RO & 2 AMRBUT UE S L3 o
wAREOEE CGE2H)
N7 E DT O E RITWAS
BIET L P O%ER &R D

interaction effects |22\ >

J& M B

1. ¥ A H &

OB AMR T AR F ORI, YT L oT I b TOEET IR T TARRTFLL Y,
KEECHFELRTRETFIREEL 202 w35 L5 BT SH 5, chbOEFORNT, HHDOE
Rl U CRABERERFEEL b Vi, FORFA limiting factor ¥ g > THMYOLEE L EI T
%, Wi EZ kR, HHORERICOELEZ 1D 125THDOT, kLSBT HTRRELT
WABHIZ, HRDEENART5THB IS ICIE, FOMPLMEINL T2 LItk b, HREID X
SEFIRDLIENTED, LLBS TR, BERFLAREEVGCELLEZSDOTWDHIDIT, 212D
HF2% limiting factor ¢ e 2 CLWABLENTH B, FTi-7- & % limiting factor 28 1> THhoi- ot
X, ZexThER, /e o Ermbh Y, HEROBRSOENESLCEHEERS, KEREEER O TWn
<o r3hit, limiting factor DFEHG 72 2 FTEHEZ O SF 23D LELDRETHH 5, Tihebb,
FERCARRL T 2#EEE R TR E IeoTR5 &, TOFsMT limiting factor & L TOEH% S
2%, Hicb L EDMDIEF DT, WHIZATEL TV A DA, limiting factor & L COfEM%
BRUTK %,

F o BRROIESE, IFEHEL OENENERINCELL, - OBEEMD LD TERLHFMAL, =
I WA WAHDTEIETHELEL TV 5 TEEOMRN L HERIC X D IITHREIND L b T 5,
EFIWH " T, RO A SR L b ViR, BBALBRE I AL WIS BART, H
APERLEKI L OGS & DS < WILT BRI D 2 L2 BE LA, bolsriihTo i
b, HEROBSOBMENENL, ILICHARIMEOFRSTOWIE b IFMT 5 & ThiL, limiting
factor &\~ HERL, HEFROBSHOE LI EXFEIEH T, ThdTEHWARIE,IHE X T
@hiuLic bl e TL B,

ZIZT, HAHEECH—OBEELIBL L TiicdEE B L, 2 3EL LoRHREY
ARG T2 0Tl i, EEEXEMIELZ LA TERLNEDH L ELTL %,

ERBOED KRS X OHRRRO MO B, S OFGREDERY DA SOIH TS, H
HEBWTHAD X512, DAEARSDPRSKZIERD 10 LT, BBRZEDEREYD T2 LT

) LHEFREH L BEORRL L R B R E &
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EBHTHHYe LOLERIZ, ZofERiz, AU X5 CHBERZLeEETHOTL, HHEHVI
B X3Ikb bbb, HBESHWRIE, BEAESbbRRGD, BB WEd bR THIERICTE D
15 Thho EEIFH T, coffEicSh, FIHLL2, 3OXW2L, LSATEHOERLON
BRIFEED S5 O TR\ h 2 E X T ‘
%%@ﬁzﬁﬁﬁ,@mmmm5§omxétébf,%@ﬁm&ﬂ%u,ﬁﬁoﬁﬁbwt,%o;
5K TEZBLRT WD, LALKTEN, HAEHWEIE, 132X 0 Lhbbh, H22BAIE
Eh L 2T, Hied RETROIA D 2, BHOoZn LI, [ERAFEOSERIK ST, flifEs 5
FREr LT D 2 TN TH A o

HEDO L 0LDT 3 RAEL, HMMPNRICH O TIER : OB#E, Y@t LX)t Th
i, FOHEDSDT 3 IRIEC X W O F R XN B MO EMNEFIEOIMA (RER X ORZERE
ST KB 2HbbRdes, E0OX3RFHTHI L IRLLbAED L 5 FHATTHEY L 51T
Hobh B2 EHADBEND Do

L EDX3BFEL b 3%, EHIT 1957 £ER, »F7<YDF EOFHED1DT, hF<Y
WO TEREORE VB L, XOBIBORIICED RS D L BELhIEFRE AbhbET, &
PESRC X BRBRE R 7wy, 2, 3DOMREER S BT LATELDT, ZIRBETHLELTH S,
OWFEERBIRL S THich, EIRESY WA SRR, EIEREEA S B
B, BRESTESESEERE, $0MERCEWLTWA LS LEHEINL T # X o HEsHE
ERREZBERE, AE0 THEATRE, BACKT 3 HLER JOWE, SRCKT3EMicihL <
< 72 ok HENBIFE SRR, KEEHTOMERKH O HILEL ST 5.

2. B R F &

2.1 #H&egst
1956 SERCRILEME/ MR ETEMOBIRCRKZ L T2 1% 080T, BRI K ¢ LS O Bl o
EEEVE R, FBREARRE B2 nofkcd’, SEORMTIE 1956 EEORRIC DDl tER FD
FEHERLE L LA
LEEOBEHMOMEILE 13RO LK) Thorhd, 1956 EEDORMT, BECINBK 152, HiK 54,
BiEME 3¢ iz Z L, FBEIRAKII0~20g % 6 BRMChiT Tz &z Lickedic, SEDRE
BRI IELD, ZhbDEFL L TS TRE)H O,
£ C, SEORBKTIE, 1956 EED Po~P1 RO+1H% F¥T Py 575, Pi~P: XO4H% 8T

1 R 1956 FEORBNCHAL L HEOME
Table 1. Chemical properties of the soil (before 1956 experlment)

I b e HQ%@f/%/‘ b €xpe
o 5 I = HERGERR I
_ ﬁﬁ&%%ﬁ%NE“m“mm”ﬂ gy | PEET R BE
pH ﬁ“‘% ii‘ Hydrochloric acid neutral Phosphorus A KR
(H:0) ‘ Ammonium ’ absorption Sod phosphorus
. | acetate | coeﬂigient level determined
| { HOK o &2 by the Yanagida

P Ca K rapid soil test
o % % % % | B

i I .
5.6 4.16 0.67 | 0.003 1 0.08 0.05 \ 1,100 2(very low)
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o2 R 1957 EEORRCHER L BB RS L BRERAKOREE
Table 2. Phosphorus levels of the soils and super phosphate added gram
per pot in 1957 experiment

1956 FEORREDLEOISEGHRE | 1957 LD BBy ic3s|007 FED AR (7

Phosphorus ané’ potassium levels of the 75 IEBEERIKD I%HE&) g:&&\ o %%
soil after 1956 experiment bl AE (g)

Super phosphate

Re
Phosphorus levels

pH | SHEOSARE | MEo&ARI  added gram per por Of the sofl befote
(H:0){Phosphorus levels* | Potassium levels* jin 1957 experiment (after fertilization)*
P, : 6.2 Very low i Adequate 0 1 Very low
P, 6.2 e l 7 6 | Adequate
P. 6.2 Low 7 15 \ High
! ke ‘\ 30 " Very high

Ps 6.2 Adequate
| \

* PIESREIT X S k5EiEE Determined by the Yanagida rapid soil test.
Pi 5RFl, Py~Ps KO LA T P2 5850, Pu~Ps ROLEA T T PRI 2 L. ZORE, Po~
P; SRFI0HEO RO EERIZIE 2 ROEMD L 5102720 T, 18kd7%c h BEIERIKE P SRFlc
0g, P ¥z 6g, P: BFNC 158, Ps RFNC 30g Tz =L, FE2EDOERD X 5 IRA&EL L1z,

PIfE 30 cem, BBS 22cm DRFEEOGNUI L Ic LS 7.5 kg HTOHT,

Po~P; RFIOFEKIT, W% 3Bz Tizrz L, ThZh N, Ny, Ne RFE XA, NoRF]
IZITBER 0g, Nu RFNCIX 10 g, Ne BFICit 20g 2hZhiz o Lic. Ticbb, HERUE 4R
5, SEFNHE3RIIE L AbbET 12 WHRE2< H, 3EL iz LTHRBL, Fo% X, o
AR E L B WK O HEOERK L BOSHEREIFE 3RO X 55,

3 R HUERXoOLEOER LEROSHRE
Table 3. Nitrogen and phosphorus levels of the treated soil for this study

~  Bmofm

|
~. P supply, : ‘ . |
ﬁ@’f}ﬂ:‘ﬁé ~ - ‘ Pn P] ? P:. ‘ P3
N supply S e | B |
N N low N low N low N low
° P low ‘l P adequate ' P high ‘ P very high
N N adequate i N adequate . N adequate | N adequate
! P low . P adequate P high | P very high
N. | N high . N high ;N high | N high
® i P low P adequate | P high : P very high

BREEIELL, F4kc 4g HTITE Z L,
R orokHit, »5<Y F&oFETH D,
2. 2 BBHEZFE

Z OFRERL, 1957 FICHRERRS HREMOES T, 3EL 22 L OFEREKRB TR I /a0 b DT
by, FBEEKL, 3 A 25 HILZhEThFTEOHIEAE R Licts 7.5 kg HTOHDOBbERIC 5 0,
3A 31 HZYAZA YD 1,000 R CHELMEL, 4 A5 AREE O 2RI of. E&DL1
BB ABLI 3% 1g HTELI,

R XDFFIKRIGTH4A 27 B~5 A6 BOSWRICKZebhic. 6 A 10 HEH 1 EOHE %3
Ziews, T, 18kb7 ) 40 KOSy BB LT 7 A TEE CHECbR h BB 2 B 2 ot
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LnL, EFORFTHIET 200550 T, 10 AKRDHD L VDIV 1§kH 7 H DRI 45%
D L3 le ot SEHOGWOMSE, #Y rH, LEFE b, FEEIXLARIO (F53R),
HOETHHHL, BFR I OBEROEBROLAV L B2 EAD B EFRL T21A DL, THES
BO TR, EFOKRMFEESY L LR HNT, HEEllEL .
10 A30 Hizflh & v, HEm L EBEEXNEL, BIEL-OLEIEERANEL, Bl Toioxe
L7
w4 R 1KY rdich DR

Table 4. Survival seedlings per pot in the end of October

S EmonE T .
o~ supply |‘ . ! i
EROME | Py Poo P2 B Sum
N supply | Pot "~ s i L B
|
1 37 39 40 37 ! 153
2 39 30 38 40 147
N, 3 40 37 37 ] 39 153
# Sum 116 106 115 i 116 453
SEHg Mean 39 35 38 | 39
1 39 36 34 37 146
2 40 | 38 31 29 138
N, 3 | 40 | 39 36 | 36 151
#F Sum | 19 113 T 102 435
¥ Mean 40 . 38 34 ; 34
|
1 39 l 40 36 35 150
2 39 40 38 ] 38 155
N. 3 36 ’ 40 0 30 146
7 Sum | 114 120 14 o3 | 451
S5 Mean | 38 { 40 38 ; 34
B 05 R RY YD EREDOIEEMEDGHGHTR
Table 5. Analysis of variance of the survival seedlings per pot
. — — - % TRk D
B OE | MEVHE | B OB O | oo S LF]
Sou.rce_ of Sum of Degree of Mean squies‘ F Signiﬁ‘g‘ant at
variation | squares freedom ! the 5% level
Block 5 i 2 l 2.5 0.35 ’ 3.44
|
Treatment 167 ‘\ 1 15.2 2.14 2.30
Error 156 | 22 7.1
|
Total 328 ‘l 35

2. 3 SHHE
(1) HEossH
pH (Jha#R), RFE, BRIZEFHEHEREFERC L 23> THITL %2,
WERT 0.2 N e CIRI L, ¥ 1HE L -0b, =V 7 FYRBET7 v ey LU 18 cREXE,
A2 r e YREINEE R 00T, filter 650 THEEXRAPEELTDH 2 D7,
BRI, B 02N HEBETRBUL, ¥ BroBiL e, MBEORET ©> = vEBERIKOHB
w00, Wy F D) THELTH Lo,
iz, IN OFFfR7 v ey (pH7.0) TEIL, 71 5LcDH, VFyarilz TA-—Fv
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=L — IEIRERCIE L 72,

(w) HHOTHT

ZFRI, YA - AERTHH L

B B B T L R BRI L L 1eDh, EV 7 FYBT7T Yy v BIOHF 1 cHREZ
#, HIBERES o filter No. 65 052> T, WHELRAEL TH L,

B, BURE Ml L WEERTERIK L Db, VFYax b T, —Fv =i~ oK
HellELTh Lot.

BIKE, VBRI L SRR TRRAKL L 0y, #REOWRETY = VEERIKOWEEZ>< v, #
<~ VHVEES Y CIHEL T 2ot

3. BEREBRLEZEZ

3. 1 4£FHMboRBERRONAED

6 A 10 HOMA XTI, BEEOHHABED LAV EGRILTTELEbNTE Y, BEROMHE) S
WY, BEREREG Lo Tz, LvL No R (BERR) T, ERKE0 L5 HERIS b Hhh
Tuiehote, BEOMHAREDO LI E, EEIZLHE VHD X5 ichbbhTuiedoksl, PoRF) (I
HERK) Tk, M EBeE2i R PiEffEE Lo L Tl

6 A 24 HOMA ZOTIR, BROMHEDO LWL, Efd, HECLI2EI LHbbh T
T, NesBFlcirdEiittar L L, lEL T ThTuv, LaL No RSl kT 2R ZOERIL,
Hbbh T2k, BRBROBAEOLI T L R OL(UL, 68 10 HE2AZIDLALEX
D, X2EDVLLTKD, EEHHEEOCSZDICHIbLT, PoRFID Lz 5 (NoPy, NiP, NePo) TiZ,
TELVREROELHL, N RBIIT3, BBL DBz Lz s (N:P) Th, TEARRIEHEY
Ll Tivieo BROHAEDHEIMC &b 7% 5 HED LWL, N: RFIch dbhis

711 HO2A X5 TiE, N RFIOKRERENH
B, EbHHEOELDHL, BERZO L5 MEREHL
bLIZU®E, N RFICir, HRoEHROS D
2bhbT, WIhbRENREFTH O, N FRFIT
13 Po RORENIEHICHS L, THOEIEBILL T
(Yt

7H 22 HEUEXMELAERE, £1RKTHY,
NoPo, NoPi, NoPe, NPy 35 X U8 NPy KT EN D5
<, NPy RCHD X SIEL Tz,

7 F 30 Hiz#fma A XD LciEE, NoRF|0ED
ERRZOFERT, FREOTW, P BFIOHAK 501 K
DBIKXT OFERIT, NoPy KD ENTIE, XA Y ﬁf;éfﬁfﬁﬁﬁﬁiiﬁiﬁﬁ%ﬁmo
Wz 5Tt NoPo KOEOBEEKE OFERIE, 9 Fig. 1 Interaction effects of nitrogen
24 HIchA X0l 2 & ikok b ehoray,  ond phosphorus supply on the top

length of Karamatsu 1—0 seedling

10 A 30 HOFHRMAED & Zizd, FiBOBE) 202k in late-July




%2
7 7= Y HOEEREC K JiE 38R L BRo
interaction effects (8 F 23 HHIE)
Fig. 2 Interaction effects of nitrogen
and phosphorus supply on the top
length of Karamatsu 1—0 seedling in
late-August

X

RERRBMERE 5 108 5

R L LT,

8 A 23 HEHERXHELA KR, H2KTHy,
NoPo, NoPi, NoPz, NoPs, NiPo % X O NePoy XTHE,
BENERIZR L2THD, chboRXoWAIR7 B F
HDHED L& L BRTHTY, £OHELHEVEREL
Tz Eavbhhb,

Fox k<, No RFlciz, BEEROBHEDSZDTH
bhb{, 6 A TTANLREDORENELD, 7 ARA
ALY ERE 1), TROEXMEIILD
foo TOHEDIERIT, LAWK ThTuwworlas, 108
TRDIB Y O L L HFRD T o Ne FRFICLL, Bl
DHAEDE DI bT, 6 A TEZA0bLERN
R L foD7e s, NePo KOO TEIL, BERZ D
BRSO, 10 ATEHOHE YD LEET,2hb
DIERITI DT Fe 7 ARAEDL D, NoPo DFRERR
BEEBE L.

Po FFITIE, 6 HTELIE, O TRCHERMAZ O
FERD S Bbhies, EEOMHBENS\EE, ZOfE
Rrizox b bbh, NePo KT, 10 A THDOHKR
DD LEET, ZOIERIED T o Ee Po 5RFID

KEit, TATRAZALLRELRD, Pi~P; RFITH No ORETIIRESITRRTH DR
ERED (1955)% 1%, =0T, BRAZ ORI, ERVER LV IZEXT, BRH

12, L b IAWERIES bbhd 2341, Goonarr B (1955)% i,

Lettuce DORSHEEED S, &8

PUENEIZE T IR TWS XL, BROBARYMINT s tickh, REZHEME LD L0TED

® 6 R W & LHELTWBY, EEOZORMTL, # 7
_ Table 6. Top length of the seedlings (em) o pypor o g pipop s R,
R IR | ! " .
S P supply P | Po Pi | P 3. 2 HRYOETLOEDOKRIKE
«\@' L | = R “ ;
N sgﬂlydiy Pot ™~ "' | 10 A3 HOWHE Y DI WIKAIEL 7o, HiE
| 1 i 4.9 r 4.0 ' 5.2 4.0 N 5
-7 4.0 o. . s L O = D DLEEET, 6 3k
LD R0 RE R0 mUWA RS QLWL HoREL
N, 3 P43 4.3 5.4 44 OETEROIBITHH, ZhbDEHEE
k 3 Sum l 13.5 1 12.4 | 14.7 | 13.2 LA hTHY b OFEEE S
W Mean | 4.5 [ 4.1 | 4.9 44 HSIR L fREE 8 RICRT L D TH B,
1 ' 7.3, 8.9]10.8 9.5
J > J 61| 88| 94|18 COBENBIB L, WFRET Y IHT
N, 3 { 5.6, 9.2 13.1 13.1 e e .
" #F Sum ! 19.3 ] 26.9 | 33.3 | 33.9 EEEN S, WHETHELLRBE
|F# Mean | 6.4 | 9.0 11.1 | 11.3 o) .
_ . 3.8 110.5 | 13.9 | 14.2 (1% KWE) A LHDZ ENTE, BT
2 5.5 | 12.3 | 11.4 | 13.0 3 s - . < =
o TS Iy - BEDGHUHTRB & I oI TI, BT
i Sum ' 14.6 | 32.4 | 35.8 | 37.0 et as TN R O & ZhELT 19
| SE# Mean | 4.9 | 108 11.9 | 12.3 SRS L UG HAIE ORI 17 DK

o HET, SR MO IEH ORI 5% Dk
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BT ER & E: =
Table 7. Fresh weight (gram per a seedling)

. AR
K,\ Hi E#E Top HIF#R Root ) Whole seedling
g PR O i P
%%lggi’yﬂ \\ ~_P supply| P, | Py P:| Py | Po| Pr| P2y Py | P, ; Pi Pz | Py
T | Pot ~— | ’ | | ‘
' |
1 10.31‘0.180.310.16=O.290.15‘0.170.13;0.600.33’0.480.29
2 ‘0.15‘0.120.180.200.110.080.150.14_0.260.200.330.34
No 3 '0.170.16/0.280.15/0.200.16/0.280.150.37/0.32/0.56/0. 30
?.%]“ Sum 10.63/0.46/0.77/0.51/0.60/0.39!0.600.421.23/0.85/1.37/0.93
SE¥3 Mean 10.210.150.260.170.200.130.200.14!0.41 0.28/0.46/0.31
1 !0.440.520.660.530.290.32‘0.42‘0.310.730.841.080.84
2 "0.310.61‘0.770.960.290.43‘O.420.71|0.601.041.191.67
Ny 3 0.34/0.62,1.19/1.230.230.380.580.710.57|1.001.77(1.94
1 Sum 1.091.752.622.720.811.131.42‘1.73'1.902.884.044.45
5 Mean 0.36/0.58,0.87(0.91;0.27/0. 38 0. 47 0.58‘0.630.961.351.48
1 10.21{0.71{1.29/1.260. 150.37‘0.65,0.77‘0.361.08 1.94/2.03
2 }0.380.92‘1.15|1.03‘0.260.60‘0.73;0.55{0.641.521.881.58
N: 3 0.130.460.600.520.100.200.37 0. 3210.230.660.97/0. 84
%} Sum 10.7212.09:3.04/2.81/0.51]1. 17 1.75E1.6411.233.2624.794.45
S Mean ‘;0.241 '70}1'010'940'170'39'0'58i0'55-0‘41 1.09,1.60,1.48

8RR ERHR O L5 B FOW
Table 8. Analyses of variances of the top length and the fresh weight of the seedling

T 5 =%
H Eat H EREE S | Whoiﬁ?eﬁ%?%‘esh
Top length Top fresh weight A
) o o weight
= W |G L m= en [ E .
Source of Wy EHRE iﬁ‘éﬁcg AR HEBRE SEE SEGR HEE DEE
variation |Sum | Degree Mean ! Sum | Degree |[Mean | F Sum | Degree Mean F
of of squ- | of of squ- l of of | squ-
squ- freedom} ares ' squ- [freedom! ares . squ- freedom] ares |
o ares | _|ares | L ares | : !
i !
Block 0.24 2 ‘ 0.12 0.0394 2 0.0197 0.1257‘ 2 10.0629
Treatment 377.34 11 | 34.30 9.7%%3.7484] 11  |0.3408] 6.8%* 8.4054/ 11 |7.6412 5.7%*
Error 77.73 22 ' 3.53 1.1146 22 0.0507 2.9192 22 0.1326
Total 455.31 35 4.9024 35 11.4503 35
N 220.81 2 {110.4131.2**2.0429 2 [1.021520.1%*% 4.4831] 2 |2.2416/16.9%*
P 98.96 3 32.99 9.3%¥1.1127 3 0.3709] 7.3**|2.4256\ 3  10.8085 6. 1%*
NXxP 57.57 6 | 9.59 2.7% 0.5928 6 0.0988! 1.9 11.4967 6 10.2495/1.8
Error 22} 3.53 22 0.0507 } ‘ 22 o. 1326|
| o i

** 19 GHF significant at the 1% level
* 5% CHHTT significant at the 5% level
T, TAENETELY R LDDHZ LHTE, I EFOEREER I OHARLKOLEFEOESL L,
ERR IUEROBMIEROMEDOER MY, 1% OKETLLDDZ LATER (B8H).

SLINEMICKIT S, HECKREEDERMEZLORTARD L, F3MO L k), WK, HiE
MOLEEE, WALEDOEERE L 1T, No RFlT7cb b, NoPo, NoPi, NoP2, NoPs X35 L U8 Py 5251,
FTiehbb NoPo, NuPo, NoPo K2 £DMMOX & DT, 1% F7:0% 5% OKETEEEL A LHDHI &
NTER,

56 B LU 7 ROFHELINTROT &, H4X, HF5RBIUHE ML 5,

INLOBERIBERDB L, HETIE, No REICEROMHROSIThrbbT, WHERENRET
b0, T Po FRFITIE, BEEOWMEDOZDTrrbbT, HEXRENTETH D, Ni 510N RF]



(a) Top length

(b) Top fresh weight

#5108 7

(c) Whole seedling fresh weight

NPy NaR | NoFe
N2PR NzR NP
NP ¥ [P NaPo %]+ N R
NiPs * NP3 X NiPs X
NiPe ** Nife X NiPe >
NP | * * NP | * NP [
T b I B NiPol*x %% FTNESS NiPol*#[*# x|
NOPs ESIEEAERY LS ESIETY NOFB E3IEESEST | K f 3 NOP3 e | e | 3 A ok | ¥
NOPZ 23 X | K| ¥ NOPZ E3IESIE Y EISE S NDPZ ROk | KK % ok | %
NOP1 2R EIRS AOK] 42 3ok NOP1 E3EC N E3Y ESIESON S NOP1 A | k| He k| sek] He
NoPo ok dok]  ror [ |k ] NoPol || # I ey NoPe ok | k] e k| oK
Cigdddaegs caaddsas@eT Ccagedssadds
22222222322 222222z 2222 2222z zzz2z22
= 1% vHE  significant at the 1% level
* S%UHE significant at the 5% level
B3 M FRY rHoRBEEoFTM:

Fig. 3 The significance of growth differences between seedlings grown in each pots

110"1

HAK A7 <y HO RN S XiE 3 85E L
o interaction effects (10 H 31 HHlE)
Fig. 4 Interaction effects of nitrogen and
phosphorus supply on the top length of
Karamatsu 1—0 seedling in late-October

H5 =Y HOLERERECRIIZTEREL
Wifs D interaction effects (10 F 31 Hill%2)
Fig. 5 Interaction cffects of nitrogen
and phosphorus supply on the fresh
weight of Karamatsu 1—0 seedling
in late-October
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TiL, BEROREOIEINC 1 b 7eoT, HERERAL g
7eh, ¥ Py Pa BXOY Py REFICIE, EROMHEDS 10
BT s lese, HRERIKELoTW5, HE
HREOREIL NoPy KT2 50, DWT NeP:, NPy,
NiPs, NoPy XHRIFTH S,

Top
08

06
04

I RSN

EWRTE, WL, WFHL LRy NoRsle é%
ik, BRoOMROS N bLT, BEREENATAT supply
Hb, T P RFITIR, BEROBHROSLITHIHE 09 L%
7, BERBREATRTh D, HREEDIESL AL X o
5 iR CH B2, BAOERKET NoPs KT bh 66 f%&
Tu5b,
W, EEOMBENC L b7 5 HADRERSmY Note: Open bars=N, series'
Hatched bars=N, series
No RFIDEES 100 & LEKTHLbT LEIFD Solid bars=N. series
X3k B, 6 7’397‘7'&50%_[:%'%&?&7:%@&3%
Fig. 6 Fresh weight of the top and
Tiehh, Po RIITIXEEDOMBIEIMT L 4 /DT, root of Karamatsu 1—0 seedling in

' - late-Octob
WETIE 1.1~1.4 %, ERETIIH 1~1.5 EORE ate-October

Wa 353 &R0, P RAIciz, #E FOR EFoMREMC & b7 5 fERm

) Table 9. Increase of seedling growth with
- ~ fiir. Lo .
T 2.6~2.8 fif, LEET 482K <HM increase of nltrogen supply

T3, o tiT piup:p]y: - 7: I
< L Py P | Py | P

¥ 70, BEROMREINT &7 5 HARDEE N supply . I .
. _ . i o
inE, Po RFIDOKEL 100 & LAHEHTH H OB I N, i 100 100 \ 100 ! ' 100
. Top 1 N 142 | 220 227 | 57
PHTLE 10 ROLS5KKD, length [ N | oo | 263 } 243 ’ 280
Frebb, No RIICIIUR, EEBLDC 4g5m | N, 100 100 j 100 | 100
wnmoeomnLosone v G | N ) & ) ¥

j N. | 1001 389
NoPy XTCi3isLAMICHBAP LTS, Ll ! :
Ne RFITIE, BROMBIINC & § 7eoT, %010 R B0 & § 7 5 BRI

5 R i Table 10. Increase of seedling growth with
HRT 2.2~2.5 ff, LERETIX 2.7~3.9 increase of phosphorus supply

LHEML T3, TP supply| ’ [
I ~ P, P P. Ps

Tuompson (1957)*Y 1%, {EMDEEIL, N supply ™ \| 1 |
Brfie Lo cEREDREHRL T, BT o B N, t 1001 92! 109 ; 98
T N 10 141 173 178
HLLEMLZL, FRE8FRrIRLinwe lengrt)h ‘ N; 108 220 | 243 | 251
BRI AR LT, b LMLy &858 [ N, 10! 68! 112" 76
_ Fresh N 100 152 214 235
N, BRIBMBOMALHET S &, LEZIF  weight Na l 100 | 266 390" 361

1

Bz % L DX, Nemec (1937)' % HfR
REKCRKZL T 5 EHET, BEREYSRICH L TR LD, Van Goor (1953)* 13748
REDHFETOH 5=y DRER, FROMHTHDTS LD, Goobarr & (1955)% XEHEHVEE
RER ST D & X%, BIROUSRIEINT Lettuce ORENHMT D £ DXTHB45, FHD 2 DR
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Beab b, REOHMIHA S DS,

McLean (1957)' %, \WHWAHDIEW R KBRS L C, BREERICSH 25 &, (RYOH LT
T 55, BXZOEEIEMLINT, HHELVITECED TS 20355 LDORTW528, &
HOSEDORRTIL, » 7 <Y DHTMOBERIHER HUCHERI LTV E1E b, EROEBRORM
Eb7eoT, I EHEELEAL X 5 RWHUES L CHML 2o

%7 Goepewaacen (1937)% 1%, BHROMMAN, HMEX = 2T, BROREAokiddb iz, Bo
Eﬁ%ﬁunb%a:aﬂﬁa,aﬁ&rv5ﬂ,%@@a@fn,wivw@%?%oﬁéu,%%ﬁ
BHCHER IR TV B 0E D, BEBOMBIIMC 24 702T, WHLALIBMLTE Y, ROBEENHE
DB LS EEIEAD & LT ERDOR,

R 1RSI ) OWIEEST, 5 11 RO LKV THY, BREEOHENDL, EFEEOEMLIZ LAY
B UThbd,

11 %  HAROEERE (3Fv +OWHEHE)
Table 11. Dry weight of the seedlings (gram per a seedling, average of three pots)

§ ok H T P HARSME
Top (g) Root (g) Whole seedling (g)
P supply
N supply \ PO Pl P2 P3 PO Pl P2 P3 PO Pl P‘2 P3
|

No 0.07 y 0.06 | 0.10 | 0.07 | 0.05 | 0.04 | 0.05 | 0.04 | 0.12 | 0.10 | 0.15 | 0.11
N 0.13 ] 0.21 | 0.32 | 0.32 | 0.08 | 0.11 | 0.16 | 0.16 | 0.21 | 0.32 | 0.48 | 0.48
N } 0.09 | 0.26 | 0.35 | 0.35 | 0.06 | 0.12 | 0.17 | 0.17 ; 0.15 | 0.38 | 0.52 | 0.52

LIk, BHAROEISHHVETEIREL TOMBMETH D2, HAREEDHEY, B2 HEPHED
Kigd b DDOEETILRL, S ORRRBERECIT2EMAOHEIB &5 1% IR L TE 2 il
bRr T, BRsEIL, BEILFLLOHBETRRL, 20 LHMNLERY S ARKE CHE
L, HETHLENDD,

FHS (1950)™ X, BT <Y DIWHRICWL TS, FEOMHISERR LBLBERERL D, #EB
CRZ LI ZATERY SRS 125 L, BREINECRD LORTIn D,

ZDEZ Db T B biE, EHEOSEORBMRD NPy KO LT, HELEL, Lobi&r
7o LTRSS 5 AIREMEDIERICE W EA L Wil b e,

FRERD (1955)' 1%, AF, v/ ¥ oh ok XkBRRT, B2 KETS L, ChbOHADE
BEREAN Tl b, BREANKEL LD LDORTWBEN, DX 5 RELFMILTHLLIE, &
HOSRORRD Po BFIDTEARIL, LEIEATHDRERIERANT L, HBIEATH S EWIEH
REWIEHCRERBITRRIEHEARTHD LEL D% 20,

Baxer (194500 X, HROH EMORI %, Hi LIEORGEE CIRL =K%, HAOHRC T
EHAOMIBBE S BT index L LT E HbiF, index of slenderness LFEY, = DEEHMKE G
LERWERTHD EEZ -

WA (1953) 1k, CORELXBEIEL LA TWSE, ZOKEY —CHAOENAE 2 E S5 RE
LLTEDHF, FFELTAD L, 5 12 RO L5 D, L, EHOFEL KL, THOR L5
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BEHEETE>T\\5% Baker RO DOKME & Table 12. Index of slenderness* of seedlings

B, WA S B Hpts 0, WEEFSE Ly ~DSPP) ol
ftdc et s, N supply - : : '**
12 Wb LB L, BIER Po FFIB X No 64.3 | 68.3 | 49.0 | 62.9
V Ny BHFIEBTAE L, NePo[XCED X N, 49.2 42.8 34.6 35.3
¢, DT NiPy, NoPy, NiPs KAV G2 5 N, 54.4  41.5 | 84.0 | 35.1

LI EDHELF 2bTHD L, BRICREL *HEH LIS E
TVBEECWLT, EHoha gy LoP length/Top dry weight
Tz e, BERORREL T3 HECBBOL Iz & =32 Lk, BAEOSZ R, 2bHLTH
ROFEELR 5 e T8 Lideb T, FHOENLE» B HFELWEAREET S 2 LTS,
RO F L iR S HCRAE T OEROMH, ERoES I Sh i REE T OB, SE0
HEBTik, WTh AR L b 7eoT, BHROKEN AL, TLBIEOANIDE, —EHFZ
B13K ATV IEOUHUOBTEER (%)

Table 13. Nutrients concentrations of Karamatsu 1—0 seedlings
(% of dry matter basis)

H kO ‘ O WARRE
Top Root Whole seedling

Nutrient P supply L Lot
JNsupply o‘Px’Pz P; | P | Pu PagPa Py| Pi| P2 | Ps

i |‘ |
N, 1.551.38!1.71}1.341.441.50!1.62'1.4711.501.401.67'1.36
N N, 1.611.281.381.50/1.51/1.521.43/1.53/1.57{1.37{1.401.50
N 1.67(1.491.66{1.32/1.67/1.51{1.42/1.55/1.67(1.50{1.57|1.38
No 0.100.13/0.20/0.18/0.10/0. 14/0.22/0.19:0.100. 14/0.21/0. 19
P N, 0.080.1110.120.130.110.15/0.14/0.16{0.09/0.13j0.1310. 14
N. 0.100.10|0.120.150.100.140.140.150.100.110.130.13
N, 0.71}0.59/0.73/0.63|0.71|0.74/0.89[0.73{0.71j0.65/0.86|0.66
K N, 0.680.66/0.75/0.70/0.51/0.67/0.65/0.69;0.62/0.67|0.72|0.70
N. 0.72/0.64/0.80,0.700.66/0.620.72:0.69.0.69,0.63/0.78|0.70
N, 0.57/0.47/0.49/0.51/0.41/0.39,0.4610.52/0.51{0.440.48(0.52
Ca N, 0.340.380.390.430-260.29‘0.300.280.310.350.360.38
N. 0.34!0.35/0.45/0.51]0.19]0. 28/0.25!0. 27!0. 28/0. 33!0. 39/0. 43

B4R HFYEXOFHOBZTOGEE (1F4 mg)

Table 15. Nutrients Contents of Karamatsu 1—0 seedlings ‘(mg per seedling)

\ Hy TJ: 0 H R—Ft % Wh ?*éﬁi

% 5} \\ P : ?p 00 ole seedling
Nutrient ~D supply [ l
. Pa i Py | Pz P3 Po P1 | P2 P3 Po P, P:! P3
N supply ~_ ! | | . '

No 1.0870.82;1.710.93'0.7270.6010.81’0.59'1.80.1.422.521.52
N N, 2.095‘2.69\4.424.801.21‘1.67‘2.292.45!3.3014.366.717.25
Na 1.503.875‘5.814.621.00|1.81i2.412.64l2.501[5.688.227.26
N, 0.07‘0.08'i0.20‘0.130.05;0.06;0.110.08{0.1210.140.310.21
P N, 0.100.230.380.420.090.160.220.260.19,0.390.600. 68
N, 0.09i0.2610.420.39'0.0630.17‘0.24,0.26‘0.15'0.430.660.65
No 0.500.350.73/0.440.350.300.450.290.850.65|1.280.73
K N, 0.88/1.39.2.402.240.410.741.051.111.292.133.453.35
N. lO.65\|1.66}2.802.450.390.74;1.22‘1.17 1.04/2.404.023.62
, No 0.40;0.28\0.490.360.21o.16}0.23io.21]o.61jo.44ol720.57
Ca N, 0.440.801.251.380.210.320.480.450.65/1.12]1.73|1.83
Na 0.3110.9111.581.790.110.340.43/0.4600. 42 1.252.0112.25
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L\ % Lo T HIR D B S .
3. 3 EHBIN
FRERDOTAREH ER L B TIBIcbld, FDORDROD FESFEHFREY H5E L EHT8 13 BTh
D, ILRINLOGHRYEIFEECRL Th LOLBFTOEERIIE 14 XThd,
3. 3. 1 ZEERoBK
13 KB IVHE 14 ROEROEL TN EIRRTD BT RBIOHE 8K &5,

q
N Nmy
1.8 Whole seedling 6
16 Ny Top '
1.4 Y 4
1.8
16 2
1.4 N
P Supply
1.6 - LPO P' Ll PJ
S A 2
4
14 g
' #
Po Pi Pe Ps 2 %
P Supply Root
Note: Dotted lines=N, series Note: Open bars=N, series
Broken lines=N, series Hatched bars=N, series
Solid lines=N; series Solid bars=N. series
IR A=Y WoEREHER BN HAF<VHOERSHE
Fig. 7 Nitrogen concentration Fig. 8
of Karamatsu 1—0 seedling Nitrogen content of Karamatsu 1—0 seedling

B 7 =Y MOBROWI %+ DT £ X RO INCRE L TA B &, RO X35 1Cik5.
TIE~DEROEIE E BARDOERRIN & DR

Po RFICix, HEROEREDORIED, No 25 Ne 4L B e b7DT, 7 < Y HOR LT, H
T DCEFEOESHRITEML T5, LaL P RFITik, NiXOHI LBOEEDEERIL, No X
DHEOL YT, P FRFITIE, ML, HITH LI No RTREOMELDL, %/ Py RFID
HESTE, N RTEROSERNREDOELZ LHL T 5, Tihbb, HEAOEFOMIEIIM &
L7855, HARPOEFZOEEROHINS, BWEEOIHED T I WIRIEC ST DLZMA I DI N,

Lo L, MROERDOEHERE, Po BFITIE, Ni KTHIER, HTRLLCRETH D, No KiTi
5L, WREROEHERNT 2T, ThbbEEOBNENETL N5, ZhieHL,
Py, P RFITIL, HEADEROMEN, No 205 Ni, N2 %51 $70T, HER, HTEKE
L ICERDEHEN ML, BEOWNENEL D TWBHZ LA LNS, T Py RFITI, Ht
MOBHEOESHRL, Ni KOFD N KX W &L 0 T35, HITKOEEDOSEETIE, N XK
ML, TOLDEHRSROEBFDOEINEL  SALTHNIT, F LA EKREN LWL 32T 5,
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WEHBEHOERORES No D2 &0, B  # 15 % EFOH/BHEINC L5 4 I~ YO
. EFROWINEDOHMN
B. 2 >
AROEROUINEE 100 £ LT, BROHRS Table 15. Increase of nitrogen uptake by
Ny, No 282 T\ofe L EOEFEOWMNED ~ Karamatsu 1—0 seedling with increase of

B nitrogen suppl
WEEE LTHRBE, H 15 BOL5KK PRy

‘P supply
. a ,’ - P P, P. P
B Fhebb, EROFRMIMC L b7e>T, o oe :
HARDERDORINEILX, Po RFITIT 1.4~1.8
No 100 100 100 100
3 ZFE WA, Py RFITIE 3.1~
EBMT 512 &8 v 1 SRFITIR 3.1 N, 183 207 267 477
4.0 f=, Py BHITITH 4.8 15 . 1
&%, Ps RFITIIA 4.8 fE08EME LT e 139 400 2% 478
B rhbhb, Thibb, RfEhADEED !

EoBImC 2 b7 5, # 7~ Y EROEROWNEDOHINT, HERNEBIFELCHRIh TSR
fig (Pr~P; FF) TWHUBLWI MR XDE T,
TEA~OBBROER LB AROERBRIN & ORFR

No RFITix, Hi LI, HTH LS CHAOEROSEROEEL, P: XTELK, Ne BRIl L
B, HIFHLdiIc Po RTLHR T3,

EEIWHOT, AF, HF<YDOFEOFEL IOREE Y 20T, HEAOBBoMEEE N
BI2EH D, WRAOERDOEEREY L ORISR, FEOFETIAF, »7~+Y r—E0HHA%
DAEDTHZ LNTELDID, SEORBRTE, HEROEROEBROL D rbb T, BRO
R 2785, 7 <Y I OO0 HOEROEEROE, WL L VIHR L5 X5 h—%
DEEE AR L DD T LN TEeh DR,

LoL, HRAOZEROEHRL, N B CRBEBoMMREIMC & 720> T, ML, WTHL by
ML T3,

FHRS (19570 1%, 7 v e =THREFEY F 2o L 213, BRBoL, KFEOEEOWIE 5 entd
LDRT WAL, EHEOZORRTHEER ) oI hi-RETc, BRoMfREmc & 7o
T, I~V HOBROBISIEMT D LW 2 LEBHRLDDZ LN TEL, LL, EREOREL T
SR (No RFID <i, BEEOMRMEINCG L3785 ROEROEFEDOHMIA LD D LNTET,
NoPi, NoPs XTUL, T L ABICEHEESAB L Td, N RFIOHROH T T, HEodudigine &
70T, BROGEEI ML T30, B ERTIRP: XTHEEOMEELHL, Py KTE P: XX b
BPL WD, Tibb, WNEE:L ThiEdb b, N BFITIE P KCRET, P KiZied 2,

P, XX h BIEI AL TW5, 16 2 BRmoMAEINC L4753 3 T =Y HO
W HEFR O B REED, Po DX EOW EROBIROHM -

Table 16. Increase of nitrogen uptake by
ROBEOWINES 100 & LT, HEoME: Karamatsu 1—0 seedling with increase of

phosphorus supply
Pi~P; L2 TWDke L&D, ZHREOBNE =

~~_ P supply
DEENMEFEL THD L, 16 RDOL 5K/ N;;;;\\\j Po Po | P Py
5. Tiobb, BBOMHBEMNC L oT, N, | oo ! o Lo o
HARDEEO IR, NoRFITI2 0.8~1.4 N ! o | s | 28 | 20
M5 3& v, N RFITit 1.3~ ~ 1 100 27 329 29
2.2 {&%, N: SRFITIT 2.3~3.3 fEosghr L :‘
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TWBZ 0B 5, Tibb, HEROBBORIINC L 5, b7~ Y HROERDOWIEDOH
i, HEROERIMERIATHBRETHBL DLV 214 EDI N,
TE~DERS LSCBBROBKB L, AROERRIN & 0ME

5 14 REIOH AL, A EROEROGHFROERIL, NoP: KT bh, HTROZRE
BEOREIL NoPs RTZHLRTWBHZ Ltbhb, LL, HERLHMTHROZRSEELAFILA
B, ThbbilEDCRET NoP: KT2bRTED, ZORIEIX NoPo XD# 4.5 {5 ThH 5,
FHEFROEFEHIVREL T BIRAETOBMBRO LRI, b5 WX HEROBBIRRL T2 RETD
FEROBMBIINL, WFhL EROEEOBNELHMELS 2 Ik b T, HER~ERD DT
B 4 R X AT BIRAE T DB D B X EEO RN IE S\ C D&, ERDEFEOWNEY
HEMEXEAZ LNTEDZ LBHRLDHBR,

RirTer (1956)' i3€ 2T, AL (1956)' 13V v = DXk T, ThThlEodaEmL <5
17 % W I~y HRMINSh - EBROBYEEER L, SEORNENENTSEZ L2DXTH3

- Table 17. Efficiency of nitrogen uptake by N . el .
Karamatsu seedling for the yield of dry matter B, Zhbike TR SR EEIc iR S hi

\\\jj?if e, N Pn; N RAETFCOBL L AL INDERETHS D,
N _supply | WEEAROEERE, WL e EHKORTH
N, 67 71 60 73 DT, 1g DEFENEE T2 EWE, Thb
Nu 64 73 72 66 b, EEOEWEEERYFAEL TALD L, &
N. 60 67 64 | 72 17 BOX>5 1D, ZORNDLAZD L, HiE
~DEED B\ MTRBOMIRDO LN, FARD
P% ' EFROWEERERIT, 3 LAYEEY L2 Thitv, T
03 ) e, 2O LIXERORPELEE T ELHVTH, £

Whole seedline

02 LT e 3 e TEHEL R & 5 REA TR 5 © 2icis
0} memEEEmmIS o ox i, SREOGEIREL TLCEMEERT]

w3 2 ik, BROVWEERERIMETL TW50T
7S, BEOMMNENTREL TWB DI EERDH

02
01 HEIREL ek dTH D, s X BRI+
BRdHoT, BEWEENSE L\ 5 & kX, EROWEYERE
BERNE E Ol d TR, BROMENENSE L nolck
' DI, FRIC Lo THYEIBENL fcicdTH D LIBR
0.2 Root . -""==---__

’,-4’;_______-/ ‘37}160
=
o _ 3. 3. 2 BRI

P P ps %18 RBIUH 14 ROBMOTE, ThERKRLE
P Supply D%, HIRBIOE 10 HThb. » 7Y HOBEHBOR
Note: Dotted lines=N, serit'as Ik, +HEROERE B ORI L Tab &,
Broken lines=N; series
Solid lines=N. series RDE51IB, ) ’
F O[S = W i S
BOM %7y HOBMREH LH~OEROREE , BADHBRIY E MR

Fig. 9 Phosphorus concentration
of Karamatsu 1—0 seedling P, RFICIE, FEROEFEOMBENEILL T, 5=
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Y OO EERCARELE(LAHRLNI . LD ppg
L P., Py BFlCix, HfRosEsRELTW2RE  o51
(No) 1%, HfricsEHnigish o sRE (N,

04 Top 2
No) X bd, » 7=y EHOBEBOEFR,NRTH D, '
A RO B, WL, T b N
TLbRTW5, 0z} i :
5T =Y HOMBOSHEEL, PoRFlR L0 P RF1 017 [
“it, Nt RTEEThH, Ne Kiz Nt KX W EBes m
oo Bini, Tiobb, PRORNENSETL P Supply -
Twd, Lal, Py, P RHICIREROMHERORIMT Po P Po Ps
LA 7e0T, MR, TS L b RO EESHENL L@
THD, BEROBIESHIL TS Lavbrs. O i
VanN Goor (1953)* 1%, HoS\LETx, £E 02 Root

PHETEZ LICE D, BTV OBBOBIAEIS 031
Note: Open bars=N, series
- - A <
TEEREL TR, £EO SEO EROMBRTIL, Hatched bars=N, series
P; BHITIE Ne Kt Nu KD % D X b RO RINES Solid bars=N; series
3 . = 10 X W IV HOBEHmEER
PRETLTENLA,  Van Goor DEREFHFERL Eig. 10. Phosphorus content of
5 BIEFDEE D X5 MR 21T b E R, Karamatsu 1—0 seedling
HEEFROEFROREN No © L ZOHAROE 5 18 £ EBFROMBIINMC L b7 »F < Y HKRD
. R D UM
= N > 4
MOWALER% 100 2 LT, SROHHR S 2T Table 18. Increase of phosphorus uptake by
WA OBERO WINEDOBEMASTIEL TA Karamatsu 1—0 seedling with increase of
nitrogen supply
5LEI8EDLILD, =

TDENISHZD L, EROMBHINC L b7

P sﬁbplyi | ’ '
\ Po ‘ P | P, . Py

N supply | | -
2T, EHARD BB BINEIL l:fo RFICIE 1.3 N, ’ 100 0o oo oo
~1.6 fEHEMTHETEL VD, P T“",—’:FIJ“C*H N, } I8 l 270 ‘194 '324
2.8~3.11%, P:RFITIL 1.9~2.1 %, P: % N l . ’ or | s | a0

FITIL 3.1~3.2 fEDEMELHL T WD, T
b, HHERAOZEFROMRIEINC L3785 b F = Y HAROBHBORINEDOTIINL, LI
HERINTHARETHUB LD LW 2APAE DI, COZ &ik, Fivw (1955) 4%, Oats =
Lucerne T4 EDRfERLFALCTH S,
TEE~OBEBOMIEL, HAROHBENE ORFR

HARDHEIROEHIIL, No RFITIRH LI, BT LI, LBER~OEROMGEIEMT S LD
HoOTHEML, Po RTEE LARBM, Py KTRSLLVRREDL T b, D710, HARSERO B
DEFELDWTHATHRUBMNRLLRS . Ny, No RFICIL, BRoOMHEIHMTS L, HTFrTid
BB OEAK O PR EERNEE T AEAA RO D, No RFICKF 2@ L L5 eBfui L T
[V

EHEBROWTAD &, No, No RFITIL, BER~OBEBOMEIE2 Po 226 P2 YHEMT22 b7
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DTHEML T 225, Py KTERRME T3, UL, N RFITE, 0 BB g Po 2
b Py ANHEMTHIC L3700 T, HADHEROSHERIIM EMICH T HH TMICISWLTHEIML T
%o TIehbLRIELEML T\ 5,

TEROBEBOREL Po O & EDOUWADHEEOWINES 100 & LT, HEAA~DHEEOHMRAIEM L
R L&D, HARDERDWIIEMEFIHL CTAHD L, B 20 KDL I,

ZORNPLHED &, BEROMRIEINC & 1 7eoT, EHAROHHORINEL No RFITIL 1.2~2.6 5,
Ni RFITiL 2.1~3.6 {5, N: SRFITIE 2.9~4.4 ML T3 22305,

Tishb, HERA~OBBOMIEIEINC & 705 » 7 = Y HAROHIO WIPIHEINE, +HEErfceEsm

%19 R BROEHMIMNC L3785 27 <Y HDO HBERTHBRETHHBLDLWE 22IMAX
BT O RN

Table 19. Increase of phosphorus uptake by D,
Karamatsu 1—0 seedling with increase of HIE~ADOBREL LU BBOHEBE, BA
phosphorus supply
— me et e D BEERIN & DRIfR
~_F supply P e, I P, | p
S~ o 1 2 3 5 <7 D)
N supply ‘ i o B =Y HOH B OB RO SEEDEAIL
i ! NeP: K85 XO° NiPy K2 b, HIFHOM%
Ny 100 117 ) 258 175
SEROBAIL, NPy $5X08 NoPy KT
N, 100 | 205 316 | gss  RPEHEORAR, NPy & L00NPs KT
2 TW%, L»L, ® , HITH DS
N. 100 287 440 433 z2bh LaL, Hi B, HTHOSH
b . BOAREFHE NiP; KRB XU NP X ¢k Th

%o TIebbRHEORINER Z OMETRTH Y, NoPo ROWINEDHK 5.5 FHCEL T\d, ZDZ &
i1, ERFCERSAEYICHERINTHAIRIET, B3 EgEYERLTRD L, 37 <YHAD
BHOTIA B LA LEMTHZ L2 LHL T 5,

W E RIS R R O BT NERE T AR, Tiobb, HBONMEEERLEELTAD
LE 21 ROX 5B,

COENLIRD L, EROEROSNC Db, BEEOMBREINL, BlOEYEEERYET X
BEEANRAKLDOND, L L, B/ EYICEHE S Tw R (Pi~Py) ToOZEFEO MBI,
IR OF Y EEER LM 2EAN A LD bR 5,

ZDZ i, HEANBEREPERL TR0T, A I Y HOEWEEI ML L LTh, FRITRITX
NI BB DR ERERER AR < 7o ofc e TR in b AY, B2 BRI S his kg e ar iR L«
DT, A=Y HOEWEENEMTS L5 & Lk, HARKEN IR B0 mEERRNE L it

T — Tl DR THD LRRS b,

Table 20. Efficiency of phosphorus uptake 3:3:3 MBEoRYK

by Karamatsu seedling for the yield of " . )
dry matter FIBRE IO UROMBDOEHL ThTh

“~__ P supply i T MRLE02, 811 KB LI0E12KTh5D.
N supply o R P v nomEomy, Lo
No 1000 714 : 484 . 524 F BB OMRBICREI L TAD LRD L 5
N 105 | 821 i goo | 706  I©78%e
N 1000 884 | 788 800 THE~OBROEKRE, HARDMBERI
.

LMk
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K%

Kmg

1.0 1 30

Whole seedling .._ ’
08 B A
06

20t Top
10
08
06 1071
10
08 Rocit_ T T P buppfy
W PO
06 . - L@
Po P P2 Ps
P Supply 1.01 Root
Note: Dotted lines=N, series Note: Open bars=N, series
Broken lines=N, series Hatched bars=N, series
Solid lines=N: series Solid bars=N. series
B11 K By HOMBEER F12H I~y HomMEESERE
Fig. 11 Potassium concentration of Fig. 12 Potassium content of Karamatsu
Karamatsu 1—0 seedling 1—0 seedling

Hi EOMBOEERIL, Po, Pi, Py BFICIE N: RTEKRDMERLDL, P RFICiE Nt KTk
DEELHL TS, LL, HITHTIE, WTFhoBgoRFlicsuwThd, No KTRADHEELDL,
ZTDIHEREE L L THE D, BROBBIEMC & {7 5 MEEEROEBIC —EOEME 25 =
EMNTEIR,

Lo UMBDRNESY 25 &, Po RFITiX Ny RTRADEXLHL, Py, Py, Py BFITiz, No X
TRADEY LDHL T 5,

WEREROEZFEDREN No O L ZOHAROMEOBNEL 100 LT, BEDEHL Ny, N2 &
S TCHDLED, HROMBOWIEMATIEL TAD L, £ 21 DX 3Kik5, Tihbb, 2%
DL » 4 720 T, WEADOMEBEOWINER, Po SRFICIIA 1.2~1.5 &, P RFITIL 3.3~3.7
f&, P: SRFICIX 2.7~3.1 {5, Py RFITIZ & 21 K ZHROMEBRBEMCLIL>H <Y HD
4.6~5.0 (EHMT 5, Oz 23, LECH TR O AL

Table 21. Increase of potassium uptake by

R I T BIREE T, EROMKBEEM Karamatsu 1—0 seedling with increase of
nitrogen supply

CEbiEoT, WADMEOWNENBLS — paply | T

LSCHIMT B 2 L LTl b, SO AR L L

N supply - o
Ritrer (1956)'® %, ZEREHEL TS No | 100 100 0 | 100
&, EEDOROMEBEDOBINARE IND LF,E N, 152 a8 | 270 459
LT3, EEDOESEDOL T < Y HEDOHD ~ 12 369 314 \‘ 196

RBTIE, HE~EmaEEIhcwaRE .
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T, AEOBEEHR LDHDZ ENTEI,
T~ L, BARDOMBBRIR & DRF

HADMBOEHRIL, H_EHMOBE, NoEHICIiE Po LY P: RTAEWHEEZLDL, Ni IO
N: ZFIcizshFh P: RCREOMEEY LHLTD, LMLl X5 h—20mii LD
Bisys. HIFHOEAIL, No RFICIRER ORI & b A > TIBEOEEFRIHERL, P KTRK
LB, Ps KTIRSAURRBLE T b, Ni, Ne JRFICH, B ogiaiime & b e>TmEo
EERIWHTAEAZ LDHL TURW555, No RFICEF 2@ EB Y X 5 R TRov. DD,
HALHRLLCHLEAD, Y L5 h—BOBREAR DD T LATEL L,

FARDMBOWRINER, No RFICIRBBOMERMBIMC L b 780 T, —BOHEHMAEL DD ENTE

22 F BB 233 B F =YD TewAd, N XU Ne BFITE, WIhi

T ER D GIEE N f At sh,P
Table 22. Increase of potassium uptaken by RROGEIRIEINC & & K> THAL TR D, P2 X
Karamatsu 1—0 seedling with increase of TREDEZLDL T\ 5,
hosphorus suppl .
. PhosplomisseRy VRO B ORAES Po D 2 X DWA
~-._ P supply
I Po P Py Ps  oimBowmNEE 100 X LT, BEEOMR 5
N supply ~ - [
‘ 2Tk L EOMERINEDHEM % 5 H L
No 100 76 151 86
, B 22 O isho ¥k s
. { wo | 1es | s | e TRBE MR EOXSEED, Thbb
. | ) DL e 7eoT, DB D
Ne oo ‘ - 287 248 B o gkiiime & b e HARDMEBE DY
( IEIX, No7RFITikdd 2 0.8~1.5 f5¥m

HIFTERRND, N RFITIZ 1.7~2.7 5, Ne JRFITIX 2.3~3.9f5D8ME Lo L, EFRIHEHEINT
WBIREE T, B ORI & 7o T, RO MBEOWINEN VB U B LM 5 C L ibd b,
TE~OBRFH LU BBOMKRE, BAROMERKE OMF

B 7 <Y HOMBOWINEL, EEEEBHBIRRELSBICIRET Bl ¥ 2 ER 2L oo
THEEML 7\

UL, EEEERREYS MR SR TL B IRIETOMES ¥ xR0, MBOWINE %\
HUBLLIHARL, SHOFBRTE, MEOWINEDT AL, NeP: KRTIELA TR D, NP KOEAR
NoPo ROEARIZ L HRTHI 5 FEOMEBEZ WAL Tus B,

D EFERICBINS R e MB O MNE AR T 5E, bbb, NEOHWLEERERAYFHL TAS
LB ROLIID, ZOELDLHRD L, HERANOEFEELIBEROMGOSZIE, HROMED
BWEERERZLE D \WHUD L WEELY L2 Tk, Titbd, BYENREREEST L Th. *

%23 K INEOEYLEEER hic e o> TmBEOWINED, FU X 5 7l

Table 23. Efficiency of potassium uptake by P L
Karamatsu seedling for the yield of dry matter BTEBLTND L5 2 2%,
‘ o 3. 3. 4 AROE

P'_' P[J
13 BB LU 14 ROFKOFHKRL
N, . 141 | 154 117 151 0L 13 KB IUH 14 Mchd. » 7~
l

—~

P supply
T N Pa Pl
N supply ,

N, | 163 f 150 139 143 YHORKRD WA Lk 08T B
Ne D oqaa |18 120 | 144 OEERBICKE LTR BL, KD X5k

%0
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Camg:
20
Ca%
06 Whole seedling '
_____________________ 15+ Top
4 _ _ S e
02
10
0.6
04
02
0.57
06 Root .- [‘
L P Supply
02 —— Po Pi Pa L_P
Po P Pz Ps La
05 ROOt
P Supply -
Note: Dotted lines=N, series Note: Open bars=N, series
Broken lines=N, series Hatched bars=N; series
Solid lines=N: series Solid bars=N. series
B3N 7Y WORKEER 14 SV HOBKEESE
Fig. 13 Calcium concentration of Fig. 14 Calcium content of Karamatsu

Karamatsu 1—0 seedling

TE~DEROMEIMBE, BARORREN & DRAE

1—0 seedling

%7 =Y MORKDOEHRL, HEE, WFHLb, Pkl Py RFICIRBEOHERIS bIc &
bIEDTHPL TS, L, P: 5508 P BHIO B ERORKEHERL, No Ny Ny KOJEICHE U
Twde Fiebb, WFhO PRIk nTh, ARKOEERE No KTRATSH D, EROLEHBRM
CES LD TEERIBDL T AL, & OEMIEHEHOEED T IIRIETH b & 5 Thote.

BIRDEHTL, Po RFITIE Nt KTREA, No: KTRIDMEEZLHLTHSMR, Py, Py Py O&R
FITik, Theh No KTR/AN, No KTHRA 4 24 £ SEOEEHINC L4755 %7 < YD

DEZLHL T 5D,

IR D Mg

Table 24. Increase of calcium uptake by
WEEEROEBHEOREN No © L DfAKk  Karamatsu 1—0 seedling with increase of

DREKDPILEZ 100 LT, S=FOMEH

P supplyl
MUz & &0 R/IKRD WISy 5E1LT 2% N supply
L. B2 ROXSD, N, |
Tlebb, HFED HERIMC &b o, N, |
Po SRFITIL, ARDOBILEIB L TV 573, N,

P: RFITIL 2.6~2.8 {, P. RFITIT 2.4~

nitrogen supply

P, P, P !‘ P,
- ! —
100 100 | 100 l 100
94 | 255 1 240 ‘ 321
69 284 | 219 | 305
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2.8 f&, Py FRFITIL 3.2~4.0 fEOHMELDL T WD, 2D kit, HEHOEEAREL RET
3, EROHEBIERORKDOBI AL XRS50, B R I nRIEC, oM & b
20T, AROBNENASBUD LHMTEZ 2 LHL T 5,
HE~OBBORBE, BAOERBINE DBIK

BROEEHRE, No RFIOKTHCIL, BHHROMEIEINC &b 7aoT, 2oHMoEm% LdL T
25, #HEBTRHICBDOERELDL T3, ZOLDHEARREKL L THLER, D X 5 il
BB IEHADOBEMIE A L db e, LAL, Ni BXIO Ne RFICix, HER, HTHREL, 3
T3S BB LEROBROMIRIGINC & 700> T, ARDEFERNHMTBEAEZLDHL TS,

FROBINEREZDNTHD &, No RFITIL Pu RTRIL, P: RTREDMEZ LDL TS5, 21y
IR OAGRIEINC & % 7 5 —EBOEMILL Lo bRt

LAL, N BE0 Ne SREICWE, Hi kY, HUFH e cBoftadiine L b a0, SFE M

B 25 % BMOMRMIMC L3 B F=YHODO L Twb, TihbbRINENBENE LS L T

IR D B 2
Table 25. Increase of calcium uptake by °
Karamatsu 1—0 seedling with increase of 25 Y, SEHEOBEEOIREEN, P O L

phosphorus supply ”
i T EOHARDRKDWINES 100 & LT, o
\

Po P, P P, H N ~ ) =
N supply | B e EmL iz & &0, BROWIHEMNA FE

‘ . LicdbDThHoM, —OFEILLbMBLIIT

No | 100 72 118 93
No SRFICI BT d b TR
N, 100 - . . o SREICIEIR O #HEHIINT L & e o THRIK
DWILEL 0.7~1. 2 fFHMT BT &E e\a3,

N 100 298 479 536
| N: RFITix 1.7~2.8 {%, N: 3RFITix 3.0~

5.4 L OEMELDL TS,

Bineuam & (1956)% (3% £ EIcftih+% & Orange DIEDRIKENTEMT S 1 MEL T 578,
EEOSEORRTIL, BERVWRINTWBIRET (Nu Ne) Tk, BRI X h % 5= Yo
i B3 SOHITFIOBIKEEREHMT S, Tiebb, AROBINELBMT 2 2 23R 2pbhie,

TE~DERL LV BBHIE L, AARORRKRRN LD

BROWNEDREL NoPy KT b, B NoPo KTzBR T3,

—fRic, BERE T BROMR R RIS T OB ¥ 7L RO RIS, BIKOWRIE A BN
eI D Tiel, HBEL VIR, TLABRNERHIZE TS,

LaL, SR F g S et S h o REET o, Bl BRI, THADOEKROBINE

526 K HIRDOEYWEEER FHUSLSHMIT L5,

Table 26. Efficiency of calcium uptake by . . e e
Karamatsu seedling for the yield of dry matter W EEARCBIN S MR O BATE 2 SR T

P supply LEME, ThbbREKOGYEEELFE
\\\\ Po P1 P2 P3

N supply ™~ LThzE, 52 EKDL>5KID, Thb
N, 197 227 208 193 b, BEEOMGRIEING, WARDRIKDE YL
N, 323 286 277 262 RERE KD, SROMBHING, HBFIKOE
N, 357 304 259 231 WLEERER X ED T BT 25,

3. 3. 5 MAKAICHIFEIRELBBOLE
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BT = Y HEWIN i 8F L BB OLkX # 27 K AP R 58 L RO R
(N/P) #EBELTZB L, & 27 320k 51 Table 27. Variations in nitrogen and phosphorus

. content of seedlings (N/P) as affected by
8%, TbBN/P Ok, HEMOEHE JEeir soil nutrients supply

DOEAL TS, T~21, WASHO® = _ | H E W AL

B 3 — Top Whole seedling
INENSFEL Eh i 7~17 OFFETEE) P supply ‘ L |

~__ Po|Pr! P, Py | Py | P Pal Py

LU, EFRSICESB A LBERCEYEMEHRIN Nsupply | | | | | 1 7
TWAIREETIE, HEMOESEENLSFHE L No 15100 9| 7|15|10! 8| 7
EHWT 11~15, HHARLEKOBINE SFE Ny 200122l 1z n
LciEdbuvit 11~13 OFEHCERIL T35, N. 1711511412016 131121 11

AtterBerc (1888), Gopiewski (1901), — -
Scuroper (1904) B OO EE b, EYDEED D IEHORIEREL LS 1 o0fEL L
T, RIS -85 L RO ILRICER RO WY, ZOEZHIFHECR T, HPREOH
RCRAIh TS, LaL, EEOSHORRERTIE, N/P OEHNLOEWHTHIIE S 7 =Y WD
FFRMIRIFCTH DD, &\ 5 BREICHES < 72T TIRITVW A b inhDle,

—RIC EFEROEROMRHTEMT S &, HAREAD N/P oML, BEEoMEsEnTs &,
HABAD N/P OfEIIHAT5ERE Lo

LaL, HEROBmaRREL TWBIRAE (Po) Tk, KoM ML T, N/P O &
SR LD I ShUL, § 15 BB LU 18 B P FFIC KT HHAD, BFk X OBl
RIPIEMOEE L XL TERL T4 D &, EROMHRENENT S 2 LItk b, EFOWINET 1.4~
1.8 fFLHm¥ 52, HEHOBRNED RFEXROBE LALHES (1.3~1.6 %) THENTA2:5HTHS
Z bbb,

4. B & £ =

FERIC BT 5 ES O NI R, HEBRSOEMHCCHEEL, £ I CETT Y OEST R
REHEEHI2 D 205 2 L, FREATOERA &3 EEXNFE 2 F riiibbeT, BEDHY
FBEEWEL TPL L, ERRILLRIEARLRWHEED 122 T 5,

ERHIZDEIET, BFYDFEDIHERONIOT, ERLEBOMEEL W ALAHILEL T, HbE
ST L B EBREE B 7w, RSB bhAER, BE, BFORIREIZOVWTLLR, ZOKDE
DEDWT 2, 3DEERBI IO, T TS ETRERTELERS IOEEY T LOTRA
B hrhBILRTD,

4. 1 EofERERROMEME

Z DHBCEEL G Lisn 0B, Titbb No FFITE, BBofBoZicrnbbs, 7TH
A A0 B IEAERAML TFBOEIRIIT S, WhbRPIBERZD L 5 iEREbbb LI, &
NHDERIELE I IOl

Zhic L, SF2MR LR, $T7bb Ny, N RIITRWHOIERERZO L 5 ERE AL R
3, BRoE oI &b oo TEREIHEML 1.

B HF L 72 2s0 72305, Ticbh b Po REFITIE, 6 A THELLEHAD THOEICHECDOERERT
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DEERR D B, NoPo KX ik NiPo KT, NiPo XX DiX NoPo XCHBRZORERIED L 5 ¢
ot TiehbBEMRZ MR, BEROEROZVELHEI IS EHbbhl. ThbDRDOHAD
BB, WA TRRETH DL, REOREILT L SIEROE Y X 5 SO & 12 —FeT, BRI
NiPy X, N:Po [X, NoPo XDJHIZIED L CTurvizo

R DRI LR, b P RFITE, BRRSECHRLCK, Ticbd NP KTo%
IR RE DIERY 5 5 b e B EBIMET L Tuise FOMDRTIRE D X 5 IeBiERRZ OFERIT S5
¥, EFROMMBEEINC & b7eoT, REEEML 7.

1. 2 EoEREENRNOMF

EFEHER L o HERET L LA, BROMGOZICH1bb TEERZOER S HH
nico BEEEINE L e o BRCEFT L RIS RZ OfERY S bbb, & OBERKZ DRERIL
EROB/ENZ NI Y X 5 Th ok, FRBEELVRMRL RS (P T, ERYSEHEEL
T3 L, WBREOERESbbh. LiLEES IUEEY Th Thid i L Ko iR
i, WEhORERS 2B iz ok,

ZRBEROTROHIR D OEOBMSWINDREL LHNT &5 &, SFERHEHBL i oKoHA
ik, EFrHERLEROEARCL bRT, EFET 1/1.4~1/5, #EET 1/1.3~1/3, mET 1/1.2~1/5,
BIKT 1~1/4 L TR ThBENB DL Tnb, Thbb, MADERL, WhOAEBHERZD L 57
TERE LD L T2 28, ZRCHE S PO s oRNE S BRI L Tnb 2 L bhb, 1N,
RINDHARDEEDEHRIL, KL, WTH L LT LE Ny, Ne SRFIOL DL h - 3nE b
Ve 2O LT, HADERCRKIZILTWED, 55T T W3 a2 EROEZDEE
REGHALHBTHZ LITTES, BIED 3 WIIRERER L bR kT, ZOREEECK - TL,
HRBLZAM W R LDHLTWD L Ebhb,

F B A L o oo RIC T U AL, BRI L A R BT LRI bR, B8
T 1~1/3, BT 1~1/4, MBI 1~1/4, BIKIZ 1~1/5 2 FRFRBENRDLTE b, HAIZL
HPBBBRZOIERE LD L TIN50, BRC)E 5T, L oMo OWI S BEIci oL Tns
 Ehbhnbo Fio Po SREIOEAROHIEDOEHRL, HEHBCTI TR 0.10% LT ThH, BHK
TIERA B b b NoPy KOHEARS, HIEHT 0.10% 2 L L T2, Tiobb, ZoRBTII—IE
Hi EISOBBEHE RS 0.10% LIFOMATHEBGKZ DR S b TRV BH, KEEROH5hh
7o AR, ok 2iE NiPy KRR 0.11%, NiP: X, NeP: ROT{AIL 0.12% ThH, FOE
BIERIZH T Th D, £ THIBRZDORZ Y 5 BRFOEFRE, ZOMMLUET S 2 LIXEM
DIS5TH%,

BT ORERD, EROMEAZVEEH I L5 KHbbhiZ LicowT, SE0SERTHITL 2
TEEDHAN TRET R b2 THhich, EF, HEs, NBOWIEIX NPy, N:Po, NoP, DIHIH# LT
50, BIKOWIEE NiPo, NoPo, NPy DI UTH D, & OMADILLE, BIKZ DFEROB )
L5 XD 2 BT L & —B L 7eve FRERICBIN SN ER L BRO LR ELHE L THTE NoPo X
THEBRZ ORI D &5 hbbh el &FHBEL 5 5 OHEAILA L sk Dl

N:Py XiZ, S MBA—IG ot SR Th b, WRMED limiting factor & LTix, —
JEEEEEI T E 2 B D, ThIERL No Po XTIX, E L8l L5 220 % Ot limiting factor
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Lo TR D, 20X LABERZOFEROEY X5 &, R X 5 SEHRATS 1 DO
BrbELONBN, ZOREDOWTIRELEEL OHHE 1A ZOTHILELRD B,

FRBMRE DD ARDENEBILT IO, TV T yREEDLDTH S, EEEINCR
bOEEDLERIBRIT, 0k 5 REENKEZIRT 2 0RETH D2, Mo EEHSUL, Bk
SOERDLIHHE BF, FRLEY & eSS L OMESIEOERC S TR Ih2 2 E2 6N 5,

5 ThHoleh, THORZIER LBIWIL L OBREY X W BEAC L X 5 2T, DR i
EHORNEEZ L HDARBOHZ TR, BHNCESORIREY L b h, REERDHLHLI 5
HORGFOBRPIRIEL LS, LKEBRHOERY L Hbe T LERSD X 5L b,

4. 3 BREEFBN

EFRYHRL oK, BRAEHL TeoTh, FABEBmRARL R oK TR, EFe g
BLTROThH, WEIHEIE Y, 2B/ LAEPLTE D, FoOBINELHEML Tt

Gooparr (1947)" 1%, 7o ¥ 2 WEEBEXZ CHYOBRENMET LIBE T, bOS & 2 ElEEe
MEBOBPUIET L DT, EERIIILAE 80 TW5b, LERTWEY, EFEOLSEORMTIL
BRRZON T <Y OUARTE, BES IORIKOEERNEL LoTH Y, MEOSHERIH TR
WTDREFEL DT3B, et 2 BERNEL LI BREIEHCETLTW3 0T, BINEIMETL T
Whe

BRI CIBEROMH I R ARET, BB AREROER OB, KEEALWHUBLIHAL,
S OITES BEML 72,

B oM Sh iR, ERogomine L bieoT, BRI 2.2~2.81%, £EEIT 2.9~4.8
fEogmz LoL, EROWINEL 2.7~4.8 &, HHEOWINEIL 1.9~3.2 f§, MEOBNEL 2.7
~5.0 %, BIKOEILEIL 2.4~4.0 fS2iEML 7.

¥ eEEOME SN CRE TR BB ORI 2 3 7y, HEIX 1.4~2.5 f%, 4FEEIL 1.5~3.9
fEoBgma Lo L, EREOWINEIT 1.3~3.3 {5, ERoOWINEX 2.1~4.4 £, MEOWINEL 2.7~
5.0 %, BIKOWILELL 1.7~5.4 fHigmL fz.

Tichb, EBRFIIBEROMSHE S ORIETOBER ¥ XEROEROMING, HENELI V&R
BREZVWHUS L HML, EROMARELEML TL» i, B X CERORINES, Tk
O EML T iEdh i, BKES JOMEOWNENZ LIt b U S LSEML T2,

4. 4 EBEEE~0OGHA

PR LE LIETIIC BT, BANEBCRERHRRS T ToBI L Th50, 50t
SIRIIIL A LT a2k LD 120 HEE L LT, HiER, & LICEOBFITHLbhbiERE
BLHAZDTD, LL, 20X edA 0T, MAPKES Y TNl Tha0E 5
DR HET BRAOHECITIL D I, Te¥i b, EEDOSREOEREERY LA T, AL & 5l
REUTHFCETL, BROWNED T ok fikTthd, EROFRNSVEBCEFTL LA
%, WhWAEBIBAZOIERAA D X 5 h bbhis, EREOMRBO T AL RICEFTL LEATIE
REE D &5 ThHote. Tibb, KEZIEROWE D L5 X0HRT, HROBESBRNEDSVEHET LT &
DML NS TH B

Febhbiut, HICE T LI LIEEFEYSBRMEHRL T8 iedic, BANERL TW 2% %
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B bbb, DX BRBEEHLDOEEL B L, REFROTAIIERLHERBL TPT LW eE L
o Thb, Ll, EEOSEOERERE»LAZTE, BEEOEBOTREL RIETE, ERoMthy
BML T2 Th, MERFOLTHMLA . ZOBA, RELHMIES oy, 25 L HRom
HRHEL TOBLEND B, Tiobb, HAWHMCR AT, RERROEAORELIEMI 5 kdic
1, BHANEBFTLTWABLEOHFRESL FTLLN, AiZH limiting factor Zig>TW2D0% 1L
LDUEND D

HHOLET, EENR, Bt oMby, Loy &FRES, FHE 3 LLT
BLTWB, HEMOBSORENELTIUE, L5 FAL IEET 5 HARDRELHES RN R
BELTL 5.

TEARDIGIUL, R L BIRA D 0, RESRFCEANIRETRROUAL D S OEFHW
RL T3,

LirL, ¥LhbbhdEFDORKZMERS, LfEhoBFOEHERE L, EROILS OWIE X D
iy, B L AR e BEE A B B LTz e, = T limiting factor 2YEEETBAEEL, TRTD
F#5OWIUE - @ limiting factor It X WEHFINB X 5 TH 5,

SEOFERFEREN D AT, BREHEHRL ko HECEFL AR, ER0ERAHML T8
FOWIEIIEML 72\ L, FREBFRTEBLAr o EF LUK, BREoMiaaHEmnL
b, BEOWINEIIEML v b, HWEE L o BRICEFT U AR, BEtr bl
LB EFTLLHRCL bR, B0 Th{E8EDL, MBELAKD » B IETE2 LD L, F8%E
BEHAL A0 BB EFT LA, EFFPMWRLAEBCEFTLLERCL bR, EFEOX TR
<, HEEd, MEL, FIKL, LIRBIETEZLHLTWS, h riiMcEEOHER I hiokiEco
BEEDHATE, & 5\ X O o RIE T OEHOMHIRIIINE, FROIGFWILA B U B L L
BAL, ERVBERCHELT, MEBELAKDRIIEME RT3,

WO 82 A FANC IS ER L T dicid, HBEROFESRS e TEELTE D, FO%(L
DFHFNL, HEEROWUDIEG O LR CHI IND L\ 5 B2 ik Fic LT, LEirRosfaIRE
LR, BANLDTEFOBREOEREY 2A 0L, ILREAVBNL TWAHIEY LN,
THhLORAE SRR ND, HIEOHKFRERET S LAWETHE L EL 5,

= 9

1. #F7<YDFEOFEROIDOT, ERLBEMOMIREL DV HICE X TEIC X 5 L8R
BRI, ELhbbhAER, RERE, #50RINRIECDWTL b,

2. EFEERHRL e okRXK Tk, HBOBROSDIbE T A ERXZOERY S5 bR
foo BEER SR L e o RCRTHARCBEBRZ OFER S b b, = DR, EROMHHBRR S iz Y
Y X5 Thot. BEVBMRL AR TLERYSBCHBTD L, HRACEBRZ OERRSH5H
nice

3. SEFIBEMORELAREETO, B E IXEEOMBRIIING, oL THAOKELHMNS
BB LREELT, BLABREDT2ED VI H5, Lal, BEE CIERMEE SR RETcD
BT ¥ for RO MRBEINT, BEARORERZ VB U S L (AL, Baker ® index of slenderness O
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fESHFELVEiEZ LD LT,

4. BEFIIPEBORN T LR T OBEE ¥ 13ROI, UEROTEARDEST ORINES
BMEesz Liidie b, SEECHEMORIET ) Tl , MESLHKDOWINES ML T /s
Vo UL, BRI BB S REECOBEE ¥ i EROMRIEIME, NEROEHADORS D
BINEZ B U DL SWAL, SFELEROLZICHE LT, MELAKSREEIHENL W5,

5. LIEDO#RECThThERL ML, FLENEEEERL @B rbd, 2, 30EELD

Z T
X ik

1) Baker F.S.: Effects of shade upon coniferous seedlings grown in nutrient solutions.
Jour. of For. 43, (1945) p. 428~435

2) Binguam F.T. and J. P. MarTin: Effects of phosphorus fertilization on the minor
element nutrition of citrus studied with three types of soil series. Calif. Agric. 9 (9),
(1955) p. 4~5

3) Bincuam F.T. and J. P. MarTin: Effects of soil phosphorus on growth and minor
element nutrition of citrus. Soil Sci. Soc. Amer. Proc. 20 (3), (1956) p. 382~385

4) Finn L. O.: The influence of nitrogen and potassium on the availability of fertilizer
phosphorus. S. Dak. Agri. Exp. Sta. Bull. 453, (1955) pp. 22

5) GoeEpEwaAGEN M. A. J.: The relation weight of shoot and root of different crops and
its agricultural significance in relation to the amount of phosphate added to the soil.
Soil Sci. 44, (1937) p. 185

6) GoopaLL D. W., ‘A. E. GrantLipp and W.G. SrLaTer: Nutrient interactions and
deficiency diagnosis in the lettuce. I . Nutrient interaction and growth. Aust. J. Biol.
Sci. 8 (3, (1955) p. 301~329

7 ) Gooparr D.W. and F.G. Grecory: Chemical composition of plants as an index of
their nutritional status. (1947) pp. 167

8) Grunes D. L., F. G. VieTs and S. H. Suiu: Proportionate uptake of soil and fertilizer
phosphorus by plants as affected by nitrogen fertilization: I. Growth chamber
experiment. Soil Sci. Soc. Amer. Proc. 22 (1), (1958) p. 43~48

9) Grunes D. L., H. R. Haise and L. O. Fine: Proportionate uptake of soil and fertilizer
phosphorus by plants as affected by nitrogen fertilization. IT. Field experiments with
sugar beets and potatoes. Soil Sci. Soc. Amer. Proc. 22 (1), (1958) p. 49~52

10) FH ¥ HARORE LSRN FIE T HREROFSRECKE, 13, ¥ - H57=YH
DEE L BRI I0E T HBR O BB EOHE, MW 103, (1957) p. 69~83

11) GHRIBER - BREA | AROEFRIUCBIT 5 7 v == 7 RE LHBIEET R T 258
14V OWESER, BEAE, 28 (1), (1957) p. 31~34

12) Lupers R.: Beziehungen zwischen Stickstoff oder NPK Diingung und dem Phosphor-



—108 — RERRIBWER Y 45108 5

saiire und Schwermetal gehalt von Pflanzen. Z. Pflanzenernihrung Diing. Bodenk. 68,
(1955) s. 56~65

13) McLean E. O.: Plant growth and uptake of nutrients as influenced by levels of
nitrogen. Soil Sci. Soc. Amer. Proc. 21, (1957) p. 219~222

14) ZARKE-7EE B DA CHOBMERCBTIVE, F 1K, HoRFELERAH L0H
%, BHEAEH, 2, (1956) p. 38

15) NEME'C A.: The effect of a one-sided N fertilization upon the growth of spruce in
forest nurseries. Amm. Acad. tchecosl. Agr. 12 (1937) p. 32~47. c. f. For. fertilization
(1956) p. 156

16) Ritrter C.M.: Effects of varying rates of nitrogen fertilization on young elberta
peach trees. Proc. Amer. Soc. Hort. Sci. 68, (1956) p. 48~55

17) Russerr J. S., C. W. Bourc and M. F. Ruoapes: Effect of nitrogen fertilizer on the
nitrogen, phosphorus and cation contents of brome grass. Soil Sci. Soc. Amer. Proc.
18, (1954) p. 292~296

18) HAME - B (1953) p. 128

19) ZXREK )% W - Sk - AT B AR RF, v/ FOXPHER O AR E L O
RER RN B X TR OV (TP, 64 1B H bR, (1955) p. 175~176

20) PUFARREZE - SR B3 1 A 7 = Y WO HRHERENC JuE THEIE 0GR CTHD, HARES, 32,
(1950) p. 195~197

21) TEIBIAEN « BIRGRE - WENEME | fE R BUIC BT 5%, 38, SRXOEIREOR
RED I g 35 Ok, HAEE, 23 (2), (1953) p. 156

22) EREIEEN - BIRGRSS « WERELE | (R OB WINTB T 505, 4 W, SROMBE Mo &
B OB BuE T8 0K, HAE, 23 (2), (1953) p. 156

23) EFBEEAR « HHIKWR ¢ X S 2 HiYO KRB IUETEREA + v OHELEHICOWT, 5 23R, B
WDT v &=THE, HHEAEER L Bl r OBIR, HEIE, 26 (4), (1955) p. 11~14

24) TuompsoN L.M.: Soils and soil fertility. (1957) p. 307~309

25) Van Goor C.P.: The influence of nitrogen on the growth of japanese larch. Plant
and Soil. 5, (1953) p. 29~35 c. f. For. fertilization. (1956) p. 267~268

26) Warrace A. and R.T. Asucrorr: Preliminary comparisons of the effects of urea
and other nitrogen sources on the mineral composition of Rough lemon. Proc. Amer.
Soc. Hort. Sci. 68. (1956) p. 227~233

27) Wittwer S.H, R. A. Scuroeper and W. A. ALBRECHT: Interrelationships of calcium,

nitrogen and phosphorus in vegetable crops. Plant Physiol. 22, (1947) p. 244~256



HARDOE L RN TETHRFOBFREOZE (F2k (5D —109 —

¥r 3 B8 Explanation of plates
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Effect of nitrogen and phosphorus supply on the needle length of Karamatsu 1—0
seedling (mid—July).
Both supply of nitrogen and phosphorus increased the needle length of seedling

(Phot. 4, 6).

Phot. 7
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Karamatsu 1—0 seedling in late-October.

Both supply of nitrogen and phosphorus increased the growth of seedling.
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Effects of Soil Nutrient Levels on the Growth and Nutrient Uptake by
Forest Seedlings (II)
Interaction effects of nitrogen and phosphorus supply on the growth and
nutrient uptake by Karamatsu (Larix Kaempferi SARG.) 1—0 seedling

Hiroshi Harapa

(Résumé)

An adequate supply of plant nutrient elements is necessary to good growth of
seedling. One may usually expect some increase from the use of nitrogen, phosphorus,
or potassium alone on a seedling where the elements are deficient.

This is not always borne out in practice, however, as sometimes growth is retarded
by the application of only one of the numerous nutrient elements.

Sometimes the addition of two or more elements is necessary before a substantial
increase in seedling growth is realized.

This factorial experiment is based on the idea mentioned above.

The design of simple factorial experiment in 1957 is shown in Table 3.

N, or P, indicate no nitrogen (ammonium sulphate) or phosphorus (superphosphate)
supply; N; or P, indicate adequate nitrogen or phosphorus supply; N: or P. indicate
high nitrogen or phosphorus supply; P; indicates very high phosphorus supply.

The pots used were of unglazed earthenware, and each of them contained 7.5 kg of
the treated soil. Each pot also received 4g of potassium sulphate. The pots were
placed outdoors.

Karamatsu (Larix Kaempferi Sarc.) seeds were sown in April of 1957 at about 1g
per pot.

The visual symptoms of the foliage of seedlings were observed throughout the
growing season.

The seedlings were removed from the pots in late-October by flushing the root with
tap water. After measuring top length and top and root fresh weights, the seedlings
were oven-dried at a temperature of 60°C., Weighed, milled, and finally analyzed for

their concentrations of nitrogen, phosphorus, potassium and calcium.
T Visual symptoms

In mid-June, green color in the leaves appeared with the increase of nitrogen supply,
but nitrogen deficiency symptoms in the leaves of the seedling grown in N, series soil
did not yet appear. The leaves of the seedling grown in P, series soil became indi-
stinctly dark green in color.

In late-June, green color in the leaves of the seedlings grown in N.P;, N.P, and
N:P; soil appeared more distinctly than in N, series soil, and the growth of seedlings
grown in N.P;, N.P. and N:P; soil increased distinctly as compared with that in N,
series soil. The lower leaves of the seedlings grown in P, series soil and N:P; soil
became dark green in color.

In mid-July, dwarf growth appeared distinctly in the seedlings grown in N, series
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soil, and the color of the leaves became yellowish owing to nitrogen deficiency irre-
spective of phosphorus supply. Purple color, due to phosphorus deficiency, appeared
distinctly in the leaves of the seedlings grown in P, series soil with the increase of
nitrogen supply.

In late-July, purple color or dark green color, caused by phosphorus deficiency,
became indistinct in the leaves of the seedlings grown in N,P, and N,P, soils, but these
symptoms still appeared distinctly in the lower leaves of the seedlings grown in N.P,
soil.

In late-October, phosphorus deficiency symptoms still appeared in the lower leaves
of seedlings grown in N:P, soil.

The summary of the facts mentioned above are as follows: Nitrogen deficiency
symptom appeared in the leaves of the seedlings grown in N, series soil irrespective of
phosphorus supply; phosphorus deficiency symptom appeared distinctly in the lower

leaves of the seedlings grown in P, series soil with increas of nitrogen supply.

II Growth

In late-July, the seedlings grown in N.P; soil showed good growth in length, whereas
those in N, series soil (NoP,, NoP:, NoP:, N,P;) and P, series soil (N¢P,, NiP,, N;P;)
showed poor length growth (Fig. 1).

In late-August, there were marked differences between the seedliﬂgs growth grown
in No and P, series soils and those grown in the other soils.

In late-October, the length of seedlings grown in N:P; soil was the highest, and
those grown in N,P., N,P;, N:P; and N.P. soils also showed good growth. But seedlings
grown in N, and P, series soils showed poor growth (Fig. 4, Table 6).

The fresh weight (variously top, root and whole seedling) of the seedlings grown in
N, and P, series soils showed poor growth, the same as in length growth of the seed-
lings; those in N:P. soil, however, showed the highest.

Nitrogen supply without phosphorus supply did not increase the growth, and phos-
phorus supply without nitrogen supply did not increase the growth. The supply of
both nitrogen and phosphorus increased the growth markedly (Fig. 4—5, Table 6—11).
This extra increase is designated positive interaction of nitrogen and phosphorus in this
experiment.

The above are the facts on the size growth of the seedlings. However, we have
need of attaching importance to the improving of the seedling health, now that the
healthy seedling yield is the end of seedling culture in forest nursery.

In this connection, the author carried out a trial calculation of the top length/top
dry weight, Baker’s index of slenderness, as materials for the test of seedling health.
The index of slenderness of the seedlings grown in the supply of both nitrogen and
phosphorus are better than those on the supply of nitrogen without phosphorus and

phosphorus without nitrogen (Table 12).

TI Nutrient uptake

The seedlings were removed from the pots in late-October, and analyzed for their

concentrations of nitrogen, phosphorus, potassium and calcium.
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Nitrogen was determined by the Kjeldahl method. Phosphorus was determined
colorimetrically using ammonium molybdate, potassium by the photometric method
using Parkin elmer flame photometer, calcium by titration method using potassium
permanganate, after wet digestion with nitric and perchloric acids.

The nutrient uptake by seedlings detected by chemical analysis (Table 13, 14).
The nutrient uptake by seedlings fertilized differentially with nitrogen and phosphorus
are as follows:

Nitrogen

Nitrogen supply without phosphorus supply increased the nitrogen percentage of the
seedlings, but did not affect the nitrogen content of seedlings. Nitrogen supply with
phosphorus supply did indistinctly affect the nitrogen percentage of seedlings, but
increased distinctly nitrogen content of seedlings.

Phosphorus supply irrespective of nitrogen snpply did not affcct the nitrogen per-
centage of the seedlings. Phosphorus supply without nitrogen supply also did not affect
the nitrogen content of seedlings, but phosphorus supply with nitrogen supply increased
distinctly the nitrogen content of seedlings.

The summary of the facts mentioned above are as follows: Nitrogen supply without
phosphorus supply and phosphorus supply without nitrogen supply did not increase the
nitrogen uptake by seedlings. The supply of both nitrogen and phosphorus, however,
increased distinctly the nitrogen uptake by seedlings (Fig. 7—8, Table 15—17).

Phosphorus

Nitrogen supply without phosphorus supply did not affect the phosphorus percentage
of the seedlings, and phosphorus content of seedlings.

Nitrogen supply with phosphorus supply decreased the phosphorus percentage of
the seedlings, but increased distinctly the phosphorus content of seedlings.

Phosphorus supply without nitrogen supply increased the phosphorus percentage of
the seedlings, but did not increase the phosphorus content of seedlings.

Phosphorus supply with nitrogen supply slightly increased the phosphorus percentage
of the seedlings, and, moreover, increased distinctly the phosphorus content of seedlings.

The supply of both nitrogen and phosphorus increased distinctly the phosphorus
ﬁptake by seedlings.

Efficiency of phosphorus uptaken by Karamatsu seedlings for the dry matter yield
decreased with phosphorus supply, but increased with nitrogen supply except P, series
seedlings (Fig. 9—10, Table 18—20).

Potassium

Both the nitrogen and the phosphorus supply did not affect the potassium percentage
of the seedlings. However, nitrogen with phosphorus supply and phosphorus with
nitrogen supply increased distinctly the potassium uptake by seedlings.

Efficiency of potassium uptaken by Karamatsu seedlings for the dry matter yield

was not affected with nitrogen or phosphorus supply (Fig. 11—12, Table 21—23).
Calcium
Nitrogen supply without phosphorus supply distinctly decreased the calcium con-
centration and content of the seedlings. Nitrogen supply with phosphorus supply did
not affect the calcium percentage of the seedlings, but increased distinctly the

calcium content of seedlings.
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Phosphorus supply without nitrogen supply did not affect the calcium concentration
and content of the seedlings, but phosphorus supply with nitrogen supply increased
both the calcium concentration and content of the seedlings.

The supply of both nitrogen and phosphorus increased distinctly the calcium uptake
by seedlings (Fig. 13—14, Table 24—26).

N/P ratio

N/P ratios in seedlings as affected by their nutrients supply in soils are shown in
Table 27. These wide variations are influenced by the differences in soil nitrogen and
phosphorus supply. N/P ratios increased with nitrogen supply except P, series, and
these decreased with phosphorus supply irrespective of nitrogen supply on the whole.

Iv  Conclusions

The visual symptoms of the leaves, the growth and the nutrient absorption of Kara-
matsu 1—0 seedlings to various nitrogen and phosphorus combinations in the soil were
studied.

Nitrogen deficiency symptoms were observed in seedling leaves without nitrogen
supply irrespective of phosphorus supply, and phosphorus deficiency symptoms were
observed in seedling leaves without phosphorus supply. The phosphorus deficiency
symptoms appeared distinctly with increase of nitrogen supply; it is dfficult, however,
to explain with this limited data.

The order of the clearness of the phosphorus deficiency symptoms are as followed;
N2Po>NiPy>N,Po>N:P:

The seedlings grown in N, or P, series soils decreased in growth and in nutrient
absorption irrespective of phosphorus or nitrogen supply.

The relationship between the nutrient deficiency symptoms of the seedlings grown
in N, or P, series soil and the poor growth of the seedlings grown in there was poor,
and the relationship between nutrients absorption of the seedlings grown in N, or Po
series soils and nutrients content in those soils was also poor.

The seedlings grown in the soil with supply of both nitrogen and phosphorus
increased in growth and in nutrient absorption, and these seedlings has also good index
of slenderness.
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