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WAREEOEMA L 7 U0 LI, FEME, HITEOBED M D, D kb LR #5OH%)
EREHERY, Tz TRELEML 45, RHhofs RSB Tiug, &5 BATRDOES UL E
ELTL B, LIehioT, TARDRIERIEX TERTHD X 5 Te A F At 2 Fer 35 fodiciy, RBies
HIERG DL & T, WIARDOIFFWINDRIES L BRI Hugle b,

g, R OFEPTRIERTIR D BT, HWIL, FIHNC KU 3 55#a %5 © interaction DIr#H
LUIERTH 2%, ZOFIL TS & L THBKZ O FHOCHE 4« DR OMBIHRRK 2L <, S0k
SATRIER TS AT, TIROERCERSOEHIRENE D L 5 1IESTL H0% L bR,

ZORBNL, B0 A DRBICKEINALLOTHIOT, U ED WY L HbRABRAOFET
e, REROMSET, ZOHEFEEYMND Z LN TELDOTHET S,

= DU RT3 b ic h MIRTRERIE & B2t BRI ERR I,  HIEEEEEA b L
H, AR SRR, MBS A Y U CT o HIRS ITE TR CFEE, (3RE5o
FBUCIHA L TT & MILEHE R ECE LR L BT 5.

2. ® B F &E

2.1 HEERE
P BB MR E OB KZ LT SR (B 1 RBR) 2 30em, &S 22cm OIFRBER
R 7.5k HToW, WAK 168, Bi% 5, BIilEME 3g XN ZNMM L1 MRKESF2 Az &
X hEgRkoLHEo pH (H0) i1 6.0~6.4 7ot
#01 R AR OPMAENTINESD oME

Table 1. Chemical properties of the soil (Kohongu nursery soil)

1 0.2N HCI sol. | Exchangeable . Phosphorus Soil phosphorus

| . .
pH , C | N | %7 "7 absorntion index determined
(H=0)) l . P Ca K coofficient DY Yanagioa's
e V% o ppm | % m. e ~ 77 rapid soil test
| \ o T T T T ;
5.614.16'0.671 28 1 0.08 | 1.20 “ 1100 2

| i ) ; | l i

FUEBETD - D PE R ORI R O T~ IS (1) PR MRk L oS
L OBMER PRI 1035 (1957) p. 117~120.
(1) SRR AR AL L R R e S 8
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Table 2. Experimental design of soil phosphorus level for this study

Soil phosphorus i Soil weight in pott Super phosphate

level added gram in pot Soil phosphorus content
e . e

P, } 7.5 : 0 Very low

Py 7.5 | 3 l].

P, 7.5 ! 6 : Low

P; | 7.5 10 l

Py { 7.5 15 IJAdequate

Ps 7.5

[
; 20 , High
i

MRS 2 KD X 51 6 Biffic b ClEL ., 6ITT.L Po~Ps LIEFRL A, X E 4L 2 < DIEL
L Uteo BABIRE AF - 55 =Y0F o (1—0 6D %X OREN (1—1 1) ThH5.
2.2 RBF*E
Z DOFEBRL 1956 EHRFERENS H AT OBATIT o DTH H, RSN ThENITED IR L
fekdowntcts, Licly, 4 A5 HIZE Ok ORI 2 7ot
FEORHRNIY D AF 1g BF=Y 1g HTTF, HHHIAF 25V e 4 18k3 KMz e L
to, MO HENL A F1L 9.5~11.0cm, #F~ YL 10.0~12.0cm THoi,
5= VIREHOFHL 4 ATMAICBSTL, X 30RFEAF - hF <y L ECKRMFR4 A 25 A~
5 A 2 HOicffbhice ¥ E O EIRETHIE 2720, TOMK, SBEREFHCLEOR I X 236
DELERERL THA IO LI, 9 AWE, »7< Y ORIV OLEK S BEESFHLLIITD,
BEHREXTZOIEREEZ ORI DT, T 144D 1g OEEBIEL K,
11 A9 HIHl DI Yl - EFEERIIEL, BIREHRERL L, Bl oL, iy
WOBHC 311 % % O TED 1424 D DARIL, AXT 43~51 &, HF~ YT 24~30 KThHOte,
2.3 FWHE
(1) HEDHH
pH (Jhfmpk), R, BIMTEA R HEIAFEHC L > THIEL 2o
BT 0.2 N HERCIERHL, HOREL oliey =V 7 viRT v By RS TRE X, 12
by BB R Mo T filter 650 THEMEAIEL TRDI,
BRI < 0.2N e, MM ERRK OWIRE(E D , vy v B ) TilisE LT
Kt
MEE 1IN OFET v ey (pH7.0) TEHL, EHBRSEEL 2%, SV F v 2eMLTR—Fy -
== GRS (R 768 mp) THISEL 1o
TR LI Y — 2R RIS L Ao TiFo R,
(=) itk o s
BRI AL - AETHH L.
VIR BB A TS & R TSI L L 7efs, =) 7 F YT v v R L O L — SR TR X 4,
A2 L ey RENERTO filter 650 %V TEMKAIIEL TR,
MBS X B CIRAIKL L, VF Y AR TA—F v « =< — B3RS GEE 768
mp) CHIEL 2o
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KRR & EESRIR CMSRIK L U 7ot IEIRRIK O WA (E D, i~ v v S Y TISEL TRote,
3. HRERLER

3.1 E@BohAED

Po XD AFWE, FEDIH « RN L 126 A 10 HETEL S THMOENRRLRLRFA LAY RL, »
T Vi, FXOFH  RER L LX) 6 7 10 BIiEL O FIOENLLHRELEL, HE VI
D &5 TRispoted’, Wb DIEIRRZ DIERY R L.

6 FFANSIBE YL b Po RONENPLRHOTELL IR SR, BEEXTR D X5
R RET, 7T ARAENEL A bOEFAD ) ThT, BEO B LBOR L 0By RGWHT o kT
Xfiote, Pi~Ps XTI, WL d 2EEMHZEC CERICENSELERD S Z LR TE ah
DT,

9 AR, »7~ YREEL, WThoWRR EERSE LI LD, BRRXZOERD L) KELEDL
NEeDT, 14k4D 1g OMELBEIBLTE L7 LEEL =,

BRI BRIRIC KZ L 1T HoRIC b2 b, Wod B B KZ DIERA S £ DB D I 5 1
bbbhich2ie—20FR L LT, BROMMELROMENELOND THSH 5 . BROBEOWNT
X, fok ZIEERS (1955) 4%, N OWBHERBUCHIERZE NO-N &bk fos EIIE) L5
THolked’, NHeN D r Eiikh b bhis 2 #8E LT3, Tih, ZFEOE:O MFRET,
SurikHANDE (1954)'7 = Finn (1955)" Hi%, ZROMEHELHMIE D LMW ORI OWIFIM
BT A LHEL TR Y, Zhaiiosrsn baiiul, EROMHEEIHEMNTS L, HHrhictto
TIOVECORMAERTD oL WIeD. T 2T, BBRORZTE I RE LY bR EE Y LTI
AT%E, ¥ CEETHHMIEREL DRI L L & X DB D X 5 Il K OfE R4 73 TR
HBELELDNDIESD , ZOERT, BHAZOMERASE VD X5 TlhhoieBR, M Eko%
X FERERBLT, SBEILRUEINLREFETHA S,

3.2 B B

AE BT YDOEEOTH - RETEL D6 ARAIT A E T, LEHOEL R < JURCREL T
feat, 6 AT DB 7 A EARC A TRENT X 2 RS bbb i Tw, 11 A9 HicHl DI ke
Lk &, 3RO LI DOTWI,

—BICHERZ O LI EF T A, BRIEH RO CREN AT D 21k HRTH D
P, —HIEY- L REFOFMEC L Y, HHOMERERImCES R 2L 5ThHDY, @EL

(1955)'" @ & < 2 DIFHHBROF A 2D &, EHnt NO-N THEX bR T 5 & ZBEEROILEm
TREMHAT B2, NH-N 0L 2IRHAICH 5,

¥ BBOMEEAERY = 2 C, BMOREC o7 BAE, ROBENB UL VY, HOEEN MW
Ut b, [ENEDRDY T3 L A@EIR T3, Citrus Tk, BEEOEETRENS 5D,
TR RZTHL TRV LEZ BN T EY,

EHEOSNORETIL, WRLEFROMELTFE L ULREREL TAD L, AFOEEOTH T
Py X, REH T P: KTREDKREEZRL L. AFE E20HO Ps KOWE, REBERN P Ko
oL HPLLML, AFKEE T Py, Ps XOWHR, Hi LES, HIBERS P XOL0 L H 00K
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Table 3. Top length and fresh weight of the seedlmgs
“ Sugi
I — e . S - e [ [
Phos- | 1-0 seedlmg ( 1-1 seed]mg
phorus |[----—-~ - e - R
level Top Fresh welght (g) | Top | Fresh weight (g)
length '— - - — -~ length | - -
| Total | | | Total
,1,&3@2,) ???”,y,g?ﬁ,,[gxgﬁeal Cem). ',eﬁfﬁw_k,§?quU¥9@§¥,
I | | | | !
Py | 7 0 09 | 06 | 1.5 | 20 ' 19.0 | 157 | 347
Poo 8 1 1.1 0.9 | 2.0 |20 | 193 | 149 | 34.2
P, 8 | 1.2 Lo b 2.2 23 250 145 39.5
P, | 9 | 1.3 0.9 | 2.2 1 25 | 307 | 189 49.6
Py 9 1.4 1.0 2.4 | 24 20.7 | 13.9 1 34.6
Ps 8 | 1.4 0.9 ’ 2.3 ; 24 27.3 | 18.7 | 46.0
i [ 1 |
o4 HOWHER
Table 4 Dry welght of the seedlmgs grown in
’l Sugi
Phosphorus level } 1-0 seedllng ‘I 1-1 seedhng
17 IS 0 Total | ol L o | Total
e Top __,l,,, Root seedling Top ! Root ! seedling
| \‘ | | i
P, ! 0.3 | 0.1 0.4 l 6.7 \ 4.3 11.0
P, | 0.3 ’ 0.2 0.5 | 7.0 | 3.7 | 10.7
Py 0.3 | 0.2 0.5 ! 8.0 1.3 123
Ps 0.4 | 0.2 0.6 | 9.3 5.0 ‘| 14.3
P 0.4 | 0.2 0.6 | 7.0 3.7 ! 10.7
P; 0.4 | 0.2 0.6 | 8.0 5.0 | 13.0
|

CTWBR, = OHENSIIBIC Py, Ps KN AFIC L D THIEBHORIETH D L £ LTI WD,
DR LIBEREI LW FE 2 D,
HS5<YDEEOTHTIE Py ROTE, Py KoM LWES, KEETI P RONE, HETEE

BB\ LR

DA U GO BRI R R LTV B8,

P, Pa
Level

AUNENNERININNR NN

Ps

C— Sugi
V777

(a) 1-0 seedling

Index
160
140
120
1004
Py
W1
Fig. 1

Index

160,

(b

SEIC L Db DT, X HICR AR

Karamatsu

P, Ps
P Level

) 1-1 scedling

HEEKR (Py ROTEEY 100 & LA

Top length index of the seedlings grown
in each P level soil (per P, seedling growth)

WFNOBAEY Ps KTRMOEFEZRLTVDHEIHAND, Tk

T EOREENER L e b D EL DR
%,

Py KDOpEL 100 & LT, FRONERY
MR EHRT 2 L, BIKNBSLIOF2KO
L5 b. ZORNBRDE, =, ZOf
hEio T, REOBIGE B0 >
KA DD Z LN TED, T, W
HoMiE LTh2 L, —RWKS = Vid
AF L) HEORHBE ORI B
MOFENKRTH B Thbb, ¥7v YR
2 LD BB B WREEAVER WM T b
LEFEZBND, ok, ThEhOEGER
HEE 4RO L 51T B,
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(HER1A4D)
grown in each P level soil (gram per a seedlmg)
e e e e
| Karamatsu
1-0 seedlmg 1~1 seedling
| Top ‘w Fresh weight (g) , Top 1 Fresh weight (g)
length —_ length S
‘ \ . Total ' (- | Total | | Total
Ll TP Rl o Stem Folie| O Root | oG
| | | | | : '
‘ 9 0.6 ' 0.5 | 1.1 ' 24 | 53 43 | 9.6 | 9.0 | 18.6
11 0.7 | 0.6 | 1.3 ' 23 | 8.0 ' 6.0 « 14.0 | 13.3 | 27.3
| 13 0.8 ' 0.8 1.6 28 8.0 | 8.0 | 16.0 | 14.7 | 30.7
o120 1o 09 1o 26 7.7 | 6.6 14.3 . 163 | 30.6
18, 08 09 17 83 1 12.0 | 9.0 | 21.0 | 20.3 |  41.3
13 1.1 1.0 2.1 37 ' 14.7 ' 13.3 | 28.0 19.0 | 47.0
| e 7\ | o
(1&HD)
each P level 5011 (gram per a seedhng)
Karamatsu
1-0 seedlmg 1-1 seedling
| . | Total .. - 7 Total N ~ Total
|
Top | Reot G, Rt sem TR we | JGEL
! | | | ‘
0.2 . 01 | 03 . 1.5 | 3 3.8 2.3 | 6
0.2 |, 0.1 , 0.3 2.0 3.3 5.3 3.5 | 8.8
0.3 | 0.2 , 0.5 , 2.3 3.5 5.8 3.8 9.6
0.3 - 0.2 |, 0.5 2.0 3.3 5.3 4.2 9.5
0.3 | 0.2 | 0.5 2.7 4.8 | 7.5 5.3 | 12.8
0.4 0.2 ., 0.6 3.2 6.0 9.2 5.0 142
Lo A N N o
3.3 BRI ,
—= Sugi
FHREH B L IR, o Karamatsu
BOBOOIRAEHRLMEL iR dex ndex
BHESRTHY, chers 7L 01 ) 001 2

DY, FEIRIO»S<yDE
DFUTH Lo bhic, #F< 1501

2
DT H B 150 } oy
desfer DR E EE ORI AL 5 H - wo ’_a 1004 fa "a '-a
A
IEOBIESHROBIINY, AFDFF 1]
1001 [? 100 LH La LE
\_E 204 4

Root N Root
YIRECR ST X5 TefitE 44 ;
BIRSTE2Te, L LT hoR };o Pr P2 Ps P+ Ps Po Pr P2 Ps Ps Ps
b PRI DREERSENLTE Y, P Level P Level

(a) 1-0 seedling (b) 1-1 seedling

P; KB 5EERNPPI~PX L D
’ Y el EFREN (P XOTEY 100 X LEGA
FEFLTWABARENTIEEoM  Fig. 2 Fresh weight index of the seedlings grown in
) g o
FLhbr L CED ., H5 < v each P level soil (per P, seedling weight)
WO Bk & DI LIROIRMCIHT, WREEFELLRTAD L, BLROLIERY, R Ps

K D" I OREIREFROIETIL, BOWSOEEXKIMET LIdThdZ Liibn b,
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Table 5. Phosphorus concentration of seedlings grown in each P level soil

! ! P level
Species Age ; Portion e
i | Po | Pi | Pa ‘ P; ! P, t Ps
,,,1,,,,,!,,,#,,,‘,,,,,‘,,,,T,,m,|,,,,,,,,,,",,*_,
| 1—o {l Top 0.19 l 0.27 0.32 0.35 ' 0.35 0.39
Sugi {, ) Root 0.12 | 0.13 | 0.15 | 0.14 | 0.19 J 0.10
g | — {, Top 0.11 0.15 | 0.18 0.20 | 0.26 | 0.26
| i Root 0.09 | 0.08 | 0.08 | 0.09 ! 0.11 | 0.09
| | | | | i
| 1_0{ Top | 0.14 | 0.17 | 0.24  0.23 | 0.23 | 0.26
| Root | 0.10 ' 0.19 | 0.22 | 0.21 | 0.25 | 0.20
Karamatsu 1| Foliage | 0.15 | 0.17 ' 0.17 | 0.21 ; 0.18 | 0.18
L, ]' Stem 0.12 . C.17 | 0.16 | 0.17 |, 0.18 | 0.14
Total top | 0.13 | 0.17 | 0.16 | 0.18 . 0.18 ' 0.15
Root = 0.11 | 0.13 | 0.14 | 0.19 | 0.14 o
[ R R ‘ R . ‘ o
---- L3 Foliage
woo-w Sugi P — A stem
p —— Karamatsu %
z p 0.20 AN
% P— u
041 ., o
e 0.
. .-" 0
03 7'P’,, 03 Top i 00
02{ . 02f el 4
0l = e
1 0. 6 1
P Level P Level 4
Po Pr P2 Ps Psa Ps Po Pi P2 P3s Ps Ps 9 I-a
0.1 ORI

\—\/t\ Po P P2 Ps P4 Ps
02

021 P Level
Root B4R 5~ Y REHOE L B

031 03 RS ARS LOEHR
Fig. 4 Phosphorus concentration
(a) 1-0 seedling (b) 1-1 seedling and content in the foliage and the
L . i stem of 1-1 karamatsu seedling

3 THARDBNEEHR grown in each P level soil
Fig. 3 Phosphorus concentration of seedlings grown (P % of dry weight and milligram
in each P level soil (P % of dry weight) per a seedling)

RIROBIHE AR GE3RD) XEE O TEAF « DT~V L LI P XETHWML A, Ps KT
TULic, REHICIR S 7~ Y CRBEMOBIR AR LI, AFTIRIZLAEELLILh DT,

HBEHF LI YRR CCRIBL e O F R I8 5 XITh b, LMk OBlga stom o
T, WO EfE X ORI OS BFIIIIT 2 = L 2Vbh Do Tl AX DRBEHOBRITDO AL, *
MEEIRY X5 eI A R I o7, Lo, BB &R E AL i oRE (F 20Ty
WE YT ) X TROBEE LU S TN .

Frercuer (1955)" (% eastern red cedar @ 10~16 $E4zD KT, BEOBREE L Iirh O RlEE
BEERS D ERELTOVA2, CORROKE, A% » I~ YDF XOUFHE X OFEN T, e
RS 4 B OB S B AR OREEE L BIRA D B & L hvbh DT, Eio, IRIBOMEEREDL AL - »
F=VEEOTHED Ps KB BETHERVCTUL, BB o BRE L IWEASH 5 L Ex bh,
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FICH B LRI B S FT L B R oRE [__—] Sugi
RO LRFOMME L WD 2o P Kgmmatsu
f]‘of:c Lj _ mg—
BB LBIEI LTS 12 Top g P
.01 |
Y, ExOUM, BT LI EBT o) /N rb 7]
BAXOFNE, BIFTEAT< YD ?)i H,,I_L 11919 SI’E’E 3’
HRBLIDTH Y, EHEOETLE (o ] A o
. P Level P Level
DOEFMIZACTH S, oo LFL)’E P P2 Ps Py Ps ol Po P P2 P3Py Ps
- L
3.4 BR. MBS LUEBEROEFRR 091 I_E l_/ l_/ 4 51 Uﬂ Lla Lal— l— L
8 041 e 7 M JRNCENY
R ) 101
06 Root Root
HiER O BEIRE B oM L, &1
" e o Az L (a) 1-0 seedling (b) 1-1 szedling
RoH EMoER, mE, FBKRro H5H TAOHERAEE (1K4) mg)
Macro DGR ED L 5 CEDTPL Fig. 5 Phosphorus content of seedlings grown in
DA T ok TS 6 S kNS 6 ~ 8 each P level soil (milligram per a seedling)

BThbh, »7~YREWOH LA EE L T hb THNCEFIE IR TS S .
ZRCOVTEIAED (1953)™ 1%, » 7<= Y OLHHRCHRIEHELY S LT L, HIKOEE
REEVHEMTH L |ELTH% . LoL, EiFb (1955)™ 28 %~ = THHRR Y LickRTw, 2R
DA NOx=N O r X (3SR HEHEOKMCENEHEREM L, NHAN © L X3 6B,
FEARTWS .,
FoRC X5, LERORBEFOBIMIE) HAROZREFROEIL, FEOTHTEIAF
B F= Y bR —EOMEMM DT REH TR AF TR P X TREDELYRL, Ps KRTPRETL
06 ®  WAHLEWOEE, ME, RKOSER NEY %)

Table 6. Nitrogen, potassium and calcium concentration of the top of seedlings
grown in each P level s011 (N K and Ca % of dry weight)

. | P level
Nutrient Species ‘ Age | Portion l e —
‘; P, ' P, i P, | P3 } P, Ps
| |
Sugi { 1—0 Top 0.96 | 0.91 0.97 0.94 0.90 0.99
—1 | s 0.90 | 0.93 | 1.32 | 1.28 | 1.00 | 1.16
N 1—0 . Top 1.21 1.11 1.12 1.20 1.06 1.16
Karamatsu l Foliage 2.24 -2.20 2.35 2.21 2.48 2.22
1—1 { Stem 1.20 1.47 | 1.42 1.37 1.32 1.24
| Total top | 1.61 1.75 1.79 1.69 1.74 1.58
\
Sugi { —0 |  Top 1.36 1.42 1.47 1.47 ¢ 1.51 | 1.47
' 1—1 | 7 1.06 1.04 1.03 1.17 | 0.95 |15
K 1—0 Top 0.75 0.79 0.64 0.74 0.72 | 0.75
| Karamatsu[ | Foliage 0.81 | 0.82 0.89 C.89 1.00 1.00
‘ S 1—1{ Stem | 0.49 | 0.7 | 0.47 | 0.44 | 0.39 ‘ 0.45
Total top | 0.62 | 0.60 0.64 0.61 | 0.61 0.64
’ | | ! |
Sugi {| 1—0 | Top | 1.15 | 1.15 D14 | 1.08 S 14 116
1—1 | % 0.83 0.99 0.94 1.05 | 0.91 0.91
Ca { I 1—0 | Top 0.41 | 0.43 ©0.51 ‘ 0.47 0.42 0.49
| Karamatsu (| Foliage | O.58 | 0.73 | 0.77 | 0.76 | 0.78 | ©.70
i I—1y Stem | 0.30 | 0.37 | 0.38 | 0.42 | 0.35 1 0.39
\ 1 0.4 \ 0.51 | o. 0.55 1 0.51 | 0.50

| Total top 3



— 76— RSN ey

~--=C"1J Sugi
—— 270 Karamatsu

: 2
2 181
1.3 1 -7

1N

12 W
1. 13 s

“t
101 .. -~ e 124 ,’ “ »
L / VS
p / V'
) 10 ; v
51 09 «--

m
14%

I e

P: Ps Pa Ps
P Level

(a) 1-0 seedling (b) 1-1 seedling

A6 TARH EIOEEESERKS LOEER (144))
Fig. 6 Nitrogen concentration and content of the

top of seedlings (N % of oven dry weight and
milligram per a seedling)

~--<[1 Sugi

— 777 Karamatsu

K K
% %
16 12
5 ___.___._"_.\“ 1.1 oo o".\‘\ ,".
1 el 10 N
13 09
0g! 07
0'7]| /\/\‘/‘ 06 e """
06 A
P 100
m
g 80
4 60

i 40
2 2

Po P P2 Ps Psa Ps Po P P2 P3s Ps Ps
P Level P Level

(a) 1-0 seedling (b) 1-1 seedling
7R OWAHEBOMBSELER LOEHE (14K%))
Fig. 7. Potassium concentration and content of the
top of seedlings (K % of oven dry weight and
milligram per a seedling)

103 o7

TWhHD Ps XTSI AL, WT
NORIZBWTE Po KX DIXEFEEN
KChot, BF~ YFEH T P X
TREED ity RL, PiXEFTRWTH
b Py R WEHENKTHDI, Lo
L,P; XTI Py K& FEZFRECET

BEENMET Lo

A N T Y PR O B OEHE
DEEHL, HEROBBE RIS LR
BEE CHIMT % & 243, FhickEoTig
mu, Rl e Es BN S
L, SRS T B ERT LD
Clbhic, Zoff, HFIXDOLZ

= Y R OO DEFETHD S
na,

BROGHTIL TEOTWTE, A
F e W T~ YL L OBTER ORI
PO 2R LTV 573, RET
T HhF= Y DINZ OBFERL, *
T Py X TG L 7o,
KTk Ps, Py REDMAL T, &
FULES 2 ISR L 5 78 Py, Ps RKiTH
FBIREACT BB LR TH S,

LG D ADOHTRTH B0, b

U -kierh o il & o BgImeftu, Hid
R EH#O GHE SN T 5 L Th
W, WO bARIE, X hEED
EFEIRT DTS Y, Wilky 5
&L ok Sl L 7o bigET
L, Thc ko TEEOMEING b % < T
LUNRHD X5 EFEZBND,

Py, Ps

WEICEREALRRILR L TA D L, FEOUH-REN L VT AT YDFHNAF L D KRTHDO,

MMBIZOWTIE,

ETFIEDLIERTVS,

PIEIS (1953)' 134 5 < ¥ TR T, MRHMR ORI IR A X s
Pk Lig\ 2ok, Wenunt (1954)' (ZFEhoFHIK - 3

+  BEORIIML V v OO IEE B

HETKTHRS &, LEERORMEEaE FOMBIMCPE > MBOSHEROEIUL, AFE EDFIHTOCHMND

% RTA, TOMTIRIF E A & —EDOEF I

Wb b o, L LE

FOMICRT LI, DT~
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Y IREN OH EIE22E L IR TR
Th5B L, BEOMBEFRILEOHNE
SEOBIMIEC ML, 2Dz il
Zuer (1957)' 2MHTER Ui
AT THhHbH. LL, BF<YDIHTIL
YT B EFE LTS b,

MEBEHRL, AFKRENO Py, P5X
EERCTEL, WThoOBA L R EUERE
DEIMCFENTEM L 7o A PREET D
Py, Ps KiIL KT 28 HROE TR 2 X
WRT &5 ICREDET 2 R L el R
Thobo

MR MBS AEREL iR LT 25
L, TEOUM - KRB L i A¥ DX
NBAFTYIDVKRTHY, EHELRAL
BATH 5.

BIKICOWTIE, Zuer 5(1955)' (LIREEINE 2 BN &

NTW5,

—---a T3 Sugi
Ca — .vrzzza Karamatsw
B Ca
° %
12 — e — —gy - 101 A~ ’/A\\
1 T o9 7 N
10 081 *
06 061
04 041
m ™y
58 1001
4 80y
3 604
2 AOJ
1 20
Po P P2 Ps Pu Ps Po Pt P2 P3 Ps Ps
P Level P Level
(a) 1-0 seedling (b) 1-1 seedling

B8N HHAHI EMOBRKEERB LOEHRE (14K4))
Fig. 8 Calcium concentration and content of the
top of seedlings (Ca % of oven dry weight and
milligram per a seedling)

5 LEROBED BIKEBRN HENT 5 L ik

HBINTHD &, FHrhOBEREEOMINCEE ) RIKOEERDOE(ULX, A ¥ ¥ & DUTEHTIE—ED
HRABED X IehDfcht, BF<YDEEDFETIE P: RTREDEERLIC. AF + 2T~ YDKE

«~--= [ Foliage
— Stem

N K
% %
241 ST/
22 N Y

201 2 ’ 081
18

16 061
141 /\\

121 041
N - K
mg m
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Effects of Soil Nutrient Levels on the Growth and Nutrient
Uptake by Forest Seedlings (I)
Effects of soil phosphorus levels on the growth and nutrient content of sugi (Crypto-
meria japonica D. DON) and karamatsu (Larix Kaempferi SARG.) seedlings

Hiroshi Harapa

(Résumé)

Sugi (Cryptomeria japonica D.Don) and Karamatsu (Larix Kaempferi Sarc.)
seedlings were in soil culture at different levels of phosphorus supply. The pots used
were of unglazed earthenware, and each of them contained 7.5 kg of soil. Soil for
this work was collected from the low phosphorus soil at Kohongu nursery (Table 1).

The amounts of superphosphate added to each experimental pot were as in Table
2. Each pot also received 15 g of slaked lime, 5 ¢ of ammonium sulphate and 3g of
potassium sulphate. The pots were placed outdoors.

The seeds were sown in April, 1956 at about 1g pre pot (germinated plant is called
1-0 seedling in this study) and the seedlings were planted three per pot (planted plant
is called 1-1 seedling in this study).

In the case of the latter, sugi 1-1 seedlings had an initial top length of about 9.5
~11.0cm and karamatsu 1-1 seedlings had 10.0~12.0 cm.

The visual symptoms of the foliage of seedling were observed throughout the
growing season. The seedlings were removed from the pots in November, by flushing
the roots with tap water. After measuring top length and top and root fresh weights,
the seedlings were oven-dried at a temperature of 70°C., weighed, milled, and finally
analyzed for their concentrations of nitrogen, phosphorus, potassium and calcium.

1. Visual symptoms.

In mid-June, color differences appeared in the foliages of sugi and karamatsu
seedlings (1-0 and 1-1 seedlings) grown in P, level soil and the other P level soils.
The sugi seedlings grown in P, level soil became dark green in color. The seedlings
grown in Pi-P; level soils became uniformly light green in color. The karamatsu
seedlings grown in P, level soil became purple in color. The seedlings grown in P,~Ps
level soils became uniformly light green in color.

But, on and after mid-July, color differences between the foliages of seedlings
grown in each P level soil did not change noticeably.

2. Growth.

Sugi 1-0 seedlings grown in P, level soil showed the highest growth in length and
fresh weight, and those in the P, level soil showed the lowest.

Sugi 1-1 seedlings grown in P; level soil showed the highest, and those in the P,
level soil showed the lowest. Karamatsu seedlings (1-0 and 1-1) increased the growth
in length and fresh weight with the increase of soil phosphorus level, and those in the
P; level soil showed the highest growth (Fig. 1-2. Table 3).

It seems that the karamatsu seedlings are more sensitive to soil phosphorus content

than the sugi.
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3. Phosphorus.

The phosphorus concentration in the top of seedling increased with the increase of
phosphorus level in the soil. On the other hand that in the root increased with the
increase of phosphorus level in all cases except in the 1-0 sugi and 1-0 karamatsu
seedlings grown in P; level, and the 1-1 sugi seedling grown in each phosphorus level.

The phosphorus contents in the top, root and total plant of seedlings was closely
related to the phosphorus level in the soil. The phosphorus concentrations and contents
in the top of sugi seedlings (1-0 and 1-1) were higher than those of karamatsu. On
the other hand, those in the root of sugi seedling were lower than those of karamatsu
(Fig. 3~5. Table 5).

The phosphorus content in total seedlings of sugi were higher than those of kara-
matsu on the whole.

4. Nitrogen, potassium, and calcium.

Nitrogen concentration in the top of sugi and karamatsu 1-1 seedling, potassium
concentration in the top of sugi 1-0 seedling and calcium concentration in the top of
sugi 1-1 sedling and karamatsu 1-0 and 1-1 seedlings, were related to the phosphorus
level in the soil (Table 6, Fig. 6~8).

The author is of the opinion that the nutrient concentration of the plant may be
governed by the relation of the nutrient uptake and the growth; the nutrient concen-
tration of the plant grown in low phosphorus level may increase with the increase of
the phosphorus supply (nutrient uptake>growth), therefore nutrient concentration is
independent of this relation as it increases still more until a point is reached when it
becomes dilute (nutrient uptake<growth) and causes nutrient concentration decrease.

Nitrogen, potassium, and calcium contents in the top of seedlings were related to
phosphorus level in the soil in all cases except those of the sugi 1-1 seedlings grown
in P, and P; level soils.

From these results the author formed the opinion that the excessive application of
phosphorus on poor soil, especially poor in nitrogen and calcium may induce the
nutrient deficiency of seedling grown therein.

Decrease of nutrient in the top of sugi 1-1 seedlings grown in P, and P; level soils
may be caused by the decrease of the growth, as shown in Table 3.

Nitrogen, potassium, and calcium concentrations and contents in the foliage of
karamatsu 1-1 seedlings increased with increase of the soil phosphorus level, but on

the contrary the nitrogen and potassium concentrations in the stems decreased (Fig. 9).
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Phot. 3 1-0 Karamatsu seedling Phot. 4 1-1 Karamatsu seedling



