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Table 1. Composition of sawdust compost (Per cent on dry basis).

‘ i ‘ B Ko B
N P05 K,0O | CaO . MgO | Water holding
b | ‘ capacity
. :
1.37 2.49 : 0. 81 ! 0.95 ! 0.27 i 294
i 1 |
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Table 2.  Growing process of sample seedling.

BAR1EAB7-b (Per 1 seedling)
RBE I |3 Asne AR !71 188 A158108 1 Bl A158(1 Aonl3 B e A

Date of sampling Mar. 18 | May ly 1 1Aug. 15| Oct. 1 |Nov. 15| Jan. 10 | Mar. 6
i k=
Height (em) 8.4 15.3 17.0 18.9 21.2 23.0 22.8 22.8
Jo [i=2 %
Basal diameter (mm) 2.4 2.5 3.5 4.8 6.1 7.1 7.1 7.0
V |
2= E:d =y
fresh weight (g> 0. 43 1. 33 2.71 4,93 9.44 12.8 13.6 13.9
% oY B E

R‘?M ’ dé:y we7}(ght (%) 0. 16 0.29 0. 65 1.38 2.59 3. 65 4.17 4. 49

moisture 168 358 316 257 264 250 226 209
content (%)

,f:-lrzesh vjiieightiig) 0.18 0.89 1. 53 3.13 | 5.63 8.21 8.17 . 8.08
St%m ! dry weight (g) 0.08 0. 20 0. 46 0.95 1. 60 2.82 2.95 2.88

& K %

moisture 125 345 232 229 251 191 176 180

content (%)

E=N

kB OB B B B
fresh weight (g) 052 | 0-50 | 0.71 | 0.67 | 0.60

2HEE | _ B
2-year—old | dry weight (g)| 18 | 018 | 0.24 | 0.26 | 0.22 —
needle |4 XK X |
moisture 188 177 195 157 172
content (%)

%_esh vi’iélght <g> — 1.55 5. 49 10. 6 13. 4 14.2 14.0 14.1
1S
1-year—old dry weight (g)
needle & 7K b :
moisture — 355 283 229 226 194 179 179
content (%) ’

— 0.34 1.43 3.21 4. 38 4.83 5.01 5.04

£ #H B
fresh weight (g) 1.13 4. 27 10. 4 19.3 29.0 34.7 35.8 36. 1
AR L2tk L)
Whole dry Welght (g> 0. 42 1.01 2.78 5. 80 8.79 11.3 12.1 12. 4
seedling X |
moisture 169 | 322 274 232 229 207 195 191
content (%) |
Wb T
Top/Root 1.62 2,21 2.85 2.91 1.97 1.75 1. 63 1.59
B o®m/HE ®
Height/Diameter 33.3 61.2 | 48.5 41.0 34.8 32. 4 32. 1 32.5

W oBm/ hERESR D4
Height/Top weight | :

' |
.52 | 22 1.3 1.1 1.0 1.0 1.0
i i I

LLTHOBBR LB LD TH o, ZOMICKT 2B ES X OUEKRENE 2 i h~5 LT niest
BEA Loz 2, #HREROEGERECL LD THA S,

ZoX5E, H3W (I1LA6H~3 A6 1) R EMORREEME LTERST L N TESTH
55,

BARDEED Z L OHMEEDRBII TN T RElc» B E R LI, Ticbb, EYEEDRA ek
iz, BEIOBTIE3~58 (7 A1 B~11A158) T, ThZhEMELEERD 69 8 IV 84% I
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Fig. 1 Seasonal variation of height, basal diameter and dry weight
(Per cent on annual increment),

ELf, 3bik, BT EMORROEIELE3HIch, FHLLERD 19% CET HEMEEM
fTisbhlc EREARMELL S, chicd LT, 1EEECKT 5EWEEDORA KRS LU
KRS ERRRic s &ETh, H2~448 (5 A160H~9 A30H) » K&, EHLEERD 80%
Bllc, U IFEEOEFREPARLTAE 1 (3A18H~6 A30H) CHMIhAEFEL7~8 A
CHEENAEL, ABRELOLBLUD LVTRERTR LTI, LorLih s, 2HEEEIKBRIILAL
HMEOE( LRI, I0ARKCHEE L, 2Dz L3, 2FEENT7TH Y HOKBRORERN LT
BERODIWT ERFRTHIDENZ L 5,

HAROEZIA DERRL, BRI OB TIIRBRAMHALT, L 2L 2.65fFEL, H1H
K (5 A15R) IXFEMOREERYR LA, 1 FEELARCEMOREMECEL, F1HRKIZO3
HDEKBIBIFRABECTH -7, TORIZEBFTEZVOHBMS R ohics, &0 3HEDOEKELLRMN
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T/R BIZREHRBAL, H2~3HK (6 A0H~8 AISH) KL h, ZDO®KE6 ~7HiK (R
£1A11A~3A6 H) ETIRKRIET L, HE/ERLIE 2 #%K (6 A0B) KEKEkh, TORIE
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4. ®BR (2) —‘EHSHROBHRZEL

ABYHFOUAROBRS EFRORMNOEMRE 3R LIVHE2REFTT I ELTH B,

#3% C, N, P, K, Ca %10 Mg &HRONKINEL
Table 3. Seasonal variations of carbon, nitrogen, phosphorus, potassium,
calcium and magnesium concentrations.

7 ﬁ%ﬁk » 9% (Per cent on dry basis)
R OB B O B R 3 A18A|5 A15A|7 A1 B|8 A15H(10A 1 B11A15H8|1 A10B|3 B 6 A

Date of sampling Mar, 18 | May 15| July 1 |Aug. 15| Oct. 1 | Nov, 155 Jan. 10 | Mar. 6

C

e 47.2 | 46.4 | 46.4 | a7.5 | 46.2 | 9.6 | 476 | 47.0

ot 53.4 | 5.4 | 50.7 | 51.7 | 50.6 | 50.1 | 540 | 53.8

2 _yef_old =l 52.8 | 53.3 | 53.4 | 53.7 | 5l.4 — — —

L yeﬁ d %Féedle% — | 50.8 | 5.5 | 53.0 | 50.9 | 54.3 | 55.4 | 54.1

ﬁwﬁe See%“ng G 50.0 | 49.5 | 50.4 | 5.4 | 49.5 | 5.7 | 525 | 51.5
N

R*fot 0.91 | .67 | 0.89 | 0.77 | 0.90 | 0.96 | 1.20 | 121

s%im .24 | .19 | 0.73 | 0.89 | 1.30 | 1.28 | 1.47 | 153

z,_ eﬁold %eedleﬁ .97 | L84 | 118 | 112 | L.24 — — —

b yeﬁold e — | 234 | 115 | 153 | 1.75 | 213 | 2,10 | 2.21

ﬁWhﬁe See%]ingﬁ‘ .43 | 1.83 | 102 | 122 | 142 | 1.54 | Le4 | 169
P

Reot 0.30 | 0.18 | 0.14 | 0.16 | 0.16 | 0.21 | 0.21 | 0.20

Sh 0.30 | 0.13 | 0.096| 0.17 | 0.21 | 0.19 | 0.20 | 0.22

22_year_old E dlc 0.24 | 0.13 | o.11 | o.11 | 0.12 — — —

11_year_old ol — | 023 | 013 | 0.15 | 0.15 | 0.20 | 0.21 | 0.21

ﬁWhﬁe see%lingﬁ‘ 0.29 | 0.18 | 0.13 | 0.15 | 0.16 | 0.20 | 0.21 | 0.21
K

e 0.90 | 0.76 | 0.78 | 0.82 96 | o.86 | 0.79 | 0.54

Sffm 0.92 | 0.80 | 0.70 | 0.80 89 | 0.65 | 0.62 | 0.52

2 0.95 | 0.84 | 0.79 | 0.77 89 — — —

2-year-old needle

ll-year—olddrzleedle — | 117 | o6 | 1.02 .97 | 0.91 | 0.88 | 0.73

&
Whole seedling 0.91 0.92 | 0.91 0.94

© o o o ©

95 0. 83 0.79 0.61
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(E3&RHO>SE)
H OB IR 3 A18H|5 A15A(7 A 1 H|8 A15A1084 1 A|11A15H|1 A10H|3 A6 B
Date of sampling Mar. 18 [May 15| July 1 |Aug.15| Oct. 1 | Nov. 15| Jan. 10| Mar. 6
Ca
ijot 0.32 | 0.18 | 0,21 | 0.17 | 0.18 | 0.18 | 0.18 | 0.17
Stem 0.25 | 0.26 | 0.21 | 0.28 | 0.30 | 0.29 | 0.28 | 0.28
2 _yef_old E o 0.26 | 0.39 | 0.54 | 0.59 | 0.60 — — —
ll_yef_old nieedleﬁ — | 032 | 0.25 | 0.36 | 0.50 | o0.52 | 0.51 | 0.52
H Whgilie see%ling * 0.29 | 0.28 | 0.26 | 0.31 | 0.37 | 0.35 | 0.34 | 0.34
Mg
R]'fot 0.082| 0.12 | 0.0%0| 0.14 | 0.13 | 0.13 | c.12 | o1l
S?fm 0.16 | 0.12 | 0.09% | 0.13 | 0.15 | 0.14 | 0.13 | 0.13
22—yef—old f'feed] eﬁ 0.10 | 0.11 | 0.089 | 0.098| 0.096 — — —
11_yef_old needle — | 012 | 0.095| 0.10 | 0.092| 0.12 | O.11 | 0.1l
ﬁthﬁe seedling 0.10 | 0.12 | 0.094| o011 | o.11 | 0.13 | 0.12 | 0.1
R?t;t Sﬁm Q-yezw*ﬁs- of nefdle

(onc. %

. S
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.
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2EEEDORS EHROR

MANEE by %)
Fig.2(1) Seasonal variations

of nutrient concentrations

in root, stem and 2-year-

old needle (Per cent on dry
" basis).
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L5 REhEREBOD B ELE R LI, ﬁ"""lvzz; N
NeHRI, HALKSIOCRTIKEER  of—— mom e e
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090 |- —— e
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Lo L, 86 ~7 Mkt 2 E{LoiR
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KEe&HRIZ, B, BRIU2FEETIIK B () R (154E%ES X UREA)
BRIRKETL, ThTh 1, 2 t0L3 Fig.2-(2) Ibid (1-year-old needle and
HiRECHAOER LK, $4HK (9 A30 whole seedling).

H) FCIHKERE R LI, ZORIBEICBTRSIAUIETL, B7HKETIHKRAYL » 51CH
PEF LI, ChRERLT, 1E4EETRE 1K b5 EOSEET HiKE CHRBELEZRL, BHAL
ETIIRBHE 1 HIRKE TR LA LB TR hoten’, TORIIE 7 HIRKE TIRKBMAZR L,
Ca &#HRIZ, RTRXH1IHRCHIETRL, £0RILPOEBILIL b, SBAVCHETHIRKE
TLRHIY £ 5 IR TR S fehsote, BTRE 2 BRIC—MINICID &R Licht, SIS 45
RECEKHERY TR L, 2FEFECTIREERS 4K E TIRRBAL, 1FEETIHE 2 HRCHRP 2T
Lict, $4HKE CHKMAL, BALGTLRERE 2HKE THE LK, F4HRE THRETR
Uiz, 8, 1FEERSIVOEALETREORIZESTHEY & 5 HELERELh ol

Mg aFRi3, RTRKBERE 1 FRCHEALAE, $2HRCE LR, $3TFRCISLD
BRERL, BTRKRERE2HRECEE->SEF I LoD, FAHKE THALRL, 28EET
BE 3K E TR EABEOBEIATRL, 1EEFETIFE 2~ 48K (6 A30H~9 A30H) hid TH
PEFRLEDS, H5HEK (11ALE) THAYTEL, BALETIE 1IRCHEALLDL, F2HRK
B R TR LA, FOTHESHRE CIHKERER LIC, ZODOBIIWThOBELH 7 HRZLWL
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#4% C, N, P, K, Ca 510" Mg aFBORINEL
Table 4. Seasonal variations of carbon, nitrogen, phosphorus,
potassium, calcium and magnesium contents.

WA 1A B (Per one seedling)

EXRE R 3 G 3 A18H|5 A15H(7 A1 H|8 A15R/108 1 A11A15H|1 A108|3 A6 H

Date of sampling Mar. 18 [May 15| July 1 |Aug.15(| Oct. 1 | Nov. 15| Jan. 10| Mar. 6
C (&

i 0.076 | 0.13 | 0.30 | 0.66 | 1.20 | 1.81 | 1.98 | 2.11

i - 0.043| 0.10 | 0.23 | 0.49 | 0.81 | 1.41 | 1.59 | 1.55

2 —ye:f—old iedleﬁ 0.095| 0.096 | 0.13 | 0.14 | 0.11 — — —

11_ye;$iold £ T — | 017 | 074 | 170 | 223 | 2262 | 2.78 | 2.73

ﬁwghwﬁmgﬁ 0.21 | 0.50 | 1.40 | 2299 | 4.35 | 5.84 | 6.35 | 6.39
N (mg)

o .5 | 48| 58] 106 | 283 | 350 | 50.0 | 543

- 0.99| 24| 34| 85| 208 | 360 | 43.4 | 441

2y ye FE a5 | 33| 28| 29| 27 — — —

11—ye f_ol d ie dleﬁ — | 80 | 164 | 29.1 | 767 103 105 | 111

L see%ling t* 6.0 | 185 | 28.4 | 71.1 124 | 174 | 198 | 210
P (mg)

3 0.48 | 0.52 | 0.o1 | 2.2 a1 | 77| s8] 90

ot 0.24 | 0.26 | 0.44 | 1.6 3.4 | 53| 59| 63

22_ye;$iold ﬁied]e;g 0.43 | 0.23 | 0.26 | 0.29 | 0.26| — — —

11—yee§'5—old £ — | o078 | 1.9 | a8 66 | 9.7 | 105 | 106

- See%]ing G L2 | L8 | 35 | 89 | 144 | 227 | 252 | 25.9
K (mg)

N L4 | 22 5.1 | 1.3 | 249 | 3.4 | 329 | 242

o 0.74 | 16 32| 76 | 142 | 183 | 183 | 150

22—ye;?iold £ T 1.7 1.5 Lo | 20| 20 — — —

11-ye;$iold ﬁiedleag — | 40 15.2 | 327 | 425 | 440 | 44.1 | 36.8

B White sectiing T | 38 | 9.3 | 2.4 | sae | 86 | 9.7 | 953 | 760

*EAROESBIN, THROLLEAROELSEFEOHMKI, BKEC L EXEAREMEZOWTR “B)
BI”, EARBMACOWTL “BRIREh B OER LV LES” LREATRETHHIH, &
DHETHEHL ST HIDREFRFCDONTD “BHOBI” LWHIRBEYAVWDLZ ERLT,
EHZ L OBRSBINBEIEHROBRSEHFRL LLOFEROBY &HELXZ LTI TRD,
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(B aFkHO3%)

|

R R Em Y |3A18EsAA|[7ALA sﬁ1sa|1oﬂla11ﬁlsa 1A108|3 86 R

Date of sampling Mar. 18 | May 15| July 1 [Aug.15| Oct. 1 |Nov. 15| Jan. 10| Mar. 6
Ca (mg)
R
Root 0. 51 0.52 1.4 2.3 4.7 6.6 7.5 7.6
Stem 0. 20 0.52 0.97 2.7 4.8 8.1 8.3 8.1
2 H  E
2—ye:2'"a-old £ dle 0.47 | 0.70 | 1.3 .5 1.3 — — —
1 £ % _
|yeai-old needle 1.1 3.6 1.6 | 21.9 | 25.1 | 25.6 | 26.3
BWoOA & &
Whole seedling 1.2 2.8 7.3 18.1 32.7 39.8 41. 4 41.9
Mg (mg)
Root 0.13 0. 35 0.59 1.9 3.4 4,7 5.0 4.9
Stem 0.13 0.24 0. 44 1.2 2.4 3.9 3.8 3.7
»
9-year-old needle 0.18 0. 20 0.21 0. 25 0.21 — — —
) .
Lyear-old needle — | 041 | 1.4 | 3.2 40 | 58| 55| 55
WK & &
Whole seedling 0. 44 1.2 2.6 6.6 10.0 14, 4 14.3 14.1
. AR L3
N Root- Stem I'yearn-old needle
120p-- L --
100
P
111 80
K
GL48 91 60
261401 71 40
221321 5920
Mg
181241 31 0
a}6g 1{-----
. 0
101 8
61 0
2
to

357 9 11 13 3579111 3 35 7 9 11 | 3A(Month)

#H3 (1) B, BEIVC1F4ED N, P, K, Ca X0 Mg 4HED
RAANEL (BR1ABIH mg)
Fig. 3-(1) Seasonal variations of N, P, K, Ca and Mg contents in root,

stem and 1 year old seedling (mg per one seedling).
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D LEEIhIDT, EH0oL2TINEIC OV TORFTI
REETH -7, F7HR (BE3 A6 A) OFHES,

104
LIREBEROSEHEXZE LW, EENCEMER
88
o IREEATZ LIk L, Mg dEkEE 3H (11716
%

B~BE3 A6 B) 2% BIERL, bTHTiidHs
PEBOTTHEME S % X DR K & RBRCER D - 7o
WAZGTE, WThoBESLE2H (7TA1H~1
A150) OBINEL b - &b K&, FRBREDOEER
REAHZ O EFRL T, Thbb, NiZ71%
Pix 78%, Kit 93%, Ca i% 81%, Mg} 86% i
L,
bk, F2WE P LT, N BIU P I2E6
(11816B~B41 A108) cxh ZhEM2RRED
3.5 7 % 01 3Rt 12% % 100 10% ORI T isbhicDER LT, Cak
HIM (D AL (2HA) YO Mg 3525 (5 816H~6 A30H) Krh%th
Fig.3-(2) Ibid. (Whole seedling). FEMLBINED 11% + XV 10% OBRHFTbhi,
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Root Stem N 1-year-old needle Whole seedling_

; — [

SeB

Ist stage
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3nd stuge v

3 57 9 11 3 3 5 9 11 3 3 5 9 o1 3 357-9I113ﬁ(M0nth)

N
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3579 1 1 3 357 9 10 1 3 35 7 9 1 1 3 3 5 7 9 1t | 3RA(Mnth)

FAR D #BHBRREOFRHNEL (FRLRNECHNTD %)

Fig. 4-(1) Seasonal variation of nutrient absorption (Per cent on annual one).
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Root. Stem |-year-old. needle Whole seedlm&
K
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7,

A 3 ANN\N |
3-5 7 9 1 1 3 35 7 9 11 NN 357 91 1 3 3 5 7 9 1 1 3A(Monthy
F4R (@ A E
Fig. 4-(2) Ibid.
AR 18 4% X A # K
Root Stem I-year-old. needle Whole seetiling
4 (. Mg R
¥
30 _JJ_II_, ------- Baieeiieieitt ot B et
] e T mtmee e B e [ ot B et IR e
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Fig. 43) Ibid.

ZDXOE, F2HEPLIZLT, NBIUPORRIEELIFT T, Cak k0 Mg ORIUTAE
D TKREL, ThZhELRNEHOEENAD bhi, ZhEed LT, KOBRIIZhLbORS L b
SHLREHH B, Tihobh, #28 (5 A16H~6 A30H) 2 bRA LB, Ficbh, H2~58 (5
B16B~118158) ¥ TORMNEI RO X 5 cEEMCHE LeFHaBRINEY B2 5 (115%) 7%
L7,

i, ZhLOOBBRSORNERL, BROERY S LR INLRBR > BEBERL T,

Tisbb, NORINEL, BEIUOCBRTIH4~68 (8 AL6A~FE1 ALI0A) K&, Thih
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EMSRINED 75% F LV 81% KL, Thied LT 1EEETE, F3~58 (7A1H~11A
158) REMEBINED 78% L, NOBIRDOBRA KR L OB 5 LEHFck EFhb
ZERRLTW T,

PORINEIZ, BCTIIHE4~58 (8 AI6A~11A15A) 2L LT, ILRZOMELXEDIES
~68 (7TA1E~FE1A108) »KREL, ThZhEMLBINED 67% B IV 983% KELI, #
BIC1EERETE, H3~58 (7A1B~11A15H) k&L, FHLBINED 80% R LUV 3%
CELI, B, ZhboRfiexhiic LT, BixEe~78H (11R16H~FE3A6 H) € 17% D
B i icbh, 1FEETIRE 1~ 28 (3 A18H~5 A30R) & 18% OBIAfilchbhl, 0k
S, POBRNDOBA LKL FEFECS - LRI BLETH, DLTRBIVBOIACK ETha L
Wz ko,

KOWINEL, BEIOBRTIRE3~58 (7 A1 B~11A15H0) 2, 14FEETIE2~448 (5 A
16H~9 BA30H) A KEL, ThEFh ERD X 5 K FEEAICRDICEMSBINE % -E 58 (115%, 105%
BLU 106%) &L, TORBRBICHRTRE6H Q1ALA~FEL AI0H) » b, 1FEEIH
58 (1081 A~115150) » bIRKBIRENSBEL, #78 (BFE1A1E~3 A6 B) KixthZh
FEMLBINED 38%, 23% KLUV 20% DELETR LI, ZORRERD X 5 ks GRKCL 5K
DEBIC L B H O TRV EHEEZ RS,

Ca OWINEE, BTIFE4~58 (8 BI6A~11ABR) MAkX<, EMLBRED 61% gL
7, #1 (3A18H~5A15A) BLU7H (BFE1AIE~3 A6 H) HER< fhomlid HEpyx s
of, BTIRHEI~5H, 1FEECIIHEI~48 (7TA1A~9A30H) BKEL, ThZhEHLRE
IXE®D 90% H X0V 70% &L,

Mg ORIREIL, RELCBTIIE I ~5HNKEL, ThLhEHLBNED 86% LT 97% i
Eli, 1FEETIXHE2~55 (5 A16H~11A150) »HKE S EH2EINED 98% i Lic

BEDX i, 28I 1 FAEETIE, BEIOBICHRD LEBD ORI A B HA R s &
ThEBRVE Do, TOZEXFBO LS, 1FEETIEYLEEDBRA KN RISIO®RL
YRMiEThaZ Lz, bo b b RESHEIRTVWEEWVW2 IS, 3B, WhYSREE L
ZExbhTHicH 3] (1LA6A~BFE3 A6 H)—L 6 & (117160 ~B4F 1 A10HD, KKk~
£, BEIOBTIE N BIO P OBRNEN LY REN ST LI, TISBRRBECHETH-
<o

(o2}
b
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6—1. SETOMHSRE

7H <Y ERORHNO BB oV T, ZRBIOHRY © 1—0 BHo N, P, K, Ca xxf
Mg, $iE® © 10 L 1—1 Bx—ELAL2ER/CHILANBIOP, ZX° 0 1—1 #o N, P,
K 3kt Ca, £H? © 1—1 B0 P, #HHIOEN® © 1—1 HO N, 2 0 1—1 @O N, P, K %
LU Ca Lo TOWME,Tibh T\ 5,

ChODOMEELS LVESEOEZRDOFERYBET S &, BNSHERS I ORINOWE ML, 1—0
& 1-1 BHTRESOEREN RISV cdic, BIERS Bicv¥®, MEr—FBLTHET 5z LizR
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HTHBHH, 1—1 HCOWTHL—EDOHAEZRDD - LIXRETH 7o ThHO AL, SR L
RREEOSBREEN, TOMRRFE—MIETE, RHRBSHE—0HECL3b02:? X ZD
OBEC L2027 HRLLALV, ThbOROBHIIL, tREH®ROS  OFMAMESRC
fefrFde b L Bbh s,

6—2. WAROEFEA

7A=Y 1—1 EOLEERRRIZ4~5 A0 - L b KEL, IBAREBLIOCEZWEERIELLTE
D% 11 ATA ETChblc» Uilkbh5bZ ik, ~BCADOLATWIHETHLY, EHOHERLEA
BB BH R L,

SEOFERTR, HBO X5 KEAROEMAIDOEHLED BA LFIHICHEL AR bR, ALBRETH2
1 BEEC KT DEWEEDORAHHD, BEIO®I VRl EThics L, RROPMCIER
(LYY T 1 FAEECR LSRN Ih, DL TR IVCHIES ShbH, i bkiiichd T
LEVWERBIUORCES ShBBENEKTHZ EERTIDE V2L 5,

EHie, F3M, Tiobb, MERORENEEL LLBRK~LHRC I ROBREL Tiebh iz &
TEBRELLIY, b b ESAB7THCIIFE 6 ML VROEYEERIET LT3, 83 Hlicik
FEMESEERON 20% YT s EEENTrbhis,

4 FTOWERTIE, HEMOREIELL TS OB SLTIL, REAEREFEI fTiebh T
Wit KUBEFHOHEI &b 78T, MK~LOHcsT 574 = Y ORDOEENL, BRBH L
HEVZETDHTHHH LEZ bIBH, RPLARELVL, I OBEBABHCE-TL, o
LBOEEM T b B2 LTINS, B0 L5, ZoHBKELLINKSIUTP—E{KN—
DEINL I D KREWZ L3, BARORBEEOTEL b, FLBHEMOEN LI RITZ LOTE K
WEENERBEL TV BDO TR b EBbR5,

6—3. N, P, Ca k0 Mg ORILEE

SEOEEDERTIE, Fihk (5) DX 2FEEL, BAROMOBACIL~ND LEEEN DL
EZx bh30THRAL, BASES IR, BE X011 SEECKT BRIERBCOVWTHBLZEDD C
L, ¥, KIZEHR (5) Ok 5 c@iAe bOBHIAEE I hico THECE K & it L,

BEBESOBIGERE L O Th bOHERREY E LIelbrieT 5o, RS LBRRIhAES
£ (mg) % Carbon DOHME* (g) TH T, HAREI LUEHS Carbon 18 #EHT LD E
b7 BESOBIRNEDOEEHE S KR LI,

HAZBB LUEBSOEESOGHERE, BO N, Ca X0 Mg gHRUSMIWTHh RER (3
BI18H) eV LH 1K (5 A16E) kh~5 LE 1K (6 A30H) XM r 5B ERL, L0
BE2HAR (11AR) K THARTR LI, 0 X5 ikdiy, BA2AS IU0&BS iz tlRo—
O S B TEWEENBS RN EE - e b BN BEOH VX b Ly, H2i (74
1 B~118150) 3B RIRS EYEEY L - oD ERSBEOEK, TibbEHOERNT
fthhicZ ERRTIDENZ LS5,

Zhbo gt Carbon 1g #ERET 20 &b/ HESORIE, HF 1] (3 A18A~6 A30H) &

* HAROHEYOEEYBINCH bbT oo, R Carbon &HEDHK, F7cbb Carbon
O%ﬁffffﬁk‘f:o
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5% Carbon 1g #EH T2 ETHESE (ngd
Table 5. Nitrogen, phosphorus, potassium, calcium and magnesium

requirements (mg) for accumulation of 1 g of carbon.

ﬁutriei}t _ﬁi’ar?tkof ageetﬁgingﬁ lggt sltaéxg é%d 2sta%e :%d gtagi .izveragj?
R'*C%Ot 19.5 19. 4 64. 3 26.0
N . fpS?:ng . 12. 6 27.6 57.9 28.5
1-year-old needle 22.2 46.1 72.7 40.7
# Whﬁe seedling 18.8 32.9 65.5 32.9
Root 2.0 4.5 4.3 4.2
P Stemg_:: 1.1 4,1 7.1 4,0
1-year-old needle 2.6 4.1 8.2 3.9
Whole see%ling 1.9 4.3 5.8 4.0
Root 16. 8 17.3 —24.0 11.2
. 1 @Stemi . 12,9 12.8 —23.6 9.5
ﬁ_l—year—old needle 20.5 15.3 —65.6 13.5
i Wh7o§e see%ling * 18.2 15. 4 —32.2 1.9
Root 4.0 3.4 3.3 3.5
Ca . EStemE ﬁ 4.1 6.0 0 5.2
1-year-old needle ] 4.9 11. 4 10.0 9.6
B th)rfe seedling 5.1 7.3 3.8 6.6
Root 2.1 2.7 0. 67 2.3
Mg 1 @Sﬁmg; . 1.6 2.9 ~1.4 2.4
1-year-old needle 1.6 3.7 —-2.7 2.0
Whj}‘e see%ling # 1.8 2.7 —0. 54 2.2

T2 (THA1A~1A5E) X 2 5 EML Wil L b BbLNTHS I,

BONGHRIFRO L 5 E3HR (8 AISA) KIRELK D, FORF|IEoS2H6f (BE1
A10R) ¥ CLARE UL, LEX-T, 81 (6 A30R) LU 2Pk (11A1H) ETHVWLE
FREOFEICH B IcDARBEDEEREZRL, %/ Carbon 1g%EHTAR L b5 NORIE
IERAILERR LI, ThbHDRIZBONG B L O 1 F4EZE L RO RN L EYEEOHNN LT
DIREERTY, TOBIOBBIIERE LU 1 FEFCHND LHHNRL, Licdi> TRV
hd Ebe#ilicThTtns LRETRETHS S,

o Ca SHERIRBFICHTE LK (6 A308) Kb EFR L0, F28K (11ABR) ©
EE LB ESETRL, Mg GHRLE 1 RCSIHRL, TORE 2HRITE biHRy
7R L#c, Carbon 1g #EMT B 75 Ca 35108 Mg 0BIREIZ, %14 (35188~ 6 A30H)
CHRTE2H (7A1H~118150) KIEMEBEBTREIET L, BETIMORS & REHAYR
Lz,
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B Ca kU8 Mg ORI LMo R E7cBRIE, EROMOBE LR, Ca 1LEKEHE,
F 1, $2 MO RIS EWERE Y THE - 7eh’, Mg 2 EROIR BRI e FE - &k
X3,

¥E® LRER~F B L OB ~KOERLEDONEGHROEIL OV T, £ LBPOEHAORD LIS
ZEEWLIR LY, EFOEALEDERLINHMNCELOThER OGRS, b, FEML 10
~NRErT TERLEDO N, P, Kk XU Ca @FROBKRTHZ LB LI, K2R MoBEH T
SULTREEZEOHER L ABOEHALTAD bhich, KoL TERD X 5e—FK Lich iz,

SBROEEDOFERTE, REIVERLEONGHER,NE 1HK (6 A30H) w¥bhr 5 HKAL, &
13 (3 A18H~6 A30H) KB ANEHLROELZTA b x e BER LI, 2D X5 @i —i
Wb DTHB ELTH, MBROBRNSBRIN EEYEED HMHLBIRIZOVLTOE 2 Liz—FK L#,
F 1964 FeRBOHEXRAWT, WEL2EL LATHERCS O THERREY TR, H6 KT
TIORHEEZEWD & 5 TREd o e, FAROEA Y FRER L1,

#Fo6R NEHRORMHEL (1964 £, #E)

Table 6. Seasonal variations of N concentration (1964, supplement),

(%% H1=b %) (Per cent on dry matter)

N L 3 A20A 5 A15H 6 A30H -
Date of sampling Mar. 20 May 15 June 30
R%ot 1.18 1.58 0.99
Sﬁm 1.57 115 0.79
22—year—<)ld needle 2.03 1.89 1.23
__ l-year-old needle - 2.19 111
A Whﬁe see%ling * 1.62 1.78 1.05

b, BREIVEALED Mg 8FKCOWTH, N DBRICH~ND EBERHH RO EE
FH b, ThHDEACSOWTOBEHDOMEY, ¥LURBEBNAERC S VL CORFNISHRIZDS
h Iz,

#34 (ILAI6A~BFE3A6 H) ik 1~23 (3 ABBE~11A15H) th~5 L, &R EHES
SERIIVTHLEORIVNE L, FEE ST e kv X 5, Carbon 1g #ERETHIC L4755
NEIOPORINER, H2# (7TA1H~11A150) citX3 &, RO P EHEY HFo iz, BA
LHEE LORESTIIOTRE T HRBALE, Cak X0 Mg 0RINER, BRIV 1E4EED Cast
FEis LTl & s bidht, ik LE&Bs T 1 (3 A18H~6 A30R) &
JUE2H (TA1B~11A158) X B xRL, FHOREMECELL,

DXy iekERE, B3 (QUIRAE~TE3I A6 R) CREALBRS IUERFTIE, NKIUPO
BArEE 2 (7 A1 H~11A158) LEERVG LI HREWEESR EBl->Thcb w255, Cakk
0" Mg ORI 1 FEZED Ca BSHRWTh A EWEELY TE > T e tEx bha,

P EDFEM%E L COBESRIN EEWEE L OBEMNINLBERL, F5RCTRTINE, BRIV 144
ETREoOBECHEIR OhD, 2RMCRFEEOEALR LD LT, Bik Mg L &
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ThIBBIO I FEEELZERSEAZRLLEVZI S, 20X, BEFOEBRB A ML
WTHMCHEBEL > HlARRL O &3, MAORBER LHERSLAHEETHS S,

bk, Mg ORI, EARLER IOEHTS T, H2flick~<2 2831 (11LA6E~FE3 A6
) b T TlRdsNEFROBAE R LT, 20X 5 hfERiE, #B0K LR RS 3 iz
Mg ORIRD B EH LT, Zhbi EEBERSTnbhicizdh, ik, BIES VB LS LET
Licke®ic, HRABREAOBEBREC LB SO0, FOEIMEDIcio DI HIK LD 5 7o,

BED X5, BROERS ZLickhD LEVOEERRED LD, ERMCHRLEEROWTHRB L, N
BIUP L Caksl U Mg Lfic# b & 5 BINERDHEL A D, 8538 (11A16H~BE3 A
6 B)—HREk~& M, L e# (11AA~BE1 ALOE)—MK~TWEL—CE NS IO P IR HYE
DB Tishbhicn, Ca FLIP Mg ORIV H LB LLET LA, EHIL, NEPTIXPOSHH,
Ca & Mg it Mg OH B BIROE T 4T Lo T2,

6—4. K ORINiZB

K OBINEBC oW TiL, AR BDKOBEHRAH b D EHEETED L 5 IeEfia R LIS LidER
CEL LS, W0 5, #5HUBRKOSHERE IORINEL, BALES XUEHS TRIEKY
D3 WETRRLAEY, F78H (BELANA~3A6 ) RRVWThIKEFEIVLH LB LWLED
BRI, 2D kX, KR X - Tlthks bROBIA T bh b 2 E2RTL0 EEBIE L,

B1~48 (3F18H~9 A30H) ¥Tix, ZOWMM B1~24 (3 A18H~6 A30H) ] riiis
I OB TIRAMMORKS & B EYEENPKOBRINE EE s klcdie, FHROETE b H L, %l
(#3~48 (7TA1H~9A30R) ) BRI’ EYEEY LB e iedbC EFROBRELIbLA
bDEELZDND, 1FEETE, KOBNF L TENEEL TH DR, BREFERODP S Ch
R EL L LIELDTHA S, Ebic, BEL» bOKOBEBITERTIbhs b0 LEETHE, &
@ﬁﬁ@bfh%K@&Mﬁ@%%tEottwt,K@%ﬁdﬁk%b:5tﬁﬁ%odﬁt%@&%
2 bhb, LHLEhs, $58 (1081 H~11A150) MBEIEAK OBIAVMET L, wE SR
IERERLC, 87 BRI TINEZ VD U5 L EHs fefcdic, BHARLMEE LUERI» bOKD
EHOBV b b LbDEEL BB,

D¥ED 6—5 TRLA LS Carbon 1g #ERH T2 L b7ed KOBINEI, 851~2# (3 A18H
~11A158) RIEBE I OB TRWTRID & 5 B TE2RI R -, 1FEER IVHREET
B2 (TA1BE~11A168) IMETA2R L, TORE 3 (1IA6HE~FRFE3 A6 H) KIZHAK
DEEBLUETH T, WTFhbWHD 25~ 7 ADELZRLIEZ &, KOBHEEEL Witk
Wz ko,

6—5. BEABNES LV EOHEERF

85 RR LICEARDAMS D Carbon 1g #EHT oL b BHBRNBRXEPHTHET S &,
HAROEHD L DED L BTN LTHEROD A HEELRL TWIcZ X ER IR, BE IU®HO
KRB NS Do 1et, COME L VEEETIIAD x RN R bhic, Tioby, VHEEET
i, BEIUBICERS EPBIU Mg OBINEIZZVEL, N, KX Ca—¢: NI Cao
BBV KED o2, Fhe, BEBEYHKRTS L, RIBL VI PREICKOBRRENSPIREL, NI
X0 Ca OBRIREA S DN E D o7,
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BB ORSRAANOBRINEDO HEOBHEFREYH b T5cdire, BIREDO L » L b REVWNYRERELLT
O BESOBZRHNOBNEDONICHTHEL/REYFTEHETRDEB Y TH S,

BTR RPN EHS, BRRE R
Table 7. Seasonal variations of ratio of absorbed nutrient,
(N %3 % 9%, Per cent on N)

£ 5| #®AO®H t g1 | mew | &3 v B
Nutrient | Part of seedling Ist stage | 2nd stage 3rd stage Average
R’
Root 10 23 6.7 16
P Stem 8.3 15 12 14
1 £
1-year-old needle 12 9.0 11 9.4
WK & f#
Whole seedling 10 13 8.9 12
Root 86 90 —37 43
ﬁ p—
K Stem 103 46 41 33
1 £ _
1-year—old needle 93 33 90 33
[ N & B
Whole seedling 96 47 49 35
Root 21 18 5.2 13
C Stem 32 22 0 18
a 1 e
1-year—old needle 22 25 14 24
WK &2 &
Whole seedling 27 22 5.8 20
b
Root 11 14 1.0 9.1
ﬁ p—
Stem 13 11 2.5 8.4
Mg 1 e
1-year-old needle 8.5 5.1 —3.8 5.0
HooK & B
Whole seedling 9.8 8.1 0.83 6.7

FPHTHARD L, PEIVU Mg O NEHT50EL, BEIUCBRTRIFEEIIVLLBLLE
{, KORRIRABRKB IV 1EEEL hEh o7, Ca DRRIIRS>B> 1 FEEOIHCHAETL
72

T HDORNEHDRAMOBEIEOED EE Y Thote, HARRMEOBINEITE 11 (3 A18H~
6 A30H) TwRB EFE2H (7TA1H~11A15H) KIZPOLIEI AL, KOERIWHL LS L
WEAEFRL, Ca $LU Mg ORI BAEXFE LI, $3# (11A16B~FFE3 A6 H) CRERAHD
RRIWTFhIE 2L B ERLIch, POBTIHER NI LT, K, Caks L Mg
BB UB LWELER LI, BRDOERS ZLedhb L, 4L OBFCHEARLE LRROEAOE(LEY
KU, PORET 1FEEETIIE 2 eEd LTMBOELEZRL, Bk OB TS 2 lcafic
BRL, 3PPl L CHBOELER LD, BTLHEIHMCETIBIL EbDTEETH-
o ¥t KORRIIMTRE 1~ 2 ¥y x5 nELrRET, Ca DRRIT 1 FEET, Mgoh®R
FRTE2H (TA1HE~118158) wixd 1 (3 A18H~6 A30R) X WS DOWRKERLIY, &
NOOERICS Y OHELNFD b,
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P DR, SN EEHA L L ToEDOZ LAV BTHS ), NBIVUPORNKCH RS L, KO
WIS 130 (3 A18A~6 A30H) >H 2 (7 A1 B~11A150) >$ 3 (11A16E~FFE3 /6
H) DIRCWH LA LETL, Ca IV Mg i3 1 8 X 02 IIic <5 L8 3 iz b U LWWE
TaERLEZ L, IBENEPHXHRETA E, PORNRE IR I ER L EAERER, &
h B0, HROBRSOBRORPANOHBLXI LAY 1 SRBMTEID L2 I,

7. % & &

1D OHBETH =Y 1—1 BHOBRSBRNOFKHHOBE (LT oW THE LI DTH 5,

2) 1963 43 ADRERH SHE3 A ETO 1 1EMOKEY, 46 BlewL22»AZ Lk, 3,
THERALT, &L, BROBMEABSIUR, #, 2FEERSIV 1 EELEEORFTHFDC, N,
P, K, Ca 5X0" Mg ofHiufiit-fc,

3) HAROHEHHOMEOREML, 1EEETIRFITRL VB ETIDZ L, BEROK
BOMEL LK~ L O b iRk 7 h O ERE R R T2 05D bhis,

4 BALBRIVEBH LD, N, P, Caks X0 Mg ORIV DV Tk E DFERLFD bl

i) BON, Ca it Mg < &, £BHOSHRILKER (3 A18R) W LE 183K (5 A15
H) w5 EE 1R (6 A30E) mixBARRL, TO®HE 2 HiK (11A15H) kMR ER LA,
D ARBS ORI I L OERSEWEEYE 130 (3 A18H~6 A30A) wix FES, H2 (74
1 A~11A15R) it L > TES OEB T ebh b2 L2 FRThDEVZ L5,

i) BONS EROTIIRAROES OER L EWEEDHNNAEILER LI, ZDORDIOEMH
NERBICIEEEOHREG I VEL, Lo TELREMIC ETFhs o LD BRI,

i) o Ca KEHE 11 (3 A18A~6 A30H), #2441 (7 A1 H~1115H) ontavc%mt%
kB T - 725t Mg 13 EROINC EES & &2 bhe, |

iv) #3 (AIA6H~FE3 A6 BH) KIZWThd NBSIOPIE 2 il LRS- L hll BieBIx
BDEWEESY EE S0 LT, Ca skt Mg OWIUE 1 542D Ca ¥R L uTFhimbEy
TES 7,

V) BAZBTRABSOWIREIIE 2 b » 2 KEL, Thixhlic LTNE XO PRFs
FT, Ca X0V Mg Rty LARTRIZ T CRED 5T,

vi) BARDBMAAC A D &, ERS/OBRNEOKRE VL 1FEECIRSIVEL Y REMcs
i,

5) KOBCOWTikoE DS FED b,

i) Kux#gs# (101 B~11A150) BRI LEVWEBRINA s EAH 2, #3M (11A16B~BE3 A
6 A) RREARDOEHMIVThIKEERIMET L, K X 2EBIHEE S hic,

i) KOBILORS L hd SO BH—8 248 (5 A16H~6 A300) ZA—2bRACTebh
BT ENAD ORI,

6) BARDEZELH D Carbon 1g #EHETHICE L) BEHOBRIRECOW TR OEDELALRD bR
2o ’

D) 1EEEIRBSLIOBCENXSE, N, K 5X0Ca—b Nk LUV Ca—DERBENS I -1,
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i) HEBEHEND L, BIZK, BINK LU Ca ORINENRSVE, o2, PRIV Mgy x
5 I KR D BTk o T,

D BAEBSOZESOBRREYHECHETS &, BRIVBII1EEEI VL PRIV MgON
b B MR R, 38 X0 Mg @ Ca w4 % MR /s e RA E D » Foo .

COWFEETIICHIc-> T, BEXBRERZERBTCRIZRO CEBE Wi\, Fio, L
FEAKEETAHECREHORRC, FMANT IARIIERS XOHHREL O ZH L RE L,
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A Study on Seasonal Variation of Nutrient Absorption of

Two-year-old Pinus densiflora (Akamatsu) Seedling.
Hiroshi Kawapa
(Résumé)

In this study, the author arranged to carry out an annually successive investigation upon
the seasonal variation of growth and nutrient absorption of two-year-old Pinus densiflora
(Akamatsu) seedling, knowing that it would be useful for throwing light upon the detailed

nutrient physiology and the improvement of nursery fertilization practice,
Experimental method.

The nursery bed, transposed with black soil originated from volcanic ash, in Kansai
Branch, Government Forest Experiment Station, Kyoto, was employed for this experiment,
The 49 one-year-old seedlings were transplanted on March, 18th, in individual plots, 1 m?
and treated with 100 g of ammonium sulfate, 40 g of calcium superphosphate, 40 g of fused
magnesium phosphate, 20 g of potassium sulfate and 1 kg of sawdust compost (fully moisten—
ed) in each plot. No additional fertilizer was employed. The composition of the sawdust
compost is shown in Table 1.

The sample seedlings were removed from 3 plots selected at random 7 times as under—
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mentioned during the experimental period. Excluding the extreme outside seedlings, the
residual 25, one in each plot, were measured and analysed. They were measured for their
height diameter, weight and moisture contents of root, stem, new and old needles. Their
carbon, nitrogen, phosphorus, potassium, calcium and magnesium contents were analysed
by the following methods.

Carbon was determined by the chromic titration method and nitrogen by KJELDAHL's
method. After wet ashing by HCIO,~HNO;-H,SO, mixture, potassium was determined by
flame photometer, phosphorus by molybden blue method, colorimetrically, and calcium and

magnesium by EDTA method, removing manganese by ammonium sulfide.
Results (1)...... The growing process of the sample seedling.

The growing processes of sample seedlings are shown in Table 2 and Fig. 1. They were

divided into 3 stages, 7 periods, as follows :

The 1st stage........ The 1st period, from March 18th till May 15th, and the 2nd period,
from May 16th till June 30th.
The 2nd stage...... The 3rd period, from July 1st till August 15th, the 4th period,

from August 16th till September 30th, and the 5th period, from October 1st till Novem-—
ber 15th.

The 3rd stage...... The 6th period, from November 16th till January 10th, and the 7th
period, from January 11th till March 6th.

1-1) The 1st atage,

After the transplantation, the sample seedings began their height growth at the begin-
ning of April, It was very vigorous in the 1st period and reached 49% of their annual
growth. However, it decreased remerkably in the 2nd period. Their diameter growth and
increment of dry matter weight were very little in the 1st period. But they increased in
the 2nd period and reached 22 and 15% of their annual growth, respectively.

A part of the sample seedlings began their bud formation in the middle of June and the
all of them finished it at the end of the same month,

As a whole, the 1st stage, the period from the transplantation in the early spring till
the bud formation in the early summer, was characterised as the first growing period in
that the sample seedlings proceeded mainly with their height growth.

1-2) The 2nd stage.

A part of the sample seedling began their elongation of bud in the middle of July and
all of them in the beginning of August. They finished their whole height and diameter
growth in the middle of November. In this stage, their height growth was less than that
in the 1st stage, and reached only 40% of their annual growth. However, their diameter
growth and increment of dry matter weight were very excellent, and reached 78% and 72%
of their annual one, respectively. The differences of their height and diameter growth and
increment of dry matter weight among the periods of this stage were not distinguished.

As a whole, the 2nd stage, the period from the beginning of bud elongation in the
summer till the cessation of their growth of top in the late autumn, was characterised as
the secondary growing period in that the sample seedlings proceeded to develop their dia-
meter growth and increment of dry matter weight mainly.

1-3) The 3rd stage.

This stage was characterised as the resting period of the top. The growth of the top
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ceased during the late autumn and winter; nevertheless the root continued its growth suc-
cessively. The increment of thedry matter weight of the whole seedlings was induced by
the growth of root.

The differences of the vigorous growing periods of the root, stem and new needle (1--
year-old needle) were clearly recognized. The dominant increments of dry matter weight of
root and stem proceeded during the 3rd, 4th and 5th periods and reached 699 and 849 of
their annual one, respectively. But that of the new needle was done during the 2nd, 3rd
and 4th periods and it reached 80% of its annual one. It was very interesting that the do-
minant growth of the new needle, the assimilating organ of the seedling, proceeded more
during the earlier periods than that of the root and stem. The accumlation of the assimi-
lated organic matter was done in the following order as new needle—stem and root.

The old needle (2-year-old needle) fallen at the end of October showed no clear seasonal
variations of its subsequent dry matter weight from the transplantation till its defoliation.
This fact suggested that the old needle was of little or no importance to the seedling.

The moisture contents of the root and stem remarkably increased at the end of the 1st
period, and ran up to their annual maximum. The contents of the new needle reached the
same stage at the same period, too. After that they decreased by degrees down to the end
of the 7th period. The moisture content of the old needle was higher than the content of
the root and stem at the transplanation, but it was changeless during the following periods
till its defoliation,

The seasonal variations of the T/R ratio, Height/Diameter ratio and Height/Top weight
ratio, shown in Table 2, were useful for understanding the foregoing information on the
growing processes of the sample seedlings.

Results (2)...... The seasonal variations of nutrient absorption.

2-1) The nutrient concentrations.

The seasonal variations of nutrient concentrations are shown in Table 3 and Fig. 2.

The carbon concentrations of the whole seedling and the parts of it were about 50% in
all the periods, and they were changeless during this experimental season. However, the
seasonal variations of the other nutrient concentrations were dissimilar and  characteristic,
respectively, as undermentioned.

The nitrogen and phosphorus concentrations of the whole seedling and the parts of it
decreased by degrees after the transplantation, except the nitrogen concentrations of whole
seedling and root, and they reached the annual minimum at the ends of the 2nd or 3rd periods.
Afterwards they incresed by degrees till the ends of the 7th period, but their variations
during the 3rd stage were confined to within a narrow limit. The nitrogen concentrations
of the whole seedling and root increased clearly at the end of the Ist period, and after
that they decreased sharply at the end of the 2nd period.

The concentrations of the potassium of the root, stem and old needle decreased after
the transplantation until the ends of 1st, 2nd or 3rd periods, respectively, and then they
increased until the end of the 4th period. After that they decreased by degrees until the end
of the 7th period. That of the new needle decreased successively from the end of the 1st
period till the end of the 7th period. That of the whole seedling was changeless from the
transplantation till the end of the 4th period, and after that it decreased successively until:
the end of the 7th period.

The calcium concentration of root decreased at the end of the 1st period and after' that
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it was changeless until the end of the 7th period. That of the stem decreased at the end
of the 1st period, then it increased by degrees until the end of the 4th period. In the old
needle the concentration increased successively from the transplantation till the end of the
4th period. That of the new needle and the whole seedling decreased until the end of the
2nd period and after that it increased until the end of the 4th period. From then on the
concentration of all cases except the root was changeless until the end of the 7th period.
The magnesium concentration of root increased from the transplantation until the end
of the 3rd period with the temporary decrease at the end of the 2nd period. In the stem
it decreased until the end of the 2nd period and thereafter increased until the end of the
4th period. Concentration of the old needle showed similar variation to that of the root.
In the new needle it decreased at the ends of the 2nd-4th periods and at the end of the
5th period it increased. As to the whole seedling, the concentration increased by degrees
until the end of the 5th poriod 'with the temporary decrease at the end of the 2nd period.

Afterwards in all cases it was changeless until the end of the 7th poriod.

Results (3)......The seasonal variations of the nutrient contents

and their absorbing processes,

The seasonal variations of the nutrient contents are shown in Table 4 and Fig. 3. The
percentages of the absorbed nutrients in each period for the annually absorbed one are shown
in Fig, 4.

The weights of the old needle were much less than those of the other parts, and they
were changeless during all periods until the defoliation., Therefore, the data on them were
omitted from Fig. 3 and 4.

The information on the potassium contents, as undermentioned, suggested the leaching
of it from seedling. Therefore, its annually absorbed amount was undeterminable. exactly.
The author estimated the potassium content at the end of the 7th period by substracting the
one at the transplantation as the annually absorbed one for the sake of convenience,

On the whole seedling, the absorptions of all nutrients except potassium proceeded most
vigorously in the 2nd stage. The absorbed amounts of nitrogen, phosphorus, calcium and
magnesium in this stage reached 71%, 78%, 81% and 86% of annual on, respectively., Fur-
thermore, 12% of nitrogen and 10% of phosphorus were absorbed in the 6th period, and
119 of calcium and 10% of magnesium in the 2nd period. These facts showed that the
vigorous absorptions of nitrogen and phosphorus proceeded from the summer till the early
winter, and that of calcium and magnesium from the late spring till the late autumn. The
absorption of potassium proceeded more vigorously from the earlier period (the 2nd period)
than that of the other nutrients, and the rate of its absorbed amounts during the 2nd-5th
periods was 115% of the annual one,

However, in detail, the absorbing processes of these nutrients in the parts of the seedling
were dissimilar and characteristic in each other as follows :

The vigorous absorptions of nitrogen of the root and stem proceeded during the 4th-6th
periods, and the absorbed amounts of it reached 759 and 81%, respectively., The new needle
absorbed 789 of the annually absorbed nitrogen during the 3rd-5th periods, and, further-
more, it absorbed 15% during the 1st-2nd periods. These facts show that the vigorous
nitrogen absorbing periods of the new needle were earlier than those of the root and stem.

Phosphorus was vigorously absorbed during the 3rd-6th periods by the root, during the
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3rd-5th periods by the stem and new needle. The amount of it absorbed reached 934, 80%
and 739, respectively. Furthermore, 17% of the annually absorbed phosphorus was absorbed
by stem during the 6th-7th periods, and 18% by new needle during 1st-2nd periods. These
facts show a similar tendency on the differences of the vigorously absorbing periods among
the parts of the seedling to that of nitrogen.

The vigorous absorptions of the potassium of the root and stem proceeded during the
3rd-5th periods, and that of the new needle during the 2nd-4th periods. The amounts of
it absorbed during these periods reached 115%, 105% and 105%, respectively, After that,
the potassium absorptions were clearly decreased by degrees and 38%, 23% and 20% of it
were lost in the 7th period, respectively.

The vigorous absorption of calcium by the root proceeded during the 4th-5th periods
and the amount of it absorbed during these periods reached 619 of the annually absorbed
one. Furthermore, in the other periods except the 1st and 7th periods, the root absorbed
a relatively large amount of it. The vigorous calcium absorption of the stem proceeded
during the 3rd-5th periods, and that of the new needle during the 3rd-4th periods, the
amounts of it absorbed during these periods reaching 90% and 70%, respectively.

The vigorous magnesium absorptions of the root and stem proceedcd during the 3rd-5th
periods, but that of the new needle during the 2nd-5th periods. The amounts of it absorbed
during these periods reached 869, 97% and 989, respectively.

As mentioned above, the vigorous nutrient absorbing periods of the new needle were
earlier than those of the root and stem, as a whole.

These facts related to the differences of their growing processes, especially the incre-
ments of the dry matter weight. Furthermore, it is noteworthy that the root and stem as-
similated relatively large amounts of nitrogen and phosphorus during the periods from the

late autumn till the early winter which are regarded as the resting season of the seedling.
Discussion,

1) The growing process of the sample seedling.

The sample seedlings were medium sized with well developed root systems,

As aforementioned, the vigorously growing periods of the root, stem and new needle
were dissimilar. It was very interesting that the dominant growth of the new needle, the
assimilating organ of the seedling, proceeded during the earlier periods more than that of
the root and stem. The assimilated organic matter was used for the production of the new
needle and there after for the root and stem. Furthermore, it is worthy of notice that the
growth of the root proceeded successively during the periods from the late autumn till the
winter, the resting season of the top.

2) The nutrient absorption.

More detailed information on the interrelations of the nutrients absorbing processes and
the amounts of the nutrients required for the assimilation of the 1g of organic carbon in
each stage are shown in Table 5.

As the leaching of the potassium from the seedling was suggested, the author discussed
its absorbing process separatery from the other nutrients.

2-1) The nitrogen, phosphorus, calcium and magnesium absorbing processes.

The amounts of nitrogen, phosphorus, calcium and magnesium required for the production

of 1g of the organic carbon of the whole seedling and the parts of it were clearly more
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increased in the 2nd stage then in the 1st one, except the nitrogen and calcium of the root
that equilibrated or slightly decreased. These amounts of nitrogen and phosphorus increased
remarkably in the 3rd stage in comparison with the 2nd one except the phophorus of the
root but those of the calcium and magnesium decreased sharply except in the case of the
calcium of the root and new needle that equilibrated or slightly decreased. These facts sug—
gested the following implication.

The rates of the nutrients absorptions of the whole seedling and the parts of it were less
than those of the dry matter production in the 1st stage, but the former exceeded the latter
in the 2nd stage with a few exceptions. Furthermore, the predominances of the rates of
nitrogen and phosphorus absorptions to the rate of the dry matter production increased
remerkably to a high degree in the 3rd stage. But the rates of calcium and magnesium
compared to the rate of the dry matter production decreased sharply in this stage and were
lower than those of the 1st and 2nd stages with a few exceptions, The aforementioned
seasonal variations of the nutrient concentrations back up the above opinion. However, on
the nitrogen absorption of the root, following facts are worthy of note :

The nitrogen concentrations of root reached the annual minimum at the end of the 3rd
period. Later on it increased by degrees till the end of the 7th period. The nitrogen con—
centrations at the ends of the 1st and 2nd stages were the intermediates of the decreasing
or increasing processes, respectively. So they were almost similar mutually. Therefore, the
interrelation between the nitrogen absorption and the dry matter production of the root was
similar to the one of the stem and new needle, but the periods of both processes were more
long and lagged behind.

In detail, the variations of the nitrogen concentrations of the root and whole seedling
during the 1st stage showed the convex process, increasing sharply at the end of the 1st
stage. These were inconsistent with the above-mentioned opinion. The similar processes
were observed on the magnesium concentrations of them in this stage too; but they were not
so distinguished as the one of the nitrogen. The author reexamined the seasonal variations
of the nitrogen concentrations in the next year, 1964, and as shown in Table 6, the similar
results were obtained again. The elucidation of the cause of these facts is left for future
investigation.

As already stated, the seasonal variations of the rates of the nitrogen and phosphorus
absorptions for the dry matter production clearly contrasted with the one of the calcium and
magnesium absorptions as a whole. The former were remarkably increased during the periods
from the late autumn till the winter, but the latter were remarkably decreased with a few
exceptions,

As shown in Table 7, the rate of absorption of the nitrogen was more abundant than the
one of the phosphorus, and that of magnesium less than that of calcium in these periods.

As previously mentioned, the increments of the dry matter weight of the stem and new
needle were very little in the 3rd stage, so the remarkably increased nitrogen and phosphorus
absorptions for the dry matter production were ineffective on the accumulations of these
nutrients in these parts. However, as the increment of the dry matter weight of the root in
this stage was fairly abundant and reached 209 of the annual one, the nitrogen and phosphorus
accumulations— especially nitrogen— were very abundant, the amount reaching 37% and 18%
of the annually absorbed one, respectively. '

The variations of the interrelations between the rates of the nutrients absorptions and
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the dry matter productions of the stem and new needle had some similarity as a whole; ne-
vertheless, more or less differences on their extents of the variations were often observed.
But they contrasted with the one of the root except on the magnesium absorption.

These differences of the absorbing processes of these nutrients between the top and root,
those among the nutrients in each parts of the seedling and the fairly abundant nitrogen
absorption of the root during the period from the late autumn till winter are worthy of notice
in regard to the nutritive physiology of the seedling, and are helpful nursery practice.

Furthermore, on the magnesium absorption, the slight losses in the stem, new needle
and whole seedling in the 3rd stage as compared with those in the 2nd one were observed.
Whether these results were induced by the leaching of it from seedling similar to the case
of the potassium as described hereunder or by the individual variances among the sample
'seedlings because of the slight differences of the contents between the both stages is a
point left for future clarification.

3-2) The potassium absorbing process,

On the potassium absorption, the leaching of it from the seedling was very important
and interesting. The potassium concentrations and the absorbed amounts of it in the whole
seedling and the parts of it were clearly decreased by degrees on and after the 5th period.
Furthermore, the potassium contents decreased sharply in the 7th period compared with that
in the 6th. These facts suggested clearly the leaching of the potassium from the sample
seedlings by the rainfall during these periods, The data on potassium in Table 5 and 7
supported the same opinion more certainly as described below.

In the author’s opinion, the above mentioned facts would be explainable as follows :

The amounts of potassium absorbed would be more abundant than the one leached out
from the seedling during the periods from the spring till autumn (from the 1st till 4th
period). However, the amount of potassium accumulated in the whole seedling and the parts
of it would be decreased by degrees on and after the periods from the late autumn till the
winter (from the 5th till the 7th periods) by the leaching of the potassium and the decrease
of its absorption. In the 7th period, the amount of potassium leached out would exceed the
one absorbed.

As shown in Table 3 and Fig. 2, the variations of the rate of potassium absorption to
the one of the dry matter production during the periods from the 1st till the 4th one in the
root and stem were similar to the one of the other nutrients. But the rate of the potassium
to the dry matter production decreased successively in these periods in the new needle and
equilibrated in the whole seedling. The leaching of the potassium and the successive decreases
of its absorption would support the findings that appeared later, namely, decreases of the
potassium concentrations and contents in the following periods.

3-3) The nutrient requirements for dry matter production and their interrelations.

Comparing the nutrient absorptions for their dry matter production of the root, stem and
new needle with their annual averages, the following information was obtained (see Table
5). The new needle absorbed more abundant nitrogen, potassium and calcium — especially
nitrogen and calcium—, slightly less phosphorus and considerably less magnesium than was
absorbed by the root and stem. Furthermore, the root absorbed fairly abundant phosphorus
and potassium and less nitrogen and calcium than did the stem.

To throw light on the seasonal variations of the more detailed interrelations among the

amounts of the absorbed nutrients, the ratio of the phosphorus, potassium, calcium and
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magnesium to the nitrogen are given in Table 7.

On the seasonal variations of the absorption ratios of these nutrients, the following in-
formation was obtaind,

On the whole seedling, the increments of the rates of phosphorus, the distinguished
decrease of the one of potassium and slight decreases of the one of calcium and magnesium
in the 2nd stage compared with the 1st stage were observed. The ratios of these nutrients
to the nitrogen in the 3rd stage were less than that in the 2nd one. The rates of the dec-
rease were appreciable on phosphorus but remarkable on potassium, calcium and magnesium.

On the parts of the seedling, their tendencies of the variations of the rates of the nutri-
ent absorption were similar to those of the whole seedling with the following few exceptions,
The rates of phosphorus of the new needle showed the concaved curve, decreasing in the
2nd stage, and the one of the root a remarkable decrease in the 3rd stage. The rate of the
potassium of the root was changeless between the 1st and 2nd stages, and the one of the new
needle and that of the magnesium of the root somewhat increased in the 2nd stage.

Summarising the above-mentioned facts, the remarkable decreases of the rate of potassium
absorption by degrees in and after the 1st till the 3rd stage and the one of calcium and
magnesium in the 3rd are worthy of notice as a whole. These facts support the afore—

mentioned seasonal variations of the absorbing processes among these nutrients more clearly.
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