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Studies on Selection of Freezing Resistant
Clones of Cryptomeria japonica

Sung Gak Hong*? - Tae Hwan Cho** - Jeung Hwang**

This study was designed to know difference in degree of dehardening and rehardening respectively by
artificial high and low temperature treatments among different clonal seedlings and seedlings from diffe-
rent seed sources of Cryptomeria japonica which have been grown under the cold areas in Japan and
Korea. High temperature treatment was done with 15 to 20C under 100% relative humidity for one to
nine days and low temperature treatment was carried with = 7C for one to three days. Occasionaly, high
temperature treatment was combined and followed by low temperature treatment.

The ability of stem section to delay dehardening by high temperature treatment and/or to hasten rehar-
dening by low temperature treatment was used as an indicator of adaptability under extreme temperature
fluctuation in nature.

Clones and seedlings from different seed sources which showed greater freezing resistance than others
after artificial high and/or low temperature treatments were selected over two to three time periods:
early winter, mid winter and early spring in 1977 to 1980. These were Seoul #7,and #9, Namboo #3,and
#4, Sung-Kang #11, Chung-Sam #8 and Huek-Suk #9. These selected seedlings might have survival ad-
vantage to withstand early and late frost damage, especially the critical frost damage of the basal stem,
since it was known to be induced by lowering freezing resistance of the basal part when exposed to the
high temperature near the ground during the day.

Large variation in freezing resistance and degree of dehardening and rehardening was found among clonal
or seed sources and among individuals within a seed source, but was not related to the difference in cli-
matic conditions where the parent trees was selected. These indicated the possibility of future breeding

work for more cold resistant family of Cryptomeria japonica.
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Tab. 1. Freezing resistance of leat of Cryptomeria japonica collected on 12/26/78
LINE Treatment Temperature (—7TC) W
12 14 16 18 20 22 24
i Rl 115 - - — - 73 73 80
o AL — - - - - - 30 |
" 5%k — - - - | 0w 17 7|
B H2%| - - - = - - 30
BB 23 — - - - — - 70
& HFEBH - - — — — — 15
X 15 - - - - | - 15 35
fil Y — 100 100 00 | 100 100 100
s F 95k — - - — — - 50
4 3% - - - — 0 | 3 50
4] <75 - - — — - - 50
4 <95 - - — —~ - a0 30
¥ 15k — - *_‘_;“ - - - 30
X B — - - - - | 1w 00 |
* BR215% — — - = 10 10 60 |
¥ BE24%E —~ - — — — 15 15
B30k - - - T T T e
¥ B42%% - = — 0 | 70 70 70
¥ BE445% — — — - - - 50
* BE475% - - 37 100 100 100 | 100
i 28 - - — — - | -1 - ‘:
3] # 3 %% - - - 25 P100 100
[E2] A4 5% - - — =1 = 1 s | &
% i1 — - 75 100 00 | 100 100
4 1t 2 4% — 30 100 100 80 100 100
£ It 3 8" 100 100 100 100 100 | 100 100
% L — - — ~ 43 100 100
é It 5 5% - - 16 83 83 90 100
% 1t 6 %% ~ — 77 100 100 100 100
IS b7 5% — - - = — — 100
2 1L 8 5% - — 10 70 100 100 100

1 ) Percent damage
2) Killed 100% at —10T
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Tabl 2. Freezing resistance of xylem and cambium of Cryptomeria japonica collected on 12/26/78

LINE Treatment Temperature (—T)

12 14 16 18 20 22 24

29 Rl 1195 - - — 67" 100 100 100
/mow 1 - - - - 60 100 100
H fili 5 5% - - - - 60 100 100
¥ 23 - - - = — — 100
dr B M 25K -~ - 100 100 100 100 100
# &8 5% - - — - 70 100 100
N &5 1 5% - - - - 70 100 100
fil 77 6 5% - 100 100 100 100 100 100
k& {198 - - - - 100 100 100
4 3 5% - - — - 30 50 80
4 579 - - - - 40 100 100
A 295k - - - 50 70 100 100
X M1 5% — - — - 70 100
X F5 1 5% - — - 25 100 100 100
* 215k - - - 57 100 100
¥ [E24%% - - - - — 100 100
it 2395k - - — - 35 100 100
= FEi425% — - — 90 100 100 100
X Pred 455 - - - 50 80 100
X FBATHR - — 67 100 100 100 100
] A2 5% - - — - 50 50 80
] i 3 5% - - - - 100 100 100
7] i 4 5% - — — — 100 100 100
kS e 15% - - 100 100 100 100 100
4 it 2 5% - 30 100 100 100 100 100
o 4t 3 #&® 100 100 100 100 100 100 100
E 4 4 %% - - — 67 100 100 100
& Jes %k - - 67 83 100 100 100
4 3t 6 9% - - 100 100 100 100 100
s 67 %% - - - - — - 100
& e 8 &% - - 67 100 100 100 100

1) Percent damage
2) Killed 100% at —10TC
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Tab. 3. Change in freezing resistance of Cryptomeria japonica by high and low temperature treatment

()
-~}

D. T* (% D**) of Leaf D. T(%D) of Xylem+ Cambium
LINE Control** 15C (3 day) Control 15T (3 day)
—7C (3 day) —7C (3 day)

4 FoO11 8k 20 (73) 24 (60) 18 (67) 24 (100)
I S S N 24 (30) 18 (100) 22 (100) 18 (100
=) 5 % 24 (17) 24 (50) 20 (60) 24 (100)
7 B2 %) 724 (30 22 (50) 24 (100) 22 (100
hOF oW 2 24 (70) 18 (50 16 (100) 18 (100
& & 8 % 24 (15) 24 (10 20 (70) 24 (83
N B o1 % 24 ( 35) 24 (40) 20 (70 22 (90)
il 6 14 (100) 24 (100) 14 (100) 2¢ (100
= {9 % 24 (50 24 (24) 20 (100) 24 (7%)
| 4 3 B 24 (50) 22 (100) 22 (50) 20 (67)
4 7 B 24 (50) 24 (50) 22 (50) 22 (65)
4 £ 9 ik 24 (30 24 (57) 20 (70) 24 (83
¥ W1 % 24 (30) 18 {65) 22 (70) 18 (100
X Ho1 % 24 (100) 18 (75) 20 (100) 16 (50
x 5 21 B 24 (60) 24 (60) 20 (57) 22 {100)
% 524 % 24 (15) 24 (100} 22 (100) A 18 (100
¥ e 39k 24 (100) 20 ( 80) 22 (100) 20 {100)
X 542 B 20 70) 24 (100) 18 (90) 22 (100}
¥*; 544 Bk 24 (50) 24 (100) 20 ( 50) 22 (100)
¥ 547 9k 18 (100) 14 (100) 16 (67) 14 (100
] Ho2 B 24 (0 24 {30 22 (50} 24 (100
i Mo3 K 22 (100) 18 (50) 20 (50) 18 (50)
] A4 W 22 { 50) 22 ( 50) 22 (100) 22 (100)
4 o1 %r,& 16 ( 75) ‘ 18 (100) 16 (100) 18 (100
2 2 % 16 (100) 10 (100) 16 (100) 10 (00
it i 3 uE 10 (100) /* 10 (100} /*

% 4 %% 22 (100) 16 (50) 18 (67) 16 (80
4 b 5 %k 18 (83) 14 {50) 16 ( 67) 14 (30
4 6 16 (77 12 (100) 16 {100) 12 (100)
% 7 5k 24 (100) 14 (50) 24 (100) 14 (50
4 i 8 % 18 (70 18 (50) 16 (67) 18 (100)

*'' D, T. . Temperature at which damage ocurred more than 50%
*21 2D . Percent damage at D.T.
*3 Collected on 10/26/77 and run on 11/7/77

*¢' No experiment
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Change in freezing ressistance of Cryptomeria japonica by high and low temperature treatment

Tab. 4.
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Collected on 10/26/77 and run on 11/77

*3

field

Killed at filed condition

*4?
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Tab. 5. Change in freezing resistance of leaf of Cryplomeria japonica after high temperatures(20C
for 3 and 8 days), and high-+low temperature (—7C for 1day after 20C for 9 days)

DT* (% D)** of Leaf
LINE CONTROL* 20C (3 day) 20C (8 day) 20C (9 day)
—7C  {1day)

= il 11 5% 33 (100) 28 (53) 24 (50) 26 {(20)
MoOEOA 1 % 33 (67) 28 (100) 24 (90) 2% (90)
¥ i 5 8% 33 (67) 24 (100) 24 (100) % (20)
& B 2 % 33 (33 18 (60) 24 (100) 24 (50
OB W 2 % 33 (100) 28 (77) 24 (70) 26 (30)
% # 8 33 (50) 28 (100) 24 (87) 2% (33)
x 1 5% 33 (33) 24 (50) 24 (70) 2% ( 50)
fl A 6 29 (100) 28 (100) 21 (90) 2 (93)
I P9 % 33 (33) 24 ( 60) 24 ( 50) 2% (100)
4 EE 33 (67) 22 ( 83) 21 (83) 24 {50)
4 + 7 % 33 (0 28 ( 87) 24 (70) 2% { 90)
4 ¢ 9 33 (100) 24 ( 90) 18 (77) 26 ( 80)
¥ M1 33 (100) 24 1100) 24 (87) 22 (100)
¥ 51 % 33 (67) 22 (100) 18 (50 22 (100)
¥ B 21 4% 33 (33) 22 (87) 21 (70) 20 (60)
¥ B 24 3% 33 (100) 22 (100) 21 (50) 23 (100)
¥ 530 B 33 (100) | 22 (90) 18 (60) I 20 (100
¥ 5 42 W 33 (0 22 (67) 18 (63) 2% ( 80)
¥*: B 44 %% 33 (100) 24 ( 60) 18 (67) 24 ( 50)
¥ 47 29 (100) 22 (100) 21 (100) | 138 (100)
i Hooo w 33 (100) 24 (100) 21 (100) 22 (63)
i R 33 (100) 214 ( 60) 21 (50) [ 26 (100
# o4 33 (100) 22 (100) 21 (83) 24 (50)
4 1 % 24 (100) 15 (50 15 (100) J*0)
% I 2 18 (83 15 (100) 15 (100) /
£ £ 3 / / / /
& 4 33 (0 30 (100) 24 (50) 26 (83)
4 f 5 % 33 (100) 28 (100) 24 (100) 24 (50)
% 1t 6 33 (100) 22 (67) 21 (77) 23 (63)
s 7 8% 33 (50) 22 (100) 21 (100) 22 (100) |
& 8 33 (33) 22 (70) 18 (100) 22 (100)

*1- D.T. . Temperature at which damage ocurred more than 50%
*2 04 D! Percent damage at D.T.

** Collected on 1/26/78

**' Killed during treatment

* Killed at field condition
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Tab. 6. Change in freeang resistance of xylem-+cambium of Cryptomeria japonica after high temperature

(20°C for 3 and 8 days), and high-++low temperatures(—7C for 1 day after 20C for 9 days)

D. T*' (% D)** of Xylem+ Cambium
LINE Control {20“0 (3 day) 20C (8 day) 20C (9 day)

L ~7C (1 day)
E> Mol 5% 33 (100) T 28 o0 24 ( 50) 26 (20)
B A 1 B 33 (67) 28 (100) 24 (100) 26 (100

e il 5 % 29 (100) 24 (100) 24 (100) 2 (33)

B " o2 33 (33) 18 (100) | 24 (100) 24 ( 50)
OB O 2 4 33 (100) 24 (100) 24 (100) 2% (70)

E % 8 33 (87) 24 (83) 21 (67) 2% (33)

S & 1 % 33 (67) 24 {50 24 (87) 26 (57)

fil H 6 4 29 (100) 24 (50) g 21 (100) 26 (100)

ek fi 9 33 (67) 24 (100) ﬁ 24 ( 50) 26 (100)

4 ¢ 3 33 (100) 02 (1000 21 (90) 24 (50)

4 « 7 33 (33) 28 (&7 24 (70) 26 (100)

4] ¢ 9 29 (67) | 24 (100) 18 (93) 26 (100)

X T 33 (100) 24 (1000 | 21 (50 22 (100 |
¥ Byl 29 (67) 22 (100, 21 (100) 22 (100) 1
I By 21 % | 33 (100) 22 (100) L 21 (83) 21 60) |
i Bio24 4k 29 (100) 22 (100) 21 (50) 23 (100)

% T 33 (100) 18 (50) 18 (67) 20 (100)

e 542 B 33 (100) 22 (83) 18 (77) 26 (100)

X o44 33 (100) 24 (100) 18 (70) 24 {50

¥ 47 gk 29 (100) 22 (100) 21 (100) 18 (100)

IE w2 33 (100) 22 (50) 21 (100) | 22 (63 |
14 &3 33 (100) 22 (87) 21 ( 50) I |
ko o4 Bk 33 (100) 22 (100) 18 (50) | 24 {50) |
= 1 21 (50) 15 (87) 15 (60) IRz |
’r £ o2 18 (100) | 15 (100) 15 (100} / 1
v 3w / /- / / |
% o4 33 (100 28 ( 50) 24 (100) 2% (100) 1
4 i 5 29 (100) 24 (67) 24 (100) 24 ({50

- it 6 % 29 (100) 22 (67) 21 (77 23 ( 60)

% o7 "33 (100) 22 (100) 21 (100) 22 (100)

e £ 8 % 29 (67 22 (100) 18 (100) 22 (100)

*t- DT, : Temperature at which damage ocurred more than 50%
*2- 0/ D). Percent damage at D.T.

*3 Collected on 1/26/78

Killed during treatment

*5  Killed at field condition
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Tab. 7. Change in freezing resistance of Cryptomeria japonica by high and high-low temp. treatment
D.T* (% D)* of Leaf T T(%D) of Xylem+ Cambium
LINE 3 20°C (2 day) . 20°C (2 day)
C* Q0T 2day) | L o) C 20°C (2 day) (1 day)
% MI11%E | 26 (67) | 22 (80) | 22 (53) | 26 (8) | 22 (80) | 22 (80)
/% APl 24 (1000 | 20 (100) | 20 (67) | 24 (100) | 22 (100) | 22 (’1(0‘)
’*;—i Mis% | 24 (82) | 20 (100) | 22 (90) | 24 (75 | 20 (100) | 22 (83)
o fog] 24 100) [ 22 (83 | 22 (70) | 24 (o0) [ 22 (83 | 22 (70
BB 2% 26 (50) | 20 (60) | 22 (77) | 26 (90) | 20 (80) | 22 (100)
G f8uE| 24 (85 | 22 (00) | 24 (80) | 24 (90) | 22 (100) | 24 (100)
K #5189 | 26 (100) 18 (60) | 24 (80) | 26 (1000 | 18 (60) | 24 (100)
fl LG9 26 (95 | 20 (83) | 24 (80) | 26 (1000 | 20 (83) | 24 (100)
4 {iows] 22 (50) | 20 [60) | 24 (100) 22 (100) | 20 {100) 24 (100) |
4 38| 22 (78) | 20 100) | 20 (00) [ 22 (77) | 20 (100) | 20 (100)
4 78! 26 (83) | 24 (100) | 26 (93) | 26 (86) | 24 (100) | 26 (100}
4] com | 22 (60) | 22 (100) J[ 26 (100) | 22 (65 | 22 (100) | 26 (100) |
¥ Wil 22 (90) 18 (80) 18 (83) 22 (100) | 18 (100) 18 (100 |
X w1k | 22 (80) 18 (60) | 22 {1000 | 22 (75) 18 (60) | 22 (100)
¥ Biowwk | 26 (100) | 20 (100 | 22 (1000 | 26 (100) | 20 (100) | 22 (100)
Tt matsk| 24 (85 | 18 (60) | 20 (80) | 24 (80) | 18 (80) | 20 (80)
E Bi30sk | 22 (60) 16 (100) 20 (00) | 22 (75 | 16 (100) | 20 (180)
* bpaosk | 22 (85) | 20 (70) 18 {80) 22 (87) | 20 (705 18 (80) |
¥ Bidd®t | 26 (88) | 20 (80) | 22 (100) 26 (1000 | 20 (67) | 22 (1000 !
| % K478 | 26 (1000 | 20 (100) | 22 (53) | 26 (1000 | 20 (100) | 24 (100)
i Wesk! 24 (100) 20 (80) | 24 (73) 24 (100) 20 (67) 24 (86)
i 3% 24 (100) | 22 (100) 24 (83) | 24 (100) | 22 (00) | 24 (100)
i waws| 24 (1000 | 22 (100) | 22 (95) | 24 (100) | 22 (00) | 22 (95)
% Je 1% |16 (65)-18(50)] 18 (100) 18 (100) |16(55)-18(57)| 18 (100) | 18 (100)
4 dr2w | 18 (00) 16 (77 18 (100) 18 100) [ 16 (67) 18 (100)
. dt3m / / / a / /
% JLass | 24 (90) | 22 (00) | 24 (60) | 24 (60) | 22 (100) | 24 (60) |
%, 5% 24 (85 | 20 (80) | 24 (100) | 22 (60) | 20 (80) | 24 (100)
4 dk6%E | 22 (50) 18 (100) | 22 (95 22 (50) | 18 (100) | 22 (76)
4 7] 20 (78) 18 (100) | 20 (80) | 20 (55 | 18 (100) | 20 (80
4 e8| 22 (90 16 (60) | 20 (100 2 (100) 16 (600 | 20 (100)
* D, T. : Temperature at which damage ocurred mare than 50%

% D" Percent damage at D.T.
Collected on 3/9/78
Killed at field condition
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FfEo] KT wol GiREE o dhd  MivEtE A el 4 felshA Aol W Aow 4 Ao
Ml A KT S-S BRI, P 15k, A gol U4 FBo| sl W e P EF
KAUS SR, PEH 2%, KBS LB, BLO%E, A L7 ek oWl £ ML KA 7= WES B o)
Bk, At 45k 5ol o (£5,6) Filiol olshed i%EMEC] KT Aekls kFe ®

g gl sl fiTEREe] KT R AEl Eroll o 8te] chAl fIEMEE L HESch 39 99|
ICHIEER S ol T mEdEe] b4 ol A El 9 AHH AFE 2907 20T EET % Rl
7k 20Tl A B G THR —7C2 (KRS o} SRS chi 197 —7CE g it
PERE Rl MUY & &5,63F 2ok o)el (G R B = £ T b Zeh o] Bpflell of o) ifEel
of elshed MHFEPES wal WFE-S BRI, PR ool 4 #zl HEFHMSY WEMEE 4y ueit
l‘ffL Al S Bk, RETIH 2%, HAEs Rk, KES 19E Aok @RER S wo el FEMRE L o wA 2t
i 658, MU, A-TTEE UK, OUBB42%E, W A ETH REES BELY, BE2% SHE8%
d’ Jhtr*i Ol —26C b A A g AT 9%E I3, 4% 4dram =4 K

5 HOEIIE = —24CT7A dhell M 71 x| 29 SR = —227 o] 5}o) &),

Tab. 8. Difference in freezing resistance of Cryptomeria japonica between high and low temp. . treatment

LINE D. T* (%D)* of Xylem D.T. (% D) of Bark D.T. (% D) of Leaf

—7C (1day)*| 20T (1day) | —7C (1day) | 20C (1 day) | —7C {1lday) | 20T (1 day)
B4 59 30 (100) 27 (100) 30 (100) 27 (100} 27 (63} 27 {100)
3 7145k 30 (100) 30 (100) 30 (100) 27 (67 30 (100} 27 1 77)
[~ S 30 (100) 27 (67) 30 (100) 27 (83} 30 (100} 27 (93)
| 1t 4 %% 33 (100) 27 (100) 33 (100) 30 (53 § 30 (70 27 { 60)
B £19 %% 30 (100) 27 (67) 30 (1001 27 (67} 30 (100} 27 (1 67)
ToE JredEf ) 30 {83) 30 (100) 30 (87) 30 (100) 30 (57) 27 L77)
d B 2% 30 (73) 30 (67) 30 (80) 30 (67) 30 (83 27 (73)
K 821 R 30 (100} 30 (67) 30 (100} 30 (83) 30 (100) 30 (93)
& v F 1Y 30 [ 87) 30 (100) 30 (90) 30 (100) 30 (93} 27 (63)
% Wl 115% 33 (67) 33 (67 33 (50) 33 (50) 33 (50 33 (50)
G £ 8 30 (100) 30 (100} 30 (100} 30 (100} 30 (100) 27 (50)
Fe 7K 55 30 (83) 30 (100) 30 (67) 27 (50) 30 (100 27 (87)
H fili's 4 30 (67) 30 (67) 30 (90) 30 (67) 30 (93 7 (67)
il 159 30 (100} 24 (67) 30 (100) 24 (67) 30 (100) 24 (93)
T & W99 30 (60) 30 (70) 30 (67) 30 (83) 30 (83 30 (87)
7 29k 30 (67) 30 (100) 30 (83) 30 (100) 30 (90) 27 (1 63)
[ M3wk] 30 ( 67) 30 (53) 30 (67) 27 (50) 27 (87) 7 (863)
i HE 5 Bk 30 (100) 27 (53) 30 (100) 27 (73) 30 (100 27 (87)
ok B4k 27 ( 60) 27 (67) 27 (57) 27 (67) 27 (63) 24 (57)
hoFE BG6HE| 30 (100) 27 (50 30 (100) 27 (67) 30 (100) 24 (57)

*1© D.T. : Temperature at which damage ocurred more than 50%
*2. 95 D . Percent damage at D.T.
*3' Collected on 12/22/79 and run on 1/7/80
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Tab. 9. Difference in freezing resistance of Cryptomeria japonica between high and low temp. treatment.

LINE D. T* (% D)* of Xylem D.T.{(% D) of Bark D.T. (% D) of Leaf

—7%C (1day)*¥|20C (2 day) | —7°C (1day) | 20C (2 day) | —7C (1day) | 20°C (2 day)
5 HouE | 40 (33) 33 (100) 40 (33) 33 (100 40 (47) 33 (100)
G dlamg | 40 (67) 33 (100) 40 (73) 33 (100) 40 (83) 33 (100)
/oM A1eE | 37 (100) 33 (100) 40 (100) 33 (100) 33 (50) 33 (100)
o] jbase| 40 (0 7) 33 (78) 40 ( 33) 36 (100) 37 (60) 33 (80)
::) 9% | 37 (100) 33 (100) 37 (100) 33 (100) 37 (100) 30 (53)
T ogn 2%k 37 (67) 33 (100) 37 {80) 33 (100) 37 (93) 33 (100)
BoOE W2 | 40 (100) 33 (100) 40 0) 33 (100) 40 (100) 33 (100)
X BX1g% | 37 (67) 33 (100) 37 (67) 30 (50) 37 (67) 30 (87)
x v 18| 37 (67) 33 (100) 37 7) 33 (100) 37 483) 33 (100)
B’ e | 37 (67) 33 (100) 37 7) 33 (100) 33 (53 33 (100)
& w8 | 37 (67) 33 (100) 37 (67) 33 (100) 33 (50) 30 (60)
E K59 | 37 (83) 33 (100) 33 0) 30 (60) 37 (97) 33 (100)
® MmssE| 33 (67) 33 (100) 33 7) 30 (60) 33 (67) 33 (63)
il 6% | 30 (100) 27 (100) 30 (100) 30 (50) 33 (100 30 (50)
FoEm H19%% | 37 (83) 33 (100) 37 (90) 33 (100) 37 (93) 33 (100)
E] w| 37 (100) 33 (73) 37 (100) 33 (73) 37 (100) 33 (73)
® gaogk| 40 (73) 33 (100) 40 7) 33 {100) 37 (60) 33 (100)
= 3wkl 40 (47) 33 (100) 40 0) 33 (100) 40 (77 33 (100)
i sy | 40 (33) 33 (100) 40 (33) 33 (100) 37 (53) 33 (100)
ol B4% | 37 (100) 33 (100) 37 (100) 33 (100) 37 (100) 33 (100)
BB OB6%E | 33 (77) 30 (100) 37 (100) 30 (100) 30 (60) 30 (100)

*1)

#2004 D Percent damage at D.T.
* Collected on 2/1/80

D.T. : Temperature at which damage ocurred more than 50%
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