.
Discussion: The effect of moist low-temperature pretreatment on seed germination
has been studied not only from of old but also applied to our nursery practice.

Nevertheless, we can find no work on the compound stratification in our country,
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nor any example on its application to our nursery practice. On the other hand, a
number of works have been carried out on the effect of the compound stratification
with foreign species®’, which has been commonly taken to hasten germination in
foreign nurseries'’.

Recently Yanacisawa!®’ reported that compound stratification can be applied
when the time for fall sowing would have been missed, and the writer! also sup-
posed the important role of the underground temperature at the beginning of
autumn in hastening the germination of Fraxinus wmandshurica var. japonica seeds
through buried storage or fall sowing, describing the experiments supporting such
a supposition. Thus the writer expected a better effect of the compound stratifica-
tion on the germination of five-leaved pine seeds than that of single low-tem-
perature stratification.

Such an expectation was verified with P. koraiensis and P. pentaphylla seeds,

such being not the case with P. pumila seeds. In the latter the dormancy was
completely broken down even by only a single low-temperature stratification. More-
over, as the period for compound stratification is lengthened, the seeds of the
former are affected better, though those of the latter are affected rather worse.
These facts show that the degree of dormancy between the former and the latter is
different. As to the temperature for cold stratification, 8°C. is a little better for
the former, while 2°C. is much better for the latter.

In the first report with P. koraiensis seeds', the writer explained that the
compound stratification of ““2°C.—25°C.—2°C."” showed a remarkable effect in hasten-
ing the germination of these seeds, but that the seeds having after-ripened through
the first cold period had germinated during the warm period. After that, in the
second paper?®’ it was proved that shifting the high-temperature period to the start
of pretreatment could remove such a loss without lowering the hastening effect.
And this experiment also verified such a point.

From Table 1 it is understood that the decay percentage at the end of test is
very different among methods, and this will be a factor in comparing the hastening
effect of each method. In general, compound stratification increases decay percen-
tage, but this tendency varies with temperature condition for germination. The
explanation proposed for the similar phenomenon with P.densiflora and P. Thunbergii
seeds®’, may also be useful in this case. Even so, increasing the decay percentage
is a failure of the compound method, and the period for warm stratification has to
be determined carefully in applying it to nursery practice. About the time when
the seeds are sown, however, the temperature in the nursery will show a marked
daily fluctuation of considerably low temperatures so the above-described decay
percentage will be lowered in practice.

An optimal temperature for the germination of P. koraiensis seeds seems to be
the highest and to be followed by that of P. pentaphylla seeds, while that of P.
pumila seeds seems to be the lowest. In fact, the after-ripened seeds of P. pumila
begin to germinate actively even at 2°C. But such a statement shows only a rough
standard, as the temperature requirement for germination varies with the internal
condition of the seed®™.

Finally, the results with P. koraiensis seeds of three years in Fig. 1 and Fig.
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212 will be compared. Though the 1933 and 1954 crops were collected at the same
stands, the 1955 crop was collccted at another stand. Furthermore, the mother trees
or the time for collecting them, and the methods for preparing seem to have been
not exactly identical. Accordingly, these results cannot be compared exactly, but
they suggest that the same method of pretreatment does not always bring about
the same effect.

Recommended method for hastening the germination: The compound stratifiction
of 25°C. (2 months)—2"C. (3 months) is recommended for P. koraiensis and P. pen-
laphylla seeds, while the cold stratification of 2°C. (4 months) is recommended for
P. pumila seeds.

3. Experiments with P. strobus Seeds

There have been many reports on the germination of P. strobus seeds™®'’, the
results of which are summarized in the International Rules for Seed Testing' or
Woody Plant Seed Manual'®’. On the other hand, Nnzuma' also reported some
results. The objects of this experiment are to detect pretreatment requirement for
after-ripening these seeds and to study the relationship among pretreatment, tem-
perature and light condition for germination.

Method for pretreatment: 0.5% agar solution, made from agar powder, is poured
into a 7.5cm petri dish. After setting, 50 seeds are sown in each petri dish. In the
case of the dark lot, a petri dish is covered doubly with thick black paper just after
sowing. All pretreatments were carried out under dark condition. Temperature
condition for each pretreatment is expressed by the sign ‘‘n—m’’, where “n’’ stands
for the time in days at 25°C. and ‘“‘m’ for that at 2°C. DRT was kept at room
temperature from the beginning of December in 1955 till May the 10th in 1956 and
then kept at 2°C. D15 and D2 were kept at 15°C. and 2°C., respectively, from the
beginning of December. ‘D" of these lots indicates that the seeds were kept dry
till germination test. All the seeds for pretreating were taken out from the lot
“DRT”.

Experimental results: The pretreatment for the first test was conducted from July
the 16th to October the 14th in 1956, when the germination test was begun
simultaneously (Figures 3 and 4). The pretreatment for the second test was con-
ducted from December the 5th in 1956 to January the 14th in 1957, when the germi-
nation test was begun simultaneously (Fig. 5).

Discussion: The germination of these seeds was fully hastened by treating at 2°C.
for 20 days, and finished up within two weeks. Such results are nearly identical
with those obtained by Niizuma'® or by RouMeper'®.

The exposure to diffused light for eight hours every day has a little effect at
25°C. constant, while it has a little negative influence at the daily alternation of
25“C. (8 hours)~15°C. (16 hours).

The germination of P. strobus seeds is better at 25°C. constant than at 25~15°C.
But the results of DRT at 25°C. constant, at 25~15°C., and at 15~25°C. show that
these seeds germinate better in a longer day in relation to high-temperature. At
any rate, an optimal temperature for the germination of these seeds seems to be
higher than that of P. densiflora or P. Thunbergii seeds, and it will be also certain

that the longer the period for pretreatment is made, the better these seeds germi-
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nate even at lower temperature.

The compound stratification affects the germination of these seeds unfavourably.
In consideration of the results with P. Thunbergii and P. densiflora seeds”, it is
desirable to apply the single cold stratification for hastening the germination of
the seeds considerably easy to germinate.

No effect of storage temperature on germination was significant with these seeds.
The result shown in Table 2, however, suggests that these seeds should be stored at
least with as limited a change of temperature as possible.

The writer is of the opinion that a type of seed dormancy or germination
manner should be taken into consideration in the reciprocity among the species——
at least, within the same genus, and has discussed the example of the temperature
requirement for germination or for stratification®. This seems to be also the case
with those of Pinus species. That is to say, most of P. kovaiensis or P. pentaphylla
seeds require warm followed by cold stratification, while most of P. pumila seeds
need only a cold one. On the other hand, about half of P. strobus seeds require
cold stratification, while most of P.densiflora or P. Thunbergii seeds require hardly
any stratification. Such a ranking is rough, and their dormancy is changeable to
some extent by their previous history. More detailed experiments with the seeds
of more species will be necessary for ascertaining the writer’s assumption that an
internal state in the seed alternates with after-ripening.

Summary

(1) The germination of Pinus korvaiensis and P. pentaphylla seeds is more effect-
ively hastened by a compound stratification than by a single cold one, while that
of P. pumila seeds is more effetively hastened by the latter.

(2) The recommended methods for hastening germination are as follows: the
compound stratification of 25°C. (2 months)—2°C. (3 months) for P. koraiensis and
P. pentaphylla seeds, and the single cold one of 2°C. (4 months) for P. pumila seeds.

(3) The germination of P. strobus is effectively hastened by a cold stratification
of 2°C. (3 weeks), while it is unfavourably affected by a compound one.

(4) The germination of P. strobus seeds seems to be not remarkably affected by

light or by alternating temperatures.



