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Factors affecting Cold Resistance of Tree Seedlings. (I)
On the Effect of Periiod of Photoperiodic Treatment.
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® 1 x Table 1
M PREE Wb

it i Date of No. of seeds BHEAN
o Tree species ﬂ;‘;ﬁ‘ of l;)l:;lm, Date of germln?,hg -
P. Glehnii Th=Y=wY 1947 ©100 Apr. 28, 1949 B4HI2442 4 H28H
A. sachalinensis t ¥~ 1947 100 Apr. 28, ¥ » 4 J128H
" P. excelsa BxM +v e 1948 1 100 Apr. 20, ¥ » 4 J20H
L. kaempferi ATeY 1948 100 May 4, 7 v 5}4H
C. japornica AF 1948 100 May 11, 7 v b J11H
C. obtusa e/& 1948 200 Apr. 28, ¥ r 4 J28H
P. densiflora THIY 1948 50 May 9, # v BH9H
P. Thunbergii Va0 24 1948 50 May 11, 7 7 b5 HI1IH
C. Camphora VS 1948 50 May 22, » v 5 J22H
P. tomentosa F Y 1949 100 "| May 15, » » 5154
Citrus species /% 1949 16 May 22, # 7 5 J22H
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SARG. FIIHE R, R X Cryptomeria japonica D. DON. R MR, t /¥ Chamaecyparis obtusa
SIEB. et ZUCC. .ﬂ;ﬁ‘x&:ﬁ#-‘x, 7 7 <7 Pinus densiflora SIKB. et ZUCC. TEASHE, u-=v
Pinus Thunbergii PARL. {E{{VB 48, 7 A Gnnamomun Camphora SIEB. /MHERHE, - %
Paulownia tomentosa STEUD. §EL58E5E, 2 & > Citrus species i 11 FiTd 5.
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Table 2 Picea Glehnii Low temperature treatment for 2 hours.
BER .. o
® B & R B PR A Lt 37
Osmotic Height of No. of tree Percentage
Treatment pressure stem seedling No. of of survival
sucrose mol chilled survival
(mol) (em) (%)
% Control 0.38 3.1 36 13 36
101 B '
10 days treatment series 040 29 18 15 83
20H B
20days treatment series 0.52 24 10 10 100
30H BRI,
30days treatment series 054 23 19 17 89
5 2 FOFERicHkD L 20 B BEREL O W1l 7r=Y=v
Fig. 1 Picea Glehnii
20 HEMESR T, 2RO EEERRCHKS e ¢
WFET 2B LS F 417313 100% TH 5. 30HE 15
P B4R 89% TLICK Y, IGRMERR b E 28
14 2
& ZOAAER 10 HEBEO ST biE L\ 36 k3 E
% TbD. ‘ 1* B
a iR
BERIT 20 HBHBECE ) Z2MicEz b, 052 {.% 'g %
mol T, 30 HIEME® 0.54mol i LFhA Ekdite ] {4 g
. =
0 L ok . ] ) I
BRI 20 HIRNECE b 280 L 24 G, gg gE EE gﬁ
30 HISMEO 23 an LFEA & REO Y & 7 = fa s Ta

—— H:ff# Percentage of survival
=== B#ER Osmotic pressure

B B Height of Stem (%)

d.t.s.: days treatment series
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Table 3  Abies sachalinensis Low temperature treatment for 2 hours
B &R o
X B W PERERE B B AR Sl HfrAs 2
, grsel::\fxl': Height of | No. of tree No. o'f 'Percentage
Treatment sucrose mol stem Si?gﬁl;dgs surv'iva.l of survival
{mol) (cm) . (25)
R Control 0.40 3.0 30 12 40
10H BRI ’
10days trertment series 047 28 32 22 69
20H pRIE
20 days trea%nent series 0.80 30 25 26 100
30H B
30days treatment series 0.50 2.5 34 76
FEeY b TAhx ey LEEk20 HSHE A W2m rrev
Fig. 2 Abies sachalinensis
2 100% TR, KT 30 HENE, 10 HEAED. 1
W& 7%, JERTNRIZ AR DEL 0% TH 2. wl i
_ g8
BB MR IR bK< 0.40mol TH 2. b g2
1S 14 g
10 Ao HE#SMfc X b BERE S LA L, B E*
12 20 ABEHE, 30 AEAE T 0.50 mol TH 5. r 1% % {é
BRAAGEIE, 10 HEWE, 20 HEAEON st 1% 3
CHRA LR S0 ARMECEY, WEESL ni I
2.5 om THEEFIR.O 83% CTH 5.
- 0 r) — ke L
: — [ w
£a 2§ B0 a0
Sn uiy E Fa
13 ,E (3 13

—— 49778 Percentage of survival
==~ BB Osmotic pressure

¥ JE Height of stem (%)
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. Table 4  Picea excelsa Low temperature treatment for 17 hours
B %R i .
R OB R RERRE B & Pk AR ffeka | EERZ
] Osmotic Height of ~ | . No. of tree "Percentage
Treatment - -| pressure stem | seedlings No. of of survival
sucrose mol chilled survival
(mol) {em) (25)
R E  Control 0.40 5.0 46 18 39 .
10HEAE . : .
10days treatment series 040 Lo 39 % 67
20H A
20days treatment series 0.51 41 42 o2 76
SOH pRHEE . . ic .
30 days treatment series 049 4.6 3 16 46
BONZ et 95 28 B 3 BRUMCHEEM ¥ fFo%k C W3 EMrve
’ ’ L Fig. 3 Picea excelsa
L AL b VROHIERER kbore. H4RE C o y
st o 4TSRS 1 FE e 4 % LN
~OFEOHTEEE L LA TD . x I
. °o®
HAXKCKS L 20 HIHHEMEL 202 20 BB 8 g%
5 lwe
MRS T, £HZET6% kR, KTI10HEM ~Em
WE, 30 H SR ON & 7 5. g 1"2d
10 H MBI ZOATEE 67% T, MRAEO a0 { v %
39% I LR BT BIC I L, R 0.00mol e | a2
SEREPLL 2 v, BEREOR I 20 HEHE D 0.51 :
- : a 1 L N ) T L
mol ‘TH 5. g: §' E EE ?‘E
53 10 HIRHE 40cm TRUb 30 FISHELE "1 fw A Ta

4.6 cm THREMRICK . -

- 7748 Percentage of survival
- B Osmotic pressure

5 JF Height of stem (%)
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Table 5  Larix kaempferi  Low temperature treatment for 17 hours
Bz R _
R B OB BRI B B LW N X2 ._blai?-‘aﬁ %
' g'smotlg Height of No. of tree No. of Percentage
Treatment sucr%sose_mmol stem sgﬁgilerag survival of survival
(mol) (cm) (%)
m@pAE Control 038 7.3 21 0 0
10H A | ‘ :
10days treatment series 0.46 a5 9 6 67
20H BRAM, : ,
20days trea%nent series 0.46- 31 18- 18 100 -
- B0H JEHEE )
30days treatmenpi series 0.44 31 8 8 100 -
ESROUREO I 2 1 1RE, 9 128 3K P
OALIEEE I £ ) FiVEE 7 8 B0k K EOKTE | Fig. 4 Laris kaempfert
Bk LS IHIRT D 5. < 3
' FLJ oK <4 .52
AeAFARNE 17 B (iR 1 B 288853 vgg
b WROROSMOFRERSF, Fcha-~as P 3 1#&"
RO Ubhorciii e stk e o, 8 wb i T |, 0w
" [
CmArn,  SFEORL 15 A icstiko ) S e R
B K.
(BB L 7. B 4 g
. . »}f {% &
10 HIEMEC LTEfBRacE: b, 20018 1
MR, 30 HEMmEcAfE100% ThHs i °9é é§ B% g?‘
3 o e =%
XL, SEAREGRERCKOTHbICROMM Sy (8 [ GR
E & B &

OFRERL, &R 0% T,
BET 10 BRETHCHE Y,
20 HIEME L K CRKEHTD .

0.46 mol ¥ 73
L,

BEIR 10 Biio R ERACE Y S8ciHy L, EERBROPLSLISNO 3.5m 5T, 20

AEEHE, 30 ARARERe 31lan TR/NITH .

— #7735 Percentage of survival
-—= BEM Osmotic pressure

% JE Height of stem (%)
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Table 6  Cryptomeria joponicas  Low temperature treatment for 1Yz hours
- AL . P
% B R HEBRRRE B2 E PR ER D HAfrAs 2
_ Osmotic | Hejght of | No. of tree Percentage
Treatment pressure stem seedlings No. of of survival
- sucrose mol chilled survival
(mol) (cm) v (%)
4RAE  Control 031 5.9 13 9 69
10HERR )
10days treatment series 032 6.7 16 4 25
20H pEFLE
20days treatment series 045 47 6 5 8?’ .
30H BRHE
30days trea%merfi: series 0.42 5.7 16 9 56
AAFEE1T 20 HEAMES 83% THEEMEDO 69% W5 = ¥
i : Fig. 5 Cryptomeria japonica
X VENTREI ML, MoBFBE T XTzkbS .
B BAKIE 10 1EHED 2% Td 5. A [
100} #Hon
BFERT 10 A EEHE 0.32 mol THEEME D 0.31 ' g g
fol 142 &
mol L FhA £ {5 20 HIBHIRICE b ZMic % b g "
' | ]
045 mol & 7 VST B 5. bof " 3 i
BRI B EREO NI & HEAMRER b0 s} -.»§
10 B HEHIE 6.7 cm THUREIECHE D, AfikoRkd | 102
Eho 7 20 HEERR S 4.7 om THR/NTH 5.
. o L [l Il = L
A FTIRATE L BBWKO P ZRIR X D b, gg gl 52 22
) 5 SR R R
BeAf AR & SRR OB BIR O H A5 X D ERCR® 5 = 23’2

ns.

—— H:f¥#t Percentage of survival
---- %M Osmotic pressure
““““ % E Height of stem(%)
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Table 7  Chamaecyparis obtusa  Low temperature treatment for 1Y/, hours
B %R - .
% B W HERE L S TN kR B:A¢AR %
I())rsmOtl: Height of No. of tree No. of " Percentage
Treatment su creosssemmo] stem secehclglligdgs survival of survival
(mol) (cm) (%)
#RAE  Control 0.34 5.3 11 8 '73
10H pRAIE
10days treatment series 034 45 16 8 . 50
20H AR '
20 days treatment series 0.34 54 9 6 . 6?
SOHRWE
. 30days treatment series 088 . 4.9 1 10 91
AfiARIR 30 H AR b #5< 91% T 3. KT Wem - s«

ISR T3% TR 2k b B, MR R IR
W AR P IR O & S Fs kB Wk
%.
BERCTIE 10 [ A,
& fd#ko 0.34 mol G,

20 M 2P 1 R e
0 NEMRECEYFDTEHS
b 0.38 mol %55

BRI 20 HEEHED MENE L A EREL R
v bdem BoRTUNML oA BEE T THENE
X b/EL, Bz 10 BERAE O 45em TH 3.

Fig. 6 Chamaecyparis obtuss
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— #7738 Percentage of survival

—-— BB Osmotic pressure

,,,,,,,, B B Height of stem(2)
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Table 8 Pinus densiflora Low temperature treatment for 1 hour
2B B = o
: ® B E HAERE B B PLERA R Sfpkw | ETE 2%
. Oswotic Height of No. of tree “Percentage
Treatment pressure stem geedlings No. of of survival
sucrose mol chilled survival
: (mol) [em) (%)
#RIAE  Control 0.38 7.5 29 - 10 7 I
10HEYER ce
10days treatment series 048 7.6 42 13 ' 31.
20HBEHEE . : ~ -
20days treatment series 0.50 6.8 39 10 . 26
SOHBRAME L
30 days treatment series 0.54 6.7 40 2 63
HApAR1E 90 AW $ 75 < 63% T 5. Mo WM 7y

FROELTBEOMI T KRS,

D 2% Td 5.

BERIL 30 HREHER b <,

CE b aicEing .

BRIT 10 HBBER AT 7.6cm, /g 30 A

PIRED 6.7Tcm TH 5.

Az 20 KSR

0.54 mol GHR{E
X ARIEO 0.38 mol TH 2. BEMIT 10 B EEIE

Fig. 7 Pinus densiflora

3
Je . -
100 | e e, // 4.52
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/." e
-~
-~
o / : ‘.ﬁ
so i
o 1w
201 4 .5
o ke — L .y i WA
om 310 820 03}(1)
2e 2f =l el
SR Yy “m T
13 '3 3 .

—— %1748 Percentage of survival

Bi%E Osmotic pressure
5 JE Height of stem (%)
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Table 9 Pinus Thunbergit Low temperature treatment for 1 hour
ig % E = a4
KR B E HEERIE B i R Rt %
» Osmotic Height of * | No. of tree " Percentage
Treatment pressure stem seedlings No. of | 'of gurvival
sucrose mol chilled survival
(mol) (cm) A ) (%)
RAME  Control 0.40 10.7 33 5 15. .
1I0HERHFE
10days treatment series 040 89 . 48 2 50
20H ¥[8 . o
20days treatment series 047 8.3 29 18 62
B0H ERAUE :
30days treatment series 0.48 78 43 33 om
if]ig‘; Hiﬂ%ﬁ%ﬂﬂﬁ) 108 E%Iﬂﬁ@ﬂﬁmigjm L, . ﬂ Sl rv~vY ‘
: Fig. 8 Pinus Thunbergii
30 HIEHRIZR KT 7% %R 7. . 0 <
BEREMEME, 10 0EBE K 040 mol T @;. ]52
gs
Bff, 20 FEREICE D GACRML, 30 BpSEE . \wil
0.48 mol ‘TR TH 3. %w
) ) . . : e} iw g g
WEE AR O L i L, 0RE | 5 %
. Al
FEH/NT 7.8cm &H 5. _ il 1% %
2w}t 1% é
0 L - A ey 1 > L
Q= S10 S0 830
is RorR o
i
4 % "1 [':3

—~ 47177 Percentage of survival
--—- BEM Osmotic pressure
~—- § K Height of stem (%)
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Table 10  Cinnamomum Camphora  Low temperature treatment for 2%/5 hours
&35 N .
=* B & jﬁ;ﬁﬁ‘g e ¥ B AR Befraklk BfiEE %
gs:;%;ce Height of No. of tree No. of Percentage
Treatment suerose mol stem sie;g};gdgs survival of survival
(mol) (cm) (%)
A E  Contro) 0.52 26.2 23 2 9
100 EEHR
10 days treatment series 0.54 219 16 0 0
20H BR (R
20 days treatment series 0.61 20.2 17 1 6
30H BEH
30days treatment series 0.68 19.0 13 2 15
(IR PR B A3 b0 Fe D THEFFICH W TR A HOM » =
Fig. 9. Cinnamomum Camphora
BZEHEABE LN Ok
-4
BB RS oRR 2 icmL, son KL L - s
.. o
BEHER AT, MEME X D 0.16mol 1\ 0.68mol % o /// " z g
c St AR X
R ./r o g
" I . o} / 140 & 5%
BREHEREMMOLEE el L, 0AR / S
& &
" -]
MEE/NT19.0cm TP 5. 40 I ‘,,/ 4.5t g
awp <7 {n g
o 9;3 S 10 82l0 83;)
e SosR 24
B 4 14 &
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Table 11 Paulownia tomentosa Low temperature treatment for 45 minutes
B & m, . o o
® B HERERE L -3 PR A BtiA 2%
: 3_3;2:;;(; Height of | No. of tree | No. of Percentage
‘Treatment sucrose mol stem se&d{i&gs s r‘;ival of survival
(mol) (em) (%)
g Control 0.40 25.8 6 1 17
10H BRI
10days treatmer:t series 048 18.4 5 Y 0
20H R
20days trea%ment series 0.52 212 8 0 0
30H REHE
30days treatment serieg 0.50 20.6 4 , 0 0
F ) OBA b KBS EE ZE0 DT, wom = v
: : o Fig. 10 Paulownia tomentosa
AfFFECH TR E2HESHLNELD . ¥
- o % -
BB 10 B JEME TIMICHML, 048mol & jool ., P Y
. Vs ~ )
AT R 20 NEHEO 052ml T, W0 kmE | N o 5 72
. b ‘Y-‘__._'/'—‘ cors o g. B
EREKC., - s
. ' bot 1 {14 ¢ =
BEE 10 HBEMER /)T 184 cm, X 30 H)E I/ 2 g
(]
/ = B
HE, 20 BEEMEONE 5%, 20 HEEMECRTY wr y 1w g
@J:ﬁﬂgﬁi D #{‘] 20% /1‘3\1‘0 20k J J‘ g
0 'l b . i A
S0 820 8%
fa 21 oen o
$a Py *as "a
14 4 '3 "

-—-- B%ER Osmotic pressure
________ ¥ E Height of stem (%)
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Table 12  Citrus species- Low temperature treatment for 1 hour
%
« @ | RwaE | B OR | metRE | ap | SRR
Osmotic . Height of * | No. of tree Percentage
Treatment pressure stem seedlings No. of of survival
.| sucrose mot. chilled survival
{mol) . (em) (%)
M FE  Control 0.68 :- 8.4 13 x 1 15
10H IR ; : : o
10days treatment series 0.66 - 8.5 16 15 93 - -
. 20H RAEE
20days treatment series - 072 91 13 7
S0HEHE N -
80days treatment series 0.66 70 10 8 80

AA7ERE 10 HRAWEAT 94%, KT 30 g
Bo80% Td5. MEBHMERDE N 15% By

Ewn.

BERKEABEOMcR 2 <225, 0HENE
30 B EMREIC 0.66
mol TIRIKTH 5. AEOMKL BEMOMHRL X

& T 0.72 mol,

RE OB E27RT.

SEE 20 A EHER AT 9.1 e,
NCTOm THS. MEARE 10 EREOMIC R

10 B B2,

30 [ pEHE

Fh B DD bLF, WO BHICHT 2.

WILW
Fig. 11 Citrus species
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O 10 820 ¥
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A E =

—— #4748 Percentege of survival
---- BEM Osmotic pressure

B

E Height of stem (%)
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Résumé

Tree species used in this study were as follows: Picea Glehnii, Abies sachalinensis, Picea excelsa,
Larix kaempferi, Cryptomeria japonica, Chamaecyparis obtusa, Pinus densiflora, Pinus Thunbergii, Cinna-
momum Camphora, Paulownia tomentosa, and Citrus species.
The seedlings of these tree species, planted on 15 April 1949 in unglazed pots, 10cm in
diameter, and germinated, grew under natural day length until July 15 and then received photo-
periodic treatment. .
The tree seedlings were left in a wooden box (100cm X 100cm X 75cm) with the ventilator
of U-type, from 17 o'clock to 7 o’clock of the following morning. The periods of Photoperiodic
treatment were as follows : .
10 days treatment scries Photoperiodic treatment with 10-hour day for 10 days from
July 15 to 25, and then natural day length.

20 days trcatment series Photoperiodic treatment with 10-hour day for 20 days from
July 15 to Aug. 4, and then natural day length.

30 days treatment series Photoperiodic treatment with 10-hour day for 30 days from
July 15 to Aug. 14, and then natural day length.

Control Non photoperiodic treatment

After measuring osmotic pressure of these tree secdlings by means of the method of
plasmolysns, they were exposed to low temperature of —8°C.

Results

1. A high osmotic pressure was considerably related to a high percentage of survival, a
high resistance to cold. :

2. A lengthened period of photoperiodic treatment was accompanied by a decrease in height
gf'oivth and by a increase in percentage of survival in all species investigated. .

3, But there were the optimal periods of photoperiodic treatment for each tree species to
grow hardy to cold. This optimal period was 20 days for P. Glehnii, 4. sachalinensis, P. excelsa,
L. kaempferi, and C. japonica, and was 30 days for C. obtusa, P. densiflora, and P. Thunbregii.



