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Table 1. BURDHRIC X 2 BRBOEN

W
)| 1 2 3 4 5 6 7 8 9 |10|13]|25]|50|80]100| WF % =H
<Y OER
. (%)
P. sylvestris 771 8o - -|-1-|-1-1-1-1-1-1-| —|GARDNER!Y
P. strobus 98|51 |12y -|-|-{-|-|-1-l-1-1-{-1-|®R £ w
P. resinosa 2| 3 7| - -1-1-1-1-1-1-1-1-{-1-1® £ W
P. taeda 6| 6|l ol -] -1 -1-1-|-1-1-1-1-1-1-1@R kK
P. radiata 45|28 59| —|46| -| -| -{14| -| -] -1 —-| —-| - |Jacoss®
P. sylvestris 65|4218| 5| 2| -| -| -| -] o] -] o] o o| O|SEVEROVA*
P, strobus 3t 9| - - ~=-I-1-1-1-1-1-1-1-1| - {THMANN®
P. densiflora |67 23| 21| 715 o —| o -| o} =| -} || - |/EF®
P. densiflora | 35|44| 3| 3| —-| -|1w0| -|-| - o) -]|—-|-|—-|F@E®
Table 2. BANOHHGIZ X 5 FRENFE
Rooting ratio of pine cuttings by the ages of ortets
i i #t LINCD g MR E (R
Species Age Rooting percentage

7 h = ¥ (Pinus densiflora) 33 Years 30.0'%
7 wm = v (Pinus thunbergii) 12 54.0
7 b = ¥ (Pinus densiflora) 6 46.7
7 A = ¥ (Pinus densiflora) 1 96.6
7 m = Y (Pinus thunbergii) 1 © 95.0
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Total number of adventitious roots of Japanese red

pine cuttings for each treatment and for the periods
in days after planting.
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Average number of adventitious roots of Japanese red
pine cuttings for each treatment and for the periods
in days after planting.
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& &, REOKZTRUEKE, KR, SLOTJNESREDL YD BIMIRMLL OBEE EX I ETHHE
YRS EXFET BRI T, ERGFEEICERERMEL 2> T B2 LBBxXbIND, ZnkicELo
JEHMICZ VEORBEL LR > TnEbiI THE00, BHIUSLTORERNEELZ LEE L2 T
BRERVWTHH I,

¥72, SLED Ageing NEBELHEORINBRERC,»HATL 325, T2 TRERAOE V- YELR
ROZRBBEL T Lic Lz, ZEHHTEREDLEDD 282 2 60, BOKEMBTER L TWBRHI LR
HRF ORI L IS THRER LTz,

(x g 1)
FEkE Fik

Bl 35 En 5 = (Larix leptolepis) ORIENH « LA HEREEL. 15cmiE & D/NEIZEI D 75 %
THRELIC D RS- 7o, BREA X 196043 A 30 B4 T, RIAS A5 4 A1 A £ TH 40 Bz +
2°C DREE~NRIF LT,

BRESTTI A AEFTANERRGR) I ERHRTH D, SLOFHIZ4 A1 H THORSIIHEE,
55cmi10cm e 0 2EHEE 72, IVARBRLIIVIONEE-THF U EY L L, HIDIRLIFT
Bbih ol YINIZANVE VEEIE LIDD, RRETH T 722.5cmDESDROBMPIZELZAE,
KREZES 10cm OffASF AnicfEat, R—I%254 b, AEDO IER B L7, RETIIFH
LEEEOHFELAERELL LWL, S—Ix 274 MIEEOKOMINLD (20~802 v ¥ ),
AERL20~24 2 v ¥ 2D bDEFERA LI, EARRRIUSN LA IEY 5 v TR oTc, BRWIIHE
ALt olc, 1862 5cm F 104, 10cm B 10 AFH 20 &% & Lo 7e, A/VE LB S LEOYIR
R LTITRY, HBEKELED TTFRO L O A2 8MHEOMEX X RE L1,

D VIR BEET—CL¥5)

2) NAA »0.1% 282V I7HK (S NA—T)

3) IBA »0.1% &gt & V7K (BEF IB—T)

4 IAA ®0.1% 2B 4 V7 HKR (HE IA—T)

5) ZKEKICERFHIZRE (BBEW—C)

6) TAA 1 %/KAHRIZ 2 ~3BMIRMEL, F<ACHLELTYAEES (5 [A—W)

7 50%TF VT NVA—VIRIZ 2 ~ SHEREL, <K ELTHREZES (HEF Al—C)

8) IAA »1% %8I 50% 7T/va—ViRiZ 2 ~3EIREL, <KD ELTHNE2%S (S

IA—AD
EBRIER

SLEOEYVED X8 A 17 BIZfTi o 7ch’, 0L ENFEIRFX Table 4 RENXL DL, 5cem

FEL 10cm BEORBICELVWERD Y, LORIRIZBWTS, £z, E0rvEVUER, MBRIZE
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Table 4. # 7 <Y & LENREHIFHBRR

® b3 2
o E s | srverasEx

(em) i & + N—IFaT7A4Fb e ) w
T—C 0 0 0
NA—T 30 50 10
IB—T 20 30 40

5 IA—T 60 N 20 20
W—C 10 0 0
IA—W 80 10 0
Al—C 30 0 0
TA—Al 80 10 10
T—C 0 0 0
NA—T 0 0
IB—T ) 10 0

10 IA—T 30 0 0
W—C 0 0 0
IA—W 10 0 0
Al—C 0 0 0
IA—Al 40 10 10

WTh 5emBENHI BIFAFRIRNA Mz, 72 10cmBILEESEL, bREIZ LSO TS LBLEIZ RA K.
Z 8

LBEERDOBAEN S > L bEE-TWeLELXBNS, 3 ATHCRT AREENERICBNTYL, <
YEOEE ERRIC, S0S LEOFCERREFNERNEL L, HRE, Thbbile SR
EBD TR, FVEVERIZEBWTHEVEORENT SR TWZZ L, & LEOBIEESE 2T
2, BRAEELETIERFTERNEN) ZLEABLLLNTH D EEXONDB, B{F-TcfiE, &
AE TR Y LBERGENR T ARAVPLTH S, UEORERESEL LT, RVWELEAVELORIR
HNORRBFERCIZ, >En2-o088x6h5,

D EL2F0EEITTIT2.5cm Tho7ehd, & LEERIED K&t REVCThofics
WTh, HETH-LEBEXOLNEN, BR-oTWBRABKEIEI Y Eo#sy. ThbbEPIcERSH
FEADREVEIL 7.5cmTh - 2O LT, BV 2.5cmTholc, TIRVEDDEEND S &
Ezohsd,

2) %7z, 10cmBil 5ecm L HRTHB L, 10cm BIRIERTENE ZAPETY L oTWB T
Lz ), ERRGARMOESNEL, RfLcERER T et tPBELLR D,

INRIEODELEERIZL VEID B2, DENER2, EBR I3 FFEET L,

(E 8 2
FLaiz

ZORBRE, EBR1 THL IR E B LRI E SO THES L b 0 TH B, HIERICHY
BHET, 10cm FEREHH SIERICHER TW S REREBXRIC, TOERTIIE LIRNZEPEES &
Bl
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ke ik - ‘
196144 A17 HERAE, 4 A 18 iz & Lo} 7c, RESHIHERBORRIERMNNIBEEL T <Y ThH
ofco & LEERAHES IAA 01 % AWEHETIC 2 ~ 3 DEBHLEE Licnt, HIREKTHE -7,
FRIXTEE D REKIC 8 5B 12 ¥ HifatE ART, 10cm fiE Sem L & 10KHTE Lo, & Lo
NPEEFTRT2.5em & L, TOHOENDE=—VY—bETo@EY LS, Fig 71775
li, EFCERLIcmOBKILE 4H>K Y, ELTHCEKAORE LERT 2.

.

~ # = 3L
Ventilation hole

& A L
Watering hole

P @ W B
Overall view Vertical cross section

Fig. 7 b7 vV &LARLE=— 75—

Larch cuttings and vinyl cover.

SIXEHOPTIZe BB H ) DEVNEFNCB W, KT 1 B 1E 2 EfTRVWEKRERENEECH
WEHTEERIR L., E=—VTEIEbhiAROZHEE IR 5 TIHFIZEL, Table 5
IRLIC X D IC B 27~53% AR L &<, TR 2RER R b 4 TEBOFIREE LK 80
% Tholeo RENZEHICERLTIOR U ELER T2, 2052, T =—/VIZBREZEWZENE
BSLBECRESF B LR LBV,

Table 5. ¥ =— VB X 3AEEFRE D LH

woE R A HREPIRE % WENBEPLRE % ' E E %
8 3077 49 91 42
9 :30 41 84 . 43
10 :30 30 83 53
11 :30 40 76 36
12 :30 37 70 33
13 :30 38 67 29
14 :30 42 69 27
15 :30 43 72 29
16 :30 47 75 28
17 :30 50 ' 78 28
b e 42 77 35

#: 4 A THRIEO H 238BA TRIE LTz,
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EBRER
ZOXOBREEBESEFCL»PDLT, 98 MBCEYBRYVAELHERETIZ, 10cmBEZIIFHER L
LR, —F55cmBIRIOREN L & LRKICH R ) BORRELTR U, #HERERL Table 6 3
LW Plate 1: A, B, C TRL7,

Table 6. HT =YD LFENES LREIRS
The length of larch cuttings and their rooting ratio

g | msertionin | Numper of | e | “ea " | adventitious
10 2.5 10 0 0 0
5 2.5 10 60 67 11.2
Z 5

Table 5 WRENIck ) i€ =— VARZROBRER PR VEL. ELAROEDIZIHARBETH S
LEZBNDY, TR L2b5T 0em BEIFRARTh o 7c, LId->T, ROEORERAENE
Rixficd s B2 b, ZHEEY FRSEIRITRHBRTERLWILTHE LB N,

(£ & 3) '

FTTIRERL L 2IEBVWT, ELLTE5cem N 10cm 0FE X Y LBBRACBNTTFCATNSZ
LE Rz, TOB, EELIKBWTHRABRERVELNBARENS B LEL bR, EBRICE -
THIDBLENEL, ZoORBREEHE L,

gL ik

MERBGER)ERHANO 5 EEH 7 <Y OMRREPOLERE (e 28E L, FERIZTT7 A0
HCEZOOERCITLCICEEL. B0 EIKROMICIZESR, ©=2—VRICANTRELEALK,
SEREERII 2R Th o Tce ENH L IIWREIZ AN T 15 BRIRTFL 72, B 3em L 9em fEL
BES 7205, & DICYEROERMS 3cme 9emN & ZAME LENEIBIZH 725 X 9 IKBEY Lz,

E LRI REFERGLIOMT, FRICENS5cm, BEIH3cmOBEEZED. XA XESX5IC1HL
EIAREKEDB LTz, £, BRIZIZ S LEOEMBICAR X 225X 512, Y nTEKLK, &
Lo OESIZ 3cmOfIX1.5cmiz, 9emOBE 3 ~4emic Lz, S LK IV X1 THBW LT,
RNVEAIII TR bR P o7, SLOTFEIT 1R 60K TH -7,

EHER

FE1LA13A (AL20#%K3.508) Y B R Tz Table 70X H 1T/ o7,

FETLHALARI S Iem MORRIEL DB, BRI LHBNILDT, SLA2TH22A
DINTHRELTLE -7,

s £

ELLEBWTHESLERBW TS, #77VEPARDVEVEY OFNRERIRFTHS LHERTE S
IORBEENEL NI, 202 b, BVEOERLEVENET L ORENESNENRFIRINEL
BoThHobNTWBELESELXONS, LIedoT, HAKHENESEHRTHEEIN Y T, 48N
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Table 7. BEXLICLB5EEDS5=YnS LEOESBIRRS

Rooting ratio of 5-year-old larch cuttings in summer, prepared in two lengths

. TERBE B AEREE ()
" & (em) % R (% Number of Average number
Length of Rooting adventitious of adventitious
cuttings percentage ‘roots roots
9 6] 0 0
3 32 95 5.0

RBRTIE, BORSEFR—THoTh, BOEBOKRIORERE L BRL DBENE DX STk ERE
FT5ZEN, SETCOEMEMRETBLDO—FETHA I LELLNEN, ZOFRKRC X 3RBERC
DONTIE 3-2 KW THETB L L LT,

3. ERADEOESLBZESHILOHD 2, 3 DHBLZDHR

3-1. 20O YVILEBITEINLNFLOHER
Uiz

FAREEE 2 v VT, SLOFHOS LENEFBI WAL+ 2EELH - TH, BESEIR TV
XORNNGFEN L Do S LERFER LAV LT3 BERBEIMEL 2V, ERTHITV I —E
LERREER 7 v v VDS LARIZBN T, THZLEERLRTNERS RV,

WolEd, 7u<YRNEEICRREERL 500, BRIAEWENFETS Z & 208 LIBIEE
W1, 7w YYUEEORSRIC “TRIERT AN KX VTRErOREEEDENFET L
EHRELTWSD, WEADHBALCVWARNL, Z0REELERIATHARY, 72, ZORREEY
BRIZL T avYOFREERE THE0E 50 bbb o TRV, Likds T, FREENE LR
HELTE LHONMFH SRR T2 HEEHIFT2Z o1, BETREEERETHS ).

L3Iz, B POETESh—HOMETiE, FEERHDIEWRD TWBRAFOELARTIE, Bedho
DTRUNTRER EMEE, TORNEHRESLATSZLICE Y T CNBEEND T3, AXER
BOBETE, FBE LR TREERNDFORBBEREL o et WIHIBRENEN LN, THOZ b,
EEREL D ORERNFNRES LEL L TINBRERRL R-TnaeELLNS,

< VTRV o5 L, ~#%,3 (Leaf-bundle, needle-bundle) nEH A5 ERIE3O 3
BLIEL®, REESST THBRLFERIC2 500, AFLRABRICHEIR X - TERShIRERE &
LEE LTHIAT 2 L RATRETH B,

bbb, NEADES LARTETDo/c, BATRFHE®DIZL > THOSIER, 0L SILITFE
BERTWROANZAEFER LD, FRETLFOHTHTL0RD2L, BAROERH 3 FU LN
BRI ZNEDA I RBE T FEMTERD 0Tz, LN T, NI AFVEEEIBZLNEDY
THEETHDLEZ DN TH B,

P. radiata L P. strobus TH Z AOREREMESH TS, JACOBS® BEBENI LAN I £<
W B AN EARF U DONTIFET B LEZ ARV LR, THIMANN & DELISLE'® [ZFIR L THIENRH
VRPN T, EENRIILIZRVWERITNS,
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#E, FLZ5CEHUORBRIFEETSH, H)5®, REINES 5%, MERGEN 52, RUDOLPH
53, HOFFMANN DE C. 5!2 3 XU KUMMEROW2D222Z F D ~NF b DRREREL R TV 3,

EZFEBEEEE > TRBIREETH -2 12FE0 7 v eV RHAL LT “FHL A F9 2{ED,
THEELATSZ LI X D EBORRER 2 B2 ZOREPD “FHLAZ S 3EHEKL D
LERAVENEEZ DR,

TNXILTEFENELAT Plate 2: COL I RENBLALNT, NFAFVIZLEHNTH
BRI b, '

MR L Bk

BREOHEVICENLOX, 7evY0RARBRAALIEP T, BENRSELOBRF LS
(O BEDRIREHREENBD VICHET A HEE AV, EHTHEFR MV LTL, MFEECHE
L7en & ROEHE EOBIREFELER SN T, 1FRORENB10~50FRED “FHL AF A" 2LBZ L
BTE, SLELLTHEATINOIRBELEZ LN, BEFNABEIACL~2cm KAV LN TH -
720

BEY 0FEL, 20 “FHLA A7 2EHEOTHTHVERY (Plate 2: A), YIHZKTES ¥,
7RbIC IBA VIR EIT R olc, T OMEIEAIZ IBA 10mg KL THAN I/ 1g 2 ABTT -
TRAELLLDTH S,

HBEE LT, YIARENVIMESTF L NERIT T,

SO REFEH LERENFRELOH L BRI At A, SL2JAIX3A4BT, RE
AT AENTITARY, RUMNE1 B 1EY s v Tk L. BRWZET, BAS S 22 BB LH
KR Yz BEFTEBATHEEB W,

ERFER
FARREL 8 H4H, SLOJHS»HABICITR > Tc. BERERIT Table 8 TiRLIX 9T, IBA #

Table 8. IBA Z/NWJZHEIC LB 12F4E7n=yn “FEHLAAFZ V)%*E
Rooting of pre-developed leaf-bundles of 12-year-old Pinus thunbergii
treated with IBA-talc

S ™ AERRFEEL
o+l m om |slou| BREE ) 5o x| FEREX €3
il f A ) | Number of (% Number of Avebrage ¢
S;lg d‘gr Treatment | Number of rooted Rooting adventitious alnl'llg:nteif'o%s
l cuttings cuttings percentage roots I'OOtSl
IBA #nv7
# & + | IBA-talc 13 7 54 15 2.1
Red soil | % J:244
Talc control 13 0 0 0 0
3 IBA #nv7
B8 ) 1BA-talc 13 1 8 2 2.0
Kam}ma .
soil Talc control '13 0 0 0 0

*1 Plate 2: A BB, 2ADHENEICEREF2FE- T3,
x2 [FLE B &K,
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NIMRORPFHBE L Y SRRV BIF THoTco £, KEE L TRFELOFBERLI I LRP -
7o - S

MYMON- S LEIZ Plate 2: B IKROGNB L 5% BIRKILTH 72, MWL IBIILLRER e —
LADBERBLICHHE L7228, EERICTH -T2, £, ZOHOBRLIEATS - 2,

£ =5

IR 12FED I n=Yh, “FHLAZY 2EATHZLICE Y BRESEERL D DELSAR
319 Ths, £z, 1ENHEAPLERENS LIEE I 37201, BEOT AV YRTE, &L
LEVINEAFVOFPRREHRIZLIER-EFILTNHEL, WEETONIAFVORRE “H
HULAZA” THZE, BADEON R - cRERBRTESTHA I, BB, THIYO “FHL,
A" DELARF, 7r=Y XY bREFABRETLINI Z TR0,

3-2. ASXVHFEHOBBRE*EERNEORFENAT ZHE
FLwic

2.2 IZBVWT, HF7ZYNSLAE3~5ecm BENENS LEOFRERLLTWI LEREL:,
SLENENE, BNSLEX Y, EUIAOKROEAR T Al olc, ZOTLNENE LED, 3
BLOTWEREZLZTRVORE ) TS DICERL, 2, 3, 4 &FELETLL,

YERIHEBS LIBT3 SN TRLDEAREA TN bIFTH B0, ZORHRETHY, B
DEDY ZBRLKICPT TRETLTLEI AT, KROBHRIEAKDY ZH5THS, L2L, 7
TYOENATHERIMFCHELZ A TWS b 0ik, 8 ATA»S 9 A FAK»T T=HouiffRER L
i8> TH Y, MEPORKLMEFIKE ERFCR—APSRIT 2 LA TE 5, ZORHNLFK
BEOKD LT ESRATH I, TEHRALLTARIBEL 2oTHY, 1ARDYFRIZONTAHT
b, BRI L THL CIIRBANBECKERENHAON, TNX IR ENLEOBBMELBRIL D
BREFAD DRI DTINRVHMETLS D, BHd s THE TERICAEL TV RS Tk &
A+3X0i%, BIEERNChR-oTnBEEL bR,

(2 8 1]
Rk Jik

HEARBRFEREMCD > 76 FAED T <Y (BHEE) OBENEKEE,» S, 30cm+ 5cmBENES
DYEREROH L THE L L,

G- 7ok S 7Y OKOFIZBRE L THEY, BREOF~HFLRAATREN IV VONTHEEYEL
' Tet, & LBEICKH BRI & TR b7t -
Tzo & Lk o IoffiARSE% 20°C, 7,500 V7 A, B
RREE0%, KINREEA8% D ANTRKRE~AN, 5
DFHPSRE~NEREARTE 2 X i, Kt
Uik m 0B1E,8y hOH~Z ofhk RE LT,

ZNERTIE Fig. 8 wEHiL, HELSDH5
L, FTRBEFHROMD o It L ic 3T T, H’

Fig. 8. #7 <Y S LE0EF
Preparation of green twig cuttings
of larch and their denotations. WHAS 3ecmE TEM G, £/ H t 4T, Fh

* FREL WO ERIE, T TIREDOHEBSE’ETT S ERBICAMLL TEHE > T 2 LIRERALE,
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Table 9. MARENE 72 2BENH T vV UEHE S LALIZL EDRIRSNE
Rooting ratio of four kinds of larch cuttings, hard (St;-Stg)
and green (Gt;-Gtz) (See Fig. 8)

kLo | LEOBEEGD ; TR GF) | ERTEER ()

& LAEOTEER Rate of heightp 3R *E (% Number of -Average number
Kind of growth of Rooting adventitious of adventitious
cuttings cuttings (times) percentage roots ) roots

8 t (Gt ‘ 2.1 50 99 5.0

fi t2 (Gt2) 1.0 58 53 2.3

3# t (Str) 1.0 30 40 3.3

3F t2 (St2) 1.0 c o 0

XLEK: R—IF .54}
" Medium : Vermiculite
IL2F: 8H23H 1X : 404
Date of planting : August, 23. Number of cuttings per plot : 40
WYLVA:12A23H

Date of pulling out for examination : December, 23.

BOTE3cm B t2 EEHF t LAMT 2, LiehoT, t: OBEO FMOEIM I ORER» S 6 cm
Tiedzsd, 8 ATARMRFOBICOWTHARZ L A TIE, RRMOEIFHA & TR LR B
hTsY, o b b2l REThdoTn,

SLOTOESF, 1.5cme Liz, 28, SLOJAIX8A2ATH -7z,

LR
Table 9 IZ/RL7cX S ICREPORE, i 1 13E LAEFTH LHTo31F, 12 A TAOE Y ERY Bz
F#6.3cm LY, MEEZSLOFRED 2 IEICELT, Mty Ft, FtldEo2{MELAY-
726
RRE T 2, Mo, FFt, FooOECRETH -7, it Lt LOMOERNE S FRR
BIEERIL Th olc, THRESTROBBANRL, KRERTTATWIIHE & R3F ¢ IRBREIVNE
<o EXIZH o TREMLICLOB 2d o7 (2 REOKER, Mt 0BRBIEIF 1 0RREL VLD
EOPIERFTH o7 VE B BRE2%), ZOZLHE, HEHFRLIDTVWE SATHBEN
BROBEOEMEL WA L b, KMEBTTATLE I LALL TW AV L Y BRI TE B L)
TENTEXD,
RERBEHBLCHDL, it i3l XYV %o (CRECLVERRL % THEE), $13F
tr b3 2 LY FRENEL, M 2 133 ¢ TV BBRENS -7 (tREC L VERR0.1%THE).
Zhoik, BAKRIELIGHIDORRENNEL 2> TWB I L ERLTWSD, RBFROIKILL Plate 3 :
A, B, C TELT,
(= 8 2
R Fik
KR1EVDPLB LI, A—RKETIZHZAIRREEZNT, F—0HEEHEWER2 27272,
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BiDFEERE Bie 5 M0%, Mt M o ozl
ts FELAKLZZLTHD, M ts 1X Fig 9 TR
EREOH te DT 3cm DA TH B,

Fi, ZTOERTIRM te LAMIBELEILD
F7z, 2hd Fig 9 TRLAD XD IMRFORK
BOBERERER LS L I3 mm g D EHE
5> TET, FHolcBEMiBo 3 em & & LERICSL
TbDTHD, SLOTIXIA6HTH -7

ERFER

Table 10 2R L7k 51T, Bt oML 12 A
THOWMYBY BETIZ L.9fEE R oA, H tes f ts, M tc XE T MRLEDP T,

BRBEOG - L L EP -0 1 T te>t>t OIEIIEL R o To Tz (F RENEREREL %
THE), RELIEAL T BHATRERENET T 2EAB AW, Eie, M te XD ICFEER
LBZLFENEREZ BB Lic, LL, il te ORI 2 X VIXBPICRIFTH - b, RS
OEE b b THORIRMIRBENBE N VI LRNTE S,

AREBEIZOWTH TS, Table 10 DX H I t > te>l t:>H ts DIECREBERBO T2 L4
bhol (tRENKEEEREL X THER.,

RBMH te DFEARRDLIT Plate 3: D TiRLT,

Fig. 9 #7<Y&LEnES
Preparation of green twig cuttings of

larch and their denotations.

Table 10. FRBENRAR -7ch T <Y YEHN & LAL FiR
Rooting ratio of four kinds of cuttings (See Fig. 9)

3 S LEMREWD = TEARBE () | TEREFH ()

& LBHEER Rate of heightn %R E (%) Number of Average number
Kind of growth of Rooting adventitious of adventitious
cuttings cuttings (times) percentage roots roots

fir t1 (Gto) 1.9 93 455 12.3

fi t2 (Gt2) 1.0 55 60 2.7

f# ts (Gta) 1.0 5 3 1.5

fi te (Gte) 1.0 83 143 4.3

(X &% 3]

WL ik

ZNERIFHATITR 2D N TH B,

ARSI FFERGET 2 AN, KREXRRBBEEMON S <Y SEHOM t - # t2 - te (F3cm)
ZOATHEML, MAPRER OKDTELDF, BKZI1I~2BIC1IEBTERBNMILAE» T,

KERFER

FE5 A I3 AOHMYEY R %E Table 11 TRLTZ,
BERBIZOWTIEM 6 3 & X VIFEFITEL (¢ REVRERAERE0.1% THR), /. Mt b
it VEP ol (2 RENDERBRE2%THEE),
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Table 11.

RBENRR T T <Y BERHN S LATIR

Rooting ratio of three kinds of larch cuttings

S LR

Kind of cuttings

¥ R X (%

Rooting percentage

RERBE @D

Number of
adventitious roots

REREEE (3

Average number of
adventitious roots

i t: (Gty)
fii ta (Gt2)
ﬁa te (Gtc)

83
8
30

345
18
77

10.5
6.0

6.4

TEROEE LARTHD LM 6> 1>t DRI 2 Bole (tRENKERM 6 Lt L0
FIfEREK 0.1% T, 1 t1 L1 te ORIZERES % T,  te Ll to LOMIIERE2 % TEETD
-72),

SF VEORIMEOH BIFICTRIE, KEL TV B FHIZBIRED B 72,

(= & 4
T OREBRNEM

WEETOERT, BEFEREEERISATORWVERPORNEERBEER T L&, #7<VE
LSBT ICRE T - 7o, BEPOYERT TR L ABLRETL TL 38, RAeHMBIIFREK
TREZLTEY, 1L 0BETRAMELTWS LS RIZBbhARY, Likdi- T, NEROFEALE
HESNREARBIOBED T RWHEOFREWL IR T bhic, LIL, ERCENEFKREMD
HITIE, HBILFENICARLOETIREZRAET 22 L0, HEBRENCHEROFEELBE T LANE
Thb, TITINERTIE, 7uuZ vy - HBEC L 5REFGC L ) ERPRROAMNORE
&M, EORGMBOEF 0 OEREL, OB 5 HEROBEORE L IOV TREL .

FHERE 5

HEREE H BRI CRE LI 34D 7~V b, 30cm* 5 cmBENE S THERETOYFEHEE
BATERMEE L, RIS A4 BT, HEAS lem T LICHIEFEIA2EY, 7ru v .
WBEIc L Y KM BERIEE Ric, 5%nT7ea vy v T va—VEREYF EICET LoD
BERMEET L, 110 HELL LS LHREANKIEE B Lz, SIS MemdEEED b D2k
&L, FFCEIR EMESERE B L.

EBRFER

Table 12 (TR L7cX iz, #730cm NDEE DYERL TRRAMBMOARLIITER2S 2~6cm (T
3.6cm) DAEHLHEY, BEOAMEEEZAL IRLLBLATNE I E¥bhol,

ZOEBRTHRESNEGNRIENO TR TRAEARTS - 2%, BOLITRERZY 7= nHfaE
~DLERFTL Rnied s, TLRIBFAER L

HERORZENRER, ER1, 2, 3RV THEASARL S RHBRTOREO SRS 1em, 3
cm, 6cm, 9cmiZBIIBHWHENEEL, KRl Tfﬁﬁﬁéh?‘:é}ﬁ"%tl” DFEEPS 1em, 3em
ZRI AW ENEE TIE- &Y LRl

¥ FHEROBKICOWTRS L, Plate 4: A (1ecm) TR#EEROFEENTHTRL, MWL T
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Plate 1
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Explanation of plates

<Y & LFEORE L BIRRDL (Table 6 ),

Length and root development of larch cuttings.

A:

B:

C

Plate 2
VA
Veg
A

B:

C:

Plate 3
B

10cm BE—F X TRFEIR, FisE.
Cuttings, 10cm long——100% failure in rooting, no survival.
5cm FE 60% DIFR LIz,

Cuttings, 5cm long——60% rooting ratio.

[ EOKRFER, FEIEAE,

Cuttings, 5cm long——non-rooted and dead.

T YDFEHLN AT ADI LK,

etative propagation using pre-developed leef-bundles of Japanese black pine.
7w =Y OEFRFE (X LARERD.

A pre-developed leaf-bundle, just before planting.

Lo 5 » A B ORIRKIL,

Condition of root development, 5 months after planting.

E LRI BB LT 14FB ORERE,

Condition of growth, a year after transplanting from cutting bed to nursery bed.

Y DFRFEE L,

Green-twig planting of larch cutting.

A

Plate 4
h7
Deg
A

B

BEOEFEM3cm (Gt) 222 -728E, SLENMEREBIVERXEDLO TREFTHS,
A rooted cutting, the 3cm long top portion (Gty) of the green twig. Elongation growth

of shoot and root development very vigorous.

RAEDT TS (Gte) o0 oA, FHRITDHEIVRL ARV,

A rooted cutting, the 3cm long portion just below the above, Gt:. Root development

poor.

P ELOWUBIZ T TIRAENT I, KLOHEST L T I ORI (St). FHRizbx v BL

/AN
A rooted cutting, the top 3cm long portion of a twig, Sti, with buds already formed

and lignification advanced. Root development poor.

REFOREOBREREDERL 5 HBA (Gte), FRIZBEEANL DL VEN,

A rooted cutting, excised distal portion of green (new) shoot, Gte. Rooting not so

vigorous as in case of A.

< VRO LES,
ree of ligx}ification of green twigs of larch.
TEM X Y 1 cm TEOMEEE,

Cross section at 1cm from the shoot apex.

Al 3 cm TORWTH,
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That at 3cm from the shoot apex.

C : [A 6 cm T oREHE.
That at 6 cm from the shoot apex.

D : [f 9 cm FOREMIE.
B, C, DETFHAWKIZLIH > THEROFEENE L, W2 ERMEnEEN T 7
> T3,
That at 9cm from the shoot apex.
It is shown that the lower the section, the more advanced the development of vascular
bundle, meaning that the degree of lignification is also more advanced.

E : XFHBBEORIIHH S 1 cm OIS OMME, HRPOEOHLUES, THROLEEAIDD
AMEDEENRTTATNS,
Cross section at 1cm from the top of a twig on which winter buds have already been
formed. The degree of lignification is higher than that at the corresponding portion of
a green twig as shown in Photo. A.

F: AL 3cm nBHOHEWIE, FEBI Y LAEETTATWBEZ Ldbh 5,
Cross section at 3cm from the top of the same twig. More advanced lignification than
that in Photo. B is shown.

Basic Studies on the Formation of Adventitious Roots
in the Cuttings of the Species, mainly Pinus and Larix,

that have Difficulty in Rooting

I. Studies on the internal conditions of cuttings

in the formation of adventitious roots

Hirotaka ISIKAWA

(Résumé)
1. Influence of age of ortets upon rooting
1-1. Influence upon the rooting of the age of pine ortets
Cuttings from 4-month-old seedlings and 10-month-old seedlings were tested (Fig. 1, 2,

3). Rooting of cuttings from the 4-month-old stock occurred much faster than 10-month-old
seedlings.

1-2. Influence upon the rooting of the age larch ortets

Rooting of larch cuttings from an older stock was more difficult than those from a younger

stock (Table 3).

2. Influence of the size of cuttings upon the rooting
2-1. Rooting capacity by the size of red pine and black pine cuttings
For the rooting of the short-sized cuttings plenty of watering was usually necessary. Poor

watering killed the short-sized cuttings. Shorter cuttings were usually more successful in rooting

than longer cuttings under suitable humidity (Fig. 5 and 6).
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2-2. Rooting capacity by the size of larch cuttings.

Short-sized cuttings, 5cm long, showed better rooting than 10 cm long cuttings (Table 6,
7 and Plate 1: A, B, C). It was presumed from this result that advanced lignification made
the rooting of cuttings difficult. Experiments on the relation between the degree of lignification

and rooting of larch cuttings are described in 3-2.
3. Some new attempts for successful rooting from cuttings

3-1. A new leaf-bundle cutting method in black pine

The propagation methods using leaf-bundle cuttings have been studied by several workers.
The rooted leaf-bundles prepared by these workers were transplanted to flower pots or nursery
beds for further observation. But unfortunately, rooted leaf-bundles did not develop their
latent buds easily, consequently they were unable to produce normal plants from their leaf-
bundle cuttings in a high ratio.

In general, only in rare cases did latent buds of rooted leaf-bundles grow up under the
natural conditions.

It follows therefore, that it is necessary to discover a new method for bud formation. For
this purpose, pre-developed leaf-bundles made by trimming new growth leaders were used for
cuttings material, and these rooted leaf-bundles grew into normal plants. Furthermore, treatment
with a plant growth hormone had a promoting effect on rooting (Table 8 and Plate 2: B).

3-2. An improvement in larch propagation with new shoots

Tips of new young shoots, 3cm long cuttings, shown as Gt: in Fig. 8, rooted better than
cuttings of the same length Sti, each with a dormant terminal bud, collected from the same
tree on the same day as the former (Fig. 8 and Table 9).

Furthermore, it was found that the upper parts of the shoots, Gti, showed better rooting
than the lower parts Gtz or Gts (Fig. 9 and Table 10).

Trimming off the growing terminal buds of the new shoots gave rise to a slight lowering
in the rooting percentage (Fig. 9 and Table 10, 11).

The cuttings with dormant terminal buds on their tips always showed a higher degree of
lignification than the cuttings with growing shoot apex, and cuttings taken from the lower parts
of shoots naturally showed more advanced lignification.

As to the root formation, more lignified cuttings showed lower rooting percentage.

Consequently, it is concluded from these results that immature green cuttings of larch have

stronger rooting capacity than mature lignified cuttings.
4. Seasonal variation in the natural rooting capacity of cuttings

It is well known that spring and autumn seasons are, in general, the best time for Pinus
propagation by cuttings.

However, in the case of this experiment, Pinus cuttings in March and July showed good
rooting, and in September showed no rooting.

In this connection it is presumed that cuttings in winter will show no good result under
outdoor conditions.

Cuttings, actually, show their true natural rooting capacity to the highest extent under the
most suitable conditions, so the next experiments were carried out in the well-conditioned beds.

In less suitable seasons for rooting, young pine cuttings collected from the nursery bed in
June and November showed good rooting percentage in 40 days after planting in the bed in a
growth cabinet that was air-conditioned at 23°C, with humidity of 100 percent (Fig. 4) and
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illumination at 7,000 lux given for 12 hours each day.

In other experiments conducted in an outdoor bed, it was proved that propagation of pine
by cuttings was possible even in late July if the bed was mist-sprayed, and also at the end of
December if the bed was heated.

In the case of cuttings propagation of Larix, their rooting was found possible when twigs
with still unopened and hard buds were used at the beginning of April, and also when new
shoots were used at the end of July as well as at the beginning of September in an outdoor
bed even under the natural environment.

Under the more favourable conditions provided in a growth cabinet as above-mentioned the

rooting of Larix proved to be still better.
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