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Takakazu Suinzato : Effects of photoperiod and
temperature on the vegetative growth in pine

seedlings
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Summary

Pinus densiflora and Pinus thunbergii are naturally distributed
from Honshu to Kyushu in Japan, In Okinawa, however, it is
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observed that the planted seedlings of these species do not
grow well, This paper has tried to investigate a cause of
their poor in Okinawa by means of the examination obtained
through photoperiodic and temperature conditions.

The vegetative growth of first —year seedlings of pine spe-
cies becomes greater with longer photoperiod. The photoperiodic

responses are some what different in the growth between the

- first—year and more than second—year seedlings. It has been

reported that the photoperiodic treatment applied during the
elongating period of main shoot hardly affected the growth in
the second—year and older seedlings. However, the growth of
Pinus densiflora and Pinus thunbergii is contiuously poor in
Okinawa. In this paper the plants are therefore examined by
the second—year and older seedlings.

1. The day length during the vegetative growth period in
the northern hemisphere becomes longer as latitude increases
upward from the vernal equinox on, Therefore, the photoperiodic
treatment of vegetative growth of two pine species started from
the Vernal Equinox Day. The result reveals that some incre-
ase on the shoot growth arises by continuous illumination (seed-
lings grown under natural day-length and the supplement illu-
mination from sunset till sunrise). On the contrary, as to shoot
growth, it appears, there is no notable difference between three
treatments ; that is, seedlings grown under natural day —length,
seedlings grown under natural day-length and then the supple-
ment illumination in two hours after sunset, and other seed-
lings grown under natural day-—length and then the supplement
illumination in two hours before sunrise. It is assumed that
the seedlings completely begin to sprout before the vermnal
equinox and then the shoot has almost elongated before the
photoperiodic treatment starts,

2. The following became clear after the preliminary investigation
on vegetative growth of pine species., The time of the beginning
and cessation of the shoot growth is different between Okinawa
and Kyoto, which is equivalent to the central area of the di-
stributed range of Pinus densiflora and Pinus thunbergii. In Oki-
nawa the shoot had begun and stopped growing about two mo-
nths before in Kyoto. In Okinawa the shoot growth by day-—
length far less than 12 hours before vernal equinox starts, The
difference of day- length is about an hour and a half during
the vegetative growth period between Okinawa and Kyoto,
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Therefore, photoperiodic treatments are begun from the time
of the beginning of the shoot growth and the experimental
results between the two photoperiodic conditions are compared.
The seedlings only grow under natural day light from sunrise
to sunset (ND), Other seedlings grow under the same natural
day light and then supplement illumination after sunset for
two hours (LD). The LD treatment is under the condition
close to the vegetative growth period of these species in Kyoto,

3. The vegetative growth, especially the elongation of main
shoot and needles under ND treatment is remarkably less than
those organs under the LD treatment,

The above results abtained reveal the fact that apparently
the effect of photoperiodic treatment of the vegetative growth
is also recognized in the case of second—year seedlings, and
the growth of Pinus densiflora and Pinus thunbergis grown in
Okinawa is evidently suppressed by natural day—length which is
one of all environmental factors. But the photoperiodic treatment
has less effect on Pinus thunbergii than on Pinus densiflora.

4. The following year it 1is investigated under the same
conditions continuously on the effect of photoperiodic treatment
of third—year seedlings which have been used in previous exp-
eriment, The results show approximately the same as that
obtained from the second—year seedlings, These pine species
of poor growth in Okinawa are considered to be influenced by
short —day during growth period which repeat yearly the same
process,

5. The relationship of photoperidic effect on vegetative growth
of second-—year and older seedlings seems to be greatly influ-
ensed by warm conditions during the winter in Okinawa. The
seedlings are divided into two groups for experiments so that
the seedlings are thoroughly exposed to winter chilling and
the other seedlings are not, and then these seedlings respect-
ively are treated under photoperiodic conditions of previous
experiment,

6. The results are as follows, The chilled seedlings cause
their great growth and the normal pattern of vegetative growth
regardless of photoperiodic treatments. The unchilled seedlings
also cause . their great growth and the normal pattern of
vegetative growth under LD treatment (cf. 2) but do not cause
the normal pattern of vegetative growth under ND treatment

235
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(cf.2): the vegetative growth is remarkably less than other
three experimental groups.

7. 1t is assumed that the photoperiodic response of vege-
tative growth of the unchilled seedlings during winter dormancy
is great,

8. Larix leptolepis cause the continuous growth under long
day and the dormancy under short day. In this species, the
critical day-— length on the formation of winter bud is
recognized to change with temperature. The critical day -
length becomes longer as the temperature rises in the region
of 15°C~20°C.

9. The lammas shoot of Pinus densiflora is more formed
in Okinawa than in the natural range of this species, The
summer bud is flushed at a temperature above 20°C and with
a day- length of more than 12 hours. The extension growth
of main shoot has become longer with a day- length of more
than 14 hours.

10. It is concluded from the experiment described above
that Pinus densiflora and Pinus thunbergii do not grow well in
Okinawa, because of the unchilling during winter dormancy
and of the effect of short day among growth period and of
the relative short day of the time, when lammas shoot is
flushed ; their growth is suppressed by the interaction of
these factors, which are repeated every year.
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SELBA®BL LY 3,

Xoi, BERAFILE EHE, PRAXKZBHERCIARTAYE, BBEYHEBLL, HAROHEK, &
FICEE LR A B EHBIEEABRE OBB HE W20 12, BERLERE TR THERKERRE K
ELE—RICHEEE R > T 0, EFELAAED, REAEBEBNERTHKRAOHE
HEN N ATV HRBEERBZBORNBERLEbDTH 5, T 5D 2 OEEFEICT LE
CRF LI,

KDIC, BMAZOWE~DOELS, LATHELTTI -1 BEOBEREAFNEEELEHE,
ARTEMERTILEEBKESERERRMEEICELORREHL LT 5,

Bl BRARTTEEITSTIYROLEREH

R ICKRAET 22 VB, A FFEBLE, BRREBICAEETEY av+29<Y (Pinus
luchuensis Mayr) 1@’6‘2668'20)0

BB L HTHICH 2 ERERBRBEHBLUABRKC-YBEELERLT, 204EBREETL>TW
ZREBRDDE B, ZOKFIERIBEHEmOEHMICITIHL T, THOoBEENHE BEL, #LD
L TH 2, COMSICEBTLTNBT A=Y (P. densifliora S.et 2.), 7a=v (P
thunbergii Parlatore), 7— 4% <> (P.taeda L.), 27 =2=Y (P, elliotii Engelm.),
2497 vTH<Y (P.massoniana Lamb.) DOEEE% ) av+avey & il b’Cv’S&éc‘:um'gS),
% 24 (3~444) TEBBHON, HBRY 2av+ 297 7439emiTH L, TH< Y 266cm,
s7u=v222cm, SERBIKKEET A=Y, 7ueVOEERRELIBAL, RERBRY av+av
2 DOWICHZELE WV, IEMORESEERIZ, V)V 2v+ 29+ Y448cm, R 7 v ¥ 2a<V449cn, %
A7y TH=v469cnm, T—&<=v424cm, TH=Y, 2a=wy 160cnT, TH=Y, /oY OERIE
BICRBTH 2. CORBRDIHADBORRTHEM, TENTHOARTFyvawV, FA7VThTY,
F— 2=y DIMEMICB Y 3ELEBELEERD2~50cniC~RT, TA=Y, 79V REDOHYT
» %,

SO RS REER B0 2 rnoER HRROT A=Y, 7 oeYDBI0EER) OMED S

BLEEEYMESEER (H20) THBELTASE, Table 1icFd £S5 Bt BVTY a9 F 2

Table 1. Mean annual stem growth for 20 years at each
regions (cm)

T Region Mid. and south Inland sea Inland sea Na

. , b gano .
Secies Okinawa  Fukuoka Hiroshima Chugoku Shikoku Kinki Niigata Twaki Twate
Pinus luchuensis 49
Pinus densifiora 16 41 57—-47-36 62-52—-42 48-383-29 60—51-41 60—-52-44 68-47-37 52-42-34
Pinus thunbergis 16 39

Annual stem growth is the average of total growth for 20 years in each
regions and for 10 years in Okinawa. Pinus densifiora arrange the stem growth
in order of site quality (high—medium-low). Total stem growth is quoted
from yield tablew, Yamamorim), Uechigs), Katayama-lshiiw.

vV REHMBOT H= Y ORAFLIETH B, TH=Y, 7a=VRRAMNTOL LW TIET ¥
T,

FEoRBHRICEL T, RECMBENEORBELICHERINLT =Y, 702 Undb b, COKS
IR R L OB E N EASNZDT, TNEBRRALHNEEDLNZY 29 F 292y DKRS
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Fig. 2. Shoot and needle growth of
7—-year—old trees of Pinus
luchuensis in the open.
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< YBOXHMOMERRIZ IMCANEIN D, ) avravevnkdic ] ABEMMEIC | KA

K ZHORBGHET, cOBICRTH=Y, 7a<y, A7 ThA-YRETh 3, 1 £EBHEEC
flushZ#OBEBLIE NS 2~5EEE D 2bDRBHRETH 20, TDHIBRAF vy Va"ey, 74
2 VDA NHBBNRLBDET L=V BELTV B, §5—D2DbDII/ v 7 2=V (P. banksiana
Lamb.) ok5ic, BHB LR 1 AFTHMIC 1 BHBET 210 TH 20, Fohitd TRBHOE %
bLEHEULBBNHD, NV IR YHREIATHE,

IR L7c&Sic, MBIRE T 2T H=Y, 7a-Y04BIREODTRETH 5. BHHOHELR
ZRTINSDZYREIZ, VavFaveViALIIREEEFOREOREVKHICESHMELKIE
T3, =5, BRICRAEBICRIEL TRAFERBENLD, E20VEBRMICED LN B EVHIBERER
U, MEAEOKESBEICHE XEINTHE6005 31, BON-YHoLERNEAELD
BREBCNSOBMEELERBRE b DDL I KEDN S,

Th=Y, 7a=Y R U BHEOBERRLED2F4 7 v T A=V, HELZIZRBEICHH
L, VavFaveviEULOIBEERR, BHEEERARL.

—HEMBTHET 4=V, A7 v ¥ a2V BARORBRKICENTY 2% a9 =Y &i2iZRU
BMEEESRLUT, LE28°LIICAHT AT 4=y, ZF7 v ¥ a<wy BHBICHENTHIE D BIFIC
HEBFLTHWEDR, TH=Y, 7a°YBARAREOIKLTEEBTREBETH 3, COT ENBHH
EVHBERK N, BHNICHNTHERMNEVZ LB EEBERLTVL AL LK, SHE
BREEDOESHKBICHELIRKILEEZEVRETIDOTH 205, £EOBHBPRILEIRNT 2 B ER G
HMLERBBITELETRTEEDEEZ N B,

BEF—F=vDkHic 1 FERIMAED flushd 2bDi3, £DOEBIZ—BIKEL DAL IEE,

37 RO 1L B IR > TIETF 3 &1 5 10

BIK 7Hh7Y, /A7 YDORBREERBCELITHEYDR

BB L& dicii@uhiciisdkans7h=y, 70=v0ERR, ARED=YR) av+av=
VICHBLTE LS RBTH o1z, COETR, ThHTY, 7a=YDERKBIITEENHR, &<
CHAYREZ LB, MATREEDEE~NDEEBIL DV TERETE o7

WAOTHMESE BEEOBRIR, TTEEL OFfbsp p ZEZBTRBID _ g nemedis s
KON TFEBELE AT I EBAONT NS, 1 BAPOER TR SRR E/-I®AEATLR
HAE5Z, T0HENTHOAERHNCI O TARBRIT IR ENRTBETHRT I EHNB L, 2D
EOBERFHEFOTTT H=vOoMEERI, UKHMAROEBEEXR TRAMBETRT EVIHEND 3
0D, £ & TRERE Lk HIC 1454 DE OB E SRR E L, BRABISVWTRIMEOEREE
ZEAEL, ChEEEL L TATRETHETZC EICL>TEAZRBE L. COLINREH/TT
TA=Y, 7uvyORBEREAESHRICTOOLTHREIILE,

1. BHBOETHAPBICELIZTEREOESE

EERCEOTERPOERBERILACHOS RONTRAMT 305, £20RNIESLIE, 3712
LEIRBMUEOBERRH T TR > T 32 LRI 3, ED-DAERTREITHITHALT2E
FLIED BEIMREH 1.

1) ERHHEHE

MHERRETHEEIN LT A=Y 1 4B TH S, %1973 £10820RICHE L SHBICED,
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BN EREEMHIOER T A EITHTH Lo XFIZI100WF Y ar#itBI L7 5 v 7%
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MEXXT2EBO flushiss onz0id, COBBOBEENEBYRERL, EFOKIRREICS 5
A1 DT IR Eick 3% Loz 38, —HEHERK T 2EEO flush b8, (HEE
WAL tp - 1e 0 BHELATEH20EEM B B 0 B ERHRNE 'Y, 18RMERL D HERNDEL B 2H
35 3P0 S HENBZ, UL, AEBRTRIDCLEKELILE > TV, 2EB® flush
(LA¥) KBAFRT 2R EOEEBIC ST, ERARKIIMO IHRX EPONICED EVIREREZ/
5, 2ORABBBESHTEL, BREEET 20

1082080 ERAER L2 REHERD 3 RREOBERKCHSHUERBD ST >7ce T
7=y B DL B A U T\ 5 BRI B IC 12 2 AN L C RIS LY, Pinus  sylvestris L.



242
W AZBEHRERRE 315 (1984)

THAL XS C EpRED SR TY 2%, 2R RIMEK 2 Bt & B &R OMIBRAIE & 5 K Ik
RIS U T B70, HMEBICENS SONLEH o1& EZL oMb, THAERIZENCH RNEZHH
BLTV3E, COBAT, TWMMBERTTRETY, 1EEO flushpsikih T, 4 A TRICERKIE
T2ICHRAER THI2BEL LOBENS 3, #-TL2EBRXICBVWTI2RMELI Lo BREHTT
DERRBICH B0 <Y BOAT CHEL 5 X IZTRA B2~ UBECS 270 >, gra
EX & 2BMBEXETIE, THEHEERCHOHEERROATINLVILZTAITFRTEELLETH
596

ThH=Y, 7Y ORRAHORIHRICH ZRHL, MROEEICET 2 BREIRSHL TH %o
NI TOMELEE,L LT 2L, 2~3HHLUELOBRZRFHMHRICEEELEZ 2L THA,
BAENHFNEEDEY, £ECREBES SOTHLEIDLEND CLIBEMTH S, LLOHEETR
FIEE 6 BICRFBMOBELEEARIEL TV A3DOREETH 295, 2DO0HBRICET2EIPSLEED
BOAEZERIZEABEZDLESLDE 2LBRTTH 5,

TR IC, BEHOHD S BRBEBOFEHEICIE UTHIC 2R EOATHNETIE -1
P, HARBEXE2HMALK & TEMHERBICHOHLBERRDSNL D ofce TDTLEDLIHFREIC
B BT Ay, 7avyOEBRBICEET 2 AEHRI, RRSAHERLDGROIDHICHFNSE
(33 s, TOBHOEARBEEZRICONBINENESBOTEETRRLTV 5,

2. RBPLHMICKITZBR, BERLLERMKGE

HIM O ED» Lo TIk, FMEME (BB To~YBOAREMEY, MERE L AR LUVE
BF&ELOBFRITHOVWTRIRT 2z iU,

TTRITOERSM D O HRARUH T TOLEBRELZBET 5L, 74~ Y ORRIHMIRICI8RH L
FTOHERBOVDOTEAREDOHH D SBERNEMEBRME TR V. ALRBOMKEHIRCNETOR
AEoHE» S, —MiC BER% (HREROBEEZRAT 2 E0BB0. MM OV TRRICHL 505
HEOBRRBEZCCTIIER, BRARICAERE» S 2HUATRATHALLTREE L, £REAK
ook E TOERE ARRBICDVTRE TS EiICL T,

1974 £128 118, AHBTHHI W T H=Y, 7o0-Y0 1 F4£H (1914 FHEE&D20) 2LV
K¢, B1975 E£0HEMERBAERD 21D FHRERETIE > 7

1975 £ 1 5 TAHEL» S BEESEBLED 70T, 1 ABE»5BRMELHEHB L. TOKE, B
RKREEX (GH) LHRABERICER 2EMATHX LK (BA) &TR, FT@HOMBRRBICENRED S
L, BREEX THERBSDE L, EEMRERT CEBBEIN/

THbL, ThH=Y, 702V ORRMHOIRIPREPLI ZEHBHHICE T 2 €h 5 OEREEHEH
23ATAETHD, SAPHEEI TRACHELARET 20, ATACRBREESETL, 6 AR4IC
BEBEAESKIET 2D —F, BERFICET 3T A<y, 70wy OLEEMBEERERNS,
JavFav=eVoBAlRERALLSIC, 1975 £E TR 1A THAT, 3AFEETRAKCHKHEL,
48 LARBEZOMEL RS FIZKIET 5, REHA & PEHE TR, <V OERBSH & AREHICK
2DADTNNHELHITH S,

DT LRHMEDERICODVTHEKT, RSB RITE#HOMRERNIZIIKOLT 35/ TH
EpOHEOEENKBTD, 8ANDETHL, @R 3 A Ta»OHEZD, 6 B LT THRL K
3THBo - THEHFREATH ALV IFHOBRLEHECERBERBIN 2LARIETLTVSL
LTS B,

Figaitird k5L, shenEEBEEHIcH 308 BT ©1 A T @HRO) LR MO
3HATH @B I 2HREBEEIN 1ML T, MEOANEL, CORBORETOFY
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FE =wvBoLRE, BREKBOEE

KR, FMTT A=Y, 2uvVBBA
CEEYT 54 A TH~5A LaoFERE
LiziBE L Ebh b, TROLHE
RBERICH~4EESR BB L, BAKRE
T 50T, £DEERMGOBR BENE
{133, THoMERMTORER,
T11~128509304 , HERTI12~14Ff305>
PLICTE B0 _
ZokHmpiickd 2ERBOARE
ED@WC &, ThH=Y, 7uvVDiE
EMFICEBEELBIILTVAT & HEE
EROoHEEINLLS, I SITHEER
AT BT LT L,

3. 1EEEHORREBRICEKIR
TEHRHR

151 30°
o——0 Temperature

Day length / ..:
/P

Day length (hours)
S
T
z.
N
i~
8
Temperature )

® @

9 H : PR W S W

. 1 al 'l A H i 1 i
Dec Jan Feb Mar Apr May Jun Jul) Aug Sept Oct Nov Dec
Month Day

Fig. 4. Seasonal change of natural day-
length and monthly mean temp-
erature in Kyoto and Naha (Oki-
nawa) (be based on a chronological
table of science, 1978)

B TR LT, RBEMBREITT =Y, 70 YOLARBMBHICH 2 A0RVSHD, £
OB S TORAEEIZ | B30I TH 20 RERRKRAGHEOBRAREICGETH 2.0, HEOHRA
BEIC2EBMEFIATIEBRETED, ThH=Y, 70 VOFBRERPEBERKC S L ZTHEL,
BOHRBETOEZN LML ERAHS, PRSI IAEBTAROFEAEZAS LI LLIELLSDT

»5
1) REBMHEEHE

Th=v, 7avyDl F4£E% 1975 F11A TEHKREBHL S L OHFHE, BRREIDES 160D
%N E2AcnD R PEKIC 2 KT DML D, BRAEBRM S TRRBH TS 3 MERAFRFHHESHE

BAROBFATB O,

BEMBRAARLLLS I, BREEKLE
HRBRICAEEDG S ATREICX > T 2 K4
LR BR ARG TIT L 1. HUROD
BERRBOEILHSHIKENTHREOD,
i3 RO | BRFID T8 o7 AL,
HE, RE, ASRORE, E4HOBEESR
AEIWMOHHEICHEL 1,

TN XML 1976 £2 A18RICE R
MEBEBHB L. THMOMELERIZ, BB
R29@EEico0T, £ERIZ 1AM LI,
HAERIEHZ2BMCEIKEEL . D
BEAERRABRX 10EE&L S 1§13 DR
AT ~2BMCERBEL. BFEOAER
DiREAERIEL:, REBERN4DLABD
1976 ££ 6 A158 1, RABRKH» 512K %
RBATEBEKE Fig. 50K5 KL, T8

3rd branches—-—-——*v . ] 3rd shoot
(

increment )
in summer
2nd branches —-——'\‘/ :

2nd shoot

( jncrement)
in spring

Ist branches — e
Fig. 5. Name of each part of second-year
seedling for investigation.

Ist shoot
rowth of
(greceding year)
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B, wEsER, SHIEN, SEE, SIUSHEOLEREE L.
2) HRLER
(1) F#E¢tEOARER
FEERBIAE 6 BB T TOTEHEHEDMERBIRFig. 6 0L> TH 1=, EXHEE L2 A18H

Pinus densiflora

. ]
Pinus thunbergit 0

110

ND
LD
ND
LD
%./% f

®
O

Needle growth (cm)

10

Shoot growth (cm)

............

Weekly shoot growth (cm)

2
.
(2]

Shoot and needle growth of second—
year seedlings of two pine species
under the different photoperiodic
treatments (mean of 29 seedlings)

Seedlings under . natural day
light only (ND), seedlings under
same natural day light and supplement
illumination after sunset for two
hours (LD).

o B4R A ERRTIZ 11859305, 6 A21H
(B%E) BoBA B B3 1365504, MXX
RENLZNOBRERICER 272078
HL7:bDTH b, M S5HSHIRLIIC,
ZDEBREBIELHVEONBED o,

FHomEAEIZ2 A LAEICKEE D,
MEEFEEBICBRERX WX E ORIC
HEESAONB L OIS, HMEEEDR
13i3kibd 3 3 B29R B, B RS
®IBABOTHOMERIZ, TH-VEHR
BEXT4.7cn, XX 79cn, 70~ H
MRBEXT3.8cm, #XX 6.7cnd 2D,
HREEX TOAEERBAERICHLELL
INE I oTc, BB DA THEEZTRIC
KiEL TV B b TR, KFEEBRL
EROEPLHIC 1 EBED flush £ T
B5HDRRFEOEEL TV EHD0E L0
3, L»lL, ZoHERIZODTHIEL,
MIERRRA % 1128 B0 6 A 4R omnBERK
OFXHMBERDER, THh=Y 34cen, 7
unwy 28cmTH-T, 3A20HKLIZL
AEBNIIED -,

Tabl 2,316 BU4BRKDT A=Y, 7
o=y QEEBHBEBI DOTHEMTOME
BAERU

FNIREBE, Th=y, 7u=ev iy
ARMEMICELVWEERESA N, B
M4aER (Fig.6) ORBELELTHD
mBEIC, EEOBRLBANRKHIZLA
TH~4 B AT TcOPMET, cDEED
BERBUEMBERDIILALLEE LD
3, E-TCOBPOBENT A=Y, 7
oevOE@MHBRICKE(EEL TS L
WoTENTHEA D, CDTELIBRERTI
b T MEEAHICET 2 BESROR
@ BSOELIB) o 3 FF L &S BERNERL
720

SOXIHERER, tOEEMBONBPREMOPIS 3 REnRET, HEBTHEEL - 4A
12013 TR BEXMICEBO BAONI. BIEEKT L6 A7 BEE, $#EORIRITH<YBR
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FE:<~VROERE, BRLGEOEER

BEXT57cn, XX 81lcm, 7 o
-V HRBEX T 45cm, WX 6.4
cmd130, EL KT HY TKRKEILE
WA LN,

Table 4, 5iC#ERILDNT, 4
BT ORERLc. £HiCkBE,
Th=Y, 7u=yed BENERIC
EZELOFRELBA LN,

¥/ Fig. 6 oo Rk DL, B
BOBICL 3TMOMELEDENIZ
SEPMICEEE L2 &L - TR
T otebDTIHNEL, HMEEEDEIC
KB3X5Th B, chitHLEDLE
iz, 5 AThEEERARRKICBNT
BRIE LTV B 03, FXX TiaRkk
L, MAEXEOERMBICS 205
3Lk9TH3, 3TRHLLERBERIR
FHOMEFEESHBHRR L D/NXL,
HEOERRBERE DA TIEL4EER
PRBEL -7

(2) ERCBIZTEER

MR TRICE G 2 1 BESDDE
HBEOKRK X XY EELEXBICR
3 & Table6DEEBH TH -1,

AERSEHCHEOMEARICESR
ERIETEOKC, *OERBEERIC
HbREBEONA OGN, BREEKIZ
BRI ~EROEERB DD -
feo B1HMIOF#WERR, AENET
LHIDFEDORX TH 2 6 NEERITE
B, HEERIIBERAEXK M
K& D#PNELIE B 08, BHNED
feb HRAEMOZED ThBERE IR
T8 -tz SHEERIT A BRI &
AEZRIE P o120 TH=Y DMELE
HPtho B OBMAKDBEL R,
14 Eo=y 0Bz, —BICH]
FORXFHRBFCER BT TICHRT -
Tz EsnTns M, 20y
»2HAI8E» B L - HRAEIZ,
StEOF L REEZR T LB
tHoh, THOMMECLOSEEL
THh3bDEELI LN Z, TONEA

Table 2. Variance for shoot growth of
second —year seedlings of Pinus

densiflora
Source S. S. d. f. M. s. F.
Photoperiod 172.76 1 172.76 32.29%*
Error 299.62 56 5.35
Total 472.38

** Significant at 1% level

Table 3. Variance for shoot growth of
second — year seedlings of Pinus
thunbergii

Source s. s. d. f. M. s. F.

Photoperiod 130.20 1 130.20 25.53%*
Error 285.66 56 5.10
Total 415.86

** Significant at 1% level

Table 4. Variance for needle growth of
second — year seedlings of Pinus

densiflora
Source S. 8. d. f. M. s, F,
Photoperiod  29.14 1 29.14 33.49%*
Error 15.64 18 0.87
Total 44.78

** Significant at 1% level

Table 5. Variance for needle growth of
second — year seedlings of Pinus

thunbergii
Source s.s. d. f, M. s, F.
Photoperiod 17.29 1 17.29 26.20**
Error 11.91 18 0.66
Total 29.20

** Significant at 1% level
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Table 6. Average value of each part per -second- year
seedlings after photoperiodic treatment

Length * Length Total length Basal diameter Total needle length

Species Photoperiod Ist shoot 2nd shoot shoot shoot I;oa neﬁdles 2nd shoot
. (cm) (cm) (cm) (mm) nd shoot (cm)
Pinus densifiora ND 6.5+22 55+ 21 134 + 4.1 475 £0.79 107 + 29 969.3 £ 301.7
LD 6.7+ 15 9.4 27 17.3 + 29 5.43 £ 0.75 109 + 14 1753.9 + 266.9
Pinus thunbergii ND 51112 41114 104 + 22 4.50 £ 0.33 93 + 22 749.0 £ 132.4
€ LD 6.3+ 15 82t 17 154 £ 1.3 5.30 £ 0.38 12 £ 15 1121.6 + 198.3
Total dry weight Dry weight Total dry weight Total dry weight
Species Photoperiod needles shoot and branches top** roots
(mg) (mg) (mg) (mg)
) ND 1618.6 * 800.0 734.9 X 411.4 2353.6 * 1163.0 2040.5 * 1081.6
P di 3 N ’
inus densiflore LD 3162.1 £ 911.4 935.7 * 300.9 4097.8 * 1162.4 2760.6 + 866.0
. » ND 1751.1 ¥ 366.2 671.1 T 155.8 2422.3  497.8 1622.9 = 308.7
Pinus thunbergis LD 3374.0 + 507.1 . 1142.1 * 183.8 4516.0 + 653.4 2520.6 £ 315.4
* Refer to Fig.5 ** shoot, branches, needles

E#RI, BEAEROE 2HBMTHE, B2 BAOKHERICED 50, BRBRRIMARICH~
B ST/ 0, KEXDAEEDS LT, RMELRE, ERBECOEREED HRAERIIMXXICHK
~NE Doz M FEEILERARER SER LO#A/NS 15508, # EMEOL SRS ITRNIILL >720
CLEORED S ZBEDENTNOLE Table TTATH 3 &, Tk HENOLII BRAEHT
D SN, BHT 2T LICE > TERHOBHRRBA L, SHEOHER, HEOBEI LRI
Hob5EBERBEICERTOY, $EOEI LHOLTRENSON, BT 5 LICK >THIE

Table 7. Ratio of inter—organs per second—year seedlings
after photoperiodic treatment

Total dry wt, Total dry wt,
Shoot lIgth.* Needles wt. Needles wt., needles top

Speci Photoperiod
pecies otop Needles No. Needles lgth, Needles No. Dry wt. shoot Total dry wt.

and branches roots

Pimas demsisl ND 051 +013  0.11+001  10.66 + 3.02 2.36 + 0.71 118 +0.20
inus densifiora LD 0.86 + 0.22 013 £001 2110 + 408 3.46 + 0.62 1.50 + 0.11

A - ND 044 +0.09  016+0.03  13.39 +3580 2,65 + 0.41 1.50 +0.24
Pinus thunbergii LD 081 013 017 £0.02  19.37 + 485 2.08 +0.36 1.80 + 0.02

* Shoot length is a part expanded needle leaves

ENEA LA HEOERMMBREY Shrlc, AMLPELEREBEOK TR, BARICENTH
(LIBE I KX L BEAMS SN B EPEL M TREOL TS S E, BARZERAERLD
DL BB SN ce CNITYELENICERELE LS, ALEYOH EB~OES 2%
nBEnScElALERERL YR AEsHEOHBCE X ZTEEDOS Bb » & bBHUMNNS
DEELSNTHET,

PEpEBy, BERABITHOHEOEECKELBLIRT, THECHEROA S S IFA/LESD
CEENSEREELOLDEELI LN G, MBOBRBENT A=Y, 7 uvY ORI LUEAZRE
265, THODEENBER L VNSVERETT C &3, TORRELTRALRELSEL, TO
EhobHiBicsdaTh=y, 702 YOEBLEIMHLTN bDEEZIONS,
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4 2FEBELTHRUBLILLZORRESR

MERTRMEHFTTH=Y, 727020 | FAHNARKRIGL, £BEBEARBTICH SC
EDNEEFMHILTHBEEVIRREEZ 2, LELTTRABRIESiC, 1 FELEOBATIZARD
BEABECEIIZTHEIFZDONLNET IHERIB I, —5 Pinus strobus L., Pinus resi-
nosa Ait., Picea glauca Voss., Picea mariana Mill, BREHIOED7 0 ) FBLT2
DEFRLUA-ER, LENARBTRER LK 700, TORRAZERBEDEALIEH ~fc LS HE
5335 2% Bt THRICBNTT A=Y, 70y OlBERMBEREL TERIDENC EIC,
HRBEOGREBEELERE LTRHELTHWAELTH, e BERLTEEL T E0EI %
BT 20EBH 5,

ZCT2HEERLTARLEBEATREY, FIEOAEBMBORBNVICL 2XBEEDEN, RILLILHE
EMEABOELILy, BEOEERICEDIHOUEELBIZTOL, BITOERETIE o1,

1) ERPHEEHE
AKEL2HDOTHEER (197541085 BiCARMELKRT) TRV, Th=Y, 7o=Y D284
BERAER Eb#H05EDHL, SRBXEBOELELBROENTE 3 & 51210 X10cnfHRE T
BB LT ERMEHCH U 7c o BABRBERK &b 28~30@E&L Lico

AEMBRMHERAULSIC, BRAERE, ARBRICAED G 2B AT LR E LT,
HEOR TR, MRAZEBEIRANOEEBERK LN Z2EECRALLDDOTH 5, HE, B
B, AROBE%E, BoBEESRIITOHEICEL 1,

1976 &£ 2 AhICTAFNE X B LT, 2H 1880 BEMELZEL, 1 ~28MCLcE®#HD
HEFEAXRIE Lz HESEZIERIELIZEASNMHERK ANLAED 1976 46 A 158 ICNELK
TL, RERR LS 10EK T > FANKAEB LTV R 0% RBATHRDLYD, EBEOHE, RERL

ABEEEICOVTHREL 1 30,0
2) E!&#! Pinus densiflora 2;3
(1) F#omEAER CLD

Pinus thurbergis END
TR TGN RE X Db D19~20fE&

KOO THEEERD 1o ThHh=Y, 70"y
DEHENBRICEY 2 THoMELAERBE
FigTiCR U 1o KEBRIIVEEN S DS T,
EREBEOXBRREIOBEEORE S35R11L 3
3, £EMCE UCMBETISY, RO X H15HE 1.0
BT o 1c0 WEBXRERBABBOBEARD KR X
{2 TablelOiZ/RLTH %,

THROLETH=Y, 7oy Ed 2 AhaE

HOEHBE WL, 3ARAEICK B & RS T 3 % %k % Yo o %
EX®L, 4 A Ta» S5 Ahaicod TED Month./Day
hERD, MEAERBIZZKEL, BHEAE
BEIKEL{NLEDIRIB LA»54 B THD
HT, CORAOBXXOEFHMOERIIBERA
EXXDizahickE<, B EROEBXMICET 3
BMEEOZRZLEICKELL N >, 6 A14A Fig. 7. Shoot growth of third—year
itk 24FEOTHERT AV OHKEER seedlings of two pine species

the different photoperi-
X136, WAK2Z1ea, 777y OB mmder e e ?

oo

S

=3
T

Shoot growth (cm)

Weekly shoot growth (cm))
o —_— N O e N
T T T 1
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BEKX 149cn, BXX 276cnT, W

TNLENREXDOHBE LA KE -7, Table 8. Variance for shoot growth of

Table8, 9iC6 AlI4ARKDTH=Y, third— year seedlings of Pinus
J o=y OEMBEERICONT, S5 densifora
HOMBER LI, BRPSHSLIEELD

Source s. s. d.f. M.s. F.

i, Th=y, sa<wvid ARMAERH
CELOWERERSA 6N, Photoperiod 628.72 1 628.72 20.80**

(2) JREE B X IZTRE Error 111845 37 30.23

MR TERICE 1T 2 1 BRSO DES Total 1747.17

BEoXkx XDFEELMEXAICRT &
Tablel0DEBD TH -1z,
BEYDRIVEE DA T 24FHIC

LEENSoh. HREERIZBLKIC Table 9. Variance for shoot growth of
’ third — year seedlings of Pinus

** Significant at 1% level

HELTRREDEENDIE o1 ] thunbergis
FEELRILLYIC, THEHEOREIE
SUEBHEBICKEBE N BALNI, Source S. s. d. f. M. s. F.

FHMEBERARDOEBD TH 535, M
EBR37A=YvDBRAEKKX 1994 cm, #
HX 3010cm, 7u<=YDHRBEK
2593 cm, ®XX 4907 cn, EX 3 L
BETHLLTHAZYVOHRBRKX  ** gignificant at 1% level

21097mg, FXX 33160mg, 7 m=

DHRBERX 22968 mng, fiYaX 24142
mgE 75D, MRRICH~NARBERTNE D »7c0 ZAERIIFBOHEER O L IR —RH SBE L
1mbDEIRRITY, FIEOBENENRIE /00, HENICARLEROENTTL 22 E8FREN
205, FHETT ATV IRRBIBELEAEEN S ot 702V 0BRAR, BRERRIDMAAX TEL
1AL HicH Bh, BEMOERBKESBOLLTIIL,

Table N3 RBEOEBREENEFNDOHTRLILDDTH S, FTHMELHIEROLH, S, MHXRKIRT
h=y, 702V EbHRAEERLOARXL, FHOMHMESEBAT 2EMNERL. HEREILE

Photoperiod 1577.54 1 1577.54 68.62**
Error 873.74 38 22.99
Total 2451.28

Table 10. Average value of each part per third-year
seedlings after photoperiodic treatment

Total needle Igth

Shoot Igth. before Shoot lgth. after Total Igth. Basal diameter Needles No. on !
on main shoot

Species Photoperiod  treatment treatment shoot shoot main shoot
(cm) (em) (em) (mm) after treatment after t(::em:;tmem
Pinus densifiora ND 217+ 52 138 6.2 438 £ 94 92109 190 103 1994.5 +1292.3
LD 320 t46 209+ 68 55.4 £ 83 103 +21 185+ 53 3010.4 * 1143.1
Pinus thunbergii ND 225+ 5.1 16.6 £ 5.2 402175 87+16 © 28* S8 2593.1 + 800.2
LD 25.5 £ 5.4 264 6.0 53.1 %93 86+18 380 110 4907.5 *2001.6
Total dry wt. Dry wt, shoot Total dry wt, Dry wt.
Species Photoperiod needles and branches top roots
(mg) (mg) (mg) (mg)
P dansiflor ND 11203.4 + 3487.4 9894.1 * 2646.8 21097.5 + 5835.9 8423.1 * 26521.7
snus densifiora LD 19503.3 + 7373.9 13657.3 + 5868.4 33160.6 + 13093.2 114184 + 6252.2
ND 13749.3 + 6908.5 9219.2 * 3399.8 22968.5 * 10130.0 6051.3 * 3354.1

Pinus thunbergis LD 141328 + 7609.8 10009.8 + 4759.7 24142.6 + 12255.7 67893 + 3539.3
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Table1l, Ratio of inter—organs per third—year seedlings
after photoperiodic treatment

Total dry wt. Total dry wt,

' ) Shoot lgth*  Needles wt, Needles wt.  peedles top
Species Photoperiod Needles No. Needles lgth. Needles No. Dry wt. shoot Total dry wt,
and branches roots
Pinus demsifl ND 0.71 +0.16 0114002 1145+ 4.23 116 +0.29 257 + 0.60
énus densiflora LD 1.04 + 0.36 012 +0.03  20.50 + 7.84 1.46 * 0.21 3.18 + 0.67
e humberei ND 0.40 % 0.13 016 £ 0.02 1612 + 4.4 1.46 +0.30 3.98 + 0.61
binus thunbergii LD 0.60 * 0.17 0.16 +£0.03  21.23 * 7.63 1.41 +0.21 3.57 % 0.40

* Shoot length is a part expanded needle leaves

LIORIEBNT HEREMOER LV, BEXLBOLKAEREMTENRL LN, ARV TH
HEOEIMWALN, BERELFRIKE, I EBELHTREORICENT, TH<Y OMEXIR
HRAERR L O AR, ALBPEORFSHEMEELIOKRE N L, HIEBEOHMOSH THREDZ
NIV KRENVZ EAERLTVAEY, 202V TRENSDOHIIBEAEZNIIODS, HICHI/NEL
1 ->TW B, MEAMTRABLALEIIC, BHTILEIKE>TT /REZEEELS, T/Rik
DCDEHINERZ, BBOENLVRAEHPOENCIZ2DOTRBVOLEEIONS, EFLERKLE
Bo<vEo4sER, BEEESETULRBOLRSEN S SRIERHICX »TT /RESELT ZL
LI s, KFECT /RENBERLHDTORELSTNL oD}, FHBREIKTLTHS
YEN+IBETIET, PRIBPEEABVTHLLRAELTHEZ LB ELETHAS D,

5. ¥ W

v VBEAHBADEEEBLZTEEOERIKELT, | F4LULORAFHOLESL HROBMKIC
ST RN D OEENS 22 e nFTE ORESTICUELBICONTTEDONT &
Too LN GDOBL RHARBEXEBELETEHDOTIRIEL, KBRS 3 RIARDATREL RN
SBEDOS LIC—ERMEB Y, TORBHMELTEEORERGEZIEY, A—RETRBICOI D LE
L= @3@i}ﬂgb\26'28'30'36'52'58'75'76'86'100'108)0

LU 2BEZONHEDOEMEL O ISKEHI~BET 2841, T0EHICBAFKTIERELTOR
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Fig. 8, Daily changes of temperature at the experimental
place (Yona university forest of University of
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Fig. 9. Effects of chilling and photoperiodic treatment on the shoot growth
The seedlings were cultivated in Kyoto untill November (Nov.treat-
ment ), December (Dec. treatment), January (Jan. treatment) and
February (Feb. treatment) and then transplanted in Okinawa at each
month. The photoperiodic treatment were started from the time of
the beginning of the shoot growth
Pinus densiflora ; (O) LD, (@) ND (Refer to Fig. 6)
Pinus thunbergii ; ((J) LD, (WD ND
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Fig. 10. Shoot growth of Pinus densifiora

seedli
lling

ngs under the different chi-
and photoperiodic treatments

in Okinawa

Nov.:

Jan.:

ND :

LD

The seedlings were cultiva-
ted in Mie prefecture until
November

The seedlings were cultiva-
ted in Mie prefecture until
January

The- seedlings grown under
natural day length only

: The seedlings grown under

natural day length and sup-
plement illumination by in-
candescent lamps of about
200 lux in two hours after
sunset

Table 12. Variance for shoot growth of

Pinus densiflora after chilling
and photoperiodic treatment

253

Average shoot

Chilling — Photoperiod growth (cm) 54 1%
Nov., — ND 8.0
Jan, — ND 11.8
Jan. - LD 13.0
Nov. -~ LD 13.8

Values included
significantly different at the

in the branches are not

indicated levels
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Fig. 11

Table

%

€4 %

Month /Day

% %%

Needle growth of Pinus densiflora
seedlings under the different chi-
11ing and photoperiodic treatments
O, Nov,-LD, @, Nov, —-ND
O, Jan. —LD, X, Jan.—ND
: Refer to Fig.10

13. Variance for needle growth of
Pinus densiflora after chilling
and photoperiodic treatment

Average needle

Chilling — Photoperiod growth (cm) 5% 1%
Novv. — ND 5.3
Jan. — ND 6.4
Nov. — LD 7.1 } }
Jan, — LD 7.2
Values included in the branches are not

significantly different at the indicated levels

15¢
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Shoot growth (cm)

Fig. 12. Shoot growth of Pinus

.
Yoo %3 %%

A

.....

A

Month /Day

thunbergit

seedlings under the different chi-

lling and photoperiodic treatments
The treatments are similar to

Fig. 10

#3115 (1984)
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Table 14. Variance for shoot growth of
Pinus thunbergii after chilling
and photoperiodic treatment

Average shoot 5% 1%

Chilling —Photoperiod "/ (0™ ony

Needle growth (cm)
4

Nov, — ND 8.3
Nov. — LD 14.1
Jan. — ND 145
Jan. — LD 15.6
Values included in the branches are not

significantly different at the indicated levels

10

Y% % 2 ‘ % 2
Month / Day
Fig 13. Needle growth of Pinus thunbergii
seedlings under the different chill-
ing and photoperiodic treatments
O, Nov. -LD, @, Nov, -ND
(J, Jan. - LD, X, Jan.—ND
: Refer to Fig.10

Table15. Variance for needle growth of
Pinus thunbergii after chilling

and photoperiodic treatment

Average needle

Chilling — Photoperiod growth (cm) 5% 1%
Nov. -~ ND 4.2
Jan. - ND 48
Jan. - LD 49
Nov. - LD 5.1

Values included in the branches are mnot
signifcantly different at the indicated levels
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Table 16. Effects of chilling and photoperiod on the growth

of Pinus densiflora

Length Length * Total length Basal diameter
Chilling— Photoperiod  1st shoot 2nd shoot shoot shoot No. needles
(cm) (cm) (em) (mm) 2nd shoot
Nov. — ND 9215 80%27 204 % 34 42108 106 £ 28
' LD 11.8 £ 27 17.2 £ 5.1 31.2+64 5.7%0.9 128 + 30
] _ ND 102 +20 13.1%28 246 + 34 58 £ 1.0 135+ 29
an. LD 109+24 160+34 299 +52 5.9 0.9 138 + 32
Total dry wt. Dry wt. shoot Total dry wt, Total dry wt.
Chilling—Photoperiod needles and branches top roots
(mg (mg) (mg) (mg)
Nov. - ND 1887.6 + 728.2 - 1133.4 £ 390.5 3021.0 £ 1061.3  2651.5 + 912.0
’ LD 3501.4 + 1390.3  2226.0 +991.3 5727.4 + 2298.4  3300.3 = 858.4
Jan, — ND 3626.5 + 1193.1 1889.5 + 792.8 5516.0 + 1900.4  3499.5 + 1243.2
) LD 4257.6 +1399.4  2368.7 £ 937.7 6626.2 + 2235.8  3245.2 + 1124.8

* Refer to Fig.5

Table 17. Ratio of inter—organs per seedling of Pinus densiflora

after chilling and photoperiodic treatments

Total dry wt. Total dry wt.

Shoot lgth* Needles wt,
- . : needles top
Chilling—Photoperiod Dry wt. shoot Total dry wt.
Needles No. Needles No. .4 phranches  roots
Nov. — ND 0.65 £ 0.20 11.17 + 2.22 1.69 + 0.42 1.15 £ 0.17
‘ LD 1.23 £ 0.52 17.26 £ 5.70 1.66 + 0.49 1.75 + 0.47
Jan, - ND 0.85 +0.24 13.87 £ 4.60 2.00 £ 0.41 1.63 £ 0.39
’ LD 1.02 £ 0.22 17.18 *+ 3.54 1.86 £ 0.36 2.07 +0.43

* Shoot length is a part expanded needle leaves

(2) Za=v

ERETIRICE T 2 0B 1 BEASVORBREDOKRE IOFHEE Tablel8iRL 7co TH T VD
ALBUBERERL Y, LEBEOERTH=YID/NEVEITH ko BLTIABE-BRARK
RoBRXK ICHBELT, F#HE, FMUBE, FRKE, i EBEOERIWNE S, HBERE, 8E
¥, i TERETRENLIE >
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Table 18. Effects of chilling and photoperiod on the growth
of Pinus thunbergii ‘

Length Length Total Igth. Basal diameter
Chilling —Photoperiod Ist shoot 2nd shoot shoot shoot No. needles
(cm) (cm) (cm) (mm) 2nd shoot
Nov. — ND 11.2+16 105+%35 235133 6.2 £0.7 142 £ 48
) LD 11.3+13 169 +31 30.3 £ 3.2 6.2 +0.7 158 + 41
Jan, — ND 118+20 14631 280+34 6.2+ 06 140 + 36
’ LD 11.8+23 188+38 325145 6.3 +08 154 + 38

Total dry wt, Dry wt, shoot Total dry wt, Total dry wt,

Chilling—photoperiod needles and branches top roots
(mg) (mg) (mg) (mg) .
Nov. — ND 3689.7 + 1143.6  2069.0 * 672.7 5758.7 + 1728.9 2874.1 £ 792.0
' LD 5425.7 + 1420.2  2711.1 +667.5 8136.7 + 2028.3 3383.8 + 886.6
Jan, - ND 4026.2 £ 1133.6  2263.9 * 585.1 6290.1 + 1619.4 2579.4 * 659.2
’ LD 4941.4 +1632.5  2779.6 + 918.1 7720.9 + 24774 2827.9 + 920.4
Table 19. Ratio of inter —organs per seedling of Pinus thunbergii

after chilling and photoperiodic treatments

Shoot lgth* Needles wt, ggg‘legry wt. ’fglt)al dry wt.
Chilling — Photoperiod :
€ pe Needles No. Needles No. Ia);g vt;'xt-ang:(;)t ’fg;‘t’; dry wt.
N _ ND 0.60 +0.14 12.67 + 3.62 1.83 +0.39 2.03 £ 0.40
ov, LD 0.85 +0.13 18.14 * 5.33 2.01 +0.26 2.46 + 0.47
j ND 0.86 + 0.17 17.30 £ 6.12 1.80 + 0.33 2.48 *+0.40
an. - LD 1.03+£0.18  19.19 * 6.30 1.79 + 0.28 2.75 + 0.42

* Shoot length is a part expanded needle leaves
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Hic B 2 ERERMER, REORBICE I >TELL, BriCRBSED EERERELET
FEL0bH B, EHENES LD DRARNEEDT, BILL >THEATHE 0 THY, 7
neYHEICE > T, MEOAFEDEE chilling DEL» SRABEL LT, FRBHG A +2TH 5.
BARILRBKOKEE, S, MEICEBT 2N 6DEBARBIERELTHD, BMLHIBREEATH
RUBERE#ET 2 EE2RBRLTV S, MEOAFOR,I LARPOREELBERDH LD EL
L, 4BARBOBRERICKE > T2 LWz b,

WMHRICBT 2T H=Y, 7oy 3PERERERIEL %, BE flush L TLRAFERET S
Ltk B THRFEOREIR, BEXITHL REEDERCOMOPOEBEELIRTEOLEDLNS
D, TDLERDOTRRETESENTHI,

BIVE TRAFLEXFERICELITERLBEEOHEERR

BADHMELED S 4 FidkE< 30 5n 3PP win FscmBELEELKILT 2
b0 (AELEEKIER), chodRLET 201 S LK BERKENEZIN TN RO S TRV, B
IR EEEECEERENS FTHEE KIEENENICRDEST S0, BN ARCRELEDER
BEECSHRUIERTI3ITERLET S0 ERERR) Th oo

B REIEGRO-vE, BIREF - F~YE, Quercus B 15E 0% 5. FUMBICREL 0K
B PAI T eV oRT TP NN B, BEHH TREFSERKIEROBALSS  BET 5. C
NODKIELTTE For EHEICEEBEEET 32 &0 5. ChELAFEVL, ZERTOR
SRBECTERSTHH NS, BRELTREIRICEMULTL 3,

BADMELEOMES S thiEiCiR B ESEESBERE S B, RARBEERLLE L THELEREDR
FAEoY, GARMEOELEEG: 5T Y, mEOEL, AFORRRILSEHEOHS, B
T BIEEE L TEERERAES B, HHICK ARBFERICE > THESREHT T, 20cLnd
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ABHICERIC L ZKERRCHEOBOBEE, SRBT RS 630 T0 3T, s rAEBOD
T & MBEIC G L 7o YA L8R (Photoperiodic ecotype) A4 U % & pid 5 38468

BEBEEKIBOT Vi, BECHET 2L 2ECEHMEL, MELESMBELII NS EFE
BRLTOL . EFREOTIRFIRNEBBAL, TAFLUIZBEENDV, LFHROBHICOO
TRAVETH 2. BRERRON 5 <V i3, BESRG T TIMBEL BT 208, FEYIRHEI
AEBSHICHEEREKRILE L TAFEERT %,

BEEERORAICH LTI, BEMMELEDELCEFSS 2 s monT3 P cn
CHLULEF4EEREROT A=Y, 20=vyRRHLTR, s0BEEROEL, LF 0K, tHFD
RECHE, TOMOBEBRFHEDL S TLPH > TN ENICONTIRFLARBEIZABE N,

RELBRECHERME LTR, GEEBOTH 7+, BEasor 3 2P optgaRc-0T,
BECE ~TREBESENLL, BESELRACONTRABENRES LI EBBEINTNS,
AETREIZFHERERELTT =Y, EREERELTHS = VBOA I =V 2 AL, TRAFOR
K, BEEBEOKIE, AFHRIKSLIZT AELEEOREERAEZRA L,

1. TRFOLRRER

+HFOERIFNEB BB TRE, 2 TREF (summer bud)Mlemll bR LIzdDLL,
HRIC SO TIRBE P oM EEABZIC LT Fig. UMD LS9 24 7ICH T feo RFEOHMELTH
#ELARBLb D (La), fIZF
DHMELTHEEZRELD
@ (Pr), AL FEnHEL
TEhEFNHELRELALLO
(LaPr), g7-{hE#hL b8t
HABBALTWEVLSDEKE
FEHL, cNBEFOALDD
@ (Lo), AFEDH DS D(Po)
EL, ZofodbDiIENSD
MAEEE L. LRFEARAL
TWHWiEnd D% (0) & L1,

chondEEdEic, B Fig. 14. Forms of lammas shoot
. La: The seedlings elongate the terminal bud
HEORBMBHCONT, BRA and then grow the needles
BARTL-RO TA2IBEROD Pr:The seedlings elongate the lateral bud
Th=Y, 70y OERRK and then grow the needles
Lo: The seedlings elongate the terminal bud,

LoPo LaPo Lo La

LaPr [}

I8 5 LAFO HRRIE R but do not grow the needles

EL7k, TDORER% Table20iT Po:The seedlings elongate the lateral bud,

Fl7oo but do not grow the needles
EhobhEESK, THe o:The seedlings do not elongate the termi-

nal and lateral bud
BV TEAFO HBRREBIZ

EFORBX TCOED o1zo TAFORBRAFLMUFESMELILSD, QEFOAMBEL 2 DBV,
2h5I38HEA BB L5 KESF (LoPo , Po) AR TH 3. 70 ViR T h =V iCRLTLAF
DHEREI S ORBRR THIED o720 7 0o Y REAFLLE b o7 Ei3, MOKKILL 560
EShIRSBELOTEN. SBROBRNBEO—2THA I,

F e Y IONTH S E, LEAFOREGETT A LAE, BE GO k'™ 8 AR aEIs
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Table 20. Number of seedlings of lammas shoot under
the various temperatures and photoperiods

No. of

Species Experiments testing LoPo* LoPr LaPo Lo La Po Pr LaPr o

seedlings
Nov, — ND ** 25 13 2 2 0 0 3 0 4 1
i . Nov. - LD 25 13 1 0 0 0 11 0O 0 0
Pinus densiflora j,, _ND 25 7 0 0 0 0 11 0 0 7
Jan. - LD 25 14 0 0 0 0 11 O 0 0
Nov. = ND 25 4 0 0 1 1 1 0 0 18
) .. Nov.—LD 25 0 2 0 2 0 5 0 1 15
Pinus thunbergis 5., _ ND 25 0 0 0 0 0 4 1 0 20
Jan. - LD 25 1 1 0 1 0 2 6 0 14

* Refer to Fig. 14 ** Refer to Fig. 10

B3 i THRIBANIC chilling%# 23 R VBADARARKICEY 28 1 @B OMEKIERIZS A
the], SE (BEIZERE) TR™ 6 A LAETS 5o it > THEAEREKIE LT > LAFOR
AFTORMOERIC, MEIRMS  BETE LLEBVRS SNV, —F, 1F4EHOTAFHERR
it, BETRIEVEATBETS 0ICHL, WHTIRI1- NDARR THE TS > T, HETLAZF
DORERBNMARDA SNTe IR LIEIICT —F 2V BOAER TR flushoBZILI VBT
naEsnTOaH, ALEANTH<YOLRAFORECSHONELITH S

mBiIcEd 3T A=Y, 7oy DE ]l HoREEEDHI EKILIIFHI OB, BEERDKIL
4 3% 4 B ~TFHo 8 EIZ12809305 ~ 1380, PHKRIIZ21~23C, tAFOA L0 2 TA LAED
B Ei3#13ER30%, FHSRBIRKWICTH 5. ChoDRBRBERT 20HENTS 5LR>EZLD
higi,

EHBO-vEIR, 1 EEPBCER—KIE—FORR—EREMAEIROEL T . BHBO~
VIR, BRCHMELEAKILET 2L, EREZOTEAFEERL, 1 ARMMIC ] BOMREREST
15, L LESERo<-YHETh, PRLALS CHESBEEG RS 2HE, 1 BoMEREREAKRIL
LR BE flush 9 2 AlAEME M3 2 K D ICERZ 5,

DL BEGR Y EOTRAFOREEZOMECHLT, BRLBENLEDOX S ICHEBL TS
DIRDNT, RICHULERETIE »THT,

9. 7HZYOTRAFOREICELIFZTARLIEEOMHK

1) RBRHE L FEK

HEKRFOME, AERBYTAEFTCREAMEICE ~TRC 3LV 5 BEnH 500010 +m
FOREREOBRBICERC 205, B 1 HoMELEIME LTH®, EoMOMELE LTERIK
K5 INUVEETTO, AELEBEOREEGRES 5 EBUETH B,
RELBEOHERRLRIT 2p0BERMO—>E LT, REEMEIcs T 3 A FESREEH D
dig (158) 0 BARBEOE(LE Figl5itR L1,

BB L7k Sic, ThHwYOLAFE (2EB® flush ) 154 5N 3 DREHTR 8 AbaE ™™,
o 1EE® flushiz 1 A FaI~2Atht), 2EBE D flushiz 7A LAETH %, Fig. 150 L TC
NoDESERTRY, flushicnts 2REICE3RRABEOHERE Lo THbBREBLICKHL
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Temperature

Fig.15. Seasonal changes of natural

day - length and monthly
mean temperature in Kyoto
and Naha (Okinawa) and the
estimated line of crical
day - length for sprouting
of the terminal bud of Pi-
nus densiflora

“Z Presumed ine of critical day length

40
30C

T, #ERL Lo BERMSNIT flush ATREITIS
5HDEREL .

Fig. 16 KRT L Hic, RRABROEERERE

HR.
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1
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2
%‘ 12+
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0 1’8 20 = 0T
Temperature
Fig. 16. Combination of examina-

tion of temperature and
photoperiod for the form-
ation of lammas shoot

BelLT, @, 0, ® 0, ® 0 @ixflushT2%&#, @, @, ©® ®, @3 flushLEHRHFL

L7,

FB 11381 ED flushok T L EEEBHK DD 2 E48WERVT, 197948 8158134 +
FovyATFig 16 Lo®, @, ©, O, EREANTO, ®, Q@OREETE -7,

=8 1i2 chilling2SU LS, MEMKEA T TREAICBO: | EEBE AL, RFEIABRIC
24 F PavyARTO, @, @, ®, ERBEATOOREBLUBREMHICLTITNE o7/,

£RBX 0 BEE FHRED
&, BIXUERKTHIC 1cn
LlEFamEL-BEROBESR
% Table 21 I &7z WM
(B AREHE TCORB X, 3000
5,000 lux) i3 8 E:RG, SHERE
(120 ~180 lux) BHEE T
ZRBIECCHADL 2. W
1 &S5RI B & ORI RE
#i22°CE L. HRBAIIR
|AFIL TR AR ARBE
BHTH B,

2) BREER
BERFHEERD, SRR
XizBRE—BEBOME, AZiT3
‘CT15K B EHABRIX 23115

Table 21.

Percent of shoot growth of seedlings

elongate above 1cm under the vari-
ous temperatures and photoperiods

Experiment Treatment Temperature Photoperiod No. of Percentage
. testin,
No. No. 4 (hours) seedliggs (%)
1 31 15 : 00 16 93.8
2 31 12 : 30 16 36.4
5 25 13:45 12 66.7
6 25 11 : 15 12 41.7
10 19 12 : 30 16 25.0
11 19 10 : 00 16 0
12 13 11 : 15 12 0
3 27 13 : 30 15 63.3
4 27 12 - 30 15 13.3
I 7 21 12 : 30 15 6.7
. 8 21 11: 00 15 0
9 19 16 : 00 12 100.0
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Fig. 17. Shoot growth of third-—year Fig. 18. Shoot growth of second -
seedlings of Pinus densif! - year seedlings of Pinus
ora under the various tem- densiflora under the va-
peratures and photoperiods rious temperatures and
(Exam. I) photoperiods (Exam.II)

00THobL, ( )THRRRESEDUMA 7,
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TORERXTCREARKRECOIBICHLBEDOE L METE2L N ->TED, COZEMAREHEC
ATHRIEEBLILZEOEZ OGN S,
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QTREELLED oo
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Fig. 19. Relations_ of temperature and DEE T2 To B ETEMBEEC
photoperiod effect on the

shoot growth of Pinus dens- SBNESTHBCE, 25°CULDRETIZIZ
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TEEEHBLIELD.

ThH=Y THFEOFBHFERECEIZTAEBLEEOHERFRA T LHSELFig.190L 5L o1,
BEICIIBABEOEMNMEHEGLOSBOTER LY, ThENOBELEERIYEL - ERBRKX
R+aEntih -1, IhsBdoh 3L, THOBERICBARSAS(HELTVELST
b5, THRHLLAEFHRBIKE Y 2EFiZ, [EM21CLLED 2B BELIZEMEIETHNIZBEFMR
L2, TOBBLEERARBCKESH, UKL LOBRTIKMET L5 TH 3,

FoOBF, £, KIRREN %232 B +ARREICHT 2 ARBMNBBRIGPRED L » 128K T,
EBER, WO ZEARBENEDLLILERLD, FEORBOKBOEROE,EX-THDE
BbHbh b,

FThev QHFRRBICHNT S ADAEN SHFLEC 20, LHFMS Sh 5, [EHAIC
BTFLTWCEPETEHD, BESLAEAVIKES N30 PHTAFHRICAZZ LiCk ~THFSRE
KR >TL bDEBbN B, —F, ABICHEVTIRFSE VARMIEE, KB EC Y, +AF
OREIFZTHLHELGOAOND, LIRIA T THFHRBIRBCLULETEL, AELI2KMLLTH -
T, TRFORECH LU EBCHELNVZBEXSTH 5o

12653302 UL L0 B ESH NZICULELOBE T RAFENRET 20, BHBREO@O XS ICEATTH
BCOEETERHBEMNKE I 2BELH 3. L L 20RO B ERMNISEM0D L S LISWITEL IS
D, EQHEZTHFRRBELLELTS, T0BERERDEL, REFOIH>NURBEEBEET
BbDEEZ LN B,

tRFORER, OLEREZFHE L THENMOERER L2 EBTEEELS TP, LnL
BHROAETRHELBHLEVKEFNE L, 20RO RESLESJEMBENIBALB(EBE
XN, REBEIAREFOEBDLOBLONE, CNODTERERICE >TRAEB D, AHRRPH
RIREICOUENEIEBEZL SN 5,

TRAFOREICHLTIRAELBEMMEECERELTHA20EBbh ahs, YO ELLLBARER
OBRIFICHODVTIRAEBROT I TH S, THZYDOLAFORER, AFLROBENRAHRTH I &
WHOBEOEHMD, RECEELMERTRAL TV AL ENEDT LE—BRERBLDICLTNEE
Bbh sz,

COMBAHEID B DIRBEEHICE >THEKIEE, £FERREDD THEESEICONT,
BAOELAFEROBBREERFNTICENEI L, FCTHOFEREREDH > = v EMEEL
TZDRICDOWTEREITIE oo

3. HASTYDEFERMCEIITERLEREOMR

1) RBMEEAE

# 5= (Larix leptolepis Gordon) i24H, IEBEIKSE HEIN T30, REMOEMN
A& RSB, BEICRONBDY, #->TZOEREOME, KILICORHNTTENBSE NS, AIZIT
55wy RIBEICEOTBECOH DBV EShTH S,

A EMOBERRXARIGRTH 3EMNE X O BHEM TH 2 LBEORZLEGIR LT DENDS, B
EREEOFBEN, BN 7 <Y O£ EAKIEHIZION LAOE T, ZoRH0 BRERZHICIEEDS
B, R ->TILBETRC OBFHOBRENEL, BEBSEV L SAFHRENI00KICET 501315
MEDBWETFRTE2ZDIKL, T E SR, BUAEMN (BF) Xoduml BB,
) TBhZBAND ", cOCEHILBETEBELEC LBV ED—DDRRICIL >THBD
TRV EBLN %,

» 5wy DEBOMBOKILICNT 5 AEHRREFLL LS 3052 QBROBENBHLY
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MR K FEBFEBFERRE

BOILEE TRFHEEBECE I SRNT &iF,
BEEOENT & BAFHRICNT 2RABRE
BLLTWB3OTREVWLEVIEHEEEL
Who COLEXBRHT B1DT HYOBE
LRELESIT, ENEBRBICEY 5 AFEAKE
L HEOEMENAE Fig. 20 KRL 1z,

B VRENCBOTEERIRXSA, Z0
Rk 1, 2, 3, 4:BM, thenEanE
LTHRBET (BERA) K ELTHBLE, 1
BREMBETRAFERBLIZOEN S, 28
BMEBETIIAREESERTH 3 bbb
T—E 100 BLFA2EHL, €DK 2:BHAT
FHBFT ALK L, DEOH T VDH
EMRIC L 5 BIEAEN 2 BETH 25 20
1-HEBIA ONBRIFREMHHLELT, BN
2108t~ JLisEZ10A h~TF
0% k35, SO IA K 28
3 S LTERTRY, Fig, 20 o FHic&¥EK
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Fig, 21. Relations between tempera-
ture and photoperiod for
the sprout and formation
of winter bud of Larix lep-
tolepis seedlings
O : The seedlings are grow-
ing the shoot or sprou-
ting winter bud

(D : The seedlings are dela-
yed to form winter bud

@ : The seedlings return to
sprouting of winter bud,
or show in a state of
winter bud

@®: The seedlings are form-
ing winter bud

B35 (1984)
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Fig. 20. Seasonal changes of natural

day — length and  monthly
mean temperature in Shinshu
and Nemuro and the estim-
ated line of critical day —

length for formation of the
winter bud of Larix [leptolepis

Fig. 21 KRR AREXEBEICL TEREMU T,
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7o RE, BE, BEORERIT A~V OERICE
Uro ERRIERF, BSRXEBESCHOVT, ERIZ
19796 A20HiICa4 b ra Y RTOLO@%THE
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HEExZ20ETALTOO, OOBBBEEMBLI.

KEBEM3 1980 4£2 A 6 HILO®®®% 34 + +
o vYRT, OREERBATERBL .

BHRBXICOOTHEF, EFERICOVTREL
720 EBRIFAT 1A A R B0 b M O R A B R
WTH3,

2) BREER
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Table 22. Relation of temperature and photoperiod effects
on the sprouting and formation of the winter
bud of Larix leptolepis

Experiment 1 Experiment I
Result after experiment Result after
Treatment Temperature Photoperiod T:s'tiorflg (week) Allotment Treatment Photoperiod _expefx_nle:t_ivfﬂ(ﬁ)
No. © (hours) seedlings 1 2 3 4 of plants No, (hours) 1
1 29 13: 20 26 2%6-0 26~0 26~-026-0 ————* 2 12: 45 8- 0
9 12 13:20 24 24-0 24-0 24-02%-0 ———> 10 12 1 45 7-17
Experiment Ml
Resuit after experiment
Treatment No. of Allotment r:eos-t?r{g Treatment Temperature Photoperiod (week)
Experiment I of plants seedlings No. [§#) Chours) | 2 3 P s
9 3 29 12:00 9-0 9-0 9-0 8-1 54
2 .é 9 15 15 12: 00 9-0 9-0 7-2 0-9 0-9
3 3-0 8-0 3-0 0-3 1-2
14 15 12 : 45
: 4" 0-4 0-4 0-4 0-4 0-4
5 4-1 3-2 3-2 3-2 4-1
15 :
10 < 5* B Bi® g5 0-5 0-5 2-3  2-3
2 R 2-0 2-0 2-0 2-0 2-0
8 * 8 19 13:3% 0-8 0-8 0-8 0-8 0-8
Experiment IV
Result after experiment * The plants are forming a winter bud.
Treatment Temperature  Photoperiod No. of (week ) In result after experiment, number
No, [§9)) (hours) "":i‘l'_'g 1 2 3 4 5 of left show to sprouting of winter
seedlings bud and number of right show to
forming of th inter bud
4 2% 13:00 12 12-0 12-0 12-0 11-1 10-2 mine e winter Bu
5 25 12130 15 15-0 14-1 14-1 12-3 17— 8
6 21 13:30 11 11-0 10-1 10-1 8-3 5-6
7 21 13:00 15 15-0 15-0 15-0 8-7 1-14
11 17 13:00 15 15-0 15-0 15-0 M4-1 0-15
12 17 12:30 18 15-0 15-0 15-0 12-3 0-15

DL TH »1ro EREROXBRRK ORLRRIZEE — BROME, HZI20°C, 138205 B RK 329
13:00cs5blL, () CERXESEZDUMA

E8 [, Table22iTRT LS, 29-13:20 (@), 19-13:20 (®) ROEH®R4BRTHLFLE
BLIED 1,

FERI. ERIKTROMELEEE2 20T TILTHEREZI2EMMGMITELS L. ZORKR, 29—
12 :45 (@) REEXMG 05, 19—12 145 (@) REREEKIE Uihy , QER#% 1 B c24fEkF, 17
BR S ZFEFERRL 720

TR, ¥R IKTEROMEEHNTTable2 20L& BEEBESEL, BHFLLFERERE
Lo B 388 (8 A158) KA ABANEN I, CNRABLAKIICH I =Y ORARKE
I 2 BRDOBIERYS 20 LICESNTV S, FHRi2Table220 & BY T, 29-12:00 (@) &15
-12:00 (B ROThLFLERTINOOHREAFLREIERL, ORI SHrBNEXITH
atre 19-13:20 (®) RAFAEBE LTS DRBEFELRVY, ERPOSOBLFEER LD
ofro CORBTRAFEIHBRLEN LM EINE, 15-13:30 (@) BEAFEERL T cdDRL
Bk 488 CHFEL, £ETOIORBINLEBIC L ZRIEATEAFELHRT 202, TCHBFNEBS
1-DREHBROKBETRIEVEBbD, 151245 (@) RAFEERL T b OIRBAFLAL
B, HRHDOSDIRAFEHRK L RBEHET 2 BENS SNl TORFRAFHBROB L ERAT
BREOhEBbh 5,

FMEBEOBRIERNL SO EZ CNBMKETH 2, CNOORRLG, LFLEHRLEVWRELZO0GQ
B, BREEXYFVORHLO0, LFEHRLBVREL2OBGLTNIT, ML TFig. 21 OBKRT
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TTEONBRABOHTERELUD TELI L ENTEELITH B, COWERICHE >TERNVET

S7ce TOFRIBAIRDOLEBY TH 3,

EERRNV. $#£32% Table 22 it/R U720 26—13:00 (@) RB—EWAFAFEKRT 243, 3EA FOEEKIZ
HEEA#EET 5, 25—12:30 (®), 21—-13:30 (®) FMOBDOBEBLFEHLE L. CNEDHR
HRRAFHRELIBET ), BRARFVFVORHKH 3L TH %, 21—-13:00 (D) ILHF
TERR DS B 203, MEBH S BE T EAEBEFRKL 72, 17—13 1 00 (@), 17-12:30 (@) &1
MEETS 2 BB ICERELREIE LY, SBEEICIABEERSAFEREK L CoKRIZ, BRETEL 0l
SOEMNA SN EH, BFEPLAFERICFig 21 OWRIC L ZMEEROLHINMABENH I L%
DYHE B,

HAEDOBERR TS oN BRBROEMALCERRETOERKILA» S, 7 =Y OBFPL
FHERICNT IRABEBRIEESBL KA >TELBIMEMEL ., Fig. 21 pobbhdLD,
ZDBFRREA SN 23DIF15~20CHMT, TOMTREENEKALEBARBELE L EE@ERL
2o U L21CHLEICTS 2 & BEE A3 ¢ 18 BICSONTHICRR B EREL 2> TV R E 720

FESL I, $20VRE~EREBHETELEE, TN o0, £B, KL BRI UVEELIR
R3S EBRICH B0 # 7 =Y DBE, ENLOIBEICETC ERERKIEHICIIER LEROMS
DIERT B L1853, COBPHOKEIR2ICUT T, BEOBETEEBIKBRARIEL 12 3 MAIC
Hd, COTEBENEILBELEOMHIRICENT, KFERPICENEDLBL LTV BIERINE T
WBEDIZAD, A°CULDERTRIZARICEFRIE S, £RL TV A0, ZoE T3 L A128
ML TOBRBRRIE >T, KFEERLIEBOBERESHELIL >TL 3759,

4 B W

EFL BRIV EOLTRAFORER, BALATECIZODTREL, KL ->TEDLS, L
HLZOREPERIKEARTIERICOVTIRES DL >THR KERTRIAFORERTH=
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