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Composition of culture solution
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NPK N POy | KO NPK N Py | KO NPK N POy ' K0
level | ppm | ppm | ppm level | ppm | ppm . ppm fevel | ppm | ppm | ppm
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180 5 160 232 60 80 40 121 20 20 10
20 20 160 312 180 5 40 231 60 80 10
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Table 4. Bk o il |
K concentration in (thur(, solution (1969)

‘ B W o
K b Culture sc lutmn o A
B WU [ [ T # | Theoretical
NPK Before Attc | value
level renewal renewal |
ppIm ppm | ppm
27,1 16,3 ; 0
29,9 24,7 10
1, KO B35 B ppm G g T, 0.6 38,9 10
. 132 37,9 40
oy K -
212 51.5 40
32 67,2 79,8 40
23 104, 1 144, 5 160
233 103,58 121.4 160
313 176, 4 167, 7 160
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bt 0.5 B CaO 2 A Ty i
331 3.4 0.6 b e b e e e N
i k hS, BRI - EEEHEICIE, KUK S &
132 0.5 0.4
212 14 0.6 NTOLLD LD LOENPHALS S
322 3.8 0.8 bOWEDEREHEPEZ NS, £CT
123 0.9 0.6 ) . . .
. . BB R o Cal A Al L7 f5 00 Table 5
23 1.5 0,7
313 4.3 0.9 LT 0.4~0. 9 ppm
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Mg concentration in culture solution (1969)

P WoE W B OH #
NPK level Before renewal | After renewal
ppm ppm
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331 8.5 L3
132 1.0 0.9 ) o .
K 70 - T A RE DS,
212 2.0 0.9
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123 Lo 12 LMt LD,
233 2.4 .2 S 3y L N - - B e
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Table 11, # Z &L o EBH B MW o & & KR B8
Weather condition of experimental period in each year

4 Year ’66 67 68 ! ’69
e EE @ K| mEm %k Ee @ X% @BE

¥ [} Factor Deviation Mark | Deviation Mark | Deviation Mark | Deviation|Mark
EEEAEEEE A ] . | |

Mean temperature (°C) | + 0.2 N + 1.3 H "oz N T "
in month ‘

5,'!' IMJ LX& Y f/) J;J

|

Mean of maxmmm ¢ce L ~ 02 N
mperature [
I AR O P B T
|

+ 1.5 H - 0,7 ¥ - 1,2 F

Mean of minimum (°C) | + 0.3 N + 0.9 H 1 + 0.2 N + 0,4 M
temperature i l |
Jg oK B mmy | 206 | L ‘ ----- 702 F | 422 | M| +212 | M

Rainfall on month

|

l
AW B | ; {
Duration of sunshine 4+ 18 M|+ 18 M| - 9 N + 16 M
in month Chour) , | ‘

%« Mark showed in Table 10.

AEHDTH A, oD Table 11 7 & 1967 413

i guperatire s eiee  RBARIEITE S C LA DM 5o
T . Chrh RS
“" ‘: E 3-2. N FOEE
EEE. . 12 SR EA ST BT T
Eg / / ZRNT, Ny F No.o 16 048K, HEERO
;:E A ,.! / - 30cm, 15cm, BE, A 5cm, 10 cm,
& L 20 cm O ABAE 1 AT DR 12 AIC 0 H
58 o ! i/ —egme  FOWRKEREL, 1965 6 7150 k01967
A \ !/ B X E2A16 BETHMLE,
2 Nl 3-2-1. B, BRORE
20 25 E0) 35 40 HEEOS B 19664 5 H~10 A REAHE

i B (C)  Temperature

Fig. 12 196606 6 A17H~108 4 7 3oy 0 2 N IRROFRIEEL, FHIETE, 8,

DEETTE © & DB B K B O G ADDIE DB - 128, 2RI AR
Mean maximum and minimum temperatures Wdo BKE, 8 Aoz, AR

on culture bed from June 17 to Oct. 4 in 1966.
R, BREEBETE, 5 6 9HM

PRE L, ERMIKEPCPENETH - 720

FHEBAK HD 6 H 17 B O ESMERTO 10 A 4 T~y FOMRSEREEMC E0F
BT, M3, B so@mnas s & (Fig 12), SR @n

D AKTR, BESLEOIEIZ S BRERE G BRBRIE L, BEELRED, BANOERE
ERBREELTED, RRERNS0,

TR, HEEIEL0om 2L E <, BN 20om BELEL, BB B
R & U sRe,

I



B LIETN . P KELES

}’w

N AA L,

HEE ORI, B 15em 8 1 30 om = >N 5 cm > 10 cm >R 20em Ol k& {, B
i, B 30cm~EHN 10cm 70, 0.30.58° 7§> ‘hbf\ N %u\l’é ”() e AN 0,470 B,
3) B 30cm Sl 15
4) - 30cem ki
1.3°C Ee

LR EREEAY QA

TR b S0 em AR 1L8°C L,

5) 1 s0cm XEEN 20 cm T, KO HESIEEE 0cm A 9. 8°C B, MR 20 cm

30 em A% 2.5°C K Tid4

SABIE A 20 cm A8 4.0°C FUSEE TR L 30 om 28 23°C Eo,

6) BEELEEM 20om THE, GO RS EENS 8 0°C <, HEEEEA 200m 8 3.
Vo EOGK O PRSI L 6, 9°C ¥ 4, FURARIEREA 20 om A% 2.7°C v,

322, R, A
SOy NERBEELRELE, PO L0 b, DD TEER T, BRI R S EN IR
hiK<, Ao
&I I8 AL VR E Ao
SENC X DREEDTTOREO 0 {Li s 5 & (Fig. 13),

0 NA|

TR & Ao T et o> ¥

Firoy 1

X DMEBT,

iih’%"*‘ I o [ 1% 5 < ") f)\ A uy i Litz;’r?‘) X /;L_’CL"Z)O 7 vi‘;
M°C PRI, 13 IERTIE, B UMBCHRA )DL 7070 &7, BN 5, 1Wem

THERIZ S, BRICEZEBII/DE, BN 0em 082 LB EAYESE S 0.
3-2-8,  EEER F o FR AR L
1966 8 FICld Ny FORBEL 20cm OGRS 1 BRIHBIC 43°C A b T A K5Iy,

ik A28 Lpdafst R B

s

i e 75 AL

o o DT, BERNIIOBRED |

§ § i i iz i i i i€ ¥ it
Fig. 13 Hpi
DAL (’\‘ nEs erF-'é’f' i
Daily chz‘mge.«ﬂ of temperatures in inner and outer Control  method of
parts of culture bed circulated culture solution, temperature of gravel
(Full sunlight plots, Aug. 9, 1966) in surface of culture
-5 e P Bed surface bed,

o Bl Scm 5em below bed surface
: #  10cm  10cm below bed surface
-------- 7 20em 20cm below bed surface




o Y

N A

B, TR D ICH 25 mm O/
’jiiij\’ ste Ltz T, 1966 /‘[ 8 ] i ;’
L/ 7o o

R L s

ORI T iF

Lo(Fig. 14) 5%

<

19694 12 A o

Al & AR

N3

CLAERED

3-3.

7y bk
li"uu i

~Ly F Noo 15 04

HUE, B 20em OEMERIAy FIT, MMABBERIER S LT, BROBAAAL

WD oL 20 cm OB OB LB, MR- 3 A2 A & LiAA,
BB DI ATy, Leem MO A F o —n T, fEsEOE

ORI C o R L, MEREERE (Y v ¥ - Hy s R

MFE74HFE A1l L 1241979 %
ZFLTHLL 120 cm, 30cm, Hbh 20 cm )

1967 4£.0> s E oA, BRI 0.0 mn) BkERG
PE8 A 26n~9H 180D
40
35k
w
w30
£
£ 25
20
% ! 5 A i L ’ i y s i 3 5 i i 1l
5 [3 7 8 . g 10 1967
May Jun, RIVEI Aug, Sep. et

Fig. 15 1967
TR AL & B A Lo

EH T Dy ML
D BRLTHRnEEL S,

5H16REDI0HT HE

Mean values of air mean temperatures of culture
bed and nursery and stem’s mean temperature
every a p&ri{)d of 10 days.

F, MO SR SRR
g (Fig. 18) 12, 2

&AL

Temperaturn Zﬂcm above the gravel (open plot)
Qe YRR L 200m DEHAKIR

Te,mpe,raiure: in stem on 20cm above the gravel {open plot)
Booowa@ EIEBE 20cm OFE

Temperature 20cm above the gravel {shade plot)
Qe m ey WHRBE b 20cm OEE

Temperature in stem on 20cm above the gravel (shade plot)
ey, L 300m DRIE

Temperature 30om above the nursery

B
DED
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50
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&

Temparature

Yoos 8 17 8 18 200 22 023 24

R R R R S T R B BT

vimes B R
Fig. 16 E RO B EE(L (1967, 8.18)

Daily couse of air temperature and stem’s temperature,
(Aug. 18, 1967).
G LY L 20cm DEE

Temperature 20cra above the gravel (open plot)
el £ VL F 20cm DRHEE

Temperature in stem on 20cm above the gravel (open plot)
gl JEFRBE L 200m DR

Temperature 20cm above the gravel (shade plot)
Ly, XL 20cm DEHAR

Temperature in stem on 20cm above the gravel (shade plot)
() EIHE. B 30cm DA

Temperature 30cm above the nursery

EHEU, 1380 42.6°C A ETHL, 15 30°CETRNL, 20L&
THEOBM L, —Hrg
BRI 9T 30°C e L, 1303003 T, BEERE IbHHRcilhh s, B

PN OB R E CEET L O SR

VWK TR IS TR A290C EE L, HECEDLOM 2 IIERRED S A 1R LT 11 H 30 45 ~12 K
30400 1TEEREIC, HEED 38°C giksiibn, 13RI S 2L THLT, Uikwaehit FTHT
Bo WM & 8 LEAECBEREE LD 2°C o d, @K DrRuEH, MEs b
FITE D - o

WHARDMAREIR B, FHE LE

PR s a s, AEBRTREBEILHOT, HEBEMAESH LT, 4 BRRELBREEDR
DME A - 72
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4o BEHRON, P, KBED L USHEHN X,

1966 4 5 1968 4

ALy

o (Table 12, 18,

o4y

7 Table 14

M

Firy

Comparison of the effect of covariance analysis

7 F C. japonica S . obfusa

Yo X ol (R %

b A ol O o (X ol (I S ®oon X
Shade plots Open plots Shade plota

i s

Factor Open plo

K e
er Increase
0,783 G, 980
P 0, 955 &
K ), 730 0, 566 0

o ke

ht increase




Table 15, M #H i B W 5 % ¥ 7 =n v OB HEME® S B DK
Covariance analysis for height increase of Crypfomeria japonica in Table 12

|
\

&t K GBS # S X (GRa
Open plots (Covariance analysis) Shade plots (Analysis of variance)
L = df S8 x2 55 xy S5 ye Residual ms Fy SS vz ms Fy
Season 2 20553, 9383 -~ 54,8433 302, 8721 849, 5017 | 424, 7509 44 19%% 40,1352 20,0676 4,39
N 2 34, 4654 — 82,0954 264, 9499 185, 92,9783 9. 67% 189, 1085 94,5543 | 20, 70%%
(1) (21,8020) (— 28.3323) { 236.8654)(+) ( 12,5 1,20 (94, 11923 (+) 20, 61%%
2x(a) (12.6634) (— 53.7431)] (228.0845)(—)] (173, 4 18, 05%* (94, 9893) () 20, 0¥
P 2 13,7329 — 21.5672 111.8721 92, 46, 2497 4,81 8, 3269 4,1635 0.91
i (0.0242) {— 1.4161) ( 82.8614)(=) ( 81,3307 8. 46% 8§, 2825)(—) 0.8t
q {13.7087) (— 20,1511} ( 29.0107)(—) ( 11, 1,16 { 0.0444)(+) 0,01
K 2 9,2379 1.6971 9, 8430 14, 4 7. 2049 0.75 20. 6070 6. 6478 1. 46
1 { 0,9385) (~ 2.6624) ( 7.5831)(+) ( 4 0. 51 (13, 29563 (+) 2,91
q { 8,2994) (4 4.3595) ( 2.2899)(+) ( 9. 0,99 ( 7.3114)(~) 1,60
NP 4 85. 5921 - 15, 3928 99, 7244 108 27.0611 2.82 20. 8589 5. 2147 1,14
NK 4 89, 4049 — 44,7193 133. 3419 11, 27,7844 2.89 33,7742 8, 4436 1,85
PX 4 79,2142 — 26,3740 84,4714 79, 9, 7964 2.06 32, 6644 8. 1661 1,79
Error 6 64, 7050 — 35,1348 67,1372 (5) 48, 9,6118 27. 4044 4,5674
Total 26 2432, 2909 —278,4297 | 1074, 2120 1488, 372.8795
{Individuals) 6,237 ) { 0,65} (11,120 )1 2,43
2HERFRESERO4rE] Division of interlaction between two factors
NP NK PK
11 (+3 24,6451 — (+) 22,4271
1q (—)  8.4447 — —)  0.0974
q i (4} 64,7696% — (+3 2,122
g9q {—) 10.3851 — (=) 79, 1855%
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Influences of Py concentration
and light supply on height increase
of (,fzamaec yparis obtusa,
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tions on height Increase of Che-
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Table 17 BB BU 32 F 7 0o~V HORTERMBO 5 ERANK
Covariance analysis for basal diameter increase of Crypfomeria jeponica in Table 12
3 oE K GRaorEain
Shade plots (Covariance analysis)

& % B Grgrt

COpen plots (Analysis of variance)

5 i af ss 3 ms Fo S5 a2 SS x¥ SS y2 Reoidual ms Fo
Season z 11,6749 5, 8375 19, 65%% 83, 1698 1.2432 0.7908 28, 4521 14, 2261 45, 61
N 2 25,1995 12,5998 42, 41%% 0. 1005 0. 0080 2. 3126 2, 3533 1,1767 12, 04%
i (22.08913(+) 74, 35%% 0.0 ) {~—0.0036) (2.3112)(+) (2. 3072) 23.62
g { 31104)(—) 10, 47% (0.1008),  ( D,0116) {0.0014)(—) (0, 0461) 0,47
P 2 0. 1644 0. 0822 0,28 0. 0896 0. 1741 0. 9949 1,2189 0. 6095 6. 24%
i ( 0.0108)(~) 0. 04 (0.0329)  ( 0.1809) (0.99413(+) {1,2078) 12, 36%
g { 0.15363(+) 0.52 (0. 0567) {—0.0068) (0. 0008)(—) (0.0111) 0,11
K 2 0. 0410 0. 0205 0,07 0.5768 —0, 2104 0. 1981 0, 1438 0,0719 0,74
1 { 0.0009)(+) 0,00 (0. 4737) (~0,0714 {0.0108)(+) (0. 0802) 0,82
q { 0.04013(+) 0.14 (0.1031) {—0. 1390} (0,1873)(+) (0. 0636) 0,65
NP 4 3.0019 0, 7505 2,53 1.0248 0.7942 1.3170 2.5332 0, 6333 6. AB*
NK 4 2.2612 0. 5653 1.90 0.8311 —0, 4334 0. 6603 0. 4357 0, 1089 1,14
PK 4 0.7792 0. 1548 0. 66 0. 3440 —0, 3422 0. 5604 0. 2845 0.0711 0,73
Error 6 1,7823 0, 2971 0. 7506 —0,4218 0.7255 (5) 0, 4885 0.0977
Total 26 44,9044 86. 8872 0.8117 7, 5596 35. 9100
{Individuals) {0.283 3 (0.952) (0.191 3 (1,96}
2IRF2EHER OAE] Division of interlaction between two factors
{ NP NK PK
11 | (+) 0.1906 — —
ta | (=) o001 — —
q1 [ (+) 1. 1985% —_ —
g4 1 (+) 1.1340% — —

W

i

XA

{1

-

o

1 L9825

i
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Eo T B LTSI, REOIZIE 4 UARET &0 (Fig. 28,
e HE (R0 ppm) DEICIBEFED, N BEOHE I LA o #)
AR L, N OERELAGRTI, IR KE0RE R L, WAETIE NoPy 21318
G LWRE LRS- 1o (Fig. 25),

2 P ORI R
2435 EOPT PyOs BLE

b/ R HORTRREICST A
R NOLRSE (ND BLON &P OR

LREHE (ND AT H -7 (Fig. 260,

SELET S &, AFHOSNGRERNT HOTNTDEA N

= (Fig. 23, %)

KO 4 L~ 5 1 THLDIH L
Table 18, BEHCHY 5 b/ FEHL IS MoMICHE

Analysis of variance for basal diameter increase of
Chamaecyparis obtusa in Table 13

A0 B D
Open plots (Analysis of variance)

M)
ade pmts

(Analysm of variance)
b X df S5 y2 ms Fo S5 2 ms 7y
Season Z 27,1856 13,5928 | 15, 16%* 5. 3030 2,6515 8, 28%
N 2 52,4115 26, 2058 | 29, 22%K 8,1713 4, QBE7 | 12, 76%%
1 (49, 6008) (+) 55, 31 (7.3984) () 23, 10%%
q ( 2,810 (=) 3.13 (0. 7728) (=) 2,41
P 2 0,322 0.1615 0,18 0, 7750 0, 3775 1,18
1 { 0.0470)(+) 0.05 (0. 1513) () 0,47
q ( 0.2759) (=) 0, 31 (0. 6037) (~) 1. 89
K a 0, 8397 0, 4199 0, 47 0.0108 0,0054 0,02
1 { 0.6050) () 0. 67 (0. 0009) () 0.00
q ( 0,2347) () 0. 26 - (0. 0099) () 0.05
NP 4 15,6786 3, 9197 4, 37 1, 5542 0. 3886 1,21
MNK 4 8,7924 2. 1981 2,45 1.0775 0, 2694 0. 84
PK 4 1, 8061 0, 4 0,50 1, 1617 0. 2204 0, 91
Error 6 5. 3807 0, 8968 1,9216
Total 26 112, 4175 19, 9551
{Individual) ( 0.546 ) (0.61) {0,209 )| {0.65)

2K

ARHEEHOSTE Division of interlaction between two factors

i1 (M:) 0, 0169
Iq (=) 0, 3081
a1 () 15, 3530%%

qq (=) 0.0003
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Open plots {Covariance analysis)

Table 19. BHICEI L AF 7 o—VyHo2E (E) BRED BN

Covariance analysis for fresh weight increase of Cryplomeria japonica in Tabel

& B af S8 xt SS xy S y Reoual ms Fo
Season 20801, 8686 120155, 7706 727066, 1641 138366, 3064 69183, 1532 17, 64%%
N 2 51, 0565 1608, 3683 897224, 1873 86517, 1451 43258, 5726 11, 03%
1 ¢ 0.7091) 106, 0395) (52839, 5869) (+) (52094, 0745) 13, 28%
q ( 50.8474) ( 1502.2788) (44384, 6004) (—) (34423, 0706) 8, 78%
P 2 305, 7624 482, 4197 1155, 8135 1555, 0703 777,5352 0, 20
i (218, 3353) ( 501.4503) ( 1151, 6800) (+) ( 329.8718) 0.08
q { 87.4271) {— 19,0306) ( 4.1335)(=) { 1225.1985) 0.31
K 2 89, 6793) — 253, 5806 3590, 3576 6493, 4031 3246, 7016 0. 83
1 { 68.5230) (409, 2859) ( 2444, 4032) (+) ( 6182, 4501) 1,58
q ( 21, 1563) { 155.7053) ( 1145,9544)(—) ( 310.9730) 0. 08
NP 4 301, 6866 1597, 8727 18138, 671 10550, 8747 2637, 7187 Q, 67
NK 4 334, 7952 1774,0627 47771,7801 39423, 6494 9855, 8424 2.51
PK 4 183, 2377 1305, 5128 26825, 9272 19897, 7713 4974 4428 1,27
Ervor [ 396, 1312 1396, 7036 24512, 423% {5} 19587, 8454 3917, 5691
Total 26 22464, 2175 128077, 1298 946285, 3247 322392, 0657
(Individual) (3636, 646 ) 933

(0.

2RERHEEOSS Division of interlaction between two factors

NP

PK
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Table 20. #B#

KBUBAE S 0~ vHOAE (R BBOAYIT
Covariance analysis for fresh weight increase of Cryplomeria japonice in Table 12

N
5
e ML RF LN 25 ; f
i R e S e T 4

Shade plots (Covariance analysis)

EE ds S8 x2 58 x¥ 8§ g2 i 5 ms Fo

! Residual
Season 2 23130, 0747 28197, 5913 37454, 8200 3064, 6150 15832, 3075 2. 64
N 2 159, 6823 699, 6744 4170,9522 2761, 3050 1380, 6525 2,36
1 { 61.3463) {485, 2640) (3838, 6322) (+) (2746, 2119) 169

)
e
Cor
@
<)
[
[oN
(=]
N
Py
N
kS
KN
e
2
T
o
o~
IR}
forvs
B
joN)
B
<
=]
N
~~
N
/\
ot
<
O
j%)
N~
o
-
%)

P Z 172,1283 — 176, 6426 312, 4685 399, 3746 499, 6873 0,85

q {161,9281) {—201, 6574) { 281, 1222)(+) 1,68
K 2 195, 8373 182.3101 379, 4955 1 0,19
1 (191.7535) (142, 5466) { 116,6374)(+) 0.06
g ( 4.0838) : {262, 85813 (=) Q.32
NP 4 366, 9175 147, 6778 0,25
NK 4 304, 0200 528, 7017 0,90
PK 4 386, 8898 1436, 6949 592, 6253 1,01
Error 6 551, 8407 4279, 9700 {5)
Total 26 25397, 3906 30107, 4529 50822, 3966

(Individual) {270,534 ) {0, 45)
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DB

variance for fresh weight increase of

- 3G - MRS
Table 21. BEHcBT L/ FELISWOLE () 8N
Analysis of
Chamaccyparis oblusa in Table 13
A 6 K (SRR

Opeﬂ plots {Analysis of variance)

I KA
Shade plots
(Analysis of variance)

32} 7Sl df ‘ S5y l ms Fa S5 y2 ms Fy
Season 2 8775, 8689 4387,9345 | 1,08 219, 9623 109,9812 1 0,33
N 48587, 4067 24293, 7034 | 6, 0% 40685, 8467 2032,9234 | 6, 09%
I (41328, 1250) (+) 10, 20% (3561, 6800) (+) 10, 68%
o] ( 7289, 2817) (=) 1,79 { 504, 1667)(~ 1,51
P 2 1337, 9289 668, 9645 | 0,17 264, 1867 132,0934 | 0,40
1 ( 672.22223(+) 0,17 ( 192,0800)(—) 0, 58
q (665, 7067)(~) 0,16 ( 72.1087)(+) 0.22
K 2 2172, 3889 1086, 1945 | 0, 27 106, 1956 53,0978 | 0,16
1 ( 1974,0139) () 0. 49 ( 53,3889)(+) 0.16
] {198, 37500 (+) 0,08 { 52,8067)(—) 0.16
NP 4 | 287721446 7193,0362 | 1,78 1284, 3867 321, 0967 | 0,96
NK 4 9384, 3845 2346, 0961 | 0,58 1068, 2312 267.0578 | 0,80
PK 4 9081, 8689 2270, 4672 | 0, 56 2905, 8445 726,4611 | 2,18
Error & | 24300, 8556 4050, 1426 2001, 3134 333, 5522
Total 132412, 8470 11915, 9671
(Individual) (1229, 537 Y0, 30) (107.891 3|(0. 27)
Fig. 28 WWRT XD N PR BEOHSGHIE T RN ELBED SN, N OHKEDE

GO 100 g) B K BEICX - UEERYEL, BICNO

FRHE & K OBREDHAGE (NKy) 13 NaKs
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4-8-2. w /&
Table 21 & Table 13 © & / FH D44 200F
REFHT LItbDTH B P
SRR T 2 B D EBE, o Open
4
Eh N O LRESE (ND S s 200k o
23 o
5TH o (Fig. 290 o P
4-3-3. BN Hk i e
W & 100 o -y ard
TN TR ¢ P Shade
1 o
T5E, [EEE,
OEENL, b THEULL, #HEXFTEN Ot ?zfe
BEAHREIC LTHE 100 g ORE L
TEY, &NEOHIM4THY, v/ FEHTR Fxg 29

W3 TH-To

G 3 —)

7\1 TO J\ LJ\ML)![:LD R J}S
inﬁuences of N concentration and light
supply on total fresh weight increase
of Chamuecyparis obtusa.
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Table 22, B AF 0w 2 F O
Significant factors on dry weight in each imn of (Uﬁammza Japonica

and Chamaecyparis obtusy cultivated

A & Crypiomeria japonica v/ F  Chamaecyparis oblusa

%A P LN LR A
Factor * eaves | leaves Trunk: Stump| Root | : 25 | Trunk Stump; Root
{12V & S i
N ® Lok * % * S EE ®
] * ® wk ek % #
« # #
Y [ x i
I ¥
k!
K ‘
g #
NP
Np#
NK
N | $op
PK :
P '{/&2
VY % * EZ] skeko ok B

# @ Significant at 1% level #x 1 Significant at 5% level

1650
/& N BRI
/ Oper
/ \
/ h
y
/ AN
sy
100F / o
%p| //
, /
4 @
o
@
K3
250k b
Shade
R
o 7 Fig. 30
N & ke
Influences
and light Supply on totz.a.! dry
weighit of Cryplomeria japonica,
b L : /
20 60 180

N {ppm)
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Table 22 | R L TH B LD

FESENE N O2XKHMBETH 72, N OZKBIIHT 2 4ELT
FRFRNCRT & Fig. 30 DL 5K 5,

AWK TR, N OBKETHEEOBON S, HigCEmSE O, BERTE, NIREoRN
X A B E A TH B,
Table 22 IR LTH 5 & 51z, HELHERE, D ohiidb-i
4-4-3.
Table 22 WWRLZ LI,

T, KO2RBESHETH -7,
NIHEA DU MBOBARICS 2 ETH D, Ldi-T, ChoOERIERETSESNIEEDME
SREEDS, MEBIC X - THRE - BB ET Y L0, —BOMBMTIEREE U TRE Lconicils s b

pNAs, LI KO BES 40ppm H 5 160 ppm ETEHD 2 LF L HEOEEINS L L HEM
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Influences of K30 concentration and light Inﬂuenua of light supplies every investi-
supply on dry weight of old leaves in gated years on dry weight of old leaves

Cryplomeria japonica. in Cryptomeria japonica.
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Table 22 1R 72k 5 1C, # IO 85
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%o POy BEL Sppm S 20ppm ETHEMEE TR ERREZ-ETHEDICHL, 80ppm T L

TR 504, BE-—EOEER LTS (Fig. 34,
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Table 23, # #f = &

S

]

i 287 4

OF WEI O B

Nutrient contents in leaves of Cryplomeria japowica cultivated

7

Year E{)i,{l N P " c Ve
Open E Shade | Open ‘ Shade | Open | Shade | Open | Shade | Open | Shade
113 2,19 1,93 0,17 G, 13 2,90 2.96 1,46 1,52 0,07 0,15
122 1,41 1,17 0,32 0,27 1,61 1,15 1,14 1,48 0.09 Q, 24
131 1,61 1,41 0,42 0,41 2,13 2,00 L3l 1,52 0,14 0. 17
211 1. 68 1,63 0,12 0,11 1,97 1,67 0, 85 1,41 0,10 0,12
1967 223 2,04 2,13 0,73 0.73 2,35 3,10 1. 36 0, 09 0,14
232 1.76 1,68 0,62 0, 65 2,35 2. 40 1,27 1. 59 0,18 0. 17
2,17 1,64 0.11 0.07 2,34 2,08 1,72 1.28 3 G, 12
2,36 2,19 0,43 0,53 2,26 2,33 i, 32 1,36 0,12 0, 14
2,29 2.35 0, 64 0, 66 3,721 3,17 2,49 1.72 0. 18 0, 21
11z 2,54 2. 20 0, 26 0,18 1,10 1,34 1,10 1,76 0,13 0,18
121 2, 48 2,48 0,25 0,28 12 1,16 1.76 2,38 Ly 0, 22
133 2,19 1,77 39 0, 43 1,29 2,27 1. 56 1,19 14 0,17
213 2.49 2,6 0,17 0,23 54 1,61 1,45 1, 51 0,12 0,16
1968 222 0., 41 0,40 2, 07 2. 34 1,71 0,20 0,19
231 0, 59 0,80 1,30 2,02 1,83 0.18 G, 21
311 2,18 0.13 0,17 1,15 1,42 1,84 0,12 0,16
323 2.7 0,45 0,17 1.90 0,97 £, 40 2,17 0,19 0.17
332 2,38 2.38 0. &0 0,66 Lol 2,13 1,64 74 0,15 0,29
1. 80 1,71 0,18 0,16 1,15 1,00 1,66 1,65 0,18 G, 21
L, 94 1.96 0,25 0, 28 L, 69 1,249 1,29 1,73 0,15 0,21
1. 69 1,71 0, 44 0,42 1.03 1,12 1,48 1,62 0,21 0,27
L, 96 1,85 0,16 25 2,18 1,80 L. 66 1,37 0, 14 0,18
1969 221 1,88 1. 90 0,35 AL 1,29 1,66 1.67 1,35 0. 18 0,17
233 2.07 .78 0,83 0. 89 1,59 1,70 1,59 1,61 0,17 0,20
318 1,98 2.23 0,19 0,22 1,11 1.56 1,38 1,37 0,18 0,16
3Z2 2.1 1. 85 0, 27 28 1,77 1, 06 1.43 1. 61 0.13 G, 19
331 1,90 1,98 0,62 L 74 1,59 1,42 1,31 1,51 0.18 0,20

Table 24 B b /7 FWOBEAMBRY G HR (%)
Nutrient contents in leaves of Chamaecyparis obiusa culiivated

vone | NPK N P K ‘ Ca Mg
T Jevel Open | Shade Open | Shade | Open | Shade | Open Shade | Open | Shade
113 2,20 1,76 0,20 0,17 2,98 2,81 1.67 1.63 0,08 0,16
122 1,80 1,34 0, 26 0,17 2, 66 2.38 1,724 1,10 0,16 0,16
131 1,42 1,53 0,70 0, 45 1.83 1,58 1,46 1.33 0,18 0,13
211 3,08 32 0,25 2,39 1.86 1,71 1,33 0,18 0,16
1966 223 7, 86 2. 0,19 0, 44 3,23 3, 64 1,40 1,83 0, 09 0.09
3i2 2,97 2,85 0, 20 0. 22 1. 66 2,12 2.28 2,05 0, 20 0,19
321 3,09 3.01 0, 26 0, 24 2,00 2.13 1,36 1.43 0.18 0,17
232 2.58 2,23 0,60 0,45 1, 64 1.92 1.85 1,46 0.13 0,12
333 3,19 2,56 0, 42 0, 29 2,08 2.58 1,17 1. 04 0,15 0.11




DESIEIC R SIETN - P - KB - 45 -
Veur NPK N P K Ca Mg
T Tevel Open | Shade Open | Shade | Open | | Shade
112 2,28 2. 31 1,23 0,13
121 7,11 18 0,18
133 1,20 0, 36 56 0,14
2130 3,10 3,02 0,21 0, 74 1,33 1,97 1,27 0, 83 G, 14 0,13
1967 2,90 ' B0 0, 40 0. 83 G, 67 1,038 1,13 1,70 0,15
2.68 2,042 0. 49 1,60 1.10 1,05 G, 16 0,18
311 2, 60 2, 80 0,17 0,18 O, 60 0,67 1,35 0,14 0,13
3,23 3,24 0, 24 i, 60 0, &1 0,93 1,07 0,14 5,16
a3zt 2,99 0. 46 1,11 0,92 1,48 1,10 G, 20 0, 14
1§

1 2,70 2. 54 0,18 1, Ge 1,57 1,17 1,67 0. 12 0,20
123 i, 86 2,88 0, 35 1,58 L, 40 0,19 0,19
1,59 247 0, 65 1,07 0,19 18
2, 80 1,12 146 0,13 L ia
1968 2,549 2. 86 0,30 1. 0, 7 0,17
2, 94 2,94 0,81 2,28 1,20 0,17 0,21
313 3.16 3,08 0. 28 1,09 0, 80 L, 04 0,20
322 Z, 81 3,1 0,26 O, 94 48 1,19 3¢ 0,19 G, 18

331 2,74 2,77 8,3 0,721 i, 76 1,40 1,15 0, 21 G

]

Table 25,

f

WAy A B A Ay

Analysis of variance for nutrient contents in leaves

2, X Cryptomeria japownica te / % Chamaecyparis obtusa

Factor {Row | df l ; 3 ‘ .
N P K | Ca | Mg N P K Ca | Mg
i i ‘

N i 200,75 Q. 29%% 0 @9 0,03 0, OO??"‘ 7,87%% 01 1,41 0,02 (4, 0033
H 0. 74% 1 0,08% 0,47 0, 03 O &, 70%% 0,06 1,14 0,02 G
q 0.01 0, 21%% Of 1,17% 1 0.05 0 8]
P 2 210,08 1, 71k 0. 02%% 0, BS 0,738 010 L4 0, 0010
i 0, 06 1, 7 1% 0, 74% 10, 67%% 0 0,09 <
0,02 & O 0,11 G, 06 0,10 0,05 O

174 5 210,49 10,042
i 0,02 0 4
aq 0,02 0 QO

0, 0010

NP 3 2
NP 4 7
NEK 6 2
NK? 7 3
PK 8| 2
PR? O 2104
Y] 10 2 0.0091 10, 3926 0.03200 11,3068 1, 1729 0,0115

< (63 | 0,49000 0,07500 0, 7800 0, 9535 0, 00530 0, 5576/ 0, 0907] 1, 4141] 0, 3863 0, 0079

0. 0396
0, 1496
G, G150
0,1225
0, 0084 0, 8704
0, 0562

0, 0013 ¢

3, 3337 0,0017] O,

3, 0780] G, O
05,0090 0, 2977 0,4330] 0.0
0, 00870 1, B054; 0, 4169 0. 0028
0.0L170 0.0715) 0,1274] 0, 0004

e
0.00158]  0,0844] 0, 1977 0.0000
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5-1-2. N
(1) AFWE2NTHEREHO N O 1 RBFVEETH - TihDB, FHo N BESHEOELR
HHRE, BHO N GHEIET S (Fig 4).

Ko POREs, KRB, WH0NC, EREHOEOE, A FWOEN N AERIC, bEOEBESL
BERNRITH -7,

(2) e/ 3B >OTHENO N O 1TRSE BLU 2058, PHEEO 1 RGEIOCTNEES
ERELUSHETS e T0bb NEELZET2E, b/ $0EN N GFRSEINT S, 22720,
B EOBREL LD HHRERFE S &, BN SERRBZO LD, WHO D8RR S 2
g (Fig. 44),

POy JBEER 20 pom PLEOENEFICE &, b/ FHOBEN N @ RMETT 2 (Fig. 45). 2O
BGRAS, DL SITATEBBIC L AL OMIC OV TIRRETES 2

5-1-3, P

(1) AFWCOVNTEN O LKEE, 2085, PO1GRMENEETH -, TLNLIPOD2
RFRBEAEER, PO AE L, g HEAETI - TORNY, ETETLLEbhs (Fig 46),

NREL 20ppm LV EDD &, AFFOERY VEEEERNEET S, LU N EFES 60ppm DLE
WWED D & UIEWIEF LRI/ b 0 12 ElithinisRm L (Fig. 47,

AZFEDENY YBREFHFRIC OV T P BESHEOEEE (Fig. 48), Z OBIR T 40K THEET
Ha, BXEPO2RTRIEMETEBIATHEN, T, NBEY 20ppm OENEALDE
60 ppm DRFEICH 2 EHICT DBGHBEETH - 72 (Fig. 46),

(2) e/FHEO2OTEPOIRSBENEE TS w7 TDD P BELED 21FE, EHNY i
BEHESR S (Fig. 49).

B, B/ FEOBGIR, AFERED N EEREEXUBNEHORBEIRYEETH » .

5-1-4. K

(1) 2FMEOOTE K O LRGEPHETS -7z THb5 K BERHCBGICIBEAY Y o
A IR AR LB 5 (Fig. 500,
(20 &/ FWORAS ) EHAR, KO JEEA 160 ppm REOEMEIIL S &, PR LB 5 00

BTRUP 7 (Fig: 5000 HREAED SNABERREOBTH - 120
5-1-5. Ca

(1) A¥FWEZ20OTEREB®BO N, P, K & Lo

Wdetbis &, TN TCOEROSERE, WPhiE®
TP =720

COBG, WO 2-3-2 THl~e k5 WHEENIC B 2 RO Ca I, N A 180 ppm D

“““ 5T Liedi-T, NBESHOBAK, EHENOHOEENT S,

aPENED -T2 E0-Th, CORE 4. 3ppm BED Cal BETIE, /A Ca B ICEEEEL s
PILB,

(2) B/ FHZONTERAFEARCOTNOBERLTECIRIT P /o 2L, NEKoO2ET
SEAEHIBRDS, DPRED -0

KoO PR 10 ppr DIREE ) 5 160 ppm OFIBEE T, LIEOES 285G, 1o N BE AEL

ERAG R N OR
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x ¥ I v/ 3T, NEELEDLE, ERNOD
Cr. japornica Ch, obtusa
. 1 NBEEIETZN P, KZETL, Cid
02 '\f //" FN »Nr‘: .W - ¢ w, P, TR ¢
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Zﬁ" Kw-/>’ :/ ¥ :\ Vol / BEE A 2ERO TR, PRAMRT
e ; ea L4 L Lo L )
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Influences of N, Py and KO concentra- FEH9 72 R HRAL BN | IRMERT HATH

tions of culture solution on inorganic A HEIILIE N,
matter contents in leaves of Cryptomeria
S e AT
japowica and Chamaecyparis obtusa, 7ot COMENERL AFOBRGE, B
BE6BLNHI B~y a—vTHY, D

RIZAMO Y o — v TORBEEEAES - TH AP ESIPROH LR, T, RRSWREe ) FHOR
HASETL B SNBSS SERICOEMNS A E AW O LTED, LT, HEoAFEe
7 EOBREEEN S, 79— YERTSBERCANTERELS S,

s, aﬂ&ﬁt%%ﬁmﬁ; o B BEHEERE (Table 2, 3) T3, PO 4% 80 ppm % £ 0 K40 21 160 ppm
OEREOEA, ZO8HENERO Na 3L Cl 20+ 160ppm FFENTHADT, POy XU
EREEESLELTOABDOTR, 20O Na BXU O OBFEES L TS0 LNEN,

K0 By
COHRRABREBHRM L TCARYNEL SR,

Fo, TOBBRRTIE, BRI Ca, Mg BEEBEEERLTHRNS, BERAERE, AFTHEC
M1 3~1.7%, Mg H10.13~0.22%, &/ #Ti Cahtl 2~1 4%, Mg #30.13~0.18% b ENTH
v, GEROPEY, EAR® QKRR ST BLTRIED » 0. CNIEARBRICI Ca, Mg B35
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SRR T O0.5g ¢

A, B

(Db’%s

\,L 3]

me Tk v A IR

photometer) 7
7oA (5.1, 5.2) IWiUAL,

Foo A VI g

¥

Macracaran 538

Fywrw 7 g noa (mglg, flesh) =-

w7 b (mglg,

[

0.58) THhh,

Table 26.

s/ ATOREIE LS
A, BO~85% T b VT,
#He (Mo, 8) TABRLT,
1)663) ;g.’;

V=R R A N

o, DEDEED

50 ml 57

fosh) =19 3Dess = 3. 6D,

VL7 b ik o s g (=50md),

d A1, 000X W

d 1377

1969 4EE 2 FTHD 27 w7 4 g

COMPAE LMY b,

\

~:-§‘Z’c

Fowrv o b OB

DT R b vH

, Jum Y ava, 20ad o bhOWITHA,

5 A v OIE

{(mg/g)
Chlorophyll contents in leaves of Cryplomeria japonica cultivated (1969

]

Za,

JUNEED

51, Mackowey (1941) OE030 4, Macracuian and Zavus (1963) 43

Bl O H

j— S}.M

V=R =Ry A V2 i1
W 645 mp s kU 663

SrEGEER (Hitachi Perkin-Elmer 139 UVVIS Spectro-

K gooy ga //r‘mw:}7x_")w_3 &y 887 v ’}:i:,
Chlorophyll a Chlorophyll b Total chlorophyil a/b
NPK level Open Shade Open Shade Qpen Shade Open | Shade
111 Q. 60 0.79 0, 27 0, 34 0, 87 1,13 2.3 2.3
123 G, 67 0,98 0, 24 0, 39 0,91 1,37 2,8 2,5
32 0, 62 0,74 0,24 0, 86 1,03 2.6 2,5
212 0,77 0,98 0, 28 1,05 1,38 2.7 2,4
221 0,78 0,90 0, 30 0, 37 1,08 1,27 2,06 2,4
233 0. 563 0. 81 0, 24 0,33 0,87 1.14 2.6 2.4
313 0,71 1,06 0, 26 0,42 0,97 1,48 2,8 2,5
322 0, 71 1,06 0, 26 G, 44 0,97 1, 80 2.8 2,4
4831 0,59 0,78 0,29 0,33 0, 88 1.1l 2.1 2.3

Table 27.

1969 4E k= / Dy va 7 o b

Chlorophyll content in leaves of Chamaecyparis obluse cultivated (1969)

¢ o))
(mg/g)

i« e 2 hr{ (=R A ) 7w R b ) /}_7 o u 7 4 ”{ H/ﬁ
“hlorophyll 2 Chlorophyll b Total chlorophyil a/b

NPK Jevel Open | Shade Open Shade Open | Shade Open Shade
i1 1.07 i, 41 0, 44 0, 56 1. 514 1,97 2,4 2.5
123 1,12 0,41 0, 57 1,53 1,98 2.7 2,5
32 0,76 0. 30 0, 44 1,06 2.5 2.5
212 1,14 0,41 0, 61 1,85 2,12 2,8 2,4
221 0.93 0,35 0, 63 1,28 2,15 2,6 2,4
233 0,68 0,25 0,55 0,93 1,97 2.7 2.5
318 1,41 162 0,53 65 1,94 2,6 2,5
322 1,17 1,59 0,43 68 1. 60 2,27 2.7 2.8
331 1.05 1,41 0. 40 0, 59 i, 44 1,99 2, 6 2,4
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Influences of P40 concentration and radiation (2) &/ &7
intensity in culture bed on chlorohyll content b ABOERT BT T 4 ba OF
in leaves of Crypfomeria japonica (in 1969),
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influences of POy concentration and light Influences of N concentration and light
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tents in leaves of Chamaecyparis oblusa tents in leaves of Chamaecyparis obtusa
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Influences of K0 concentration and light (Fig. 58),
supply on ratio of chlorophyll a to b con-~ )
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Table 28. 2+, v/ FHOEHMNEKRE (162 MADONED
Moisture contents of each part of Cryplomeria japonica and
Chamaecyparis obtusa (Average per 162 trees)

e Pdrt L L B it & ik
WO Branch Stem Stump Root Whole
Specias
Cryptomeria japonica 2,95 2. 46 e 2.35 2, 94 6,43 3,33
Chamaecyparis obtusa 2,95 2.07 2,24 2,76 4,67 3.33
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B N BET Lok / FHOBRO &REE, BREEOBE LD S B Eisd -k (Fig. 63),
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IREDEENERID S - 72 (Fig. 64, Fig. 85),
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1968 4RI 51) 5 1/3 g0 7

ZED, AT

LOHOW, DIMCKEOEER U, Fi, £OBADESEK

\ G Le (Fig. 66).
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B, B NEEO 60 ppm §IHEICE KA

Ny T

WAz 5 500 N A 180 ppm i€ b 5 &, FAUC 2 BT, BHHKO K BE, Ca B,

gaicEy o (Table 4-6), 2D S A, pH D4 (Table 7) ZETF &8/, TR LD

SAVAN

JRT /J\U_I C&)X\OJYJ) ’*\ﬂ/hw.(.\
S KO R UTid, B O ROEASR Uie (Fig. 6700 & I, £ ofi)id, LT

BRENEOEEN L TH D, BENEO K iBES 40 ppm D, Lo B, FEEERID

UE (Table 6) & 450 pH (Table 7) @ 409 e Zi{bay, Fig. 67 KBIF 240D

RE D pE LN,

AAEWD, bl o BALE

. BEERC
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i, Mg o BEULRORE 27°C

% 7o PoOy IEEDMEKBE TR 21701 D R D B I D BT
PR AR URAR Lo (Fig. 70). F 3o K BEIs 20 EISSMEITH 5 D,  #
KEBERINEADIED,, FLROBES 14 K lux PO 2 3 THI%E LBo—BY &b
nTn s (Fig. 7,

VNI LT, AFTORAERGE, ERho 4 >OBBGEO 5 b N BE LB, i
DEEREGE D > T BT EMBDD 5T,

6-3. AMUTOBECEERBLEARSE L OHEE

Wi 6-2 Tkt 1968 4FICH 1 5 AF WO, WOHOBLGREL, < OONARNERES L
TORE (Fig. 69), HE (Fig. 68) R o0K, WMETRALZOMEOENESE (N, P, K, Cg
Mg) @& H (Table 23), GKk#& (Table 28 O&EMA), 7 vo v v a 5L b (Table 26) ©
HF = 2 ARG TEMB ORI 2T - 7098, 2 C TR, REROMME, L0 el HEEE,
BRI E ARk (Table 29, Table 30), T DOMREAKOBEMBEIIZ + 0.87 ¢, iz OBFEsH 2

N

EWVE LD BEBICONT, BUYDL b9 20 AA L L BEHBOELOLDIIHEED +
0.8 Thb, DFITEED ~055ThH e DOTN®+0.19, WO +0.17, Mg @ —0.14, Ca

D+0.12, GKED +0.12DJET, 20EML0I0ETTH %o

CNHEROBT, MERIDEHLED ONA GO, BE, BE Bt N, Mg 05 EHTH -
fro SHUBOEMBED S bR, BEERONTO55, 0.84 e 23, EROBERE LT EYT
ETH—BTH LT ds, ORI N SR DNT 017, 0.19, S5 Mg 8% 5 0.14
THRLZ L, HRERED 2V OERREEN & UCHRBENTE 5, £, w4 F 2OHE
EHDOEOR, RS Mg BA oo &1, WERKES GEIEICE A OEEADND, L LI
D5, COWNTIRS < TT Ly BEEROS B, 1968 E0MENC L 2 AN EBROKROATH -,
AFEBROASMEHC X 2RO E SO T Lo B4, 0B ESE 2D LAE R0 TIRRN

Table 29. 2 FORMILERE L HEREOTHBMET (1) CGEEBRE= MY v 7 2)
Analysis of multiple correlation (1) (Correlation ccxeﬂimant matrix)

1 2 3 4 5 6 7 8 9 10 11 Y

X jired Nal::d F Ak 32 .)/ H L,j ﬁ “ G_ ST h\—i_ '(J

“QE? i Y N P K Ca h/[g- w }‘kgi / ; " 7 g o RVJL I»i ‘J A t"
1 1.0 0 0 0 0 0O 0 0 0 0 o 0,752
2 1,0 0 0 0 0 0 Q 0 0 0 —0,323
3 1, 0}—0Q, 052 —0, 137| =0, 069 —0, 037| ~0, 391} —0, 043 —0. 061} —0, 099 0,032
4 1.0 0,307 0,089 0,580 —0.342 —0, 135 ~0,098 0,017 0,070
5 L0 | ~0,356 0,416 0,362 0.300] 0,288 0, 230 0, 090
é 1O 0.464; 0,360 0.293 0.288 0,233 0.090
7 1,0 0,504] 0,404 0,422 0,463 0,124
8 1.0 0,516 0,470 0,530, 0,205
9 1,0 0,991 0.961 0,223
10 1.0 0.976] 0,219
11 1.0 0,239

X; : Light intensity Xg : Temperature Xy : Moisture content Xy + Chlorophyll a
Xig 3 Chlorophyll b Xj1 : Light supply Y« Rate of apparent photosynthesis
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Table 30, AFOBALNAR

DA (2)
Analysis of multiple correlation (2)

! I . [ Dol oo g . o
X 1 Soum 1 Mean | Variance; S DY i CV % } P.C.C% {Partial b S E of b| t-test
i ‘ | Fok
1 2268, 0 10,6 109, 2558 10, 4526 99, 5 0, 8351 0, 0699 0, 0032 21,684
ot
2 5832,0 27,0 66,9767 8. 1839, 30,3 ~—0,5457, - 0, 0383 0, 0041 — 9,301
3 507, 96 2.3516 0. 0480 0, 2190 9,3 0, 192 0, 2155 2, 801
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Influences of N, P. K and Light Supply on Seedling Growth of

Crypiomeria juponica and Chamaecyparis obtusa

Project Team for Studying Tree

Nutrition in Kyushu Branch

Summary

In order to clarify the influence of N, P, K and light supply on seedling growth of Cryp-
tomeria japonice D. Dow and Chamaecyparis obiusa Ewpr. In the Kyushu district, the main effect
of light supply and nutrient factors in culture media on the growth and interactive effects
were analyzed. Two levels were provided for the indicator of light supply, and the factors
of nutrient in culture media were respectively at three levels with N, PgOs, and K;0. The
culture method was that with gravel. The object of this analysis was not only the growth
in height, diameter at stem base, total weight, and weight of leaf, branch, stem, root, re-
gpectively but also mineral content in leaf (N, P, K, Ca, and Mg), chlorophyll content in leaf,
photosynthetic rate per leaf weight, and frost hardiness of primary stem in clone seedlings
of Cryptomeria japonica and seedlings of Chamaecyparis obtusa,

For the design of experiments, three factors of nutrient were allotted in the orthogonal
table of Ly type, the one-third was used every year and the total experiment was finished in
three years. And, the light receiving factor was allotted in the design by split plot (Tables
1, 2.

The formula for this multi-factor experiment was as follows :

Yigi= ot et Byt ot 8t (@) i+ (ay) vt (BY) -t 0% 4 ju +eagm

The experiment of gravel culture was continued with Cryplomeria japonica from 1967 up
to 1969 and with Chamarecyparis obtusa from 1966 up to 1968,

Materials for experiment were the Cryplomeria juponica seedlings by cutting from elite
clone MNo. 6 in the Miyazaki district forestry office, and the Chamaecyparis obtuse seedlings
originated from open crossing seeds in the plus stands.

The apparatus for gravel culture consisted of 18 strips of bed oriented from south to
north, and the culture solution of same components was circulated in one pair of beds with
Cryptomerin japowica seedling for one, and Chamaecyparis obtusa seedlings for the other (Fig.
2). Three seedlings for fully shining in south side and three seedlings for shading in north
side were planted in each plot. Total number of seedlings amounted to 54 of each species
for 9 beds in every vear.

For the shading apparatus, the parallel shading plots were operated by hand each 10 days
to adapt to the growth of seedlings in which tips of planted seedlings received light at 40°
of incidence angle (Fig. 3). Light guantity in this shading plot was about 27% of fully shin-
ing plot (Fig. 4). The number of seedling materials was 3 each for fully shining and shading
plots,  The culture solution for gravel culture contained 27 kinds of solution of standard opti-
mum concentration (level 2), lower concentration, (level 1), and higher concentration (level

3) consisted of three kinds of N, P and K solutions. From combination of solutions, 9 kinds

Received August, 8, 1974
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of gravel culture solution were allotted inte each tank by the orthogonal table of Ly (Table
2y, These culture solutions were renewed once a month, ’

The meteorological environment surrounding seedlings planted in gravel culture beds in
the experimental apparatus was measured with atmospheric conditions in the Kumamoto dis-
trict during May to October, from 1966 to 1969, with atmospheric conditions at various height
in gravel culture bed, and with seedling body temperature between 1966 and 1967,

In respect to the meteorology during the year of experiment compared with the average,
the abnormal dry season continuved from summer to early autumn in 1967, and it was an
abnormal meteorological vear,

The daily maximum temperature in gravel culture beds was the highest on gravels, the
next over gravels, and in the deeper part of gravels it lowered. The daily minimuom temper-
ature was the reverse of the maximum : it was lower in the desper part and at the position
of 30cm high over gravels it was the lowest,

All daily maximum temperatures in fully shining plots were higher than those in shading
plots, and the minimum temperatures were higher in shadiog plots except in the depth of
20 cm in gravels,

Temperatures in fully shining plots, both daily maximum and minimom, were 1~2°C
higher than those in surrounding nursery field (Fig. 12). The daily maximum temperature
over gravels in summer season was controlled under 44°C by the circulation of culture solu-
tion each one hour.

Favourable treatment to control the rise of swnmer temperature in gravel culture beds
was to lay small pleces of gravel around the main root attached to gravels (Fig. 14), The
seedling bodyv temperature at the position of 20cm high over gravels was always lower thanp
on gravels with Cryplomeria japonica in both fully shining and shading plots, And, the stem
temperatures in fully shining plots were on the average 1.2°C higher than in shading plots,
and the minimum was 0.3°C lower,

For seedlings of Cryptomeria japonice and Chamaecyparis obtuse cultured in gravels by the
above-mentioned apparatus and design, the height growth, diameter, weight, and the part
weight were measured and the correlation was analyzed by measurement of values, These
values were analyvzed by the method with covariance analysis revised hy values at the begin-
ning of period,

The effect of light quantity by shading in seedlings of Cryplomeria japonica and Chamascy-
paris obiusa appeared in all qualities, The most effective one in three elements of N, P and
K was the N nutrient, and the effect appeared in various qualities except the part weight of
new leaves and old leaves in Cryplomeria joponica and part weight of roots in both species
Cryptomeria joponica and Chamascyparis obtusa. And also, the effect of each vear divided into
three years was found except the height growth of Crypfomeria joponica seedlings in shading
plots and total fresh weight of both species seedlings in shading plots. Besides the factors
of wmeneral effectiveness, the concentration of P affected the height growth of Crypromeria
japonica and Chamaccyparis obiusa seedlings in fully shining plots, the diameter at stem base
in shading plots, the stem weight of Cryptomeria japonica, and weight of main root of Cha-
maecyparis obiusa seedlings, and the concentration of K affected the weight of old leaves and
roots in Cryplomeria japonica, At the same time, the effect of interaction between two element
factors such as NP, NK and PK was found in same qualities (Tables 12~22, Figs, 17~43),

Especially, the estimated values of quality in seedlings cultivated at the optimum concentra-
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tion of NyPgKy level were shown to be proper in the balance of height, diameter, and weight
in fully shining and shading plots of Chamaccyparis obfusa, but the value with Cryplomeria
japonica indicated the trend of quality with excessive total fresh weight in proportion to the
rate of height growth in fully shining plot and with exaggerated stem growth in shading
plots, But, through three estimated gualities in both species, the combination of concentration
with 3 elements N, P and K was not always simple.

The difference of mineral content in leaves was brought out by conditions of cultura
medium component and receiving light.

The content of N in leaves increased linearly in proportion to the rise of N concentration
in culture medium for Cryptomeria japonica, but the content decreased with lowering of N
concentration and also decreased with the rise of P concentration by quadric effect in Che-
maecyparis obtusa (Figs. 44, 45).

The content of P in leaves was affected not only by the concentration of P but also by
N concentration in culture medium for Crypiomeria japonica, and the relation was illustrated
by the optimmum curve in both fully shining and shading plots. Furthermore, the content of
P was shown in the relation of remarkable linearity in fully shining plots as its rise or fall
was brought out by the difference of N concentration at the higher level of P concentration.
In Chamaecyparis obtusa, the content of P in leaves increased with the rise of P concentration
in medium up to the level 3. And, the N concentration affected also the content of P, but the
effect of K concentration did not do so. The content of K in leaves was changed by the K
concentration in medium for Cryptomerie jeponice, but its effect was not distinguished in
Chamaecyparis obiusa,

The content of Ca in leaves had no relation to the concentration of N, P and K in both
species, and the change of amount was slight,

The content of Mg in leaves was affected evidently by the concentration of P in Crypfo-
meria japonica. Furthermore, the content for all media of P concentration indicated the more
amount in shading plot than in fully shining plot. Such a relation was not recognized in
Chamaecyparis obtusa.,

As mentioned above, the mineral content in leaves was considerably varied by the con-
ditions of nutrient and receiving light for media. And, the kind of mineral in leaves was
different between Crypiomeria japonica and Chamaecyparis obtusa (Fig. 54).

The content of chiorophyll a and b was shown at the higher level of the condition of low
receiving light quantity, and low and optimum concentration with P in both species (Figs.
55, 56). On the other hand, the total chlorophyll content showed the similar trend to the
content of a and b, but in Chamaecyparis obtusg it tended to grow wup with the higher con-
centration of N (Fig. 57)., The ratio of chlorophyll a/b tended to decrease at the lower level
of light quantity in Cryptomerie japonice, and to increase at the higher level of K concentra-
tion (Fig. 58). But, in Chamaccyparis obiusa, the difference was brought out only by the dif-
ference of receiving light quantity (Table 27).

The water content of plant body was researched in each part of seedlings through 3 vears,
Average water content in each part was generally higher than in seedlings cultured in soil,
but the most evident difference hetween Crypfomeria joponica and Chamaecyparis obtuse was
found in roots.

The effect of four growth factors with N, P, X concentration and light supply on water

content of each part was distingished in the light supply, P and K concentration te main
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roots,  On the other hand, the effect of four growth factors in lateral roots was found also
i Chamaecyparis obtusa, but the effect of light receiving condition seemed to be not so evident
as in Cryplomeria japonica,

Apparent photosynthetic rate was measured in clone seedlings of Cryptomeria japonica in
the gravel culture experiment of 1968, one-third of all experiments., Three levels of air tem-
perature and four levels of illumination were adopted as the condition for measurement, and
total 18 cut branches were selected with each one branch at gravel culture conditions,

The result showed that the apparent photosynthesis in shading plot was higher than those
in fully shining plot. In the effect of each factor on this apparent photosynthetic rate, the
relation to concentration of N was shown by the optimum curve in both plots, especially dis-
tinguished in shading plot. The relation to concentration of K was shown by the concave
curve in shading plot.  The photosynthesis accompanied with change of temperature in as-
similator chamber decreased linearly by the rise of temperature in the chamber, but the ratic
of decrease tended to atifailn to a little higher level by the rise of temperature from 27°C to
37°C especially in fully shining plot (Fig. 68). The photosynthesis accompanied with the change
of illumination in chamber rose evidently, and it was estimated that the maximum was present
at the Hlumination higher than 26 K lux. But, the difference between shading and fully shin-
ing plots was nearly constant despite the change of illumination (Fig. 69).

In respect to the interactive effect between two factors, the concentration of POy at 5 ppm
indicated the photosynthetic rate at 27° as that at 17°C, but the varier of K concentration
brought out a very different frend at 2 X lux from that at other levels {(Figs, 70, 71).

The variates, which seemed to be effective from the analysis of multi-correlation between
the photosynthetic rate and 11 variates such as the above-mentioned leaf component per cent
(N, P, Ca and Mg), water content, chlorophvll content, light quantity in gravel culture and
others, were five ones of light quantity (4), concenfration of nitrogen (-4} and magnesium
{—) during the culture, illumination (+), and temperature () in the experiment (Table 30),

With respect to the varier with frost hardiness by the different gravel culture condition
for growth, the freezing experiment was executed at —15°C, —20°C and —25°C. For 18 kinds
of Cryptomeria japonica seedlings with all treatments of 1969, three cut branches were used
each at 8 levels of frozen temperature,

In as much as each tissue showed the different frost hardiness, after the samples were
separated into phloem, cambium, and wood, the presence of brown change was observed, and
it was shown by the survival per cent to the number of treated samples,

The reaction of Cryptomeria japonice seedlings by the diflerence of frozen treatment temper-
ature showed a distinct trend. Namely, any change in each tissue did not appear at —15°C,
but all samples changed brown and dried up to death, and at —20°C of middle level thev
showed various reactions (Table 31).

Accordingly, what kind of characteristics the different gravel culture condition brought
out was examined on the base of result at this temperature - 20°C,

First, the difference in survival of each tissue by light quantity showed about 159 higher
degree in phloem and about 20% higher degree in cambium in fully shining plot than in
shading plot, but it did not attain to the significant level (Fig. 75).

The difference by N concentration was evident in phloem, and also the varier of N con~
centration by the difference of light quantity was evident (Fig. 76).

And, the difference by K concentration showed the evident varier in cambium (Fig. 77).





