O EFEENRBEORES L
FERE 2 B4 2 BRIt A

o BB
%ﬁ l—%" .................................................................................................................. 3
%1ﬁ E*@%%k?jﬁﬂﬁb:ﬁﬁﬁ'éﬁﬁ?ﬁ ..................................................................... 5

ET1E BAROREAHICETS2, 3 @iﬁ%ﬁ’J%ﬁ ......................................................... 5
FLE EARDIKBHEIC DUV T ORRE e 5
I EBR—1 WAROKHER—FL L TKBEDOEBIZ DOV TORET e 5
I EH—2 WAOKHER—EL L TKBHEOERIAET DU TOMRE - oorroersereeeen 6
1T fg—gg ............................................................................................................... 10
B BRI BRI ESE oo vee et entt e 11
I B3 KBS T A = VIR BBRENR oo 1
I EBR—4 ABShERFE, /%, 7h<Y, #5<Y T 5BLNEOLE 13
W EBHR—5 KHEOEEFAELBEIE (T H Y reeerrvreemmrenniieanieninie e 15
N E5H—6 ABEOERIMES NH-N Th 55 E0BABHRE SO
Mn FINOEE (RFXFLETH Y DHER) rceerrereerei, 16
v igﬁ_7 HARDIERTTHI I T HHEPI e oveeerrrerreer e 17
VI %g ............................................................................................................... 18
% 3 ﬁ‘i‘] TR AR DFRTR DI e eeeernn et 18
I XB—8 KHHROEHFRESHEBOHBEDAY, 71 <Y OROMFFEOLE: o 19
o X8B—9 KHROEFRRIVKZREDOHEDAF, T 5 <Y OROFBOLE: 20
M EEBR—10 7 <Y DROFERELEIS & IETEL LR DIETL D ELEL - oeevveererrnnrnees 22
W RKR—-11 KHROBHERESREREBOHEDAY, 7H <Y DR
R (ERIEBELEIS) 2O DEREDHEH oo evrrerrrre 23
v %-'%g ............................................................................................................... 25
BAR RO & TEM Al ST DHEHE - erereeeeeeenns e 2
I FEEBR—12 AFLb /) FOMEEMEDLE - oo 27
O EBH—13 AFEb/ *OATICRIET Al DFE GRBEEER) -orveeeeeeremmemennns 97
M EEB—14 AFLe/FOEBRCRIET Al OFE (LFERR) oo 29
v %—gg ............................................................................................................... 30
BEHT TR D EE U R - ere e 33
I ZEER—1I5 AF LT HTYDEBEDIRUT coeeereererreiii 33
O EB—16 AFETH=YDYVEE H Y, FAIKOIEL-oevereeerm, 38
W EBH—17 B/ FEH TV DEEFEDIUL weerveveerrerreemmmreerrmmimiteniiear e 41
IV EBR—18 v/ XL h5<YDY VEE, SV, BIKOIRYL v, 42
v %-;L_g ............................................................................................................... 48
B O THAR DI SP IR coveereerreerrereentea sttt ettt 48
I E%H—19 HAOEH, VYVE, »Y, AR, &L, & <vIivo
£ = i D kpﬁfgﬁ ........................................................................... 49
I FEER—20 AFDH Y RBREEFRcooovverrrrrer 51
T EER—21 AF D RRBRELFE - vocreerrerrre it 55
IV EE—22 AF¥DH VY, AKX, BHLORKE2 ERERIRELE - coocoereerrn, 56
V FAE—1 AXFHEOE LRSI oovverrerrereeii 60

) tEAEGLEENEE - B¥NE



-2 = WERBBRRE H1T S
VI BESeereerimeiiniiinince SRRCIIITTITIIEELRLTRED S R LTLTERTRPEPRLPRED 63
BB EHIHEIE AT E T B BRI ES oo oeereereeeresee et ee ettt e 65
L B D ERE L EHIHEIE - veerveeereerrereteneente e 65
B EARDIEIC KT T EETE DB oo 65
I KER—23 2%, YV VEE, »)Y @ﬁLFﬁﬁ'%*@ﬁ;Ekklbf‘?’i’* LS 66
I EH—24 # YDA OB RIE T B e ereretrre ettt 70
M EH—25 HARDFEIREHCH EER X D RERATBET B IERIBESE oo 73
I 2 AXEOTREE I FHORBICIETIE oo 74
v ;’%—%‘v}‘ ............................................................................................................... 75
B3 EAIHGIEELA & L T DZEE G e evsrevereeeremseerseessemssesseessesssesseesessecsiessesecenen 76
I EB—27 UV VEBEOEEEAIKD DH &G 76
O E%-—28 BREBOESOSSBEMMIGEIESEIC RIS TEE. e 78
11 = LI LT T R TR TTRTPPPRE 80
%3 = ﬁ}% ............................................................................................................... 80
HoE MARDFEE LHEABICED T BHEZE oroerreermrerrreemre it 89
B1E MU IR T B i oo RRTT 89
B ARH S T B B I T B e e 89
O AR FR R O AT v v verrrrmer e et ettt e 91
H3ET RH G ATE SR D BT -+ v verrrrrrr et 92
F2E MARDIESIRUL T cvvvvrererrerrrrerrmemiiin e et 94
B HRAKROES S BT T DI - vveeremrree e 94
I FE—2 AXHOBEGESTIE - vorrrrerrerm e eeeeenraeenen 94
o #E—3 7= /ﬁ@%%gﬁi ..................................................................... 97
g f%gé‘ ............................................................................................................ 102
B2H *}k*@%ﬂ[ﬁﬂgi@?ﬁfé .............................................................................. 104
B3 E PRHBOD IR IR v evrrrrrre v e 105
HIH MBS IEBER DB oo vrrerret 105
E2H HHOESFRFZE %@%ﬁ ........................................................................... 106
F4a = ;{:*ﬂ_}ﬂﬂii*ﬁ*ﬁg BE G B BRI rrrrreorre e 107
EIE MRS A 3T 5 7 D OFERERERTL S OUT TP v vevrerrerrer e 107
I #HEr—1 7H=< //VF@HEt‘_‘trﬁtgﬁ ..................................................................... 108
O PHE—4 AFIEEEROEIETIE (D L)errererrrnrreii i 116
M FE—5 AXIEROERRTIE (D 2 )errrerrerrerereneneieiniinie s 119
IV B BT ettt s 121
EOHT ARHNEEEHEE 2 30 5 7o 0D DEEFEZEER o vvvrerrreeirne e 122
T EB—20 BHEROMICELIBEL, BEKITE X IHE L OEABUL - 122
I E5H—30 BHZERO—INCEXTIEESDMOBDLRE 555 OFELRUL weereerrvveeeess 193
I %—g"_g ............................................................................................................. 125
B3 AR T B F BB e 125
% Lo A = S T PP TR TIE 127
R F R R YISy € i SO, - FOSTIOSP 131
LT I B T B IR IR e 131
BELET BHIHEAR DR v ee e errerr e 131
BOH  HHITENE D HE AR A DG e veeerreerreerormrs sttt 133
BB RHIIEBL I B 3 B ERE - oo err e 134
1 SHEoLIPEKREITEKT ZﬂHiiUiEt* DETE e evvveereermeinnrnrenensiiiiiie e 134

o MRHLIEEE DB IR DB A DA FEM: e vreeeeenee R T TP PP P T P RITR N 135



i

]

OOBEDOHREDEFITE L, [EIIRFRITTEE L A HIIMERTICIREZ LD D005 v,

U2 LI B2 T 0 & 5 KT O REBIEBAIA D th3E, JEEROMFE HBEICEA I THALD T &
THY, SHERZECHFRLBZOMESDEA SN ZORBFIZIZIV2THLLDZ L TH5, PRZOH
TREAINADFISICHLL, LabiEkiBRIc 78 cE RV ORI T ERL, T0H
HIKEED S bD TR D72DT, EMEELHEAORECHMBEIIMAEEH L LTUZLALRY HIFdh3
C ek, BEncdb T, EEY (1909), SFEP (1910), ® (1921), © (1922), SFEHY (1925),
BAkS> (1925), FAT (1933), ® (1943), AEREL? (1934), FHEX (1939), AEW (1942), JBEW®
(1943) K EDTMBROENDEDHRT, FTLXE47-5LD08H 5B,

Lo LEWMKBBRORRE L AHFCERL T, BLoMLIETERHA»DORA e~ H vDd LICH
ROWEENERF S, ThCEWEREEOWE S/ MIBLER ST AbRIE L, X5HICEMBESS
DDIFRO AR FEE DB AR L T, BTN EENEEO—FiR L LTUFsh, ZoKbH
DR D X 5L FBREINBICEDR, ZDX ST, HECKTLIENBEROMEIFEALEBOLN LD
b, REPIEENELS, 2, 3OHNERIERBC IV THEBEINIZE WO THEE TR,

IR EEDFREIZ S KD BER A LEDIH LT, RRAKDE ZEECHE LIAEOKEC BT
i, TR EGAT 5 LEL L, HBEEThbivo 228, RMULEEETH YRS, ks
B KT H—DOMEE LEL BT, LhbIskARICE D, bAERERICS-TY 45
%, BRCFVTH 32 BOFTMEIRELZE, MEEFI-E Lk, FREERAIRGHESOBRICX
5&, DREOAMBEISHETETHHEL, T OFHBRBERIZE 47 £EII 11,000 5 A, [ 57
EEITIEY 13,000 FTHOWEL ZWEREICOIELBEREZ LI ERLIND L vbihvd, ZOX 5 hHEKEE
DBPCKRL T, N OMACHESRWT, HATHEKREENOHEEEZAN L L3k bikvtds
Jo THIKTHHMMGRE UTIEHROIEKR E & S CHARTRE, SREBOEA, WIBEEED 3 Fik
BEZLNTVED, b0 5 bHMIEERBRRARIVWTELCEFTES2H0L LTHFSATY
B

Dbk SHEHNERETIC, MEKEERTIIEIVT, MARORECHILOMENSHIZLEBER
ENLBRRAVTES S5, BHIZOXSHRBESD, KMELTLOTER, TLTE LROEARD
¥EL SOOI T 51K L, F2MOMADRKIE S CITHIEITBE 3 5HI% & D 2 MR H 1 TIHE
BRSO, EARIREEEOWHHTHY, HMXVSETI R ChEBERTELELATHY, EiX
HWARIHEEEOEESENTHY, MXINEEETSHREDN, BRONTSTHD, METEOMK
EAEBBORCH VLN, EOLHEORTCET 50-6Th 5,

ARUOE L, HAORELRSOCEMEROREICET 5MEEZRDELDLLDOTHS, Ti
bbb, BAROEFBIICTH T 555, ROBRUCK T 5H#ME, Al T sHFEERELAN, SH+E
T % BRSO ERIVEE L L TOEROES B CHRBELIEIHEL AL PIC LD, #AIC
BERINDEVE LN OORERHS5 T HIERER L OBRIC OV TR 2T, BHERORER
FRIEL, BTOAKE STV 5 S ARORERBIECH T 5 EEL A0k, B2 & LTHK
ROESRIN E OB ETAMEEZRY £ LDt DTH S, Tinbb, brEICEV THRIIEEZ



— 4 - WERBIGME MY 1375

DELTBHEMFCOVTELRELLDL, EFMEREE L THRROELS BRI & ZDES BRI 2 v TH
R, ELTHKHIEEED £ # = X ALK L TERINEE LML, HUHIEEOFREEIC OV THT, Hibiess
DR AL, FEIMIFE LR, F2WeBEANCEEL T, Bk DT DIEEE DR % 787
L, HECKTDEEEROSHDOD D FH, FakxLie >0 TRz L.

AMRICEF TR FEOHEL, bEERETRIEELEDNWDAFY, 7<=V EHhliCe /¥,
A<V ESbXIABETH S,

FRARLCEV UL, FMRLZERTIEMARBI LI, TONECEESIL D RixD, Licss
DTLOMRFECDRILD DDBEDHHDT, MRAFEOTZBICOVTRIhE—FELTTL > 2 & &
, FEEZrwigh s &icLr,

AMRED 5L, HHMRTOWTIE, E& UTHTHRERBRGENRTERE, RRFERFERABER®RELD
EEDD LIBIBLDDOTH D, EMBIEEIC OV TiE, ERAEEREARRELICEAD TER
EEDIBRBLADOT, WY EEDRHLOTHIAELO RO TSR b Ok, $1, AHEE
TR B RRAFEE=HE O CRB bk, LI LRHMOEERLET,

i, FMEEZETTHCHA0TE, RERARSLEFRENRER MiEL, RTHEEEEEEA
SERMHIC XV XI5 CIRE LMD CEREEB O EEFKFRH L TL»BBRMOTELZHLOXRE
To ¥, FHROEFCH 2> TE, HEIEHMRZROERCHEXLTHAZIM2Z, Tbb, &
lE—HEICIEER15—18, FE— 1I2WT, REEKECHEHAE2—3oWT, BHEEGRREICR
£ 12—14, 19—30, FAZXL4—512OWVT, FARIMERE (b LEH, HFLZHE) idxFEk 20
—23, FEABARTEHECRER—10ZO2VWTERLTR LS RTBRY WKW, Tz, ERABHRE, &
BEAEE I, E8R, FE, BRER, $ERXSOTHNEVAEV R, ZZiRTh S0 HEIREIE
SOBRFICOPLBILOTEEE LHFET,



LR BEARORELMECE T 5%

El1E BAOREAERICETS 2, 3 0ERHIKER

RETIAHRHEEN, & QCHMBIROERENEHE L TEELEbNS 2, 3OREEHICH
T 5 ERIEHRICOW TIN5,

EETETRBEERCET BMECLELEARDKBEC OV TRITLOS, AHEZSHL TEA
DOROBIITH T HEISHE, TEE Al KT 5HHEEOBEIC X 2ME%, T ok ek
| LRHETESREECNE L. £, BAOESBNOEEZTEL, SMGEOERENE TS
LWRTER, TLTUEOFEHBZBL L LT, BADOREAHENEZRENCRIELDE LI
BhHll. UTFTEHEAZLCHETHZLITT 5,

BLE BEADKBHEIC OV TORE

EEEM OB AT T MR ITEEMT OV TD b DMBKRES T, MAIZOWTDIDIEDE
W, REEHMOMALZED TP L 5 2T, KIRIIRRER 24, 2 OMMED &G 2EECHET
ELTDBMED LVEEEE SNTWER, WAEZNRE LIokHERAIT, RENERRLE LD
K BRUE, £ X TAIL W~ '

EMmOKFHEE, BALVWEERCRETIRRERBRLKHRPICEESRLDTHE, 5, K
HEINICHEMIE >  LBCHEINIHED L BDRITHA, WAWADETERREBEZRI LV
BEME, TOXDTEEREFERILVAMERTRE, ToBk#» SFIORRERD 5 2 &0 H
HTH5, Tibb, Kk TR EZRD L 5 & T, Ak#Hic X > TESN WA HIERITIEY
RS0 L, FLALEDLLRVATRETHL ZENLETHD, TOkD, KHEELROS
BIZoX S OWRENELEPShTELLZATHEA, bHBETHIEFICHA 5% B H 2 (1939)
WX BRIV TD, FFHED W (1955) Y v T OWTOKRBHERICET AT, zohz el
BRFLbDOTH S,

HADRBAMOV L OOWEFEE U TKBED b OFMLEAL & 5 &Fhug, Lo x> nls
b, MARERICAET THRAKCE LIcokBEza s 0 END 5, EERXETAKHEORELIBIEE
AR v EBRbRS, (D KRORE, (1D Kk#koZERE, (1D AHES, Llcowt, £8
—1 BXUOER—2 KW THRFEZMX S LTl

I EB—1 HAROKAMER—IFL L TKHROREIC OV TORE

1—A EREMNS L CERSE

STEEBHES OKBHCE L 7oA BHRDIRE 251+ 5 7. D D KMER 2 T 07,

EREHEE— X EFENOKHA L LT, £LOANCFERASIN T E 7 Kror KIEEENICH, 20
R Kvor RUGRIED 1/5 (K/5 222D, 1/10 (K/10 k<), 1/20 (K/20 27:<) 03 BRI
KL, TOEDEDCOWTKHRDOEEFEL NO-N & NH,-N i, X5 kflkow® pH
(Initial-pH) % pH 6.5& pH 5.0 Lic&iF, A% 18 DRBRE 2T 7.

EBRMEHCIE A ¥l LEEEEZAY, Thi 600ml =7 52212, ARIZE lom DR HIFA
BRI R CEE LTS Lz, KBHRO EHNIEIC 2 BTV BARDESER TRE LikiikiiE



— 6 — WEARGE RS 175

ERIIA Lice AKBHIMEMEBRIS OMFE ALY, KHHIRNIIRMI8E4 A 26 8 2510 4 BETD
184 AMTH 5,
I—B EREH L OB

10 A 4 BOKBRTROBARDE R, LFREZAELHEREETTHIE, B1ERDLBITHS,
FREOAT L L RIREY K/10 KT, ZFESS NOs-N X, #15% pH5.0 KOBEAOHEER, 4k
TrLNLh 100 & LTERER, £REZITN TR TH5b8E, BIRDOAFOLEDI THD,

INLOFRBCOVTEEEMED L, 2EDLEITHD,

(1) BEROEEILOVTIE, EROMEATCIHUEEROEZELELHMR pH MRk <, K/10>
K/20>K/5 DIECEAESE <, AFHEHITH LT3 Kror FRIZUERD 1/10RE, FXLh e
REED D DRFETH S X S Tibhic, & OFBEEIEROMRADKMERD 5 b, EES (193553
=YV=v, b F=Y% Kror KIETHEELERO—HL—FT 5,

(2) HBEBROEZROWEBCOVWTHRITTS L, #% pHb. 0 ROBEFELIVTRE, REDOVHATS
pbhiE<, NOg-N RObDix NH-N KOO X W BIFAABLTRL, ¥741% pH 6.5 KO
EHEVWTE, BREOWHAL LB WT, NH-N KO 3013 NO-N KO0k bRIFAHERR
FLTW5, Tibb, NOe-N [IEMEMEANC VT, NHe-N EHBHEEERAIZ W CEHT
BT EBHEIND,

‘@) 7%, NOs-N Rz &\ THI%E pH6. 5 KD R FHdic 5 A a5 6 Aics i T#{LE S Chlo-
rosis I L, HEHB IR L BT LDOREFERR TH DR, TOBRERIREOBHNZERE» -
foo TOHECBRIT, KD pH 226.5 L ETH B o, WMLk FeCly 23Y vERgkKER(LEkD
BCUBET RIS, $RICIDZHMHAKLELLNS, LHL, NO-N KTL#FEPH 5.0 K
DEIHERORKEIRS, REROEFTERLI,

O £58—2 HAOKMER—IL L OKkBROERIEI 2V T ORE*

O—A ZEREMSXOCERLE

Knor % Sacus, PrrEFER 73 E@Eb‘ﬂ#ﬁ@i‘%ﬁz%‘%Lf:ﬁﬁﬂ’wkﬁ?&@%i?ﬁ@%ﬁﬁﬁ, Homcamp?®
(193D) I XIUEFTRT NOs-N TH 5, L Luass, KEOEREMIEN. NOsg-N 23X v, NHe-N
BEVDPTOWTIEE L DHENRD D, ENOBRCIOTHELRDL Lvbh s,

FHIC DX S RELESD, HEMEEOETCRETKROBRVELZRITT 57201, 2&DX
5 KRR & AT Ie DT,

ERFEORTIAPMOBEMBIC LD, NO-N K, NH-N RIZU NOm-N » NH-N 0%
BEREARDOIEEHT, THRLDOEDOEDICOVWTA#ED pH oMEickh pH6.2 K&, pH 4.2
REiehHd, &3t6 ROKBREZFZTI T, AXLLTCT » = Vil LEET O/KMHEEEZ TR0/, Kt
REZIRI12IAREY 72 ke Ay, 1RREKIC2HAEL L, AHROFEHIGEC 26, BEOHEIC
R 3 BT RO,

EBROF S BHNE, BEARAOKICHEL RBEWRBERDEZ LiTH B, RBIKBHROMAK, K
KRB EOVWT BRI TEn, TILOEERICOWTL, ER—10FEIC2, 3OHBEMLTER
X SRESPY N

* ARERDORKED—HE LR 28) RKL,




B1E B AR O KB E B K (ELLUTKBBROBEIZOVT)
Table 1. Data on water culture of two years old Sugi seedling (On the concentration of culture solution).
x FEEWRER KO pH NO;-N NH-N
N - Source of nitrogen
%zon}cgentratlon\ HOEHIRE and pH PH 6.5 ’ PH 5.0 PH 6.5 PH 5.0
ogofgz;:;e | Growth of seedling \\“*-\\\\\\\~ hdax.h&in.ZXverage‘hdax.hdin.l&verage Max. Min. Average| Max. Min. Average
% w | @ E Toplength cm! 9.0— 7.0 7.8 110.0—6.0 85 |10.0— 6.0 8.2 } 8.0— 6.5 7.5
Before culture; 4 fk E Fresh weight g1 3.3— 1.5 23 26— 1.5 22 | 24—1.6 20 | 22—1.7 19
1 4 i W 5 TOp length cm ! 15 0—11.0 12.8 23 0——16. 20. 1 : 19.5—13.5 16.7 “ 21. 0—13 0 16.8
—%— After cultur % 4 {k T Fresh welght g | 14.5— 4.2 11.8 | 26. 8—17.5 22.2 | 22.0—14.5 17.7 \ 17.8—14.8 16.1
) - W E Top length cm [ 6 0— 4.0 5.0 14.0—11.0 11.8 9.5— 8.5 8.5 13 0— 6.5 7.3
{%cre?gent% A kW Fréash v&;e%ghthg 1.3— 7.7 9.5 | 24.7—16.0 20.0 | 19.6—12.4 15.6 | 15.6—13.1 14,2
— e ndex of fres
EEREIER weight _,[ o _E‘i_ 1 62 _43 B 44
P I & Top length cm  10.5— 8.5 9.4 ' 10.5—10.0 10,4 ‘| 10.0— 9.5 9.6 | 10.0— 8.5 9.3
|
Before Culture #4 fk T Fresh Welght g ' 2.8— 2.5 2.6 | 3.5— 2.0 2.9 ! 3.5— 2.0 2.9 ‘ 2.6— 2.0 2.2
B B o o , o ,
1 % ?i‘ ‘l W B Top length cm i 22. 0—15 0 18.8 " 25.0—17.0 21.4 I 21,5—15.0 17.8 ' 22.0—18.0 20.2
=
ILO After culture | 4 fk T Fresh weight g |02.5—17.5 255 | 40.5—31.0 351 |28.5—24.5 26,4 | 23.0—15.0 18.7
" W E Top length cm | 12.0— 6.0 9.4 14.5— 7.0 11,0 ' 12 0— 5. 5 8.1 13.5— 8.0 10.8
il;crej#{ent% # {& T Fresh weight g | 30.0—15.0 22.9 |37.0—28.3 32.2 | 25.7—21.0 23,5 | 20.4—13.0 16.5
s phmfag ndex of fresh 1 100 13 51
=ETH weight
%A w £ Top length cm ; 8.5— 5.0 7.0 l 9.5— 7.0 8.4 ! 11,5— 9.0 9.8 : 9.0— 6.0 7.5
Before culture! #: f{k % Fresh weight g S 21— L6 L8 ; 22— L5 L9 | 37— L4 24 | 26— 1.6 20
Wow e | W J& Top length om | 16.5—13.0 14.5 i 18.0—11.5 16.3 '24. 0—15.0 18.9 | 17.5—14.5 15.9
T =)
;E) After culture 4 {& #H Fresh weight g l 18.0—14.0 16.3 23 5—21.0 22.2 31 0--14.0 22.3 ‘I 19.5—15. 5 17.9
i & Top length cm:us—ss 75 | 9.5— 45 7.9 |125—50 91 |1l.o—s55 84
ﬁcrejggent% - N} frgsh vs;e}ghthg : 15.9—12.4 14,5 | 21,3—19.1 20.3 | 29.4—12.3 19.9 17,4—12,9 15,9
. ndex of fres
EREIEE oight { 45 63 62 49
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(1) KBHEOHL : % < OKHHERD L TEMHER ICIFBR DO RELS T &1, RRRERZ
ThbH, EEIER— 1cHT, Kror ﬁ#%iﬁi&%b‘fofségiﬁ’wlﬁawi%@tﬁéﬁ‘éi%%ﬁ&Ot
2%, FTOEBITMRERELSHODT, EH— 2BV T, Kror IRICHW LR TV 5 EE 2
ELT, UWTORS XS EFOHREETE DK, Tihbb, Kror D CaO OEHFRITILIILEL,
L723-> T CaO/MgO OffiZ#) 8.5 TEL < Hve FH1X Kror #iiE N : Py0; 1 K30 : CaO : MgO=
4:2.6:4:6.8:0.8 ThHD2, HAKDEEHIIROSH ML E0HHEELT, AERITIVTIIN ¢
Py0; : K20 : CaO: MgO=4:2.5:3:2:1 ThHHAMMEEAEL THAI L, £ORKIZHE 2 RiTR
TEBDTHS,

2R K H oW o MK

Table 2. Composition of water culture solution.
ZHR Y
Nitrogen | M 0 o @ (0« @ NE-N T % B
{HFEE sources 4 3 NOs-N Element
Salts used
2/l gl 2/l
(NH);S04 0. 1886 0.0943
NaNOQO; 0. 1821 0.0911 N 40p.p.m.
Ca(NOg), 0. 0585 0.0293 P05 25 »
KH,PO, 0.0472 - 0.0472 0.0472 KO 30 ~»
KCl1 0.0261 0.0261 0.0261 CaO 20 »
CaCl, 0. 0396 0.0198 MgO 10 »
MgS04-7H,0 0.0615 0.0615 0,0615 Fe,03 2 »
3% FeCly 0. l4cc/l 0. l4ccfl 0. l4cc/l

KPHEDREIC OV TIE, EH— 1 OREOHFE TIZ Knor D 1/10 TWEDRENSIVDO TH 5
725, (1) TORICESTKAMEELZY V2 AfkafvbZ it Lo, pH lio#ZER EdEMSHh
50T, Kror IEORL 1/5 DIREICHEYT5 X S ik L7,

(2) AMER EBR—10RMCIL, BEOETLRLAKOAFETHRHEE 21 om, Ty
AR 352 T, —ROEMEERICHR LA DOX D IIEFFRETHOL, EHICOFME L £ 2 L
T, KBTIV 7E888 600ml TELL NSV tELT, ER—2Tk\V Tk 121 Y 2 1sk%
v, 13 AOWAREE LK,

(3) AHEDBER : B LB 5 407 1 =2 HVv-Okitr ik z21fTn o7,

IR W OK o Kk #H OE B Ok

Table 3. Data of water culture for two years old Sugi seedling

N BEROERIMES X pH , NH-N + NOgN
; Source of nitrogen and pH of
\ culture solution pH 6.2 pH 4.2
HOAHERE T—————— : 3
Growth of seedling Max.-Min, Average| Max.-Min. Average
BRI H £ Top length em | 13.0— 10.0 11.4 13.0— 10.5 1.9
Before culture| 4 4{k % Fresh weight g 6.1— 4.8 5.3 6,0— 5.0 5.2
BE KT R o £ Top length cm 54,5— 35.0 45,1 56,0— 40.0 48.3
After culture | 4 {k & Fresh weight g | 156,0—106.5 137.8 176,5—116.0 143.4
g £ Top length cm | 42.0— 24,5 33.7 43.5— 28.0 36.4
HMom B 4 tk B Frgsh wfeight g | 149.9—101.5 132.5 172.5— 94,2 138.2
Increment - Index of fresh
EFREIEH Geight 96 100




DY EEEERBEORE I X OB 5 E#IE GB

¥, KHHROEFRC pH oBIE 21775y, pHIfiA 0.5 LLEICZL L ArE721F N/10-HSO,,
N/10-NaOH THIEL7, F/AU 7SR AKEHAWD, BOEECIEAHBCHELT, M¥L e
RV, BMI9E4ASAPS 10 H5 HETO 184 B, MXIF X OEEOZ-ERTFENTKIL
oo AR DOEHLE 2 BfT/x07c, ¥/, 7 A2 5 9 A EROREOFRILES BEHRETHR, B
ROBIII0REES AL ARTAFEF T O R2IT T, KAHEOBELFICLHELTESEIHS
XowgD,

N—B EREHE L OHL

10 A5 AOKMETREDOA X DERDOE R, LRBELXHELAERIFEIRIRTESITHS, %
felR@mOEH #R L7z NOg-N, NH-N B4R T, pH {fi4.2 KOG OEE, £FEZ10ELT, £
hENEXOEE, 2RELERTTEEE3RORKFOLEY THS (FE-18K).

INBOFMMTOVTEREZMETHBEDEDLE D TH 5,

(1) k#hkOEROHAE

NOs-N, NH&-N oZgiR &K /KSR, NOg-N 72504 NH-N o&BARKO S L
DHRIFHREFET LI,

F7. NOg-N K& NHe-N K EASSINAEOEFTZILK TS L, Kiko pHick>TRAY,
NOs-N KT pH4.2 KOEH pH6.2 KO HD X D %, NH-N K T3 icpH6. 2 KO 2 pH4.2
EObDXY HRIFTHY, EHR— 1OFERLRAKTH O, DX 51 NOs-N X BEsHEHIC,
NH-N i it a v LpERIT X D B Th o/ & v 5 FEHRIE Crark 2 (1934), Davipson
5 2 (1934), T DS DMEERRIEMTIATME —FT 5. LeLBANCHRSE, NO-N &
NH&N E2ZBMICAWSREL DS, AENRETLIHFVL VAN THS 2 LBRBDOh,

(2) k#fko pH 0ZEL

- ZOEGEROD D —EHHICE A ABRO pH ZRIEL T, TOZLEHRRTHLFEIRCTTEEY
T, JKHHED pH OZ(LIZKBHROBRIFES, WEPH ic XV Eins., Tibb, KHKOERES
NOs-NOBZ&ITE, #1% pH 4.2 0523, £ 1-EHRIEL NH-N OB, $1% pH 6.2 04 pH @
ZEBAKREV, ZHTFERANCIE PH OZ(ESKREVE 3 E, BARRILOBACEEN TV HHEDE
FEEERL TV B LD EEZTEL, ¥RIDLICEZD LEAROEHREL S LSHET 5,

(EFelLTAMBROERREEIT 2 W O

(On the relation between nitrogen sources and pH of culture solution).

NOs-N NH,-N
pH 6.2 pH 4.2 i pH 6.2 pH 4.2
Max.-Min. Average| Max.-Min. Average! Max.-Min., Average| Max.-Min. Average
13.5— 9.0 12.2 14.0— 9.0 11.7 1 14.0— 10.0 11.5 12,0— 9.0 10. 2
5.5— 4.0 4,9 5.9— 4.0 5.0 [ 5.7— 4.6 5.1 5.5— 3.7 4.6
29.5— 22.0 25.2 50.0— 39.0 44.2 ) 50.5— 37.0 41.0 52,0— 40.0 47.0
55.0— 37.0 43.9 136.5—119.0 130.6 . 152.5—107.5 123.2 169.0— 80.0 114.4
16.0— 9.5 13.0 37.0— 26.5 32.5 40.0— 24.5 29.5 43.0— 29.5 36.8
49.8— 31.6 39.0 130.7—115.0 125.6 147.7—101.8 118.1 163.5— 83.0 109.8
29 91 86 80
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FROKHIFEER CHIE LR & —3
T35, OB, #EMH NOg-N
& NH-N & oFEEORE OB
R Z IR, NHe-N 0F
25, NO-N X» BRI 3
DA, —fRIHER & Vbh T %0

/ N L ribb k< HRIND,
: * 7, #)% pH 6.2 KDKED

L pH OZHEDFHR, W% pH4.2 K

& ﬂm Iﬂﬂ“gﬁfg Eéﬁ@) DHIDEYKREN, ZDZ L 5D
’ 2 2 ZRGIT
FIX 7J<$?F ﬁﬁP 7J< P 2 NH,-N OWISFIFE pH 6.2 O

PH FREINCARS &, NOg-N
81 n o HEA NH,-N OfERAX O K ##K O
“or . I pH oZfbiz, WFhows pH K
| . J /j j[ D AIT ST TR IS 2 1L L
so o L Y oo TDZ VRHEHR 2 (1930) Atk
$.8 F H H

6 r

¢ I

&

———————

5.z I

s.0 I

WOy =N ————-

NHe — N
NHe-N+NO3— N ceeeeeencecncns

%3

«s |

4 ’:

4.0 }

P

<
-————-—-—-6——(-?-{,_,,%0-———»
__—____._.__.___-_)

R SN

N
—_——

"
N

38

BB THE, PH4A.2 OHFHL BRTIVIDLEEX OIS,

¥k, KO pH 02 BERNicAR D E, 4~5AX0H6 A58 AhMIATTORAFE D4
BREMHOFL D pH OB KEL, 9RARES LSRN DTS,

ik, REOEFETLA NOg-N, NHeN BEKORFHE, EATHRKLUACHALLBELE
&, ASERRI VU LORIFRERRT Lis, LEnoT, ZEMMELERLZSD NO-N 10
NH-N OWPREOBRZERRE LA, $2FX (3) wrik#ikz, 12187 FFx kit AhT, &
OEFHZBEIC 2 ~ 3 @FF7R 27 2 OKHEE, P b AFHTH L THFERKFED 1OTHB LH
2bhd, 2L, SRBICOWTIE, EL&E2AV-5 X013, #BiEo (p.54 EBR—20) 7= Vg%
V3 EREYTH B,

o £ %

O L BREFER VWO Th, ThiiH Sh5EOWEBRIEEEADOE AL INITEREKOREDL D
D, INTNREDH, ThDITNTHERTHBINT, EWITBFIFET 3 & & 0ERFEIX
NOs-N & NH,-N OFBETHHZ &%, $XB5VS3ETHAVA, WFhOBRBOERZ XIS BIRT
EHROVTIL HL 25 S ORMFIMIVIEZINTELLZSTH S, 19304ERIITV DT Pirscurs 2
(1936), D% DEZEIZ LD NOg-N & NH-N L OHRIIOVAWAREHC X D XREIhD
Z L ZIEHL T ORBEOMENSHEOWTRE SN, JH 3 (1938), 3 (1958) itk v #BH s h
7o TNOLEENT S L, NO-N & NH-N OfEAEOCEROBIRFIRICIE, ) E RO SEREPHED

FH, WEMERNORIBIREBONPIELDOE T, HEEO pH, Y VB, 7Y, AREEDE,LDA
AV OURE, ¥ MnigEOBEESBEOKFL EHIRFAHICBHRL TV, BMEAAIMWRREZEL
TVW5HDEEZLNR TV, V

20X 5ic, NOg-N & NH-N L 3EECEEHOTH, LihlMEs bRITSh, HRERLs



bPBEEEERBEORE S X UM+ 5 &R D — 11 —

McF{EIN20TH 52, TOMPRBOBRZLEMRAM» OS2 L, MERLELERNOEEZ S
Twb, /bbb, NOs-N i3 N oRdELIhABTHh, NHe-N BRLGBETINAHTHS, %
72 NOg |3 anion, NH+ i3 cation THH, Lhi>THIEIIAEEIT LS Y, HETEIIVER
HETRTIOTH D, MEDINLOERWHEOIES S, EMKCBRFASh 2 FV-5v50
MEERAL, MOKOATCOARRAEELS ZLABSHDEBbNS,

LB TAMOBERRE L TD, AEBEOZEROVThLrFFTRLEVT, AREOERF RS
LTWBER, WirksEHcd IKEG LT, BIOABTCEL TV b0 LEbhs, Z0X5KH
25E, AXEOEBILKIMS NOg-N & NH-N EHBEBESLTVWEHEOER, Wihhr—J
DREDOEXZZEUHEA LV IRFTHOLEVS, ER—20RMIELDTRYELDIDOTHE LK
Bbhs,

B2 EAOBREHICHTIBINHE
EBR—2ICRVTORLE S, AFHLTH <Y HOKHEREZI RO L E, AFHCHBHST
P OROIELT, 7H=Y 37 A»58 Bich
T, 80 % BECHIBE LUK, MEBELLT
< VHEEBLTARD L, TORRKHEOERBC
PEIEAEL TKMPREOIEEAEEHETE LW T
W EBRET bR, FEARYA S UTHIER
GNCHERELADOT, ThzR5 LI ok
ESbPETHS S,

ZOFERE LT, 74 <23 RAICIT HERITFRN
HEOFIC X AHT 52 225, ABHRHOBRER
RBIZXBHDTRERVDPEVSTVE2RNT, RARIC
Winkrer KEDOFAEZEH: 8 CThIHRP OB FEEE
REBLTCHDE, 1.8~2.5mg/l BEICIAHEREN
ELLABLT2FERRDONL, LT T, FERE
WOKBHROIRES LR L, K OB RISEE
CRAT 5 T LPERREEZTT B RRE TRV
PEEZT, TNEEETSEMNT, KHB—3~ER

—6RHEVTT IV EHLICRF, /%, #5< FH A Ak#shiz 2847 5 <Y ORE
NEEEL T, E3HITEVTIROBEIRES, i Q)II{S':?::::SU seedling grown in culture
B SOV TREETHZ LT L,
I EB—3 AHEhi7s<yidT585808
I—A ZEBHEMNB IOCERG®E
T H =Y ORHPCECT, ATHICBRETRY, TOLFCRETEERLR LD, BRAKPER
g0,

ERFEODLELIX, 7TH=Y Ol 1EEEZNEW60m DU J 3 LRICER— 2 L RABEOHH:TK
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HLT, AHERCEROR[REZBECBRR &, [REBURVRBR O 2 Rk52H T, S5i&RT
DO BERIFEE NOg-N & NHe-N OoWBRIFICHT T, 1K 28HIE LT, 18I 3RO 14E
ET H=Y OERERTEZE LA,

BREBELLTE, T2FOREC 5 mm R 4FIETILEZDF b ORERA LK, K5KFEL
KEZOREE, — R PIIEB LR L FECEL LS, ZOFEARIENO X 5 icBbhi, T
DL AERY IR AKOEICH X, Air compressor TR 8 HpZE& KB RICE DT,

(R L 7B B DML AT D 2 FREB IV 2 b D X F—IC Lz, 7 4 =Y OKBHC IRl ek 2%
ETHLERDD L IEXLNLY, BROBELRLDTRLLAMBREEETHZ LIMFELL R
WEEZRDT, BEMCZOWEAVEDTHS, HEKRORGIE pH 5.4 L, WoOEFILE
C2EBREORIIIME & L, EREAMIIEM23E4LA0APLRAEI10H 14 BETO 194 BT
B, Ik, KHEIMERABHOWMFETTRY, KHASCIWR, #WEOAUSMISENCH L, %
7o, EB—2 0BG LFERIC, 7 ATE»59 A EEOBEROHIME, KHIKOBREMSBET LR L TK
PHRPOIBFERIPEIR T 502 e a v XEFE T 12,

I—B EBREELZOEE

EXOEOETRAELASRERETBHETRT LB 4RO X 51T b, T, BLROAMCTLE
BRI X DREEMELRTTELE 2RO L STk 5,

AR ABHShiT7r~Y 284 ERCHT 2 BEDE

Table 4. Effect of aeration for two years old Akamatsu
seedlings grown in culture solution. (Average)

Z2 F B s s SERIC X AR
A H Source of HADEWE Fresh weight g Weight incre-
Date nitrogen. of T bl Ed ments by
culture solution| Non-aeration Aeration aeration %
4 B 48 NO;-N 2.8 3.2
Apr. 4 NH,-N 2.9 2.5
6 H4H NOs-N 5.3 6.1 15. 1
Jun, 4 NH:-N 4,2 5.0 19.0
8 A 4H NOs-N 10. 4 11.4 9.6
Aug. 4 NH-N 0.6 0.4 27.3
9 A48 NOz-N 18.1 19.9 9.9
Sept. 4 NH-N 10. 8 15.0 38.9
108 480 NOg-N . 258 29. 4 : 15.0
Oct .4 NH,:-N 20.0 23.5 17.5

FARBLORE2RPLT7 7 = VBRI LV T OEERREIND, ZOFEERADHRBER
BTRLY, NH-N KDFH2 NOs-N KL DFRBKTH S, LR L, ZORRIIT4A4ATHEELH
HBUTESE, 8 A4H 9 Bihd THES bbb, 10 A 14 AEERITLEIOAEHIRED X 5THD
fro TOT EERFEHNCKRETL, BARK LEBRR EOEKEROFHEOZL DOV THIRE 2T K 5
L, NH&-N Rk Tiz8 A 4 BDEEHEIC>WTIZ10%, 9 A 4 AOEEHERSWTIES OFE
KETEEETH DA, 108 4 HOBZEEOWTIIHEERIIRD Shitholz, 8 A»H 9 RithidT
BLBLAOPHRBKELHEbhA0, ERCIIKMEOBTFHRESRIZFLIBITEOT, ZORH
DRAROMESRDIARELBEONELIOLEZLNG, Tk, BROBE LU ERMEBRCHT THET



P EEEEREEORES XOHIBICE T 5 HEMIME D — 13 —

e, RRICHLTHELV X SCRZT ORI,

DB XY, EH—3 BV TEAKOKMETIIHN
Br% <, EFEERTARETEORLT # <Y iR
BALS 2 LRI O TERLAKPEESIRETHE L
BEDBII, FLTTH<Y DRIIAX XD IMRE
REFEVWDDOELEZOND,

O EE—4 KHMEShiRF, e/ %, 7To<Y,

B 7= YT HIBRENR OB *
O—A EREMNKICEREEK

ER—3TENT, TH<YOKBIEIDHESEDE
FICBRSMETH S Z L ERBDINR, ER—4TH
TRTH<YDEPTAY, /%, 7=V E2MX
T, ThHD 4 MBOBLENROLE 2T 5 BHITE
RIKMER T DN,

ERFTEO KK, RIRROEBEIC D HBAK &R

Weigh

t increments increased. by aeration

%

40_
W
§30— / 1\4
“*; n / %
<}

020 \
5 \, %
‘gqo— __—0$er

B L
Jun. 4 Aug,-f'- Sept 4 Oct 14

ol KEEIhicT H<v OBLENED

ARZIL

Fig.2 Effect of aeration for Akama-

tsu seedlings grown in culture
solution.

Ko 2 BHEFTF T, EB—3 LRAROFETRIKHER 21T, 7720, KPHRIZERIEL LT
NH¢N & NO-N L OWMBRROZEREREAT, $2E Q) CRTHRD bO RV,

O—B ZEREHE X OEE

TRAWASIC1L A10 BREIZERBHALENL TEHETRT L, BERBIVEI®W T =T

EBDTHE (FE—2 BMR),

H5E AHMINAHADOBEHNE (R¥, /%, 7TH<VBI0HT=YD2HEEER)

Table 5. Effect of aeration on two years old seedling of Sugi, Hinoki, Akamatsu
and Karamatsu grown in culture solution. (Average)

WK

D

53 £ Growth of seedling

7 A 10 H July,10 |
WRIL LD

118108 (BEEKTHE) Nov. 10

" . : l BRICKL B
1t & i U ERE =R A
Species Treatment Ii?‘/’e_i'—ght #w R R R OAERKE %'Eliﬁt

Fresh increments incrgments
weight increased | Top Root  Fresh increased
by aeration| length length weight by aeration
g % cm cm gy %
A ¥ |38 <% Aeration 43.0 0.2 34.0 39.9 107.9 — 9.5
Sugi 41H4&, Non-aeration 42.9 35.2 37.2  119.2
e / % |3 4 Aeration 11.4 4,6 31.3 33.3 44,6 4,2
Hinoki 4E3H 4% Non-aeration 10.9 28.6 28.3 42.8
Th= i 4, Aeration 41.5 21.7 ' 25 29.3 65.5 14.5
Akamatsu | #5384 Non-aeration 34.1 ] 24,1 23.2 57.2
hT=Y @ 4, Aeration 64,6 33.7
Karamatsu | 4554, Non-aeration 48.3

* REBROBEAEO—ERZ Mk 33) KRHBE L=,
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HWEABRBRERE #1375

(1) 7H10 Bk
ZDWEE, ER—2 TORLL S, EEKE

Karamgq
fou DERITE b5 S KBHER OISR OK Z 1 X
4£j>4iﬁ¥\&ﬂ%u b, MABRAR LTI BN BRI THD, B5
/2.
f\%@ ERIVCEIMLBE, ORI 2BRE
Sygi

B e

=

B Rz e 3 AR 0 H0 38
3

RiA» 7=y RdIEL, 2871 <Y »EL,

Weight increments ‘increased. by agration

Mu.)l Jul)l Sept. Dec.
B/ %, AXIWHEHRENFLAEERDL N >0
FIX K#HIhEAROBIENE
(BHEIC X HH8E) e

Fig. 3 Effect of aeration for two years ' "
old seedlings of Sugi, Hinoki Akamatsu (2) 11710 A ORBET R Ot

?nd Karamatsu grown in culture solut- 11 A 10 BB RT b > TABTRIE 2 £ k&

o | R, WE, RERSICOSHELLHRL, B5E
DERYTHD, &k, #7<VETABHCHELL, Tihbb, 7ANEOrLROEESEHLT
EREYEL, RENOREBELIHELL, 2hiZ7 B3V ) BIRO - DIEFRESRE LEORE
HEBbh5,

FSREZODVWTEBRROEKEEZR ST, ¥ 119.2g, b/ % 42.8g, 7H <Y 57.2g THY
BIFsEFR2RL, KHREOMOBERLRCAEY AN LH OV S L ENTES, BRAPRIC K
HAEREROMMEBRT7 H~Y 14.5%, £/ %4.2%, A¥ —9.5 B THIADHBILT # =Y T KkEL,
e/ NS, AFRBEADHRBRAD Hhvic, MROHEIHEARDIER X ) BRITKELRbh,
—RCRENELS L5, BEVRPECELIAFTH, E5ERICFE—21CL5 L, BLAICLD
BREEIEL 2TV 5,

(3) BRAOHRIC X 5 RKEMEMED A FIZE(L

AREOBKRDOIRIC & 5 REHEMEO ANELERTLEIHIC L3 &, BRAOHROKL VWA X%
BTy Th b BRORRPEFECRDU AN S, Thbh, 7H<YE6A» 5THIT» T
T, e/ F¥RTAPLIACHIT, #7=YiE5 A5 6 A, GRROSRESARIC ERL, D
LEVIETELTY 5, L 2T, BAOEEIAFTONEMC IV UHCIRB S0 EXH T
LBTEDLTHS 5,

ik, BBAK LBAK L OLKREREOFHEDECOVTHREERT/ ROk, TOBRE, 68, 7
REBUEH F=YiR2nTE, 5 BUNOERBTERELENRBDON, €/ %, THYiLOW
TIX 7 A2 5 10 A E TOMIL 10~20 BOERECTERD LN, 5 BUNOEKRECHEEREIRDLR
A0, FHRO X S LBROEDOREKOFERNRIEMTESZ IO LEXTIVTHS S5, AFITOW
THRERT L ORI, BROMRSERNCA LIERBDONELD, Tihbb, BREHRSFHE
EACBEDh ORI LOMETH S,

A FIOGBRMR BB LNV DX, A X ORIZEERRIT T HMIESBVZ LI X5 THS 525
BAFRCIREN DB DO LEDbN S, FERICAVEEREE T, K[EORE L & HITKPHELIE
BL, ThittdBVWERORFRLIHEL T, DENCRRIBEEORELZILdDLHEESND, 7
NIRRT < VIR OBEEREIE VD, TOLILBEELZITITL, LRBIMHRELERELhS D
DEIFEN D,
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I EEE—5 AHHROBREFEBLBIOVIR (7TH=Y)*
M—A FERHEHR XOERSE
BROMROTBKRENT H =V COWT, KHROEFEIEEN NOs-N & NH&-N L TRELD,
BROMEIE NHe-N CAEVZ L 2ER—2BWTR D 7025, BM2AUEECSVTIERRE
NOg-N, NH¢-N Dig»ic, NOg-N & NH,-N 2#ZFBHTRA LR % S S, ZRiFE 3 EH
DFRFIELT, ZORDEDIOPVWTELAK L EERE L 2H T T, BRAOREERLL, 1K 2§kl
LT, 18K 3ADINM 1 FAHARIRCREE Lz, /Kt bCIBROFKRIIER—3 LFEKRTH S,
EERWRIIEM25 £ 4 B 12 A2 SF4E 10 A 16 A ¥ TO 187 AMTH D7,
M—B KR & T DEE
10 A 10 Bk 2T OO B ADE TR Z FHIETTRT LEO RO LBV THY, F1IE4
DRI X 2EKEZOEMEDAFNELEZBLEEFLARNCRTEESD) TH S,
F6ER  AHHROEBRVELBISE (7THr<Y 244EH

Table 6. Relation between nitrogen sources of culture solution and aeration
(Two years old seedling of Akamatsu). (Average)

; £ F 4k & Growth of seedling
Sources of 5 P s S
nitrogen of & X A& # \ | X B
culture Treatment ) 5 R & £ HER | Weight
solution ' Top length | Root length |Fresh welghtl increments
I 'increased by
| cm | cm g | aeration %
. W 4 Aeration 26| a1 | w6 |
NOs-N B S,  Non-aeration | 23.2 27.1 I 51.0 12.5
_ i 4 Aeration 1 23.3 27.3 | 64.1
NHeN | 4% Non-aeration | 2.2 | 25.6 | 48.1 ! 33.3
NO-N |3 4 Aeration 2.4 | 2.3 | 655 s
NH,-N 4% Non-aeration 24,3 \ 23.2 ! 57.2 :
FARK LS &, BROMBIIKFEDOERED =
Wiic X > TRE 5, Tbb, NH-N ok 2%
T w50
ORHIAEL, NO-N OKHEDH & 1/ & § .
<, CORER—3 OERBEREAFHAT B LA Gpw0 -
e 4~N + N, -
T&7, £LT, NH-N & NO&N EpsigfEL T 2% N
YHEG % - _n;:“ 1 N i Il }
V‘ét%éalﬁﬁ&b%bi, ]ﬂﬁ%@qﬂﬁgﬁ‘f%“)fha = h— 5\-0/ T T \L\%‘N
ﬁﬁ@&b%ﬁ: NHi_N b:j(%ll\c tbiy ?”CLC Mu.y Ju.|>/ Sept Dec.
ArrineTon & Suve3® (1937), Arwon 3 (1937) FTAM KHHROBRIE L BLHR
. . . - . (Th=v 284
BENENR R < b, RIRICOWTRD T 528, & Fig. 4 Relation between nitrogen sources
ZEOT Hh <Y EONTOERTHFRED & 2 % 18 of culture solution and aeration
) " (Two years 'old Akamatsu
7o THIIERFHL, NOs-N ORIRSEE ORE{LAE seedling).

X DA ORILIER S EOWBS L THThbh, Thbb, —EOEIERXThbh5dD
L#E25, Tbb, Geirt and Suive3® (1942), 37 (1945) HIEHL A X 51T, THEERIMBROMERIE

*  ANFEERO BRI — & 3k 33) LREL .
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T sBMEOKRIEL LTREDDDEEXDZENTESLTHS S5, ThIKRKLT NH-N D4
iE, TOX S hBILERENL VDR, BROMESAKEVIDOLEILDONS,

N E£8B—6 KHKOZEFEIES NH-N THEHEOBRASLSUC Mn FIORE (AFETH<

v L DB
W—A FEBREMRXOEBRFE

EER— 4 DAKMERICIWVT, BRIEL LT NO-N, NH-N oWFIREOEHREZ &Lk ERA &
BAT, AXIBLNERRD L ENTERLDR, O ERFHILITRENTORICL I, BXR
OFECHEESEHHITLTD, LRAFOROBEERERT H <Y RELLORTRENZ LT DD
ThHHLEEZDND, FERIILEDX S BHHEE S OTVBAF TIIH 52, WEHROKE {Hbh
% NH&-N 2 E5TLKHHREZRAVICHEATE TS, E%ﬁﬁ%%ﬁiﬁbh&b%85ﬁ>%7f% BEYTAT
VAQ@Y ol '

ERFHEOHSE LR, AX1FEHE, HBORDIT # =Y 14 &% NH-N 2&Lk#hi T
HEL, BARKLEBAXD 2 RFZHT, SHEEEDQLDAREFABRDORESD B & Vb 5% Mn
EIRINOS R % FRENCHRET 572012, FhFNOFRFIZ Mn FHK & Mn ERNK CHEK) &
5, A4 RBR AT, BRSO Mn fINOBREER LI, K AR EEROFERE
B—4 LRRT, ERUMIBFM227ELA 12 A5 LFA4E9 A 16 HETO 157 ARTH %,

7%, Mn 3B~ v # v MnSO4 % MnyOg & LT 3.0p.p. m. HEEZFMLICA, RMEDOR
FOHITIIEESL 5 mm T EOMS R LBE—REITE L LA 2nd 0, WL Mn BREED X 5
CBbhiDT, ThIHIE Mn g% 1.5p.p.m. & LT, KHROEHIGS LTRML I,

N—B EBRERLLTOEE

9 A 16 A/ ZKT LAROBAROAEBTRLEZEHETRTE FTROLEDTHY, TRBIALD
CNZ Mn FIOFRIC X 24 KEROMINBORNIZELIY, B5NETTERITH S,

Thbicksl, AFIRVBAIIBEOWHTE S NH-N 2EHMICETABRRCEVTD, BR
SN Mn FINOBRBFEDNIEVED D THL, <A FRADHRERL TS, ZhIZHLTT
< VIRFLVIIRSEBO SN, /2 Mn iMozhED 77 2CBbhTw5, Tbb, R FI3k#H

BTE  AKHHROERED NH-N Of&ickid 2888 X0 Mn RO E
Table 7. Influence of aeration and Manganese on growth of two years old Sugi and
Akamatsu seedling grown in culture solution containing NH4~N as source of nitrogen.

A ¥ T h =Y
1= 1=
. B Treatment mE kwE FREE me oapm GRER
Top Fresh Index Top Fresh Index
length weight of fresh length weight of fresh
cm g weight cm g weight
@& Aeration 36.6 88.4 ( 83) 15.8  39.4 (177)
B

KBV Mniffn Aeration and supply | 357 g7.7 (83)| 13.7 329 (148

#BAT Mn i Non-aeration and supply | 3¢5 940 (89)| 153 23.2 -(105)

of Mn
HBELAGHR) Non-aeration (Control) 9.0 106.0 (100) 14.1 22.2 (100)
A RE I RIE TBERENR —
Effect of aeration on weight growth 6.6% +77.4%

AFREICRIET Mn RlmoxhR _
Effect of Mn on weight growth 5.1% +26.3%
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BHATEBCRZ 2MERZORECFL TIE, v/

°

&6 —e— FHRE Aercted .
¥, TH=Y, #7=<VERNVEELRIHLLE g ——e-— BRzmsw Mo il 10K
s Aerated ond added Ma
<, ELDTUMHEIBRVDDOLEZ LN, gﬂm'
V ORR—T  EAOHETHLEICHT b EP ///
2 1/
V—A ERE®HSICERFE 5 p
o 2w 9 / Akamatsu
FER—A~6 DERICI B L, RFIIABRICHT I //4 _____ e
. s2 > L agE . g . —
6@%’%%?&\/ ZEPRBDLNRI, Tibb, A¥ %\'ﬁ'ﬂ .\:><:&r--—-.s -
DIRRILETTHIREEC D XWX TEFT T 588255 2 4% 3
5hDLEXLNSED, ThEISIIRIDHETIER May July Sept.
LitneEx, 2F¥0L50k (2), (b) O2/ED  msm kroEERES: NH-NOHEICE
EBR BT OT, F5ELE 50N Mn iFnoRE (244
, - N 7 H =Y E)
ZOFEE, (2)ORRTET S HAK Y + 28 Fig. 5 Influence of aeration and
e - 3l = 5 Manganese on growth of two
[ (& 5 -y .
FELT, ZHCHIGURE R REHOLRE D, years old Sugi and Akamatsu
AFBIRLBEOI D/ ¥, Th=Y, 539D seedling grown in cnlture solu-
tion containing NH,-N as source
1F4H%3 A 12 BCER L LEORKEDHI50% of nitrogen.

DEXKETABCEKL TERCAEBT IR, 7H ,
10 B bAEKG ZEKED 100 % b2 < £ TEAL TEARKIEC K E, Thb4BEOMREZEAR
DEBFRUOZELEZBIET D L X h LT,

F7z, (D)OERTREMAD R FRBORFE (K 30cm, H5ecm OKRE ST, —HOHEPIRFZE
BELLTVWISIE, LVRTFTLETELLSCHERLRL) DEDHST, PKOHERLEI2 cm
&, TOLMIcEL 15kg LTV 73002 (B2 %HEYE) ZEALLDDEFRL TELIK
BLL, SHLTFOLERTIIHBOIDBERED L WVIBEDD, BRI L TAXRSITHEDH
Bde/ ¥, Th<Y, #7<vD2EEDOEA%Z6 A 1 BCIDORSICHEE LI, thd4iEoEK
ORFBIRFEOTHRCH LT V7 v RBEALALELE, T/bb, BTt EELERL THET K
Wz, 9 A 20 BICRMEORE,» HBIEEL T, Zhb 4 BEORITHL IR oI 2 B L7,

V—B ERRKE L OEE

ERREEENTHEESRILRT LRI TH B,

Fe (a) Wk dE, AFXHKGEBEfRECK< L, 8 ATA» LEASKBEEL T TEE
KEHPFRICL D, FNTHRNBOSHTHWEDEFEZRL, EITHLECHT P It 3 #ifE
L BRTEDWNZ EMBDOND, THIMNLTHF <Y &b ) FIHETHBCN T SN &
bHTHL, ERETHICIE Y 5 <Y IZKES, b/ FREO—EHBFETE L, 75 <Y EIERICK
D, HEORIDHBOHICHEL TEL, £FREBRR THOLBHEET 2CRESLHh ok, i
HAZR Y P POBOIELLOREZEETHL, #5<vi/ *ORBELIEELRZTTED, 71
VI D) OREEXZF TV HORHLT, RFORILNELBELZI TV, Thbb, 4H
OEBROEFRTRFH—3RLTT LT, ZhDOABBEOROMEMEIL, A¥>STH<Y>E/ +>HF
~YDIEICKEL, RFXOFHEMIIE DD TV T LHBRBD LI,

FR (b)) THWT, BRSO TRV RTHLER (BL+7 v 7 ) 2EET 5K
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Table 8. Relative tolerance for reductional soil on some conifer seedlings.

% 5 A OE =R A X e /% Th=Y  hI=Y
Experiments Item investigated Sugi Hinoki Akamatsu Karamatsu
i
' e 1952, 8.20 + +++ ++ —3R
E B (@ Dﬁ&‘-%&%fgf Partianly dead
o W Ferhdh T+ e
ury 1195210, 1 + —ERF5TE +++ KIS
Exp.(a) Partialy dead Mostly dead

Tolerance for kX 0 A DERE
excess-molsture

soil

X 100
SR OB ARDLAE )
Index of excess- 83 60 41 35

moisture injury

=

) " ~4E ‘

it s| STOLERCRER | g —gma mELne

E;ﬁﬁg%) Degree of development
’II‘)élerance for of root through Root Penetrated Root did not
reductional soil reductional soil layer | penetrated partialy penetrate

REEEELCERE, FE—ARRTERITHS, Thbb, AFORGELHTEROTRE CTHE
LTV5%, 73<YOREEO—=HSETHHEBIEALTD, TZTRELZZIHELZELELTE
D, Ffce / FOREOTLRERBLTVS2, AFLLALRTELEDTWSL I EBRDLNI, &k, ¥
5 = Y VIHERE BHETE L e O TEREES ST L,

ko (a), (b) OEREMED, D R FILETLHEICH T 2\MIERE LD TRV FEZ 2TV 3

LDEEZLND,
i Z =

HEHORIIFOBEC LV TN ThBRERESRRD, BRORTIIMENOEE LIECERED D T
LS EThRV, EWCHT 5 E[OEELHANL I, LIZLERKAMESAVOh 5, R
DWTREAL® (1950), ZAS 3 (1952) ik EDMRKMPBH D2, TN T7HTHh oY, JALE
DEEBZHRE LSO TH D, $HERENRE Lo OEIEDS ©(1958) Dl LR D 25D
BTH B,

AHOEBRORHETIE, AF¥REL /¥, TH=y, #»7<vRELELD, KRRPTEVTRRSIR
BED LNV, Eiz, BAKKEO®ELERLT v 7 VIEINC X2 TRITHFRBIC L £ L Tt
OB X D EEELZ T LRENLTV., ThbDOEBRERY DA FOROBER R i\ LIBTHIRRIC
HF BT, OB DRTEDLDTHV OB Y, AFOEEMWFED 1D THHLEXD
TEMNTED, AF¥N Be A U Be B B 0 & 5 HETHER O LBOFIC XL EFTH0D, L
oL S HEBHICL 5D LERIND,

T LT, #7 <Y EHTAEOB VAT TIROBIWRARET B 05, E7H< YRR
BOBILLBOFTCIFATER T HEEIR, ZhbOBBOROBREREIEH N LEZTRTIOT,
R 2 5 OBES KB SV TRSPROKREVW LR XS TH XL HESh S,

(B3 BADBROFR

MHICENTRE, /%, TH=Y, #5<vikEORBEECHT HBRMEE, BEC X VMEE
?5:&%%&6%t,:@:tmit,:hB@ﬁ@@ﬁDﬁ#KZKﬁTémﬁ®ﬁ%&%%Bb?
PDLEEZOND, COBERE, ROFBEESZNALOBMECL VHET S L IERTHOTIE
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B EEZT, ROPRIZHET D2, 3DEREITRO], ERIIFLLTAF LT 1~y L2XEBH
AT o7, ZOBEBIEA FIRRIRFBOPLCHBEOHHM T LVRRETRTOCKL T, BRHOLET
ERL TV ST CIRBRRSEETH D2, 7H <~V IR TE X< EKRT B LV OIFEESLD, 2¥D
ROWEFEDOESIITH =Y XD IBVOTIRVSEEZL 1L TH 5,

I EB—8 KHROBEMESEEOHEDORE, 77 < DROIEROHH *

I—A EBREAMNRSICERLE

AFE, Th=YOROEREZILET 500, RICLZKMEHOBFBRIEOTFRHERE (ZTEE
MRELRELTEL2PXBWTDHAHS) ZEIEL,

EBRHEOREN, HOrUDKPHEREL TEBLTREVAAFRIVT 7 = v O2FEERE 11
BORAE Y UMIEEV =+ A LEZRERZWSEVE SRS TH S) ITAh, ABO L THEET

IR AP ORERRILHEEOBEORIC L 2BRIEER

Table 9. Dissolved oxygen consumption by root of two years old seedlings
of Sugi and Akamatsu(In case of normal dissolved oxygen level).

| . . MEEAMR lg
: B E Ao g B WNREEEEGLT) bich 0% |
; Size of seedlin Dissolved oxygen content BEE |
FEHRES g in pot (Og in p.p.m.) {D' colved
xrerh. Sheci| oxvoen | 0 %
experi- Species 4tk E ERE B\ ERINAR SRR ion |Remarks
ment : ﬁ?l:f?f::)ﬁ? Fresh Dry (A) (B) (Yﬁjﬁ_i cor%sum;rartlls)n
| seedling weight weightl!Initial  After (B) (pel:)r. pl'g of
g g | value 3 hours dry fine root)
% ¥l g 75 8103 8.1 3.7 4.4 7.6 |7Ki
Sugi | ERIR. 0.5752 ) ’ ) 26°C
b e e e .
7h=v| T. 12.0
Aka- T.R. 0. 5735 8.1 5.2 2.9 10. 4
matsu| F.R. 0. 2792
% ¥| I 5 oesar 700 2.2 4.8 6.7 |
Sugi | pIR! 0.7135 ' ' ' | #5°C
2 e b
7h=v| T. 14,0
Aka- T.R. 0. 4569 7.0 3.2 3.9 8.6
matsu| F.R. 0. 4497
=« x| T. 61.5 . FKiR
Sugi T.R. 2. 6020 7.9 0.9 7.0 6.3 |27~
F.R. 1. 1077 28°C
. T. 53.0
éug?‘ T.R 2.7956 79 2.4 55 5.2
F.T 1.0307
B e e
7Hh=v| T. 13.5
Aka- T.R. 0. 7497 7.9 5.2 2.7 32.9
matsul F.R. 0.0815 '
7H=<v| T. 16.0
Aka- T.R. 1. 8996 7.9 3.0 4.9 14.9
matsu| F.R. 0. 3299
i N. B.: T.: HARDH LE Top of seedling, T. R.:E Tap root,
F. R.: IRINFE (kEfE) Fine root,

®  REBRORIED—E & 3K 50) KRR LI,
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5, ZOXRy + BB LCORT, KHEEY A 72+ vERWVTEPIT1,00g Whd, ki, KiHgd
DEEHRED 5 UDHIEL T, DFCFRUMIT 7 « v TEAY vOWEE BBV, ZRE
HERTL T 3R E LD BT, KRO—8E24 1 7+ VERVTRES vORITE»TED, KHO
BEBRESNT 5. T L UEENBOBTFREROZ2RDT, BOMERRE & L, &k, #A%
VWAEWHy bR LD D, ERRVRACDOEFABRICAELTa v ibr—LE L,

COBOEBRTEBERMBTHELEARPERICEFT LTSS, LTWARVLPRIDTHED OEES
H5HDLEXLLNLDOT, HREOBRICITHLOEEZIIO W, WEEIXbHAADT &, REDSR
B WAERE D TEBRYFA— b 02, ERHRNCHRT 5 ERIMEEN 5 MI DL 5 ICE
i,

IR OB FRFEDOSHTIE WinkLer HEEHE LB RES 2V, mg/l TRR L, 7, B
DERTIRET 1RMd A b QMR (BELRELTWEWES) 1g 7 THERL.

I1—-B ERE#METOEE '

ERREEE LD TERTHE, FIRKCTT LRV THE., = O E » AT OB HFREORE
(A)—(B) DERAF LT H <Y OMIL—EDHMZBED bhia o, MBOMEE 1gd 7o) OBHE
BFRBRBEIAXID DT H <Y DFFEREPOR, Thbb, KO BIIRET # <Y DEFBRF
IV IREPOLEVSER—4 ORERIY, BROT A<V DOROENRAF D HIEEHREERINENK S
POREVOIETEROBERICIDOTILER SN, BRNRLIBOMEERE LOMITIE, & 54
BB BIDEELBND,

I ER—9 AMEORERESKZREOHEDAX, 75 <Y OROFROLE *

O—A ZEREMRIUCERFEE

EBR—8 BT, KHRPOBHERENEMCHEVTH7~8p.p.m. BED, THbLIBEHEHERED
ﬁﬁ@%éﬁ%ﬁéx¥&7hv?@ﬁ@WWEKOMT®£%%ﬁtv,7ﬁ7V®m®¥ﬁ§§£ﬁ
DORFBESEAFOLNLY DREVT LEBDR, LLTE2BME LT, BEBREORKZREDKH
BHCKTDAFLT H <y ORI L DBRHFHRROHEERZAIEL T, MAKBC ST 5HBEOERD
BEaRs it lic, ERFHEORET, ER—8 LFEKRTH DM, 7/ Ny FRAEZRERL, B
BEFEL 1p.p.m. LFIET Sk EAV RS BnER—8 LR 5,

KHHEF OB FEREE LB IR 5 HEROWTIE, —%iIC Bone 3#E Ny #ARZALERD S
7%, Bowine B CIRIBFEEEZ Amg/IDTETHRAIR L Z LR THD7A3, Ny ¥ RAREALFEIT
X5 LBEEEL 0.4mg/l BEECHOSEL L LNTEL, Thbb, BERY~pbTaEREL
T Ny #REKPICRERLDOTH D0, TAEDRIMTIIN FAT 4 L& — 2T TREBT EHL 7R
X5, TOBEAKEEELKDEMENSAE VIHEITIE, Bowive L FRICIAFHREY4~5
mgll UTCHASHDHZ LIXTERPOLY, MIREVvERVTEME L2/ NITE LI XD 0.4
mgll TOEETHROSEDTENTER, Ng #ARRERAL S LILERLPTHE T 7 « VR,
EBREOEMBUMTL THL,

I—B EREME L OEE _

ERPMEELDTERTHE, WIORCRT LRI THD, THITE D LB OBIFIED 1

* REBRO RO —ER & K 50) KRER L,
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FI0E  ABRPOBFREIPRZREBOHEORIC L BRHEE
Table 10. Dissolved oxygen consumption by root of two years old seedlings
of Sugi and Akamatsu (In case of deficient dissolved oxygen level).

. . & B Sk lg
" & 7} MO (pp.m.) LR
%Site%ffegﬂigi Dissolved oxygen content| gg%@&?
;%\15%?)?— & in pot (O, in p.p.m.) Dissolved —
experi- |Species | 4tk B R E R EREAR SRIN% oxyee: , |Remarks
f BEARDES “Fresh | Dr CA B)  j4mg (consumption
men Part of : Ty S s ! (p.p-m.)
seedling weight weight|Initial After (A)— (pef .lg. of
g P value 3 hours (B)|dry fine root)
T. 51.5
T.R. 2.9893 0.5 0.5 0.3 7KZE‘28°C ,
z ¥ F.R. 1. 8483 L0
T. 36.0 °
T.R. 2.3332 0.7 0.3 0.2
F.R. 1. 7518
1
T. 19.0
T.R. 1.5191 1.0 0] [¢]
o F.R. 0.2721
TAZI| T 14,5 1.0
T.R. 1. 4132 0.9 0.1 0.1
F.R. 0. 7020
T. 78.0  2.1432 i
T.R. 1. 2965 0.1 0.3 0.2 \Mm .
.| E.R. . .
A % T, 70.0 0-
T.R. 2.1240 0.1 0.3 0.4
F.R. 0.7012
2
T. 14.0 0.5996
T.R. 0. 5272 0.7 —0.3 0. 4
7r=v| LR 0.4 -
T. 11.0 °
T.R. 0. 6851 1.2 -—0.8 1.8
F.R. 0. 4423
¥ N.B.: T.: BHARDOH EE Top of seedling, T. R.:HEIE Tap root,

F. R, : BINAE (#E4) Fine root.

p.p.m. DA, AFRT <Y XV BEFREOHEENAEL, ER—8 LEHOREEEEL, %
7o, WHEBREEZILIC0.4p.p.m. ETERTIRLPANE, AFORIIZOL S HBERZOHBETD,
Tk k ISTRE R L OMIRIC 725 % CRIUEE LD LT, 7 < ific kBl oS ik
PEINL T BEEIEPICHHE L TV 300X 5 KAZFI b, 20X 5 KEERS OEILAILIRET
BIB, AX LT H =Y OIROFBOERRIL, FADOKR—8 DFAD X S L BIBRILATREDH & &
BEII KHOHERER L. WEZOBKRZILCHAD XS5 THDIC, ER—8 L UER—9
OEEE—FBLTRRTSLE6RDL 51T b, ZRHOLOERKEND, AXIKBKRFOBEREN
BETLTh, MBOBEZ ILKFBTEHENSLOIHLT, 71 <Y OIRIEd 2BEORESEN
g, EXEPREAPEEINREVIDOLEELLND, AF T/ 208 5=V LRLD, RERES
DIBRREEC LRI METEET 5013, AXORIT B0 X 5 kD 570 Th 5 &L R X
s,
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Dissolved oxygen consurpticn

. l Oeinmgperl?
32

. R X Sugi
° FATY  Akamaisw ::m
L]
14
Dissolved. Oxygen consumption |12
BRIz B IFBREHRE . 10
Oz in mg. per L ° 8
1.0 o
o ° 6
)
A 4
0.5 T
o 3
)
o o T
T ﬁ . . RIREMIE LA 590
0 1T a0 Wi BRETEHBES
09 04 10 . 7.0 - Dissolved. oxygen
- level of mediumat .
-04 | Y begirming of test
-8 .

BON AXRIVTHh=v 24 HORIC X DIEHFBENEREOLE

Fig. 6 Dissolved oxygen consumption by root.

W KB 75~ OROEIREENS L IEELERS L OFROLLE *
W—A EBOVELDL, BEIRXOEREHE

EBR—9ITRWTIL, EFRES 1p.p.m. LTORERZRETS, A XORIIES X MBOEY
BELEET DS, 7Y EHCEs DEELHET 550 X 5 KRR bhi,

7 H =Y EORIKRCERE, HIROBEE LA BIBIE DB ST AR T X 528, BUBHRITIFEHI
ROMHTELBETHORNLT, BERIBERZLEDN TR LMET 508, B THEIN
%, T THEEL, ER—ICETD, Sk LIRBIDEITT » < OIS SKBRE P ~EE S HEH
SNTVH LS XBLNDBRIE, BEHLEBROHSVBEHRL TV HDOTREVAD, THabLEUET
LHBOEEL TV HHIROIS & FIROFEE L TWEVEROES & T, IEROMEXINGES DT
VirdE x, HROES L EARDERS & OHBOITER O 8% Tl D7,

ERGHEEMEIIS 50 MK D BT o fiiERIC X o7z, Tiebb, N/10-NaOH TH7 A 5
VI LCKIBAKS0cc R (7 =2/~ 72V Yy TEBIETHL) K 1g DREMHBAZRELLZDDL,
HBEFRIZ L5 CO; DHHICI V7 =/ — A7 2 v/ OFRLEDORERKHEZBIEL T, TOEEICXLY
R DT ERD T Z LT LT,

ERICAVIT # =Y ORI, ChE2BEROESLLFEELTVEVERORS &, HIRCEIEHIR
DFEE LIS, BICEIROES O 3 SDOBEDIRIMAMA T H T T, ThdEBERITHLE,

M—B EBRBH L L OEE

* AN FER D R D — B & Xk 50) iICFER L7,
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ERFELZENTLEETRCRTER DT, HIROBELLES DS
DEROLS & D RERESEL, MEIERAEATHD Z LPEMSh
7o BHITHEVTD, MtV Th, 7 vy OFERBLEORSEL
WIS THLERBTIRVRELAY, ELBRALEOL IS TIIFEL
B2k TH LR EROX ST, TH~ Y OEROFBRIEALE
LiRXB30LEZLNG, TN LTT 7~ OERBSZFERIER
1L, LA o TEREERS L 0 iXBHRE T LB 4EEF TS
CEMTERLDLEBbNS, ¥7H <y OERPLHEMNEBRTR LA
PhOTELCETHET S DL, LBOBHKIZLIDEEZILNS,

¥V ERI KHROBEBRROKZKEOHEGDOAF, TH<vyD

EAR D S OBFEOPH
NV—A EHBOWESHL, BB IUEBRFE

EHB—10ICX D, 7H =Y OERDOS FEL TV HHROES OIFIR
DXV, BHROIFEAEBELTVWEVEROBS L VAEVW L2
Bic, Lo LZHIEREEEKCANT, TROLEFRESFROLS
OHRETH Y, H2BME L THEFRESPKZREOHRINLH T TE
THEREEDTHLEND L LHEIOND, LOBMIEB—4CE
W, 7H =V IBESKZIRE ORI ® ®
i, BerbRrOBBEEZHRTLIEOSNR
BEMNRONDTH B2, b LRILD
EBEHEHATRDbR S & ThiE, Thi3E
1B (ERIEFEEHS) X VTkbh30
TREVHEEXPLTHS, £ TT
B =y OERIBERSIREBICIL S LR
EHHT50TRAV2EVS JE &
T, ThEHPETHD2EIBR5L5
TR EBRE TR DI,

Su.gi

Br®a
Thionine @
Bitizs3
BeoRs

ERFEOKE, 1125 OBERHFH %,
HE5 &R L BB o @ T thi-
onine JFIEHITIR AR L, ELH thi-
onine MEMAITHEE L TE{LA D thioni-
ne LTI EI»EHETIILIC
o, BRETHz LTl

KERDIERVE, ABHBRE (NE 3.5 cm,
B 22em) 3 AMELT, HIHR
FTEOK,

* A SEER D FRAE D —HR % 3Lk 50) IKFHE L 7,

+ indicats oxy-
dation of the

reduced form

3 [ 70 Jp o @0

thionine.

004 [0z 1{02094w Ypm 004 dof

€:7) — 23 —
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X HHBIFROMEE
Fig. 7 Tissue respira-
tion of tap root (non
mycorrhizal root) and
mycorrhizal root of
one year old Akamatsu
seedling,

0]
Akamatsu
<« Paraffin li%u.id
«— Solution of reduced.
form thionine
+ 24 8% 8 1%
Aftel" 24 hrs
+ 48 B3P 14
Atter 48 hrs.
58 &
After 5 days

J004 d'n_L +
wm

(3004 [D21Y4d02Kii-uoN )

FEH TH<=vDRICKSECH thionine DEE(L
Fig. 8 Oxydation of the reduced form
thionine by the tap root of two
years old Akamatsu seedling.
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@ HROBELLNBEZBREL TERRSEIEB LT v ~vE

®@ ODXSTHITHROBELAREREL L VWELROSELERFZDOT # < vl

HBEORDDOEBDOAFHEH
D3 EEOHEARE AN, THICETE thionine WHMMEELAE LW LARSML, % LTk
4377 4 v'C thionine MBEZFICL VRILEIh THRRECEILT 0%V, T L TRBRERIATIC
BT, 24 K, 48 Bk X U5 ABRORNEEE L.

1%, ®ILE thionine FKOTHE KT, BtA thionine 0.12 % 2! OKTBMHL T, TODE
WEHTAT A NE—%FDOT Ny #RERVIPLRERE, BESFERZKTEIES, Zo thionine
WIT HaS:04 #IN% % & thionine AMRILEIN T, EAFEWORTH thionine Tind, T DHWD
FECHESHMITTRT XS ITiHE 7 7 1 vEnz, AROBKE LKL TEL,

N—B EBRREE TOEE
ERFHEEENTDE, B 11~12 RESLTCHHBOE SRR TEEI THS,

FILER A¥LT7H=YORICX 5ETLH thionine OWLRE (FD 1)
Table 11. Oxydation of reduced form thionine by the non-mycorrhizal
root of Akamatsu seedling. (1)

5§7—Ei“ Tl}ionin;: @é?ﬁ%{t?ﬁﬁd
= = egree of oxydation of reduce
ﬁgﬁ?%ﬁ B & ’oo o form Thionine
test;tube Species Kinds of root 4RGN 400552 |5 B B | B RBE R
- After 24| After 48| After 5 | Color after
hours hours days 5 days
N AR A %m@;}g?ﬁﬁ%%} + ++ ++ |50 PRY 9/2
ap roo on- .
Akamatsu mycorrhizal root)
2 |l =2 |® & Ditto +  ++ ++ |r7.5 PRI 10/4
T h =Y . '
3 Akamatsu el -+ Ditto + ’ ++ ++ (5.0 PB] 8/2
v | A ERL R |
4 Akamatsu Tap root w1th. — .- — MunssLL O
mycorrhizal root Color book
T H =Y | Ditt + | L olor boo
5 | Akamatsu | @ £ Ditto = x5,
= e Fagusiy . . !
6 Sugi Non-mycorrhizal fine — —— —_—
ugl root }
A ¥ | 5 : o _
7 Sugi [ E Ditto —_
8 WAL _ L L
Blank
fE —e M f, e oYL, Heeees HENRPPLR 2D, + 4+ HEERBIEY X5,

TnBERBL, BROKALLMRERELT, ERZFICESRT 5 <y EEHA L RREDS
HEERITERL, BEA thionine O—AE(LA thionine KZLL TV Z L B3EE IR, 20
ZERT H <y OEBRII LS ICEBERSREOS &, RASBFELHHL GESTAE thionine %
BILLTVB XS5 RZI N, ER— 9TV THATFRRENAKZREDOH AL, Hlcrd7 <y DR
PAHERANBEERHE L TVw5 X5 CRRIONARRIT,  oERMS (FRIEEERS) TXoT
FAhbh TV OTREVHEEISN, FERRELLEFREEELVIOTHELS5 KB bh
%, FLTCHEHBROEE LMREBRELE»OLT # =Y BRBALCHBRES, BELEVOI, —F
EIRIC X 0 HEH SR i RN B I P RAEF O IROFE A LRI X b, FRIEBRIhTLES -
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w12k AFE LT H=YDRICX 5ETHE thionine OE{LEE (XD 2)

Table 12. Oxydation of reduced form thionine by the non-mycorrhizal
root of Akamatsu seedling. (2)

: %7—!:@ Tl}ionincia @é%ﬁ%ﬂi?ﬁ%
= = egree of oxydation of reduce
PREES w om B oo aom form Thionine
test tube| SPecies Kinds of root 24F5T R | 46RFTE |5 H % | BB W
After 24 | After 48| After 5 | Color after
hours hours days 5 days
o | ERDOS (FEiRkRE)
9 | Lkl %2 | Tap root (Non- + + ++ |C10.0PE) 9/a
mycorrhizal root)
10 | LA 2Rk Ditto + ++ ++ |r7.5 PR 9g] .
1| {xamaten | @ & Ditto * + ++ [(7.5 PR 9/4
o | e (EREER
12 Zk:m:ts{_l Tap root with + _—— MunseLL @D
: mycohrrizal root Color book
T h = Ditt —
13 | Akamatsu | M £ Ditto - - KL%,
2 5 | N
14 Sugi Non-mycorrhizal fine — —— —_—
g N root :
15 XS%{* W L Ditto - —_ —_
16 | EARE L _ L L
Blank
 EE = g M, e OO, A BFEBRCPLRZXD, ++-e FEBLHED X5,

DTHBHLEXLND, ¥, AX¥ORLELE thionine %iFE IWins D7,

s¥k, @A thionine PFEET BT &1, RH D OEERHE OEZEIGERICIIL Hin 25, BREHH
DARMEEEZ DND. BT BT, 74~y OERBHMIBMERSREBOH AT, —HHSHEIEERER L
LR EZEBILL TP LERAPS® 35D TREVHEZZONE D, SHOBRAERICEDLRV,

vV £ %

EH—8 ~11 I >V THRENNCEE, R THBdTETT 5,

(1) EB—8ZEVTE, RREHOBREAHENT~8p.p.m. T, FELE bh 5 kb T
D, AXLTH<YOROFRERZHELICELS, THYDRIAFIPLIBRBEERENKE VT
LARDORI, TOZLIAFET n<y LRKBEELHERL, TOBIHIRPAXIVDTH~
YOHFCKRELBONEER—4 ORME LI <HBAL TR X5 Bbh 5, &L TER—L0DKED S
TH=YDRPAF LD BEDOFBIERADENE VS ZEET H <=y OEROFBRIEFABERVE VWS E
CEERLTWELDEEX LN,

(2) 432¥F¥, 5235 < OBREMT, BROTES L LRZREORFEHCRETSD
DTHB, ZNbHDEWDIRIIE ORI AEISBEOIKBEZ TS ICRBEEX VRIS 2 LB
o, HEHH,»D, ¥, ROBEMBEZRTROKBETCHBAL L 2BELHELT, BRERAZEDLC
RS DEET X VIEHRINTERLW S,

VWEZDOREEBRLAERS 4 (1953) OMERE L %5 LIROMRICLEREESD LB LR»S%
T35 dDTHIE, W LEAZOTLIIGE ORI, W ER»DOBEOHBEZ TS ENTER VW
b,%@Wwﬁﬁgtﬁiémﬁﬁﬁmﬁkﬁtﬁhw&5&v0f,EQWﬁLtw%élbﬁﬁwﬁ
BESSVIITTHHEER, ER—8 LAROFETS 22 =R KICOWTERBTRORL LI A,
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WEO LGSR ReUi L vVBE L0, FLLABREEEOKREVT L, IS RIBESE
»H3mgll, e=x=iksmg/l LTIETT5LBrLOBBOHESfTTRbND I L&D, bl
IR ONER LEREERY, HERICRD2BHROLDOTH D Z L 2HEIHL .

ER— 9 IR DERFHEE LEHERS O OERBEBMELBEEE T2 L, 7H~ YRy DBEEH
WCHH LR CDOMESEORRASIL, 1R = THERTARVEVECHEDDEELBNS, +
LTRETMILAHEL, ULV EORBHEROEIDLTHTHLDT (EBRERHEA), L
B DBMEOHTOREIX, MADHEIA 22zl bRTHNIOTHELELLNE,

LLER—IICINE, L7 H<vREORREESZELVEBERZOREBICLE L, BrD
NE~OBEFRHEBT b T3 XS BRRBBD LN DO TH S, Levron® (1957) L ¥+ ¥r
SORIEOWT, 4D BEROTHLE RS TV B, £ O EBIC I B OB BRI T & s
WEBWDOTWS, T LTI ORERIIEMAEN»SDONEMETH S 2 L THELVOTH B, FOfk
B LR LIRHFABTLTL 53D, HE5VITESIER (5FHER) X504 E0OER
DEFTIIRHATS 5,

(3) THIRELT, AFRIER—ICIIE, DL IBESEN0.4mg/l DEDLDTHEDRK
ZREBIZBVTD, TORRBERI S MEOHRLZTIN, HELTVIZLBBDOBIE, ZOZ LR
Fre/ ¥R 7=V ELRRY, HERERIECD X<HXTET LTV 2REDO—HE L <HH
LTW5bDEE LN,

AXORDPBRBEOMERZCD XMAHLEVS 21T, ER—IBIVCER—11 OB IC X %
L, RDOBEBHHATEDON TV B XS HRBRADEDLNILVOT, 1 2R =R EDX ST, TR
CAELBER2H LRI OHBINEDOTIHAL T, AXORAKIBERZOERBEND, MEDOHE
FERL ORI 5 £ CTRINT 2SS DD THH 5 2FE2 b5,

(4) 7H=yDRII—i%CBEZE LEIE Non-mycorrhizal root & R OFI75 L 72l Mycorrhizal
root 95754, LBORILOBEEHHIZT # <y DEBICX W iT7bh, BROELE LRI
BIEFAD I BREZHBET 5O TRE VL OEFELT, ER—1UE2FADLDOTH L, * ORI
COFEBOBEELVE L2 XRLTNAbIThS, FTihbb, 7H<yDRRAEL LD £ D
FREFECEL T, HMEsfihibhTw2doeFExbh, BROELEL A Mycorrhizal root VifF
KEVIRREERICHERL, AXORK D BBOFBREITRVIESD, ok HTIKGZBIRL, Non-
mycorrhizal root 7t hbb, BEBRXEEFINIC, LEVWCEBERZOEREERICHELTPLR, £
DEBEFERZEMEZTIBEL TR LD, =3 ®(1949), REH 4 (1949) 5551 F DIRIZ>WTH
WUICHE, ThbbReoBFELHE L URREEZMILLARSMEL T HE L, BUomER
TH=YRDHBELL TRV, EBbh M, SHILEHELEDLFETH S,

ZDXSRTEZDE, TH<IKMERCINVEEIMRESKRE L, L > THERFANL L
BRUETHHEEIC D X<AFL S 5HE, TOAFREIILTLLRFTERVS, B ECd R
NLTVWOREOEEZ ILKFMHTIZENTELLS5CBEDLIS, Tikbb, 7H<=> ORITiE Non
mycorrhizal root & Mycorrhizal root & @ 2fEMOME»H 5 LT X 2T, HHANCHE Pla-
sticity 23 2TV 53 DE VI T ENTESTHH S,

EAH BEAOWMEELTEME Al (L3 5iEHM
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BT EOEERRRIEREDOKEA 4 VO, HEOBEEILTHEVER TS Al 1+ v OEER

CEBHDTHBE VDRI, Fio, MEEOHEVEMIFEIRHC AT 2 EELHRL, HR»
(1952) i L hiEAERBEMERCS S Evbh Ty 5%,

I LAEOE M ISR T, TEtE Al DS WL 4<, BERBCEFELRELTY
BEADDBHT L RRBDLDOT, ERHES DS LTIIMELH VL EINTVWEAF D L, BG5S
WEXRTVASE / FOHEOWT, ETEROIEF & LT, Mgk VW TokoB#zER L
Db, Al T BMEEIT OV THEERZITR D%,

I EE—12 AFrb/FOWEEHORE GKHER)

I—A FERHEHMWSXUEREE

FERIZAF L &/ OB OKBERL TRV, KHKORIGE pH3, 4, 5, 6 D4RMEITLT
RIGiExr 5%, & BRSO 282 RA<5 BRITIk o7,

¥l RoOMmBRIOKS 2 (EEFH2cm, X 24cm) ZHAV, 1HKIZAXDO 2EERHZIRTEEL
TKEHER RV, %KD pH % N/10-HeSO, 35X ¢° N/10-NaOH ¢, pH 3, 4, 5, 6 it%h
FhFEBEL T4RBRE 2R T, L AEERIER— 2 TRV REFKRTH S, Ko EFTE
2 ~3EfFhoT, £HBKO pH OZfbE + 0.2 DRIC & ¥, FZH:I 0.2 A kitisor,

I—B ZEREMELLOEE

48 8 BB EBAL TLBR, &MBRXOBARRIERALEFTERLI2, 8 Aikvy pH3 D
BT D ORSIEEMSE DT, 7 A 8 HOREEE b > TERBEDOKEDEME A5 Z LT LT,
TR8HDBIERZ FHHTERTHILEIBRDLEVTHS, FBB3RORKEEDREEZALThbrb X

FI3E  A¥ire/ FOREEEOLE CKMERICLS)

Table 13. Relative tolerance for acidic root medium on two years old
Sugi and Hinoki seedlings (Water culture). (Average)

) A ¥ Sugi t /¥ Hinoki
#HOE RO W OE H H -
Dates Item investigated pH of culture solution |pH of culture solution
3 4 5 6 3 4 5 6
(mﬁﬁ#ﬁ)
% £ Length cm 12,8 13.1 13.5 12.5 14.2 14,1 14.2 14.6
At beglnnlng R E Fresh weight g 5.4 5.3 5.4 5.1 2.3 2.3 2.4 2.3
of culture
7A8H # & Length cm 18.2 26.0 27.0 22.5 16.6 19.5 17.2 18.8
July 8 # (k% Fresh weight g 15.2 28.5 29.9 21.1 4,7 10.8 6.3 7.9
W & Length cm 5.4 12.9 13.5 10.0 2.4 5.4 3.0 4.2
RERNE Index (40) (96) (100) (74) (44) (100) (56) (78)
Increments 4 {k&E Fresh weight g 9.8 23,2 24.5 16.0 2.4 8.5 3.9 5.6
Index (40) (95) (100) (65) (28) (100) (46) (66)

SKAXFHTREERE, 4BEEL D LORKENPHS THEDITH LT, b/ +ETEFOREAE pH4
Chbbihvd, Tbb, b/ FOEBAFID SMEEENTEL, ERORLBHRT L LB TEL,
O EEB—13 A¥iv/*04FIRET Al ORE OKHIER)

OI—A ZEWREMNSXICERFE

AFEIVTe / *OMBEOAEBTIREIET Al 1 vOEELZRALEMNT, Al 2Nl KkER S
fFiof,
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EBFHEOXE Y, ThOomEEI LT Al iR ERNBEE D 2 RANEZEF T, Al OFIMIYD
13 AlOg A3 15 p.p. m. i 5 X STRMLICH, ZORED Al BETIZ Al OEEERASIRTITIE
LAERDLNEPDDT, 8A1E»S Al IREZ2f5L L T30p.p.m. Al ZiFML T XHREE
Bz,

KEEEE2 1w (WE15om, B 150m) OFEET, Thics 3AD 2 AT RICHRTEEL
T, FWEFI264E4 B 28 HHRAE10A 6 BETD 170 HRfichz D/kBHER LA, FRAL 7= k¥
Knop Wzl 5iEEAERL LTEEOISTELAB 2RILRTHTH S, Al OIRMCHD
Ti¥ McLeax and Giueert 57 (1927) @ Alternating solution method %V 7z, F7chbb, Al 8
K#E RO KHaPOy 12k D AIPO, &7 2T T2 0% <7, TEMD 5 LATED 3 ~4 BRiC
i3, &R & HkBEF S KHPO, 2fRE, Al IR Al 2FFE0RECHK S X 5 Kifiml 7z,
ZLTHEOI~4 BMICIIAR L D KHPO, ZfR< 2 L BLAMMETIEREL, AlTNKicd Al
ZIRMUIL D o7,

7%, AK#EO pH i3 N/10-HeSO;, 2T pH 5.2 KFHIL, AMMOFEHIEIC 2 ~3H, BE
OFEREEEFH Lz, T, BEORIL0RBETAPLIRETAETIE= o X2H/IT T, KEDOM®
REFICXBEERVI,

O—B KL £ DBE
10 A 6 B OKME TRC KT 2EAROEFREBL FHETTRTLE U RIFTEHVITHS,

FBUUER ARF¥re/x0 Al OFHCHT 2 EHEOLE OKMERICLS)

Table 14. Tolerance of two years old Sugi and Hinoki seedlings
for aluminium toxcity (Water culture test). (Average)

E RITIERE
B OfE v i1 % & Fresh #§ # Basal I %
Species| Treatment Length weight Index diameter Remarks
cm g mm
. R SEMICLTIRFOEB TR
7§ ¥ ALK With Al 28 5313 55 6.2 ;3 Egﬁﬁ‘,?@iﬁ*ﬁg%ig
ugi LT, 8
»tAEX Control 37 97424 100 6.7 BRBE R ENT B,
E' s ALFRMEX With Al 25 30+ 6 83 4.5
Hinokl lyiia iz Control 26 3612 100" 4.5

AKIHEEORBN LI THAI o bbb TEURETTLED, HBROA X OEKEITF
$oTg, b/ %1336g T, MYBFLEBTERL, TOKMEERPR Y BIFLFETERCTLbh
R ENbDPBEDT, LLEBLNIERIPR ) OEHEELLOLOLELTI,

A¥, b/ FOEFCRHTS Al OFBIEURCREND LB, AFITIELPLEERSSD
N5H, b/ FELELEDSEOESROME (Al 30p.pm.) TRILEECEEAL»EDOH
whotz, Thabb, A¥O Al FHEOEARIXT AL LEVIKIBROBENEL LDIZL, FHR O
FAEMNKD, 9 ACRELELFTREEEZHT, LEVEHESKOEENSTAKD, 10 BKIEVW5 L KB
ERECTEENELEESN TV 2 EMNEIESh, 10 A6 AKMEKT LARKO £HKERIC ©
W, SRR L, AXOHEE Al HINC X SHEERRFHNCERE TH5OIHLT, &
7 %0 Al RIMEOERINARCEEIORRKIBIEIN D 2 Lk, Al OFEERIXED W
Er0p, HETRLDLAHBOL DL VbTATIRHEMAES>TWE, FLTEKERTIE, Al &
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T MR OB BRRE DT VID, FOERKHINCEE TR,

DX EINAAF L e ) FOEDORBRO—HE L D, Y %D Haematoxylin THE L THM
ETCHELLELA, EBTELLCHMIEAFRECLEEIN, Al OFETIONRADLNE, FLT
S B OERREOREICOWTIE, EACAFLE / + L OMICERBRDE,: D . L
L, Al IfIIX DR ¥RHHEETLREINTHTEMNBRO R FITHRTEL S RE»D0S, v/
COWTRFARDOENTEAERD LN PO, ZDX5IC Al OBREXZZFLAXOHS, ERIC
Al X 0% HATVHZ LI, AX1E Al 2B 5B L TEARKNIKERL, —BOBETHEDO X
SHBEREEIL, LOMPEBTREEL > THEbhZ b0 LEXLND,

W EHE—14 A¥ie/FOLFIRET Al 0% (LHEH) *

WM—A FEHBEMEXIUERFE

EE—130 Al ZIRMLIABMERT, A¥Xbdre / *0k» Al OFHITHTHIEHMEOE VT
LRFDI-DOT, RERICI VTR, THIC Al ZRNLBEORE L5 % BT, ROEREfTLD
720

1/20,000 ka D7 7 R AFERBKCHERBSHHEEMORELZ 2D, TiLkATLOCEhThEL
LZBOWEET LI =7 a Al(SODs 253 20cmDiEXcEE, A, B, C, D, E, FO6R%EFF, 1
KoEHE LT, BIMWFELASHRAX L/ 20 2F4E% 18kd7- VL 3FEZAMT, EAKT
LB E#RBRETRE Ok, REL, (D AEFIX Al(SO); ODIMMETH 5.

A, sRKX D. 8g ALO; MK (52.38)
B. 2g ALOs X (13.1g) E. 16¢ ” (104.6 g)
C.4g ” (26.18) F. 32¢ ” (209.2 2)

ZLTRF 10 B 24 BITFIEE %KDY, BROEER, ERERLEOLFTIRELAEL 0D, HAREK
oy vEE (PiOy) & Al OEHERBELY, EAKD Y YEOMFIC B >TiE HNOsHO0; 12 X
BBRRILEFTIE27-0b, ) 77 vHEERLY, F Al OFICHi>THE, KRS tXhk
B X7 Alminon BV, b‘fh%jf%kté?f%ﬁ@‘/‘fiﬁ“ﬁ%Lﬁ‘.o Al DEHhFRCY vEEERIEL
D13, Al @FBEhiTsVTHLEMEPCEVTL Y VEEO—MEFBEL T, V vBEREECL, I
Toz i Al OFEFRRD 1 2L LTHEZLRTVE2LTH B,

W—B EBRBEHE LT OEE

FEAFN304E 12 A 8 HICHEARMRMEBREZITHED, BAREY LV, ZOAFRELZFEL, FLWAKD
HLEERD PaOs X0 Al OSHBEZBIELIHERIRDOEBI TH S,

(1) 4£FHE

12 A8 AL B DEMAKDOERCOVTHR - ABRERHELHERE2ELDD L, HIEREIT
FE—TDLEDVTH5,

¥, NBOAKOEADOEER (FHE) 2100 2 LT, FXOEHETRAIERTHOHbL, Th
ZRTFTHLEIMTRTELEEDTH S,

BBEREICEIN»HAX L ) FOLFIRNTS Al ORMOEEES5 L, RMShic ALO,
H18kH7-h 2~8 g ETOHAICKVTIZ, AFTIX Al OFIMCEX>TH2ETWERENEX,
* KEROEFO—HEZBM 30 EEOKRELEHRIBALHE L TREL L,
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BI5E  AX¥Ee/F0 Al OFMCHT IR OE (IHERICLB)
Table 15. Tolerance of two years old Sugi and Hinoki seedlings
for aluminium toxcity(Soil culture test).
(AlgOg) A ¥ Sugi v / % Hinoki
g £ &K E 4+ K B
Plot  A1,0, added | # & Length | progy"weight | ® & Length | prdy eight
in g per pot Pot I Pot Ity Pot Iy Pot RA5]
1 2 Ave. 1 2 Ave. 1 2 Ave. 1 2 Ave.
A ALLO; 0(Control) | 25.0 26.6 30y 133 100 (1501 32.7 19.0 B3 39 33 (00
B ALO; 2 g 25.7 26.3 5?6?> 88 99 ( gg) 25.3 29.0 ?ibﬁ; 50 6l (1§g>
C 4 20.0 25.3 gzé;) 88 8 ?i) 27.0 24.3 359;> 50 46 (1%2)
D 8 2.7 25.7 €4§2) 9 9w g?) 24.7 30.3 éiog) 48 42 (1§§>
E 16 25.3 19.7 fzé§> 7 74 ?2) 17.3 21.0 5953) 0 2 ég)
F 32 12.3 13.3 ézég) 58 ¢ g) 1.3 12.7 é242) 2 3 ¢ g)
Al OEEEASEDLNLORFILT, v/ 0t i
Tk Al OIRITHXOTHRENRE LD, g M P o S
< 190 Ve N ——-x=== Hinoki
TIRAOHMBERL I, T L TIHRMEI i PR RN
.EB \
AlOs 7% 16 g/pot ish &, AF, v/ %X g w oI 2
S 60 x
LICRESEL AESH, 32¢/pot (FK) £
X
KEDERF, b/ LB IELALRERE ol IR —_—
. 8 16 32
1T 5B L s oie, o Al203 added gram per pot
A B D E F
BLE»S, Al OFhAst#HILwB, C, 55 55 54 51 45 42 pH(H20)

DK (AlOs, 2~8 g/pot) Tix, Al D%
BIAXELE /¥ ETRRELY, AF TR~
+x@%%%,t/#mufax®%%%52
Twb,

(2) Rk TB P05 Al O&EHE

FTON 2E4EDRAFRIVE 7 FHOLET

CRET

Al o %
Fig. 9 Tolerance of two years old Sugi and

Hinoki

seedlings for aluminum toxicity.

HEIZHITD POy, AlOSHBEEZAMLAERRFEIORCRT LRSI THS, ThiTX s Liim

n-AlDEHE B THE,
winanic Al 0BRSS KSR,

A REZ G bhic,
v E =

(1) EB—13OXBERITE VI, Al BN X 24 BREOLE

BEERD PyOs 13 A X TEAKLMRD, &/ FTRELRDPTVE, T
EED Al FAFTRELRD,

b/ ¥ TR L5

AL/ FTdHbb

nics, TOABHEOBREIRAFITIAEL, v/ FRBLALSObhEPOR, Thbb, Al
LD LRI, ER—14 OLHREBRICE VW T,

OEMICHTIIEFMETE /7 F R F LD BT
winEhic AlLOs 52~ Symn®ﬁETM,A1%M®MQMB

AlDRIMO AT R & 5T ol e,
7 ¥R 7 AT Sbhi,
% OWMEE T Al OFEERZED TV 523,

EHOEE X > TRIMEBECHEET BRI X2TEL
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DEFTIFEELZ L TLDONHSH T LA, Mirasor 59

RO TSR, €/ F bHED Alows )
B, TOEHICT I AOMRELLLTERO 1D TH5 >
LEx BN 5, oss | R
(2) Al OAWHEERRVCLEERO A7 =X AT o5 |
2WTiE,
(1) Al 47y EROHER | L
(i) Al 14 voEHicHEes Yy v BEOEEICX DT :
BT B VEEKE OMERR ®
O 2 ERARHEN T 5, g N
HEELHN, AFLE FLIETOVT, LLLIANKEL R
BICXBE, AEOEMMMBIITE / $ic< BT Al o2 48 ko
PHEEL (R—13), FRAFE Al ORI e ot
TLEEHRDO Al % BEED (E%HR—14) Z L %2BD, T HIOR Al OB 2EEDAFH I
Kbb, AlOEEBORELAFORN, pxoTEn 5/ FHORO ALBIUPERKICR

HHIC Al 22 L QUBRRBH LN D, THIZRAFORD Fig. 10 Influence of aluminium
BEALCE ABALATC, CORD AlZECRIRL 2Ry on Al and P concentration
T, MO X S C—HOHTHFICBRRELIL, 4 and Hinoki seedlings.
BIEZRITOTHRVWIEEbh s,

FER 52 (1952) Vet DRI B EEDEWICOWT, Al OFEBKOMSEZHBRL, MEEEOTH W 1E
PR EMIZ K 5T, Al OFBBEOREVZ EEBELMIT LA, AFXRe /F X0 HiekEtkEH
WI LA, O EEBR—12 3 X UHATHERINTWAD T, RF¥OEBEREFIIC Al 24 &%,
Al OEFASKE S EHLbhAREROFERIT, HAKOEBHL I —HTHX5F2bNB,

F7:, WMO Al OREEEFO 1 >OERE LT, Al SRR EHh3Z L2k >T, Al MRICERLE
D, Effikeho Y vEED, Al LEEELTARGEELLT S Z LB8vbh Ty 597, ZOBRE ER—14
CETAHEI0M»HAFIOWVWTHS E, AFT Al DRMEOE-TITHEV, £ DEERD PO %3P ix
{BED2TWEHD, ThIZAFIZ Al OB XY, RO Y vEES—HEEL T, HECBELRVD
THHILEZLND, FLTIDHED, 2¥D Al OFEFAD 1 2OFRICK2TVEHDLEED
ho, LaL, &/ %5 Al OIRMEOHEINT 5 IHEVERD P05 L LAHEMLT, Al AL T
WHEZ LZOWTIREDXSKRLAD I WArbebiwdd, TOX5ICAl B5X6hTH Y VED
TR BT ES R S E WS BN RED, b 7 25 Al T 2R WERERO 1201
DTVEDTERVIEEZZLNE, ZOHIZOVWTIE, P2 ZAVTILRERLTALFETHD,

(3) McLean and GiLeert®2(1927) /3 EEMIC DOV T, F7- GiLsert and Pemser® (1931) 34
BHEZowTo, Al BT 5K OVWTHRELTWS, ZhbiTk b &, ALITHd 5 EHMIXEED
PHEOHBC I OTILENTNIERD 52, MBI H 5 L HEOLFBRIEM X D b IEHHEH R
WZ ERBS B bIS, WARD ALTHT 2iPHED, Zh SBEMPHEIC SRTW AL SMEBEICD
B3, SEOERTIIbALRVA, ERWRKORE L HENBLTEETS L b/ Fi3g
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DS HTH HIRWHER OBV EH L FEECEVIOTHE L BRbh s,

(4) FETRAFE e/ FEUBHELAY, ChRT7 h=Y, 35y EMATohd 4o Al
OFEWEICHTHEIMEZ OED L 5 LFEETHNL®, Tinbb, 400cc =F7 5 2 21T 0.2 % Hiks
TNhI=T7 ABEREAN, ThD ABBEOERRRZBEL L, TORMIFIERCRTLERIT, &
N ABED Al CHTBHBIE, b/ ¥>Th<y SAE>H 5 < v OMECHEIOS, T i
i niEe 7 ¥ DN OBEIXZETHL, v/ 13 AloFERCH L TRECETHEVWEEE2 2TV S
PDEEZLND,

E5H BANESRIVAEE

HAOER, VVE, #Y, ARKEOEEREEESMRZREFAINICTENS 2 213, HAROEHRIL
DEERED L, ST EGEOENLIRE LD E L b, HROESTINE RERE: ORE
BREIAEL, TOBREBREAIMLINHELZNS S XX DBENLFLE, Y LEBDDLELLNS,

PRARDE ARDEMERE S T S CICESRIUT DV T OBIERMIC OV T, # < v Baver (1910) ©
EI, VYR, THRY, BFVDLAFELEBERCOVTORENDH Y, FDH Mansuaro®® (1933),
MitcreLl®? (1936) 7 EOWIEBFER SN, Th LHENEOMIRMED#IEIT Becker-DiLLincen 62
(1939), AarTonen®® (1948) 7t XiC X > Tfikbhvk, RIETIE Youncersere®® (1955) #IIL»H%
 DHFESFT b TV B,

DHETIREITCEEAD, ARL OWESD 5, EHEOKREIBICH RKOBBER LA D
OTHY, FLARLOKBEILEBEOHBICOWTOIDTH D, BMEITIE, THES (1952), EAD
Q95 DIERH 525, WThIEEMHTOVTODDOTHS, BEHTIIHRES OMMES 8 HIRER K
o, SRR D HNEREE IOV TORMIER L Bbh b, REEICOWTIREA ™ (1952) @
MEDH5, 6 AUBOERSBIIRELZFHILDOTHY, HED (1952), #E® (1957) ORHIZE
NENT H=v, H7VEO20TDLDT, bREFEERBETHIAF, v/ %, Th<y, #5
<Y O 4 BBV T[RRI BRI 2T IR O RIHIX ERL L Vv, REITRINS A BBOEKE IOV
T, 4APL 1 AECOLREMRICH D, FORSBMNROEMIEE IS LT, A OERA
2RI5ETHLDTH S,

I ﬁﬁ—k A¥, THIYEOERDORL *

I—A ZEBRHEMNR XUEREE

AE, They | FEEOREOSHROBMNEL Y HES, HAOESMIBERY S HINT, Ko
DRB XS IREREZITR D7, ,

HEARSGEEEMT, WM EERIC2WFED2RICHCD, AFXLTH<YDOYFEAYEZ 4
REZLTHD, 17AZERIMIERD, EARZMESR top LIRE root ZHT, £DEFDEDILD
WTEROERRRAIE LI, i, ZOEFEILEROEHFEZELL T, RF¥LT IV OEED
TIEREZFANDS Z it L,

ZDOHEDFHMC OV TORELERDELY TH D,

(1) EBREROHR -

BERER, STAEAROERIIE 17 RCRIERTHR O/, 72, BEEMOLESF ORI

*  AREBROKED—ER ALK 72) TRE LT,
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FUTR A HoHHEMOME

i H 1k E D Tifi |
3 B 10~12 B #HE, KYEv, BHC Jiiffj (10kg/0.1 ha)
8 A 18 A IHAKAEA (50 g/m?)
3 H 23 H it e Cg/m?)
1 Wi & 75g, ¥ H 67g, Wigr YV 19g
3 A 28 H | R B (4ok/m?)
4 B ~11H \ R LE 6 LKA v N —HEE, SRR E R fTiR o7,
B8R MEMABRSGHIEH ML Eo®HE
Table 18. Soil conditions of Meguro nursery bed.
£ % m % " OB BRom ML R
Chemical properties ’Mechamcal composition
B HClﬁETliﬁﬁ%%bl i Pk g pH(H,0) 5.50 ﬂfﬂc b q 39.8%
HOStiOz soluble comp&rz%ral/;:s ‘ B E v, o 2.50 oarse san
Fe,05 13, 24 | Exchange acidity A W 35.9%
ALLO, 16.42 | BHMER 0,084 | Fiae sand
12)/1%03 0. 34 Exchangeable calcium | fif W 17.3%
al 0. 50 Silt
MgO 0.95 ‘ ﬁT%: 1#_ t O 3896 x:[i 8 Oy
PO, 0. 40 : otal nitrogen 1 -~ 4« .0%
K,0 0.38 | ay

FIBRITRT LB TH 2,

(2) ZEERHHEADMH, it b BD

fBH 5 HEMRICE RO DI D 247750y, BCRIRIEAIIE L7tk R L THMARE : Uiz, Ik,
5 1O DI D ITEARDKE SHBRBEARG L KENR VDTl bl ol

HADH DI DICH> TS W LmDERELT 0.6 mT L iTHiRicXy) b, £HHRIKE (1 %0.5m)
ZAEEMEL T, ZORBANOHARZIE D Ko7, £ RKIBEOMMHEBIIHAROAEI ) 100 AT/ X 5 4
K s L7235, 10, 11 B33 Kigic & Ko,

(3) kL

JBELLIZHE AR 0.6~0.Tmm D550 EBLETHIHETHILcOL, ZoMlic>E8EHE2r L
Z— VEBRC X DS L,

I—B EBKKE Lz DEL

(1) wARDONZB®ARZ

HAKDON %% 50 LIckERIT, 8 19, 20 RICRTLEED THDH, Hiridil Ef & IR & oo TFT
btz hd, BEAREKRELTONBOAJNZELZRTRTLEHEIINOLE LD TH S,

19, 20K, FILLRPLRDOZ EHbr5,

i) AX¥ONKBIE1.7~0.8%, FH1.36% THHDWTHL, 7TH<vDN%IL2.0~1.4%, T
1.67%7T, 7=y DNUBDHFHRENEEZRL TS,

i) A¥0 N%B IEFREAELD AL, BET~8 AMICh&IGEL, BREWKD & LAEWITH
DL, 2RMTEWELERTOIH LT, 7TH<YyONBIT4 AKRSZHI D LIZWETEASL, 6 A
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’I‘able 19. Uptake of nxtrogen of two years old Sugi seedlmg
W 26 4O 1951 W %n 27 fcp g 1952
axtHfmﬁ Ko e B WA LA b HARIABID
Date of Part of seedling | & | #ER | EREAR |OSHZWNE | & E | Mg E BEEER | DEERNE
amplin Top length | Dry weight | N % of dry | N content | Top length | Dry welght N % of dry| N content
sampling matter per seedling matter per seedling
_ , _cm g % | mg cm | g % _mg_
Hh 1 #§ Top 14.0 0. 46 0.82 3.77 10,0 0.18 1.05 1.89
KEEBS # # Root 0.14 0.95 1.33 0.06 0.91 0.55
: e Whole
HREk seedling 0. 60 0.85 5.10 0.24 1.03 2.44
H - % Top 16.2 L1t 1.52 16,87 1.2 ! 0. 94 1.01 9.49
?fnsi ®’O Rol?t 0.39 1.33 5.19 0.31 1.02 3.16
y Whole
o E?Kf.ﬁ seedling | | 1_.»570‘~ ) _1'4_7_ B 22,06 | 12.65
HL I # Top 20.5 1.81 1.80 32.58 16.7 1.56 1.35 21,06
}Lﬁs '35 B’ %ﬂgtl 0.82 1.33 10. 91 0.50 0.99 4.95
ole
BARERK seedling | | _2—63 1 1. 65 43.49 o 2_'01 - 1.26 B 26,01
# E # Top 33.7 4.92 1.68 82. 66 21,2 1.70 1.60 27.20
gﬁgﬂs % Root 0.99 1.20 11.88 0.82 1. 16 4.51
* - ole
| EARE Teeedling] | ] LeO o454 S RO M s
‘ i | # Top 41,8 10. 26 1.83 187.76 26.8 6. 47 1.24 80. 23
ggiﬁs B Rol_(l)t 2.10 1.20 25.20 1.71 L1l 18.98
: . Whole
o HAREK seedling B .712. 36 - 1.72 - 212.96 ) 8.18 1.21 99.21
Hy k- # Top 54.6 14.28 1.67 238. 48 30.6 8.95 1.32 118,14
OASH g w Root 2.98 0.99 29,50 1.73 1.23 21.28
: . s ole
- AL " eedling o 17.26 1.55 267.98 10. 68 1.31 139. 42
H & #8 Top 60.5 24.24 1.30 315,12 42.8 10, 94 1.34 146. 60
HHSH T Root. 5.27 0.86 45.32 2.67 1.03 27.50
* ole
aa?k@ﬁi seedling 29.51 B 1.22 360. 44 13.61 1,28 174,10

EHMICHFFE @ £ B A0 T K OB WEE F ¢k

€:-9)
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Table 20. Uptake of nitrogen of two years old Akamatsu seedling.
L W ofn 26 4R B 1951 Mo 27 £ OE 1952
AR s koms | BRLIEBLED) 5 X IEDLY
Date of | Part of seedling ] R | MEER | BEAFER |0ZFETNE A E | MEZEER | ER8F% 0ZRBNE
sampling ’ Top length | Dry weight | N 9% of dry| N content | Top length | Dry weight | N % of dry| N content
matter per seedling matter per seedling
cm g % mg cm g % mg
.k # Top 13.2 0.70 1.86 13.02 12,1 0.62 2.26 14,01
X?rsas B’ Ié‘gl?tl 0.29 0.93 2.70 0.17 - L2 2.07
) ole
A4k seedling 0.99 1.59 15.72 0.79 2.04 16.08
# k # Top 21.4 1.81 1.54 27.87 20.8 1.34 1.46 19.56
?fnsE!; ®OR %gl?tl 0. 41 1.22 5.00 0.31 1.10 3,41
* ole .
BAEE “seedling 2.22 1.48 32.87 1.65 1.39 22,97
# k # Top 22.3 3.00 1.73 51.90 20.9 2.45 1.63 39. 94
[T B Root. 1.01 1,42 14.34 0.45 1.60 7.20
ole
HAZE “seedling 4.01 1.65 66.24 2.90 1.69 47,14
#, - # Top 23.0 5. 40 1.83 98. 82 22.0 4.06 1.75 71.05
2{?;85 " 1‘%;)}?% 1.51 1.32 19.93 1.03 1.22 12,57
° ole
HAZHE “seedling ] ew 1.72 118.75 5.09 1.64 83.62
i - # Top 23.2 8.00 1.92 153. 60 23.1 6.91 1.91 131.98
ngS Efs wm l\%})k?tl , 2.50 1.31 32.75 2.10 1,24 26,04
° ole -
ALK seedling 10. 50 1.77 186. 35 9.01 1.75 158.02
H E % Top 26.0 8. 67 2.26 195,94 24.0 8.58 1.85 158. 73
10012555;, B sfﬁtl 3.10 1.12 34,72 2.96 1.02 30.19
ALK se(e’deling 11.77 1.96 230. 66 11.54 1.64 188.92
ik # Top 26.8 12.33 1.97 242.90 24.4 9.11 2,03 184,93
111\1)35 HS B’ l‘%;ﬁ)tl 4.94 1.12 55.33 3.41 1.07 36. 49
* ole -
HALE seedling 17.27 1.73 298,23 12.52 1.77 221.42
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THRRKEZRL, b ks

Sugi N% Akumu;tsu

DL, KFE10~11 BT stz oo 1959

CEAL, MEOE{LETRT aamallil 1

i) 74 =Y ONBOE LA MIT 7% 1

5T LMD, ROZEBELDND, : “

7 5 < DRDMEI TR RS "l
NIREREBELTHESHDT, 1 L 6 8 w0 4 6 8 10 Motk
FHIOHERED 7 ~8 Hix, & FILR R¥, 7TH =y 2HFEHONBOEEHHIZEL

#4~5 Bollicfinbhsd, O Fig. 11 Seasonal variation of nitrogen concentration
in Sugi and Akamatsu seedlings.

HiZHsWTiE, BRCTFTESE,

NOBBEE LD THLTHTHY, TOMERREINEECERLAEFCI>TARbhb0eEx
bbb, 2O EHD, 7 <Y dEERINOBIIE L TENRENS EBLLRTH Y, ErbkE
AT, EMRECR L TNORRS FELARITHE LFEX DL ENTED, ZThIEHLT, %
FONGBRLLMBILEWELERT T 21E, AFREFFEPSLECHIT T, BEWREEL ELOTNOR
WEFAESKTHD, ErLRKCHIPFITE, ThETKERRLANZFBL CRETIBHTHLLE
ZBLEBTEDLTHSS, Wure' (1954) b 12ED <Y DHEDONLII6 AH»5 8 AthiF TaI
BTL, SAMBLEVWE LR TS L2BOTRY, FEORML BT 5, v v (Pinuslg) 13z
DXS5HENBHEMB LB L1, RBECEZREZEWTHZ L 2EKL, Levron™ (1957) A<V FED
BEOMEREIIEEDHBEEFCIRENE LVOTVEDIE, DD Lpb X BEFEIhS,
(2) #AREOZZRNE

519, 20 RICRLEAKROENECNZOEZ»T T, ERAOEROERERERD D LKIBOE 14
BiCRT L 5icid, chickdimfted 4 A5 Aed

N(mg)
FTOREXED 2 7 ARCBRSh S EREITIE LD THR ' Akamotsn
WAL, 6 ABMBLZEWIZHEINL T8 ALKEIEL < #ind 5, 20+
FLTTH=YDONBIEIAFONRBI Y P VENEEZ L DD 18
T, TOBRIEHEIZAF LD DSV, 16
(3) #Eho¥Mlg 2EETHCETHNOME (mg) L3
WARIEASLVO 1 » ARSI 2 NORRE, 14 AR 12 1 Sugi
OEMEIBETE Y, BARLOEME 1g i 0L, BEhn n '
LT B L= NOED B BIZE{bEkDdD L, Th=v : T r
BEBTORHITHB10A, ERBNACNOHEDO Y — 7 B3R5 . 1 < Z o Z
N3, COEREEONY, S, BMICARILTHSLHI12 % i %‘
@Kﬁ?&%hf,%ﬁ®§*®ﬁ%1géiﬁ.%MLT@ ‘5 g- g
BB L NOEE, A Fd#ik o BHcEVWEz s 5

B2l EWMIgnEETDHICETS
DIERLT, 7H =Y xFHL VBRBPCELVEWEEZT T, 23 OREHARIZAL,

N . Fig, 12 Efficiency of nitrogen
R 8 ol (ot .
Finbb, NORIRE S OCCHIEORBZ RN L 705 for yield of dry matter (N

LT, AXLTHVETRIRIVELVEESRED NS, in mg per 1 g dry matter).



_,-—-v/"’;’ )

— 38 — WEARSARE F 1375

O EB16 A¥:7h=vDY VEE, #Y, RKROBR *

O—A EHEMSIOEBREE

AF¥, Th=y 1FEEEDY VEE 7Y, BROSHROMMINEIL LT, ThEHESOBIAEL
S »IT 5 HINT, EBR—15 OB 27 FEORBCOE, YV VEE, » U, AKOEERZAEL, %
RIhPOEARIARDI D OEEE,DY VEE 7 Y, AROEHEZEL LT, 5 OBILAR 2 #7:,
S FERARIIESFE A Z2ERRL L KS %, ﬁﬁﬁfiﬁﬁ@bfﬁﬁﬁﬁﬁﬁbtwb, WD
Y VEEEEY 7T VBT vEVOIRKRE DL D, @F o NaOH i2iFsL T N—HCl Ti#imeE L Tk
», ARIEY=vBREKOLEEZ>L D, HSOs iEH»L T KMnO, THEL TRdiz, Fiz, » VX
SN—F v < — BB ERAVCRIE LR,

O—B ZERBEMEETOEBE

(1) #AD P0:%, Ks0%, Ca0% o AZIZHL

HEARED P:0s%, Ki0%, CaO% aHH LickERIZE 2L, 2RCTFRTLED THDH, Hifidi L
LIRER & AT T b, HARLkE LTD Pi0s%, Ki0%, CaO% dABIZ{LZ2RRT5 L,

BEBBEOLEYTHD,
Sug P05 % . Akamatsy B2l, 2RBIVCEIIBRILLRDT LB
fo b1,
_05\/\\/ 1) RELT B < v ED PO% DL
i3, FIRIEE b, b MEKICGE 2L
» ERLTVWH LS CRZET LS, £ LTA
¥OTALUKE, BXC7THr<vD4A»HI11
o A TOBLORIERLE <, % %X
0.5% 55 0.6 %Df%E, 7H<vix0.5%
¢ 55 0.65 BOMEZELL TS, Zhick
o LT, 2¥E7n<v#HD K0% A JI%E
fbvk, FBEE: & MAKARL, AFE L1
o %5 18%DME, TH<INE0.8%,0
1.5 %DM% Pi0s% O RFIE(LOBE LY
" BAEBIBCELL TV B, DFLRE, 7
o.s\/\_/ n<v#HO Ca0% OEALIE, = FHHALR

4 6 8 10 4 6 8 0 Month EWELERTOR, 7H < videeME
13 A¥, Th=v 2EEHD P0:%, K0%, KWL ERL, WEEONZDOZELD

Ca0% DEHIHIZEAL s g I . o
Fig. 13 Seasonal variation of phosphorus, REICRPL TV 5, i, 74 <Y HOLL
potassium and calcium concentration Rizkir 5 P05%, Ki0%, CaO0% I

in Sugi and Akamatsu seedlings.

N%BOWTFIHMBL08 25 LR LTV B DM
TH =R, LACHFORFLRIZMERRBTLELT, ZhbDEERESZMRCERTED

EExDN, INODOHRFIIAFLET H <Y HORBAMENFEOHESD 1o ThbL:ELLNS,

¥ REROEMO—EZ LT TRELIL,
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Table 21. Uptake of phosphorus, potassmm and calc1um of two years old Sugi seedllng.
- KUEprRD [ EALEBED L EWALEBLD
"***%ﬁ & X 0w o om g | VREEE DO UM | 50 AEE o5 URRE | BEAHE SORRIE
Date of Part of segdling Dry weight P;0s % of dry PgOs content | Ks0 % of dry K,O content | CaO % of dry CaO content
sampling g matter per seedling matter per seedling matter per seedling
T S R 4 S S oomgl % mg| % ___ mg
#h - %8 Top 0.18 0.23 0.41 1.20 2.2 0.93 1.68
X}grs e w l\}&?}?tl 0.06 0.18 0.11 0.67 0.4 0.57 0.34
: ole
ALK seedling 0.24 0.22 0.52 1.08 2.6 0.84 2.02
# k% Top 0.94 0.27 2.52 1.37 12,9 1.17 10. 96
?fnsEé B l‘%;)l_(l)tl 0.31 0.29 0.89 1.16 3.6 1.26 3.91
N I ole
o PNESEN " seedling 7 1.2; - 027 3.4} - 7 ifz_ - v16.? - —1 19 - 7V1488
i E # Top 1.56 0.58 9.10 2.02 31.5 1.35 21.06
1755 Els ®’ %gotl 0.50 0.40 2.01 1.02 5.1 1.75 8.73
ho e
- ""7[&@14: " seedling | g.oi ] 9.54 B B 11711 - E;7—8 - 36.6 ;45 B 29;7794
) ok Top "1.70 0.65 10.99 2,08 35.4 1.28 21.82
j{{jgf‘ HS |’ %ggtl 0.82 0.37 3.07 0.88 7.2 1.15 9.42
* 4 ge ole
HAZK *seedling | %52 | %s6 1406 | 1o B B
_ - # Top 6.47 0. 64 41.46 2.00 129. 4 1.05 68.23
5933?:15 B l‘%;)l?tl .71 0.47 7.96 1.00 17.1 1.04 17.79
. . ole
B ALk seedling | s -IB 0. 60 49_.9 7 1.79 71476.577 . 105 86.02
o H, b # Top 8.95 0.60 53,28 1.58 141. 4 1.04 92.87
0}32 ilw m %?lgtl 1.73 0.33 5.74 0.73 12.6 1.37 23.75
N ole
| EARE Deedling | 1% ] 055 w0 Lu R He.6z
Ho k¥ Top 10. 94 .0.55 60. 03 1. 49 163.0 1.05 115.39
HHSH g I&?ﬁ)tl 2.67 0.50 13.23 0.78 20.8 1.02 27.34
° ole
m 4\4_: seedling 71737.61 0.54 73. 26 1;35 ] ] ﬁlsef - 1. f_ N lfi 7{
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Table 22. Uptake of phosphorus, potasslum and calcium of two years old Akamatsu seedling.

o= Y H Dy v M

oY oo Am K ©

W &

%itﬂbxﬂi - T o WARLIAEDRD | o CEARIEBED T T EARLABED
WK D W “w® B B Y VEEEEE OY vBRERE Yy & HF R 0)719%'(1&5 FIREER ORRRBRIE
Date of Part of seedling Dry wexght P;05 % of dry P;0s content ,0 % of dry KqO content |CaO % of dry CaO content
sampling matter per seedling matter per seedling matter per seedling
g % mg % mg % mg
# %% Top 0.62 0.63 3.88 0.83 5.1 0.78 4.83
g’grs% # 8 Root 0.17 0.36 0.62 0.58 1.0 1.29 2.20
* Whole
o ke VR | 0| o wso | om el | om 708
ok *is Top 1.34 0. 46 6.16 1.31 17.6 0. so 6.70
‘Jsfnsas B Root. 0.31 0.55 1.69 0.98 3.0 1.18 3.65
¢ "~ ole
HAZHE " teedling 1.65 0.48 7.85 1.25 20.6 0.63 10.35
i b #% Top 2.45 0.56 13.81 1. 46 35.7 0.88 21,48
}lﬁ 3'35 Bom Ro}cl)tl -0.45 0.79 3.57 1.28 5.8 1.39 6.27
Whole
GAREH  oodling 2.90 0.60 17.38 1.43 41.5 0.9 27.75
Ho E % Top 4.06 0.50 20.50 1.63 66.2 0.57 23.04
25555 B Rol;)t 1.03 1.21 12,48 0.96 9.9 1. 14 11.72
: ; Whole :
HARSH " oedling 5.09 0.65 32.98 1.49 76.1 0.68 34,76
b # Top 6.91 0.60 41.45 1.19 82.2 0.55 37.74
595;’ Aol| Roﬁ)tl 2.10 0.62 12.94 1.09 22.9 0.62 12.94
: ; Whole
EALH " eoedling 9.01 0. 60 54.39 1.17 185. 1 0.56 50. 68
# E #§ Top 8.58 0.48 41,41 1.01 86.7 0.51 43.54
R e Root 2.96 0.58 17.04 0.72 21.3 0.66 19.53
. . Whole '
EARLHE | coodling 11.54 0.51 58. 45 0.94 108. 0 0.55 63.07
H £ %% Top 9.11 0.56 51.10 1o 92.0 0.63 57.10
NWHSE 4R # Root 3.41 0.66 22,36 0.88 30.0 0.82 28.13
N Whole
EARRHE ) focdling 12.52 0.59 73.46 0.97 122.0 0.68 85. 23
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1) R¥LT7 5 <vED P0%, Ki0%, CaO% DEDAMNEHETHE, HRCI VRSB, £
EHCH D L, SEOEROMMENTIE, K0%, CaO% 1377 <Y XD AXOHICKREL, K
IZ Py0s% BAXFEVDTHIYDELKAE, THIAFLT H <y ORERELOEESD 12T
bLEZLND,

(2) #ADY vE, »Y, ARRRE .

21, 2RCTLEEAREOENE, hFho P:0%, Ki0%, Ca0% DOz THADEAR
1AV OEREAREL KDDL, FURETRTIICES, ZRICXDETHIVRAFTIOLN

220 N
200 .
180 3 N
Ca0 160 AkamatstL
160} 10
1401 120 Ca0
K20
10 0O ka0
2
180 oo 80 a0
1604 801 60 ;
Mot 1 40 KeO
0 40F 20t
s T 2F 0
1004 80 t oL
80+ 60} R.0s
wl ol P20s
st 2
o] ol
4 &6 8 10 2 6 8 0 Munth
BUR RA¥, TH<vHOER, VVE, »Y, AROBIR

(EAR1ED b 0 mg 0O

Fig. 14 Uptake of nitrogen, phosphorus, potassium and

calcium in Sugi and Akamatsu seedlings (mg per seedling).
T4~7 BOEFNETEI VT, BEARKD POy OBREESKE, Tiebb, 2FiT 1EMICRIN
T% P05 OLEDK 19 %% Z ORI T 5 DR LT, 7h <23y 41 %D PO; % Z ORI
BRL TS, 2DZEE, TH=YD Pi0s% 1XAXLVLEL, YV VEBERZSORRLLTVHRETD
B LlibbtEIIUL, Thwy ORMCBLTIEE AT BT 5 ) VEORESEEThH
5X5iBbhb,

THIZHLT, AF¥RTH=YELBRT, 8~10 AOEBFHREMC KT S KO ORULES » Kk &
V. Thbb, 7H<YIiX 1ERCERTS KO 0£BDOH 40 %% Z OMBICTIR T 5D L T,
A XK 78 %% C OWMICEIRL TV B, ZOTLl, RFRAETHEMCERE SR L THEE
LOoFTWHEN DS & & & 2 dbbiBiud, A¥OBMICELTIEE ICEBEEMICHY S 1 U Ot
BOEBEEROBEPSOEETHD LBDNS,

M EHRI1T e/ FLh7<YDBHROMN

W—A EREMRICERLE

BARDEBROGEROBIINZEILZFAN, BAOERBUGARZMS BT, A¥EIU7 <y 14

EAHTOVWTARDER—ISEFAROEREZ L / ¥, » <Y LEAH O W2k, Tibb,
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HERBBENOEREMTHEM 26 FER LT T EEDQ 2L DD, b/ FLH TV D 1HELER
AACKEXLT»L 1 BZERMVEY, BAREZH EEERBICHI T, TOBREFRLHFA,
ERAHAOETHFHL, YEAH oML, SITHARNBORE R XUBROSW HELR LR, ¥
RTEBR—15 DFELFRTH 5,

M—B  EERRHE L T OEE

(1) #HADONZBDRZIZEL

EAKRDONIG 2507 LIcfERIZH23, URCRT LRV THD, EAEKE L TONZO AL LER
FTLEBRDELDITHS, INBILEBE, DEDILEBLID,
i) e/ *DON%I31.7~0.9%,
¥ 1.3% THHDIHLT, »
5<vON%IF27~1.1%, F
BLOBERTRL, #7<vOhR

Hinoki N % Karamatsu

—o—o— 952 26T
——e— 951

2271

BWEEZRLTV 5,
18T ii) v/ ¥DON%DHARIZE L™
o AT, EEAF L AROBILY
RYDRHLT, #F7<YDN%
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Table 23. Uptake of nitrogen of two years old Hinoki seedling.

N W Ofn 26 £ 1951 WoFn 27 4 E 1952

BT = e -
Date o | pE AR A, | & & | weag | apans SEsmng | & B | @HEE | sresr |DARARE
sampling Top length | Dry weight | N% of dry | N content | Top length | Dry weight | N% of dry | N content
matter per seedling matter per seedling
cm g % mg cm g % mg

ok # Top 10.8 0.58 | . 0. 89 5. 16 9.0 0.11 1.54 1.69

X’;ﬁ% B 1‘%;&16 0.14 1.05 147 0.03 1.59 0.48
WAL seedling 0.72 0.92 6.63 0.14 1.55 2.17

M E & Top 14,2 0.90 ! 1.46 13. 14 13.9 0.57 1.10 6.27

?fn‘r’.'% #H R \I}VO}?;Ie 0.28 1.56 4,37 0.14 1.15 1.61
ALK seedling 1.18 1.48 17.51 0.71 111 7.88

th k #5 Top 17.8 1.30 1.76 22.88 16.5 0.65 1. 44 9.36

}‘ﬁ}? HS Vi \I}x;’t?ctle 0.37 1.45 5.37 0.19 1.19 2.26
ALK seedling 1.67 1.69 28.25 0.84 1.88 11.62

H E # Top 22.2 2.79 1.68 46.87 20.3 1.26 1.71 21.55

XEgS_HS oo ‘l%,olgctﬂe 0.53 1.20 6.36 0.28 1.24 3.47

ALK seedling 3.32 1. 60 53.23 1.54 1.62 25.0

.k # Top 28.6 4,78 1.73 82. 69 24.7 2,44 1.25 30. 50

592,?.85 B ‘l};&tﬂe 0.80 1,25 10. 00 0.55 1.41 7.76
WAL seedling 5.58 1.66 92.69 2.99 128 38.26

#, k% Top 33.4 6.28 1.44 90. 43 32.2 3.79 1. 46 55.33

1%}2355 ¥ ¥ Root 1,37 1.19 16. 30 0.75 1.28 9.80
HARSIK Wslégldeling 7.65 1. 40 106.73 4,54 1.43 64.93

ik %8 Top 39.8 7.35 1.27 93.35 34.1 5.36 1.34 71.82

111\1’3,3.“5 ) %;)&t)le 1.85 1.00 18. 50 1.28 1.07 © 13,70
ARSIk seedling | 9.20 1.22 111,85 6.64 1.29 85.52
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Table 24. Uptake of nitrogen of two years old Karamatsu seedling.
W 26 4 jE 1951 WO 27 4 B 1952
Sl 4o
uﬁﬁﬂfmg K D WS EALABEY HWALADRD
Date of | Part of seedlin 5] R | MEER | ZREAR 0ZEBRE | & E | L EE | EXE6FR OERTNE
samoli g Top length | Dry weight | N% of dry | N content | Top length | Dry weight | N% of dry | N content
mpling matter per seedling matter per seedling
cm g % mg cm g % mg
# E %% Top 15.8 0.17 2.91 4,95 14,0 0.10 1.95 1.95
K?rsﬂs 1B # Root 0.10 2.22 2.22 0.03 1.72 0.52
: Whole
wALE Voe dling 0.27 2,66 7.17 0.13 1.90 2,47
.k # Top 17.2 1.10 2.03 22.33 15, 4 0.15 1.84 2.76
?EHSEIS B # Root 0.34 1.45 4.93 0.17 1.30 2.21
: e Whole
BARE " eedling 1,44 1._89 27,26 ~ 0.32 1.55 4,97
# E # Top 20.7 3.02 1.69 51.04 17.5 1.53 1.65 25.25
fﬁ}?as B Root 0.53 1.34 7.10 0.32 1.21 3.87
Whole
ALK ' edling 3.55 1. 64 58. 14 1.85 1.57 29,12
Hi E % Top 31.6 5.83 1.53 89. 20 29.0 3.88 1.55 60. 14
gﬁ‘gsﬂs £ #6 Root 1.30 1.19 15. 47 0.78 1.00 7.80
: Whole
_E*éﬁs seedling 7.13 1.47 104, 67 4.66 1.46 67.94
ik #8 Top 40.3 18.53 1.07 144, 77 41.6 7.72 1.54 118. 89
gfpi Ao |4 # Root 2.71 0.94 25.47 2.20 0.86 18.92
* - Whole
BALHE Vo edling 16,24 1.05 170, 24 9.92 1.39 137.81
W E # Top 53.0 20.50 1.27 260. 35 45.8 12.50 1.21 151,25
AR 14 Root 5.13 0.70 35.91 2.43 0.77 18.71
: Whole
BALKE " ledling 25.63 1.16 296. 26 14,93 114 169. 96
ek # Top 60. 2 28. 41 1.29 366. 49 48. 4 13.02 1.38 179. 68
DASH g # Root 6.32 0.84 53.09 5.13 0.83 42,58
. Whole
ALK eedling 34.73 1.21 419,58 18.15 1.22 222,26
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Table 25. Uptake of phosphorus, potassium and calcium of two years old Hinoki seedling.
0 - B - - T ~H- -,
S o BRI ARDID HARLERDID HARIEDAD
PRRE ) o G E R | JYBAEE OVVEBRE | hVARE OrIBRE | ERAAE ORKRRE
Date of Pgart of se';dlin Dry weight P,05% of dry P30s content | K;0% of dry K,;0 content | CaO% of dry CaO content
sampling g g matter per seedling matter per seedling matter per seediing
g % mg % mg % mg
# E #8 Top 0.11 0.31 0.34 0. 89 0.9 1.03 1.13
ggrs llw = Root 0.03 0.27 0.08 0.68 0.2 0.63 0.19
‘ Whole :
BARE " (oedling 0.14 0.30 0.42 0.79 0.1 0.94 1.32
. E # Top 0.57 0.26 1. 47 1.40 8.0 1.14 6.49
?EDSE\ES B %8 Root 0.14 0.31 0. 44 1.78 2.5 0.90 1.26
‘ Whole
WAL seedling ) 0.71 0.27 1.91 1.48 10.5 1.09 7.75
# 1 & Top 0.65 0.52 3.39 1.88 12,2 0.90 5. 87
1755‘55 B Ro}c:tl 0.19 0.51 0.9 112 2.1 1.08 2.05
Whole
HARL MK seedling 0.84 0.52 4.35 1.70 14.3 0.94 7.92
HL b %6 Top 1.26 0.72 9.06 1.38 17. 4 1.21 15.19
g)égs ROl # Root 0.28 0.64 1.78 1.24 3.5 1.00 2.79
: _ Whole
WAL seedling 1.54 0.70 i 10. 84 1.36 20.9 117 17.98
# F # Top 2.44 0.75 18. 40 1.61 39.3 1.19 28.95
595)2 ol w Ro}(l)tl 0.55 0.57 3.13 1.33 7.3 0.65 3.56
° Whole
ALK seedling 2.99 0.72 21.53 1.56 46.6 1.09 32.51
# k # Top 3.79 0. 69 26,22 1.45 54,9 1.16 43.97
1%’1555 # # Root 0.75 0.58 4.35 0.97 7.3 0.82 6.18
’ Whole
WALk seedling 4,54 0. 67 30.57 1.37 62.2 1.10 50, 15
- |k # Top 5.36 0.62 33.26 1.48 79.3 1.33 71.41
1111{?\? Hs B %;)I?tl 1.28 0. 46 5.91 1.02 13.0 0. 46 10. 22
. ole .
HAZE " seedling | 6.64 0.59 39. 17 .39 92.3 1,23 81.63
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Table 26. Uptake of phosphorus, potassnum and calc1um of two years old Karamatsu seedlmg
";;;{T{ i - T *7|< 1EDRD | ALIAEDIY | o EALEDED
! 4+ O A Yy VBEHERE o) vEBERNE A ﬁﬁ* @77)9&1&5 AIREAR @EU—\E&W
Date of Pz;..art of segdlin Dry welght P;05% of dry P04 content | K;0% of dry K,O content | CaO% of dry CaO content
i g y g matter per seedling matter per seedling matter per seedling
sampling g % mg % __mg % mg
.k # Top 0.10 0.48 0.48 0.71 0.7 0.29 0.29
gﬁfﬁs #  # Root 0.03 0. 47 0.14 0.77 0.2 0.50 0.15
* Whole
- WAL seedling | 0.13 o. 38» - 0. 62 B 0.72 o ._.E?_.V 0.34 ) 0. 44
] itk % Top 0.15 0.74 1. 11 1.51 2.3 0.62 0.93
j’flns'ﬂs B % Root 0.17 0.66 112 1.32 2.2 0.74 1.26
. e Whole
B ARk seedling ,,O’ 32 ) 0.70 2.23 ) :41 4. 5m o 0.68 o 2.19
|3 £ # Top 1.53 0. 68 10. 36 1. 66 25,4 0. 66 10. 16
}‘E;’“s £ # Root 0.32 0.60 1.92 1.36 4.4 1.52 4.85
Whole
ALK seedling | 1.85 o 0. 66 12.28 ] 1. 61 29'?_ B 7(3.:31_~; 15',01
| bk B Top 3.88 0.53 20. 51 1. 46 56. 6 0.53 20. 65
X’Eg‘r’”s B % Root 0.78 0.41 3.16 1.04 8.1 0.57 4.47
: Whole
WAL seedling - 74.66 | Oilv__ B _,_2_311 1.39 ) 6_4.7 1 ) 0.54 25,12 _
# k% Top 7.72 0.53 41,30 1,28 98.8 0.63 48,32
5953?55 # 1 Root 2.20 0.50 10,97 1.06 23.3 1,48 32.52
* Whole
ALK seedling 9.92 0.53 52,27 | 1.23 1221 0.81 80. 84
o E # Top 12. 50 0.42 52.82 1.06 132.5 0.52 68.90
1%’2555 B # Root 2.43 0.75 18.16 0.82 19.9 1.02 24,67
. e Whole
EARLE T eedlin g ) 14.93 - 0.48 70, 98 1.02 152. 4 0.52 93.57
H E #5 Top 13.02 0.43 56. 30 0. 89 115.9 0. 60 77.65
WHSE m Root. 5.13 0.46 23.48 0.04 43,1 0.47 23.89
* ole
WAL seedling 18. 15 0.44 79.78 0.88 159.0 0.56 101. 54

HANCHFIF ¢ LEEAW 0 L S E L OB W R B EEEF

€9



— 48 — MWEABRGARRE F 1375

i) esehs5<=vd P0s%, KiO%, CaO%DIEDOK/NMIZRIT LYW RIcDHH, EFHDETH
Bnr, SEOEROWETIE POJIEL /% X Db 5~ DFabTrickE <, Kiic KO%,
CaO% itk / *DFBTH<v XD HKREVEERRL, COBREITHED 2 ¥L 75 < ORBkE [k
TH 5, )

(2) BAROYVEE Y, RRENE

%25, 6RICRLLEAKOEMEL, ThThod Pi0,%, Ki0%, Ca0% Dixid T, £#H0%
ERAHER KDDL, BIIRKRTLS5ITRS, Zhitkdie / F3EBEFLEILEELL LAV
FORNELEL, 11AOREREMETRNTSDIHLT, »5<vEEFL T BTH1LAR
CBREEETS, 0R DR HAPE /¥ ERIED,

vV =

(1) 1EEZBLEECESENDEE, VVE, 1YV OSHEEYF 1926 F0OREEZD L1, ha bz
DOESBNBCHETHL, DEDL B0 THS (kg/ha),

N P,0; K20
A ¥ 85 36 90
=4 7 ¥ 48 22 - b7
7 h =V 124 41 68
A G4 109 39 78

ZOEROESBINE Z EEW, 70k 2 IEORINE L KT 5 LMEFELRIER EEDLLETH
D, LEBDOTHULLABOEAZERL X5 &ThiE, tORSBNEIIZBENL VSVIOLEEXD
h5, &<z Lurz and Cranorer™ (1946) HIEHT5 X S, HAIERE TRESH, LE~OE
FBRTIEETHD L L2 dbEE LT, e Ele LTRRT25 63 b LTHRT 54
Plbic, BEFESEETHS L BbND,

(2) BAROELREZROEREIZOWVWTHLBE, Younceere® (1958) @ Douglas fir OEE 2 FHD
EHBNE (kg/ha) ZRTBMTIE, FHLTrOBRIREIX N 96 kg, P05 20kg, Ki0 52kg T,
BESH ISV VEOEHKKEWZ L 2RD, THIIIEDO L S BRBECEHNRERCREILELF
BROEmMTH B, Ll, Q) TORLEHEICLDE, TH<y, #7=Y R EROIERTHORD, A
FLe/FTOWTIRN Y ORBBOLPEROFRELCP @b L HAEZ R Lz, TOXSITEHAKD
B VBENBIERCLSTAREVD, FHEOEAROIHK 3 BRARVICL L, Fh ) KOEKRDEFIT
SEERIKOVWTERIFTHY, BRCHTE7 Y ORARBERSEXZOHTRIKREVOT, FEOH
JERIER>SY VB> H YOS IERT 300 #Y EE x5,

H6EH WANEBIRZ ‘

MAROEFREEZMASPICLTHL 2 &1, HHOEEEEO ETEERI LIV ETLEV, &
YEM DEES REFE DTIRBAEIL L DO, Zhiz K BRTHRADESFREIE LDV T D Fff 13 2 7%
LTOTROIED,  HHRETH, FHRERAKEERA 2, 380808886818 fT7r b fc A, H DD DIXESFK
ZEOEHEZEZEDOHMNE LicbDTidlk<, b dbOlugERthOBRSFRBRBEELCTFLbh Ty
i, FOBHIZEL TWalv,

L2 LERBICEOBRAMRELC LD Izl h, 2%, #5<y, TH=YHHICO>VWT, FEL
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TER, YV VE BFLEOVWTORZESHLPTEH, EERLGVCIVEYS=THTY, 747
H X EDREARICOWT, BF, VVE, 2V REORZTENPREIN TV, ThbOMRERE
OB BSOS REEZRAS I LD DT, EARKDSH 27 W SEAETENL L b OEERITM
Z5hTWwiE,

DEREETSE, bAETIE2, 3OBBOVWTESR, ) VEE, ELORSECOVTIET T
LA EINTVSED, AROREECDOWTIRELB|E SN0 L, Eoh ) ORZELDIOVWTDH
THLRBE . Thidh Y, AROBSGRBRIEREOFECELHRORPEINTVWHIDTHS L
Bbhd, EE3ChSr Y, ARIELEREL DI, HAORMEEL Y b BBOE RO HE R
BREVEZRTHLLVIBRCEVT, RCLTOEEWRELZRD, ZhbX>WIHRLED, EROME
FeLTETER, VVEE BLORRESELERLAODL, #ROFEC2, 3OHEEMET, 4V
BLURKORKBREEERZTLV, IBTHY, AK, HLO3ERDS L, Wihio 2 ERSFRK
CRZLISBETOWT L EREZFTR ok, TOERARREOEMTIE, 2EER VL 3 ERIFBFHCK
ZT55R35<, EFRZCI VAW AOFMMERS W LER SNERBTEDIL TV 0EE X
b Thd, ERZNSIEEDS L, RIBEOEHMTHEONRL T WELRZEOEERE 27 %
v, EERZIEORER L T OHFLME OBGHEEEL, FMEOCALEZED S LITEdI,

I EREB—19 BAOEER VVE, »Y, BK Bt & <V VOLEROKREE

I—A ZFEREMRIUERFE

A¥, /%, TH=Y, hI<VHEOBER, YVE, HY, AKX, ELOXEFORSELZMBEW
T, LRAEROHMAROERERZITL Ok, KRFEORELKHEEZHALIBHECI VTR
D, Tinbhb, MEFL (NE 12cm, FEX 10cm) THREW 22D, ThaE 18 TR T X 5 kB
EZANICFRIAR » MICBREL T, AR ECEF 2 EOFEERTE Ok, ERFEOAERLAMED
LIEAK, BRRZX, Y VEBKRK, #)KRK, HEKBRE GBRAREE, SEE0LDIC,
GFREE L~ v 7V RRK 2 bR, FHBRKOKBHEOMBRIE 27 KDLV THS, KHHOE
Fx LA 1 TRV, Rk 7okiz £ 4 AR RstgIC X 2 Bk CHARH 100 5 Qem DLk
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inmm.
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S
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Fig. 18 Apparatus used for nutrients deficiency works.
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Table 27. Composition of culture solution for mineral deficiency works.

gt K B H | TaEE
Salts used |[Complete — N - P . K —-Ca - Mg Filiemarks
g/l g/l g/l g/l g/l g/l

NH,NO;q 0.0572 ——  0.0572 0.0572 0.1143 0.0572 | E%E p.p.m.
KH,PO, 0.0383 0.0383 —_— _ 0.0383 0.0383 | Element
NaH,PO,-2H,0 —_— —_— _— 0. 0440 —_— —_— N : 40
KCl 0.0264 0.0264 0.0475 —_— 0.0264 0.0264 | P,Os : 20
MgS0,-7H,0 0.2449 0.2449 0.2449 0.2449 0.2449 _— K,O : 30
Ca(NOg)s+HgO 0. 1299 _— 0.0129 0.0129 _ 0.0129 | CaO : 40
CaCl, — 00792 — — — | MgO : 40
FeCgH;0,-H,0 0.0165 0.0165 0.0165 0,0165 0,0165 0,0165 | FeyOg : 5
MnCl,y4H;0 0.0038 0,0038 0.0038 0,0038 0.0038 = 0.0038 | MnyOs: 1.5

DREZFERA L, ZOEEERIIBMI24EL B3EET, Thhd Ar»D 10 BOMIch W iTi>
2o BB TA»H I A LAETOFMBOELHITIE, Xy P ZKHEICEE, AEPOKERE) S CTIEE
OB LRI X BRE LI, |
ERREDOHICRZEDS LWEBLZOMORE 2RDLML, 1HRBREOS5H 1H v + 25ELiEEicy)
Dipx, ZOERDERLCRFIYZERORSELBDDL LTl
I1—B EBRERHELOBE

ERIIPANS2ERE L SBEED 2 BT bl W fTlbhicss, ZORMI—IFELTORBZ LTS,
EWM 2R (4~5A), Hill (6~7A), %W (8~9A) ithb}, FEHFORZELBELER
5B O EE TROEAROEFT RIS S A BIRERIIE 28, 20RCTRTERVTHS, b
EET DL 1926 FEDER X D1 1927 EEDOERD FBEBERIT I 2 TEHLOMEIXD 555, REBEOE
HIKRELBEDNL TV 5, RREEORMELZBERZTLLORS ERDE LY THH(FHE—5 FE—6
BIVFE—108), : ‘

i) €%, YV VE, »YELTCELORRSEICOVTIIIERD KM ° 2EHR LA, KL
AXDELRZEIHERECHONIGHE D HOT,

w2 ® 4 K B Ok #H ¥ E
Table 28. Growth data on

1 9 5 6
A ¥ Sugi e / % Hinoki 7 #7<> Akamatsu
% B R
KBy |8 B ANE EVE|# £ AKE LU |8 B AKE E0h
: Index Index Index
Length Fresh of Length Frqsk}xl of Length Fre:s}111 of
. weight fresh weight fresh welght  fresh
cm g wt, cm g wt. cm g wt,
T & B & ’
Complete culture 11.9 4. 40 100 8.4 1.19 100 6.1 1.67 100
Z% — N culture 5.9  0.62 14 4.6 0.12 10 5.2  0.70 32
Vv EE — 6.6 0.98 22 4.9 0. 15 13 4.8 0.78 47
A y — K 7.0 0. 88 20 4,7 0. 26 22 4.5 0.70 42
a XK — Ca 9.2 2.99 68 8.9 1.31 110 6.7 2.32 139
=5 + — Mg 5.4 0. 37 8 6.5 0.27 23 5.3 1.36 82
&k — Fe 10,0 3.39 77 7.2 0.91 76 5.6 1.60 96
<v#Hv — Mn 11.7 3.38 77 7.5 1.08 91 5.7 1.63 98
4 3% /& Control 2.9 0.13 3 3.2 0. 06 5 3.6 0. 36 2
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i) fERARETHOLE, FDER, Y VB, HLALTCH YV OERMIELAL I LIz, £ DIE
KIEXFE0RCTTERITH S,

iil) AR RFREEE O AT A £ OIE S BRI OERSSRD SR W20 2, HERGE L
KO ELEEOEAL VD PR OTEER LD, AXREFOMSBERL THREZEELAH, &
EHRDOREEIEIRIFTH DR,

iv) RRBRIEROEAIZ6 A25 7 A2 THERASFERRICEB LAY, 8 AL DERIILA
VI E DR, vV A VRBREROHERICIZ LEHRKESVTE, MOOREEEBDL DL, 248D
SIERVTHERTSH L6 A A bEADERRSEAGRICERL,

I EB—20 2F¥0n Y RKREE *

O—A ERBME X CEREE

AXEDOH VRSERMD BT, ER—19DFHEI2, 3OHBEZMLT, »J RSEEABLTR
iz,

EBFHEOREL, KRR LABHECK VAED LA FEFEEE DT, » IV 2RKRSER
BEEREAVTDHEEL, A¥HCEHbhS 7 ) ORSERZBE L, TROBESIERCAVER
BOOHELETHEKETELRILLTBLD, FY=F Vv VORBEFEHALL, Tbb, fimcilz
HIc 1l BRY=F VvV E—H -2V, TRRKAEDEODR, 2! BRY =7 Vv EBREAR
LT, ThicERREz AN, SSLRZOPCHTROREDREZ D1l FRY =FvvE—h —BBET
HX5CEBELN, FEBRIOEERZHMBLIEIDERLTWS,

FEMIZ 50 BHCL Eikp EMRE L 2% E9KEKTHREL, Ri&iC Cl ORIEDXR KBE
THiEAR GoiAk) ZHVTEEL THERLA,

EBEIEOKREE, » ) KROBEZ K00 K(EL£XKRKX), 2p.p.m. X, 4p.p.m.[X, 10 p. p. m.
XD4EREE L, KO 30p.p.m. DIFEX EHbET, A5 ARRAHT, 1K 2K v M HITHEER
BafTisofc,

£ B o &£ F # & B

mineral deficiency works. (Average)

1 9 5 7
# 5 <> Karamatsu A ¥ Sugi bt / ¥ Hinoki 7 # <>y Akamatsu
R kkE LN w & oanE ZN w & auE 258 v & aem EF]
Index Index Index Index
Length Svgeis}ﬁt of Length gvléeisgt of Length Evreeisgt of |Length 5251;“ of
g fresh 80t fresh 80t fresh 81% fresh
cm g wt. cm g wt. cm g wt. cm g wt.
12,1 2.37 100 9.7 8.71 100 7.8 1.24 100 4,7 2.24 100
4,6 0. 40 17
3.6 0. 26 4 2.7 0.09 7 4.4 0. 68 30
4.3 0. 43 18 3.1 0.09 1 2.1 0. 06 S 3.9 0. 10 5
10.0 6. 10 70 3.2 1.24 100 5.5 1.23 55
6.0 0. 30 13 9.5 0.13 2 7.7 0.07 6 5.7 0.55 25
8.2 2.10 89 8.8 7.15 83 6.3 0.77 62 5.3 1.28 57
8.3 1.78 75 11,3 6.41 74 6.7 1.01 89 6.3 2.23 99
2.8 0.11 5 2.1 0.13 2 1.2 0.05 4 3.2 0. 30 13

*  AEEBROREMDO—EEIH2) WRELL,
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Table 29. Nutrient deficiency symptoms of Sugi, Hinoki,
RIS L e R z i )
Element pecies “ 5 i 1 ® 5 h 0
A ¥ Sugi HEERBFEEYET B, HREETET S, FICHEELRC
M EHbh b,
e / % Hinoki HBEHSFEELET D, WERRHEZGEYZ LhoER
* . weErET5,
Nitrogén 7 # <> Akamatsu| FEE2ET 5, BikEET 5,
# 5 <v Karamatsu| #ikEs 2+ 5, WEO—MBEEFE, i
RErET 5, ]
A ¥ Sugi *g%?lotﬁ@ﬁffﬁl DIERRE | BB X LES S BRE &
x o o
v / % Hinoki WEIFRELZET 5, HERBBERE LD,
)y v B .
Phosphorus| 7 # <> Akamatsu g%%ﬂ@’)bﬂﬁ’dlﬁ%ﬁ%%? HERZREFRELET S,
# 5 <=v Karamatsu| EORFICBEELZET 5, @%ﬂ%ﬁ%%ﬁ%é—%é&ﬁ
A ¥ Sugi HERGEELET D, HWEROFKEBEES LIEVWICTE
~B1T,
] v / % Hinoki HekltFREeE227T 5, BERO—-RBELET S,
# 1
Potassium
7 # < Akamatsu| HeEPREFEALZET 3, THEHEREIRD,
# 7<= Karamatsu| B £ERNKEELET S, TEXVEBELLD,
S ¥ Sugi TERICREELEDILS, HERNKBEEELET D,
v / % Hinoki TERCEEREDLR S, HERNRERELET S,
= +
Magnesium| 7 # <~ Akamatsu| ¥R EER 2T 5, BN B X URIRECE
BEETLHIVHLND,
# <y Karamatsu| BORG X VIKFELZET D, | HLEBKERES2ET 5,
A ¥ Sugi BREEET 5, ?‘g:’t‘ﬁi’i (B3 niFEar s
f o JK e / % Hinoki
Caleium | 5, o Akamatsu |\ FEESIERIZZD LRIV BEIICA D IEE R 2T 5,
5 5 <> Karamatsu
A % Sugi AE, B/ %, TH=Y, #5=vEbCHEHlEE~EHE
$,<v#v| e s/ % Hinoki )
Iron
’ 7 # < Akamatsu
Manganese AR L DITERIE N o7 s Complete DAFIXEA

# 5 < Karamatsu
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nF o v B o B R ZTEBE

Akamatsu and Karamatsu seedlings grown in culture solution.

B =

& =] ® L]

General symptoms of nutrient deficiencies

ERE—KEGEYET S,
EAUNEGELET S,
WEO—MICREELIREL 2 L RGEY
2735,
WERLERELE LB R EGE
215,

Yellowish-green—) yellowish.
Branch and needle sparse, short needle.

Root abnormally long.

A ISR L T B

B R L 75 DR TR SR
Sl

B TR FE L 2T

®E, FECEET S,

Stem and older needle purplish-bronze—) purplish.

Becoming necrotic in older needle, but youngest
needle retains dark green.

HERGFEE LD, FCTECHE
BrE{EbNLD,

BEEBFEE LD, FCTERCES
FeEsHbiLs,

TEREEEZZUMERIFAL 5,
TERBEZELHEEINEAL %,

Stem and branch limber, needle sparse.

Older needle reddish brown, necrotic or dying, but
needle at tips of branch remaining good green in
color.

See p. 149.

BEE—tkiEe L 25t T TECHL
Bbh b,

ELERNEBERZET D,

%’é, RECEZRUZ—HRCEECRZET
REFE—RKEBECLZETSD, EORIHX
HEIE,

Older branch at the lower top turned yellow —
yellowish brown or reddish.

HAKRSRBRE—IERELZEL, EOR
m(EF I kBEeEr 2L, KT 5,

See p. 150.

LTw3,

Bud or needle at upper top turns white or yellow-
ish white.
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FHB. FHPUREZM B RRDHLREE

Photo. B Apparatus used for nutrients deficiency work.

FI0ER U REREEER ORI SR ER 1 EL e ok S 7 &
Table 30. Composition of culture solution RERRUBRIT AV 7ok Bl O HLA 3 55305
used for potassium deficiency work. DEBVTHD, KPHRICAVICERTE

# A B | ‘ & EAmounts | E#E Element LEHMEOB NS DEHV, Fi- Fe JEiC

Salts used | &l | PP SuCikiilic Fe OTARE T
NH,NO 0.0572 N 40 b . s
mﬁﬁ&amo 0 0as %m % ®, 7= VEESREFER L, CD7 = VR
MgSO,-7H;0 0. 2449 a0 40 = 172/ R T A .
Ca(Nés)z e ) o 12;9 MgO 0 BRISEMGRE 7 = VIRCIERES 72 b @
FeC¢H;0, #1k |[Fe O3 5 p.p.mfAY &| Fe,0 S :, T Et ~ e 7K
MnCGlgf4IZ120 20s 5p.p.mAR Mﬁ,ogs > T, EACHIES DRV, Kt

WOE AR L EH L, kR
K o Tt KCL 2w, Lec i 2mg o K0 T AR Z L EH L, EhkhcAy
RETOKBHEER LT, ThEnfiEomEc TAKIEA A VTR BRI X BBUEKT, 1
B X D ICIRIL 72 1EHL100 77 0 em DL ED DR L,

33 E4 A 19O BARM LICAFOEFZEE DY, BREXRDS5 A 1B 2O OBERR CEE 218
Wiz, ik, ER—19LFARICT A5 9 A LAETOMMIZEX » F 2AICES, KENOKEZ K
SR THERORED LR,

BAREROSH HERERIIr V& — AR LD, Fion U IBRIRIL Lol 2 e st 2 v il
E LT,

O—B EREHELOEE

HEEOREL DR L OFRANIRDE KD TH 5,

(1) 7V REEDFE

BEERRIATS 30 H B A RMERR IIEFELZEL TWHDI L, T2KRE L SR KO 2p.p.m.
KIIEFEZEL, WS EARZEREZRDLLIXLD K, HERKOVTIIEL $5%E4£K, K010p.p.m.
X &, ORREK & DEICHT i ZENRD bhi,

500 B ZAIIXELKMREIZ T TIEF 2 FEL, TEIFRREZHY, HLAKIIOLEFEOBEY
EiLT&7, KO 4p.p.m. KiIZHDOTIIATE & FREHFELZEL TEL, HEMEERITRNT,
K0 2, 4, 10p.p. m. K & RERBRE D 3 RIETKFIT B LB TE,

7Ad4a, 80 BEZARIRIELAKBEOERIIFE—12ITTT IO, TERIKBEZEL, Tz
R EERRHEFELEL. KRIXFLAEEELZ, 2p.p.m. IR IE LA WVICERZEIE LikE
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BErEL, SRR LOMIT, DMOXS5LEHAOEIDENHZIDONEVE S TkoMhs, BADE
BRFLLFRBRTH Ok,
(2) BARDEE DI B
HEFN 33 4E 10 A 26 ACHEE R HY1D, BADOABARL OCICHEAKD KO % Digh, 2, 3 DK
BEDWTHWT &I Dlk, TORRIF L RAOVURKFE—8 KR TERDTH5,
FIIE AFLIEAWO» Y RREEER (FHE)

Table 31. Data on potassium deficiency work. (Average)

5 ko 4 B KB EAD KO, N BRE CREigs)

K;0 and N content

tg%gﬁ%}ézoggg Growth of seedling (% of dry matter)
Cor}cenltration s OB éaﬁ:% JFE(BJ—EE{%SIEE’:?}ﬁ DK?(Zﬁf\ K0 N N/K;0
of culture Fres asa ender- Degree of| ... . e
solution Length weight diame- ness potassium GE S & € S
t defici op Root Top Top
om g Tom eficiency,
0 p.p.m. 2.4 0.18 0.07 80 ++4++ Tr Tr _
(ELXIRD 12) @) (29) WHEAREE . T : _
2 ééé% ?523 833% 13 + 0.23 0.14 2,09 9.09
4 ég;g ?}2% 8§§§ 13 - 0.54 0.46 1.20 2.22
10 éggg gagg <?58§ 11 - 0.78 0.78 137 175
. 10. 88 0.2
30 (iR # XD (}gog (108) (1003 9 - 2,02 134 1,22 0.60

B Y OELEKEEDAFEHLOWTIE, 7 AR E o {EEEISBD DKk, £OFHEE
i3 2.4cm, TOFHEKEIDLTIC0.182 ThH Y, £DOKOBIEHRE (Trace) TH 27 D
T, ZOH VRKREERPRIVBRETALbhI WS LR TESTHS I,

HEFEWIC KeO % 2p.p.m. IRMILAH AT, £HOYMICEVT, SHEDRIRCBEEOKKXZSE &
B bhBERBED Hhich, BEETRICEWTE, AMICIZLAYIhE2BD L LN TE )
Dz, £ LTEERD 6 EH|TWEDRENRR by, BIEHRO Ko0% 130.23% T, BLLEWEERT
Ute, SO KO 224 p.pom. HEC10p.pom. OHAIK, K KSEESBEICIIED S b
Do7hs, BIEHD KO %3t T 0.54 %KX 0.78 % T, »is WIERWEEZRL,

1% K02p.p.m. KOFEEIRD N/KgO0 13, K0 30p.p.m. Kit HRTELLAEZWEETL
feo LIcHSDT, MAWIKCE 2T, KO 2p.p.m. ROBKIDLBEOEFLZRL TS, # U5
HERENTRZ DR TIERNELTD, PRIV RZDOREBEZDHZDDDEEXTIVTHA S,

M EE—21 AXHORKRZEEE *

M—A EREMR X CERGER
AXEORKRZELZMS BT, EH—20L £< FROEEEE 2V CARRBRRBZ T o7,
EERIEAIERRK L ARG 2 K%, 1K 2K TR D, RERICH VRO

BRIt R RCRTLEVTH D,

A3 44 B 19 HICHHERM LA ¥OMT 2 E X o1, RESO5 A 1A s LRLORMMECHEL

U »I,

* REROFFAO—HEIMKI) TRR LIS
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Table 32. Composition of culture solution . . . .
for calcium deficiency work. HERORIBE SVICE DRBITRD & 35

— VC" °
i A B ¥ | &£%F& Amount |E%XE Element DTHD
Salts used _ g/l - p.p.m. (1) BRRZEDOHES
NH,NO, 0.1143 N 40 6 A LahSREiCR T 5ABROREN
KH,PO, 0.0383 P05 20
KC1 0.0269 K30 40 ELY, 6 A TACIARDOFEEITLL
MgSO,-7H;0 0. 2449 MgO 40 .
FeCgH;0, Fe;O3 5p.p.miAY4E| FeyOq S RohT, BeaEbL TE&k, ROK
MnClg-4H20 0. 0038 Mn203 1.5

BEELNBCEROTBOREET d &1k
L, LEVWEFKBELZEL, —HSHIELTWB XS KAZT bR,

7 AdaEE, RIIEBEEZEL, SRrLRENOX S LEREEL, FIROREATE o7 < &k
L, ¥RFEIRFRTI O, EERCRSWTIFEOLL LT, AIkokmilafkgtsicy, LE
WICHTEL T, LA LW BEDOISII DL HIREFEFELEL T/,

(2) EARDEFES ISR

WBFI334 10 A 26 RITHERZFT LYY, BADEFHEL S CICEAKD Ca0%, K:0%, Mg0%,
Py0s% i EOHWT &ATIOlc, ZOFMICHIY, ARRSEIAFEORBHRCHEbNICZ L, BX
VCAREBBHLECEETHS L1309 2 Lpd, EAZEE, S, Tl CREO 4 8515
FTH&TRolk, TORMIFEIBRICLTTLEEI THS,

HBE AKRKRERED 1EEAFHORKRESTCH Y, &L, ) VEROEEER CIEEh%)
Table 33. Calcium and other mineral elements concentration of one year

seedling of Sugi grown in culture solution without calcium
(% of dry matter).

. it WK o B &
Treatments Parts of seegling Ca0 K.0 MgO Py0s
' F # Upper part 0.20 2.25 0.90 0.90
A KRB o F %8 {sh Z Middle part 0.26 1.44 0.85 0. 88
—Ca culture T #F Lower part 0.28 1.39 0.99 0.93
B Root 0.25 0. 60 0.31 0.38
o A + # Upper part 0.81 1.57 0.74 0.54
;C‘%ﬁ%l@gfﬁ) Hi kO {eh %% Middle part 1.05 0.91 0. 66 0.55
°"l‘tpe T #8 Lower part 1.08 0.88 0.71 0.56
culture B Root 0.39 0.90 0.44 0.39

WAEKD Ca0% NELHERICHLEFLIDRWELRRLTHY, SISLREEROBR b EELR
@ Ca0% X TERDOLN L D BEVZ ENLBD LN, i, TOHWTOHEETIIEAK L & ©
P30:%, K30% X Mg0% % Ca #Kfp¥5% &, TEERRICL LRXTREVERTRLI,

NV ER—22 2¥0nY, AR, HLOFRR 2 ERKREEE *

N—A ERENSIOERLE

EH—20, 21ICHVT, AFEDOH Y RZER ST ARKSIECDONWTORZ, Ll EERRHE S
LTI, 7 ) RAKREDFKERMPEMIRZTEHELVD, BLARKERDOS L, 2EHELWL 3
EREVFBICRZRVLILARRTHHEBEVOTREVHEE X DI,

x AEBRORBO—EZIH) ITRRL,
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EEBR—22BVTIH Y, AR, HLO3EZDS D, HEK 2 EZPRFCRZLIBED, &EARIC
b B RZELHAEROELSBIREZ TS BT, thbo 2 ERFRFRREEARZTR O,
COEBIIAF LEEHE 2HEATH L OHETO>WTTR D,

1EAEFHCOWTITRDOERE, FHROER—20& /RO, K#E2EALB#EERAV TR
foo 2EAHTOWTARDLERIE, 9! BOKMAY 2 AV TP TR 2,

FERFTEIO AE L b O ZEHRRE OIEER DML, EHRITRT LRV THS,

34X  HY, AKX, ELORKERREEEROEERRK

Table 34. Composition of culture solution for two elements deficiency work:
potassium-calcium, potassium-magnesium and calcium-magnesium.

R B ZE FE  Deficient elements
i A | & = At ‘
TAREER — —
Salts used Complete | — K ! — Ca | — Mg \— K, Ca|—K,Mg Ca,M CE'M
B solution P ) g| Vg
A W gl gl gl g/l gl gl gl gl
NH/NO; 0. 057 0.057 0.114 0. 057 0.114 0. 057 0.114 0.114
KH,yPO, 0. 038 0.038 | 0.038 0.038
NaHPO,-2H,0 0. 044 0.044 0. 044 0. 044
KCl 0.027 0.027 0. 027 0.027
MgSO4-7H;0 0. 244 0. 244 0. 244 0. 244
B &
Ca(NO;3);+4H,0 0. 168 0. 168 0. 168 0. 168
Mnc12'4HgO 0. 004 0. 004 0. 004 0. 004 0. 004 0. 004 0.004 | 0,004
FeCeH0, 151 Feg03 5p.p.m #8X%4 EiFHN
T % (1) AMREBHMLIZERBEST 5.
Remarks A solution and B solution are mixed equivalently.

(2) TELEEROERE (p.p.m.)
Amounts of each elements in complete solution are as follow:
N: 40, P205 : 20, Kgo : 30, CaO: 30, MgO : 30, Fezos .5 Mn : 1.5
(p.p.m.)

NFEEHCOVTOERIE, BMME3H 26 ACAYETLAED LICEX O, RBFHS5 BI5A D
SRATII ORI CRIE 10 A 26 HE TR L, TR 2E4AHIKOVWTOERE, BM34E4A 27 HiC
WEECERLIC 1E4AERAYFEEL, 1£y PSR TREAVTEEL, 5 BL1IA»H10A 6 B ¥ TE
ELT,

V—B ZERRE L OEE

(1) BHFRSEDORER

BEEOMPE S SN A X EORFARLDIEIIrOE LRI RD LBV TH S,

a. AE 1A _

FELEEXR DA X HIRFRERACEFT L &S, TATRSAPOEFEORFSELELTVWE XS
CREG LN, TORREAETH S, MBERLLT, B, Zn, Cu 2Zh%h 0.05 p.p. m. if
i (b ERBIKIC S R Lz, 8 ApAIZ A2 LEEDHEL, EFicAE L,

KXRKDOZAXEZT A EATAPOEBEREFEHEL TV, 1320F D L LARTERBIREZTS
higiote, 8B EETS S5 TEEBO—BIRKE BT, KAZESEbIE, o

Ca RREDORAXEL6 A TACA»LEFORSFAILBELELIILD, 7HLACEEBEL]
DEFEOEEF ZEILL T, Ca REESBEDLIIH, LOBREINEEDEH 2112 bRTHEH» O,
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Mg KRR DOA ¥ #1126 A LAZ AL TEO—HAFRICEEL, RmCERL, BEEZELLRS
LEVIZ EERCRAR, 7T ATH, EENPTBELZEL, RCTEOHS TR Rbh, REE—IiEE
ERLABRERLT, HER Mg REEHRbhvI,

K, Ca REK D2 X136 A LAHFOHSBPHBELEL, LEVICEEELLYD, 8 ALuER
ZEIELTVD EOSXRZEI LN, Ca RERDOERCPEREZEL 2,

K, Mg XRRDOAX¥HEHIZ6 A TAZAHLTEORE»LEFELZEL, LEWVIC EECHETL CH
BECEEL, 8 AEAIZAPLHBEEHY, ZLALLOATR2ELL T, Mg RERKICBIER
BELT,

Ca, MgRRED A X116 A TACA»LEFOHIIFBEELEL, ERELIEBEEELL,
ELAETERCELSBEDhTWS, 7T APAHLSESRBELLD, £HZEIELL, £ & L T,
Ca KK OFERL v b Mg KRR IBIfEREZE LT,

b, 2A¥ 244H )

A ¥ 2EEFHITOVTIRANRD A ¥ 14EEH & IFERROBMMA L b, R LEREZRELIAX
f&#X (-Ca, -KCa, -Ca MgR) 1%, \Wihd Ca ORZEDHNE EHbhiz, TbbiRFRDOEE
BEL, BROFBEXLED, LEVKEBEEZELL, ChICEDRVWERERIRFGEZEL, BEIEHRIX
BEE—BELEY, DWIIIHET BV,

Floh VRRKIE, YEEFCRONAX S KBHEARZERIRD SN2, ThiZEEo0E
BRIZERL72h ) ORER S Sbicicd Tkt Bbi s,

(2) HEAROEF I L CEBTE S DAL & UITRIIKEE
i) BEKTROEAROEFTIRE, MBEESMERLRSCCENER, 5 35~37 ROLEVTHD, #32

®BR Y, AR HELOXKRBAFHOEFTCRETEE (CFHiE

Table 35. Data on two elements deficiency work: potassium-calcium,
potassium-magnesium and calcium-magnesium. (Average)

5 g EEIR map REFE DTN
Ty sFz
s # Treatments Length weight il:sr;der- Visual deficiency symptoms
) cm g
A% 4123 Complete culture 15.2 2.95(100) 7.7
B) K REpbz#E —-K 10.0 1.15( 39) 11.5
C) Ca ” —Ca 7.0 0.75C 25 13.7
D) Mg ” —Mg 11.2 0.66( 22) 20.0
E) K,Ca ~ —K,Ca 4.9 0.36( 12) 18.3 | Ca RZEDH M@ Bbhd*
F) K,Mg ~ —K, Mg 5.0 0.33C 11) 2L.1 | Mg RZFEDHH5E < Bbh 5**
EG Ca, Mg~ —Ca, Mg 4.3 0.17C 6) 36.4 | Mg RZRED HH55& < Bt 5%
H) K,Ca,Mg~» —1161, Ca, 3.1 0.15( 5 35.2
g

* Symptom of calcium deficiency appears more remarkably than other elements.
** Symptom of magnesium deficiency appears more remarkably than the other element.
***Symptom of magnesium deficiency appears more remarkably than the other element.

£55, K, Ca, Mg OEEFROEMRIRE STICE 2 ERORERBIEED, BHAKOHKCRETH
BLZOWTEETHEL, 2EDLEVTHD, Thbb, AR EFCEVWTIX K, Ca, Mg @5
L, W LEERBEMIZKRTS &, tho 2 BEROEFERIIEL L5, ¥ K, Ca, Mg D5 b,
WIENP 2 ERPRRFCRZT DL, O 1EZOSEFREIB/L RS, BREBLEVLTD 2, 3 offtiEd
59, ZERROERMBA DN S,
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36K HY, AR HLOKRIEAO W LESMRCRETHE (RWLh%)
Table 36. Potassium, calcium and magnesium concentration of one year
Sugi seedling grown in culture solution without these two elements.
(% of dry matter.)

Kzooo Ca07 M O/

s ¥ Treatments H J:. B iR i h _|:. 1 R : _l: zls R il

Top Root Top Root Root
(A) Complete culture | 1. 48 0.81 1.06 0.58 0.94 0.68
(BY — i 0.25 0.25 1.09 0. 44 1.15 1.01
(C) —Ca 1.94 0.61 0.19 0.08 1.02 0.51
(D) —Mg | 2.05 2.02 1.29 0.61 0.16 0.05
(E) —K,Ca 0.28 0.21 0.19 0.13 0.99 0. 66
(F) —K,Mg , 0. 50 0. 38 1.92 0.73 0.26 0.21
(G) —Ca, Mg ' 1.91 0.74 0.26 0. 19 0.12 0.13
(H) —K,Ca, Mg 0.39 0.02 0.49 0.23 0.31 0.29

BIER  HY, AR FLOREIEAROESBNBLCRIETHE (m?k 1E B mg ¥

Table 37. Potassium, calcium and magnesium uptake of one year Sugi
seedling grown in culture solution without these two elements.
(mg per seedling. )

K0 (mg) CaO (mg)

MgO (mg)
3 Treatments | MB-E# tﬁ WA K| HER B OH & k| b RO & &

o
Whole Whole Whole
Top  Root seedling Top  Root seedling Top  Root seedling
A) Complete 27.83  7.89 36.72 20.92 5.65 26.57 | 18.55  6.62 25.17
B% K 2.09 0.69 2.78, 9.48 1.21 10.69 | 10.00 2.79 12.79
C) —Ca 9.92 1.43 11.35| 0.11 0.19 0.30| 5.22 1.19 6.4l
D% —Mg 11.49 197 13.46 7.23 060 7.83 090 0.05 0.95
E) -K,Ca 0.75 0.20 0.95' 0.51 0.33 0.84| 265 0.65 3.30
F% —K,Mg .19 0.20 1.39  4.55 0.38 4,93 0.62 0.11 0.73
G) —Ca,Mg 2,27 0.45 272! 031 012 0.43| 0.14 008 0.22
H) —K,Ca,Mg 0.3¢ 0.0l 0.3 0.43 0.08 0.5 027 0.11 0.38
i) ELERROWAKOELER L 00
5 U K40, Ca0, MgO DU E % 100 ]
- i L
ELT, EXBREOEND & ILEIE T s i
— N somed K Co Mg
BT OMICRTLSITCkb, & 601
hicx s, K, Ca, Mg OBMRIR ol
LU 2 BROFRRROZE DOV
T, B3R 1) KW T O FfR % ‘
BB D END, Thbb, ol 1H R AR B ey
- R N < m -K -C -M -K -K -Ca -K
K, Ca, Mg ® 35 %, u.ﬂw 1EHD Gmplete o ¥ o Mg My -Ca
RExT 5L, fho 2 BERIEHOLEES Mg

BT BRTHIBRL T B e bosgy  RLOB 2V, AKX, ELORFFERDO N SEHTTR

ORIV ZIFTHE complete culture OEHARDEME

DIXSTERDLNE. T BRXIUCHY, AKX, EHLOWNER 100 L LTERLT
D #AOH FIIcEEhs K, Ca £ REE ORI R E R T,

BILOMg OEFREEZINLTNOLEYEBTRT L, EBRIERTERVITKD, ZhikksE, 2hbd
BERDOVWTh, 1 EZNKRLTD, SEEDLEYEOMITITHELL KD, ZOFEREIX Hunrer®®
(1949) DfFle 27 EBRBHEE X —FT 5, 2Dz &5»5 K, Ca, Mg DLREER, HBHFIco0
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#38K HYU, BRBICELORBRE AXEOM EHDO L OBESTEOLEYE

Table 38. Chemical equivalent value of potassium, calcium and magnesium
of Sugi seedling grown in culture solution without these two elements.

4 @ Treatment (1) M.E./100g dry matter (2) M.E./100 g dry matter

K Ca Mg Sum K Ca Mg Sum
(A) Complete culture 30 38 47 115 26 36 36 98
(B) —K 5. 39 57 101 6 34 32 72
EC% —Ca 41 7 51 99 18 31 23 72
D —Mg 44 46 8 98 27 45 2 74
(E) —K,Ca 6 7 49 62 10 35 30 75
(F) —K,Mg . 11 68 13 92 7 45 3 55
(G) —Ca,Mg 40 9 6 55 17 39 1 57

(H) —K,Ca Mg 8 17 15 40

TRHELCH5BEOREEREZELIDOTHELEXTIVTHA S,

2L, K, Cay, Mg D3ERDS L, Wihd 2 BROFERCRER L&, T3 EROLFE
LEOME, 1ERVBBEMIRRLUIGECL BRTNLKED, L 0EIERBREROMEHLEIC
XOBFLIFELL LRV, Thbb, 2EENFBCRBRLABER BIOIERTRERRLE2
EXOREERAR TS TEbhi{ VWD LEZ BN 5S,

YV BE—1 AFBOBLRTEE*

AE 1 —INIZEWTE, KR LB & D B RRERETR, £LLTHY, AKX, HLo
FRZIEEWAL LI LI, ThHDBERDS L, HLEEACIZBNESPIRV SR THHITD b
boF, FERELRHEIL L ST X O THRB SNSRI ER L LTRERA SIS 2 LB apDdtD T,
EEEHTRSY Y CAKRZEREEALAZFONLL T, HEEREEORRISARILIS X
Sy, AF¥FHTRFLERELE LFINEHEDTTEL, £ THAHROISHIEMS S, EEOH
MtV AFEOETRZERROERLFEL T, ELREERROLN & HBIEEENRM LS
BiTsz itz

V—A WEAWSICEESE

HAROELRZEREDFH L LT X DO REBETHHAMNT, A¥HOELRZREQCEERES
fFleot,

FAELEEIRFEERRENCR I IHERTO 6 EHRBOHMT, TiLOLBI TH5S,

wmEREDE KB E KB A # H oM
WERBREW BEEKE ZEHFEM
B OR B R THREKE FOEROE MW
BORE R &I #)IE % E = R & M@
BERAE Y OHE Mk E I
B R TR T B EKE $  &w M

EF, FEHOEARCHDNALE L RZELBHNCHEL 0L, L RAFHOELRZFEILDOW
THELR, T, HFEMTELRZEORRBEDORLDIPFMXHIIE, £DOEDRDITOWVT, &
KOELRZOERS, £ OHTWIHE, HHOEEEBORELR EEZHAS, ELSTOLDEARPIE

* AREROKEO—LEE ZLHKL00) IKREL .
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%ﬁéﬁbf:o
FTHEHEL,
vV—B

B HBO(LFRIEE,

PE KM & £ DEE

HRERTOMWT6 @M AT L AEREENTS L, &
9ERDIITD, THIZOWTAFHOELRSEDR
L LED pH LBEWMEIETE

LOBBEEETSE, DEDLEVTHS,

(1) FELZ6 »FIOEMDOAFHITIL, VWTFhibE
+REEDAD SN, FLTZIR, HHESMICIIEL
<Bbh, A&, =ZHFEHEEHTIILT»THH, [H,

SmEMEPRETH O,

(2) SERZEEMOAXEOELRZIEDBENITH
PhTVb EEPhAFOLEGEET 0~10cm) D 2,
3OMEREINERLIVEETS L,

HEERZDEL

AXHOELRZEOFAECHICOTIE, TOBRERCIXVE20RICTRT X SIT4 RIS

T

e
¥ $ < ‘?;\ :
++++ +H+ T+ +
gg%rely Severely  Slightly gle";);l by
B20R AFECHEDhELRZED

BEOHTEH

Fig. 20 Classification of visual
symptom of magnesium
deficiency appeared
in Sugi seedlings.

=R, FEEEMEE, 1002 B0 OFHME Mg0 23, WThd 10mg LLTTH52, FDEHD
HHEVThLBEE MgO 28 10mg Dibkd), BERZEIEETH S, EEWTII—cE 21
ERTX O, 181002 H7cb OFEHKME Mg0 2 10mg DITOFEE, 2L ALK BELREE

H39%K

HRERTORMC KT 2 AX¥HOELRZHE

Table 39. Data on magnesium deficiency of Sugi seedling
on nurseries in Shizuoka Pref,

A¥HO Mg RZEOFER L LBOWE

%1‘*%% ﬁ??%ég Mg deficiency of seedling and some properties of soils | Mg k(z%ﬁﬁ
AN MERZD L et o ZHGERE)

ocation degree S B E FEE=® p xchangeable-bases MgO Reason for

of of Mg Age Degree (H,0) (mg/100 g soil) %0 Mg
Nursery  geficiency gfe flivclige ney % MgO CaO K,0 ™? deficiency
0

S T 2 + 18 | 6.0 10.2 270 127 0.80
Amag Slightly | - o | 5.4 19.6 319

B E g o 2 + 27 | 5.9 17.8 417  12.2 1.46

=H s
Nu Iﬁ ?Z ; Slightly | 3 + 19 | 5.7 120 290
i s T g8 3 B uoh|Mom
= % . . . . eficiency
San Remarkably | 5 +++ 27 | 5.8 4.0 397 12.2 0.33 | of Mg
ol )

= R Sewerely | 2 tH++ 65 | 64 64 260 155 0.41 | Ditto
Kakegawa |
& m . EE— 2 + 16 | 4.8 166 169 31.5 0.53

b 3 + 4 4.5  14.0 124 19.3 0.73 | K&

& H ghﬁugzl 1 ++ 9% | 5.5 7.8 2 o
Keta emarkably| - 0 | 5.9 1.6 .6

L é%igh_tlyA, 2 + 34 | 6.9 36.4 478  44.7 0.82 ga @i@g

k Xcess O

mfﬂ&ﬁm“ww 2 ++ 49 | 6.6 20.4 343 44.6 0.46 | Ca
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Ve%y sylv'ghtly
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RZIEFEBL & DR
Fig. 21 Relation between exchangeable
magnesium content of soil and degree
of wvisual symptom of magnesium
deficiency of Sugi seedling.
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MEHTHH, 10~20mg TWETIEHRY, RE
OBNHHY, 20mg LLEDHEITIXEEAERZ
DENHIEVE VDTV B2, WEZ OBRIZ
FEOHANTIIRA X EHOHEDBIEMOBPE L X
—HTHIS5ERBZFOND,

(3) 42 H Y EDlicii, antagonism FEHifE
F2HY, MgO/K:0 DEIV/NSWHEITELR
ZREI VLTV LIRS DODAIEHEN TS
DI, B IYRIT L B LELREBEL WER,
SREMW TR, MgO/K0 DAV hd 0.5 LU
TC, E»OEME D S/PSWEERLTVS, L
HLZOWEMIED &b & MgO ot &2
DT, *DOHELRZTOLT 5EERMIT MgO/K 0
DER/NINZ LB DD, L5 MgO off
WNEBRDEVCELEBDDOEELZLND,

FWEMTOE L REEORE LAEARR S T E QEFERHCOVTHHT LHERITE 40, 41 R

ATERDT, ZHITOVWT2,

ELUE S

3DOEEEMITHLBERDEL VTS,
(1) FHHEMTEH VL TPlot-1 DI LKZE DL VW FOLHET,

Plot-2 D#E+RZDEEDFTITL S -

A X EHOHE L RZIENFE L HBOWE & B ARDILFHIHLK

Table 40. Growth and mineral concentration of two years old
Sugi seedling grown under magnesium deficient soils.

W ARD IR T b G EER O L IR
Mg RZEE & s D . . él‘xarowth and mineral concentration
]%;ezgr;geﬁ;g% Some chemical properties of soil of seedlingl.n (% of dry matter).
Plot of Mg Ex-base mg/100g soil EE_ ERE - MgO
deficiency % | pH - MgO Len: Fr(?s}}ll MgO CaO K0 K,0
(H20) MgO CaO K0 gth weight
++ + =+ KOl em g % % %
Plot 1 ¥ ’
Remarkably 4.4 4.7 1.9 18.6 28.4 0.07 24 26 0.07 1.08 1.19 0.06
44 28 28
Plot 2 #%pF
Slightly 4.6 6.2 7.8 175.8 10.7 0.73 31 59 0.21 1,00 1.00 0.21
4 75 21
FUNER FLRZERAOBREOHERT S A X 2E84HOLEMER CIEM%)
Table 41. Chemical composition of two years old Sugi seedling
with various magnesium deficiencies. (% of dry matter).
G “&i*@(’gi:lk]‘; BUI“LUM:%B{DJ t"’%”ﬁ’%ﬁﬁﬁi dii
Mg RZ 5 ORBRE rowth and mineral composition of seedling
Degrfee of Mg W & ERkE MgO MgO
deficiency Fresh g g
Length weight N K30 CaO0 MgO K,O C20
cm g % % % %
0 19.2 35.2 0.95 1.24 1,07
+ 18. 4 38.7 0. 89 0.99 1.11 0.98 0.97 0. 88
++ 17.0 36.5 0. 80 1. 10 1.39 0. 41 0.37 0. 29
+++ 16. 8 36.9 0. 88 1. 16 1.45 0. 28 0.24 0.19
++++ 16.0 36.2 0. 87 1.17 1.44 0. 30 0. 20 0.21
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RTEME Mg 5L OB Ca A0kva, RaicEfiE KO BE<4ThTv5, LicnkoTH
T RZOFELVFIOLHEL, MgO/K0 OffiX 0.07 ZRLTHEL /&, iz, Plot-1 OFLRKZ
DELVAIRAER LI 1 FERFHOEARKDOE L EFRIZ, Plot-2 OFLRZOEEDHICAEF L
HWAKOELEFRI D IFELLDRVS, BAKO? YV EFHRICOVWTE L LN CELRZDOEL W
FRCER LBERED S Y EFRDHD, HELRZOBEOFCABLLHEAREDO» Y EHALRI Y L AE
WEEZRL TS, LABRDT, ERONEHBEOFHERE, HAKOSTHRLOBMELHREL TE
£+5%, Plot-l RBWIHELRZOFL K FAELKERIE, +FEHOMgOEEN HERHICREL T
b, HBEHO MgO ERICHEL T KO GENSBE D00, AXHOESRILARI IV THE
+&» Y LD antagonism PRI, HFEERZELILEHMRELTWEIDEE X BN 5, £ L T,
Plot-2 2k 5L RZDEED L Z 50 LFEDOEHE MgO 1% 7.8 mg T, HLRZOFEL LTS
IDRELETNTV5S, 10mg UTFTHEDT, —REINTIININENWS ZERTES, Fhich
bbb, HERZORESEELORZERMEKOMBLEN/NE <, MgO/K0 DfEd 0.73 T0.5 &
DLLEDEERLLEMIAE V, Tibb, Plot-2 REWIELREZLEE THOLFERIE, Plot-2
TRELEH Y O/, Plot-1 DPAHITHIT S X 5% antagonism PRI S0kl Litdbd
DTHH LIFRT DL LNTE D,

(2) &, A¥2HAEHOHELRIEDORE L HAKDILEMMR, & < MgO, Ca0, K0l
DVWTHE N BRORRC L VBEELME DL, BHLRZEOBRENIFL KDHITHV BAKD MgO i3
SOREHALT B, Thicsd LT, EAREPD CaO RELRZNFL LB THEVENT HHmB3ED S
n, KO 2o T4 Bl 0 EHROFEE TR O30 S issDi, Tiobb, HaRTRLE
EREENTIE, AFEOHAKNICI VT, #Y &+ D antagonism kb b, TLAAKEHL
@ antagonism D LIS X HXRZI b,

vi# &=

EHIETER—19ES VT, bBEORKWERBETHLAX DI, 2, 3OEEHEMITOV
T, 8%, YV VE HLORTECHETIBFEOMARMLER, HALAS X T, EBR 20~22 TEW
T, FERALLREN TV n Y, ARKZECHETHERZTE, RRCFEE-1CEVTHR
EOBHMIZDIHRFIONDELREEDOERERICOWTLBAEETR, TORESEZ LB
MR HIRET Lce D EDOWRBME L LT L TEEEZTLI L, KOEEBDTHS,

(1) HYRZBEZDSNT

H YV RZFEOWRBAEICE L TR, BEMITOWTIE, Ahhd WarLace™ (1951) & kb, i
HARIZDOWTIE Becker-DirLingen® (1939) ik W EHINTWS, BETIE Mircrert® (1939),
Hosss™ (1944), Hemserc 5799(1951), Warkers? (1956), Wiped?) (1957) 7x D&z H VRS
DREND D, TNOOHNEMBECALNH YREEEL, FERTAFHCDObhich Y REECHK
WA, WERLSENEGESD LEVICRKREETE, Wb BEME (~Yr) CERLIEL S
necrosis OIRREITIL B DMBKEHTH 5,

O Ry Y REEDORDNLBHEDHED KeO% T2\ Thk, Wuire’™ (1954) 13 = v i,
P I DWT 0.3 B TOEAI, Van Goor'®® (1956) VEEKM 7 # = 9i30.35%, =4 ¥h=vid
0.3 BLUTOBETH YREENRDND EWOT 5, ER—20ZHEVTIE, KO 2p.p.m. KET
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C HNEBEmh VRSENSEDbhAER, KO 2p.p.m. Ko#tED Ka0% 13 0.23%, K20 4p.p.m. KD
Ki0% 12 0.54% THV, LEONEMEORME XL —&T5, Tiabb, —RICHERTIHED
K:0% #0.3% UTRETLRBAIR, » VRSEIMEZ LD EEXLTIVTHS S,

UL, WRIZEMED & B2, SBICBER D U REESEDNS 2 L3 A, Lal, S
FCIEBEARZESEDREL Th, » YRBICX D EAKCIZVA VSO abnormal AZE{bAsET
D, BENLH Y RZOREBIEPL VS BFIONIDIOLEIDND,

BE® (1958) 137 U REEZXEROMEBBRTHAIND 2TV 58, N & K0 & ofdhltix
LUHEWEAD N/K OHZOWTIiE, WAWARELN T 0, SEOERIZ VT, K010
p.p.m. LT DFAVIZELD N/KO DI 2 LA L E LD TWE DN, 5 Y ORR LFKFTH U ITxd
LEFROBEPNCL D —RDOT v37 VADEEALRLbR TV S DD LEXTINVWTSHS 5, Lok
2T, KO 4p.p.m. ROEKRIIPADDOEFERL, # Y REMENRNTIIRSRL V2, NI
A Y RRASCI Y ViTH LT ERBRIOREBCS L bDLELLND, BHIRZ L, —
BN RCEE ORSREEDORLNBRIEX VS D TH B, FONERMKEE LT, SARMLE
DREFEIED LNV, BRENCHIRECEFOELWRENRILEL TS, HEREOERS
LWDESF LD T V-7 VARRL Y, HEEOATMEACRESRI 2HBA8RHD, CORELE
BONWRZOKIELERLT, MELRRTHILNTES, ET5E, WMEOBESFRECHLTHEE
RBESAROREBLEZEXTEL, bhbIEFREECEDLNSHEREOESREDOKRELEL, 11d
RTBENEETHY, REDMEHOSANRAN» L THBRETDSLEZDOND, '

(2) RRRZIEIZDOWT

BIEMORRKRZEIT—EHOEMC OV TRIAL P INTWER™, » VLELORZED L ST+
FHLPI I TVEY, WARDRKKZERCOVTE, ERBRESR,

FE—21T, AFEHCBLhWCARKZER, FHEROEES X CTHFIGE VRO AR
Y, necrosis DRI HHTEEHD 2, 3OFH™ L—FHLTW5,

AFECBRPNICRRRKZEDD S 1o0EE LT, BRBEHECKD, BEBhERBITILTH
B, TOAICOVTIREEMICOVTORE TS EEEMEN TV, TOX 5 KESKSEIER
CABEFCHEDNL LB Y, O LREHREEZERCISHA T 2B ETIRILEETHY, #
FiC & BREDME RO RIS BRI N EERETHS 5,

(3) FBERZFEICDOWT

AEROD (1953) OE+RZFECHET 5 HERMOBAWGIFIC LT, HKAROELKSIED 1932 41
Lasne FKASKEIERIC X D Pinus excela oW THéE Lk@iﬁﬁ?}]&) LDTHbH, *Di% Becker-
Diteineen'®® (1937), Jenssen'® (1939), Hosss™ (1944), Voier®® (1958) 7x & OBIERHMA S Y,
PHEETIRERY (1951) XD, AXHOFEREVDONbORBELREETH S LRREI,
SLIEHER LT ORRMEE S I VEBERINL, £ L TEEOBEEHEIC T, KRTER IR
BRRZEL D DHFLRZEOFPFERICERTBHENE . TS EZENTEE, —RiCsEROE
TREZER, $ESGEREFCHECELT A THRBOREEH DLV THS 5,

FEOER—19C BT 2ER T, FEREED, FERKROERMER T, AFRIERLFLEZE
TEREREVOPRMCHREELREEEZTRTIDTE S, BEREEDD 5 1 20T~ T
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5, LEVE EREPFTEESH LN Th5, IO ERRBEN TR TITRAL T 5
2, EBR—19CHVTHARATD X LRROFHMBRD Dhice LARAF L v/ F R OFEMBELL,
AFWBTROEE,D, ¥t /) FIITHOREOERE»rOEEINILEY, LAV ERIERAL, T
DESWELRZED 1D/ v r— % (chlorosis) ThH 525, LTORBMLLETBREZEETLH
LD, OEERZ LD/ en—LRALRITHE ENTE S,

nY, BIR, BEFLOKEERORKZED S bEEOARC LT, HHTEY VRSEIBEDLEZ &2
R, ERBRRZEOPHBRITFLAEREL VO THBE TRV LA LELRZERXLLD
ZLRLN, ERLOBEIZFLVBEIEARLTCRZIONS, L2 T, BHLRZEORKBIRE
LXDOEBEEM L OBREFAE TS LRWHLBOREEE L EELBRRD D, AR 12Tk0k
DTH5, ZORERERPLREMTOMRTHERINTVWDI X O, AXFHOHFIRZERERESL
M 10mg[100 g LFORICIZE ALHIN RS BbhTRY, 48 LE» Y LOMIIIAY X 57 an-
tagonism 233» S, TEHOBEHEMY V EERSVBACE LRZEORERNE L, LOZ EEHE
HATIHBEEROIE S D, » YIEHELRA T3 L8555, BLORBRELERKZELETIEY Y O
AR VERCELRZ LR IEIPLEENLETD D,

i, BE- 1BLOCEEOS  OHEEREK I, BERSHEORBIL» U & O antagonism ¥
POTEL, BRBAOHECERTHC LeRdk, ChiARORKETE D (1953) 132 A%
T2 %, Brcker-DiLringen®® (1937) 0155(%-7' h= / IZDOWTERD TS,

%2E.Emﬁw@#§E&T6¥§m%§

1RV TR AL SOV ERE LT, B2 BOLOEAD?, 3 OREABLE
ﬁﬁ%%&#mbtoEM%%M:%B@E*@%&%M%?%:&K;oréﬂwéh,EK@%&%
A BRI ISV £ & A EROHE & TR Ch 52, BALEEDREIC T LFBEER
BADTHDID, BACERIRES & b, BRICHES L SHIORESERSN, WhdbEEL
FEREOHRAEERSND, LanoT, HABIEOEARD - ORICIADTAR BRI NIEE b
VAKEOREN DB L S CEPREDT, AETHINLORICOEWEREDDL LiLT b,
B1E RS SR

EARDHRIC B7oTiE, FORWRE, THbbBECERE S OMELEETHS ., BALS<
OE, IR DECEMEE TEIT, TSEESRAEE RO RIED & 5 I K X
h, BRIOREEREED 52 & bRLMBEN DD TH D, BHIHEA LIV 5V 5OWEE Lk
RTOBTLE, EREERLLTHE, LEN>T, BAKROBES X BACERENE S5
BN EREORMEE M TCLEREAOBAENET 5 X 5 i £ T b g bix
Vo

$26 BAORERETEHEROME

| EROmAS S, FERIK S BESEAOBEIC ED L > BB EF S 2 bS5 BT
KR—BEATN, TORE, 7 L) VESEACLEAREYNET 5O ERAELTHS L 228
HIALIZOT, SHEHVE2VTIE EB—24CHWVT, T VEBIZOWTIE EH—25 K\ TR
D, REFECHEAROBIRIT LT O TNEDEER Y ER—261ICKVTEMRE LA, £LTIhHERE
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AHCERELT, BHOBEL, ThiCEE LHBGEERORHZ R ORKIRERZRE L,

I ER23 X JVE »)OBArERKOBECKKETRE *

I—A EBREMR X CEREE

MEH 3 ERTHHER, U VE, # ) NEAOEEESUCEAOWAC I ETHELZR 81
T, DEDLS BEREFTHR DN,

(1) EBRAEROER

EBRMHE LAY 1EEEEAVE. Thbb, KEXBRPEIEMCIVT, (a) £EFK IV
B, »YOIERMIEK, (b) FEREAK, (c) v vEEAK, (d) »YHAR, (e) HEEEX
D5RBKEHT, AFEEEIOUHHLL, TOHERMIBLROLEVTHS, FLRROHHKD
B eRReRBE, 8%, UV VE D VEEAROLhAThOERSERIVIRLAEL, FERH
RADoBHRItZHLPNTEY, ZCXERLAERILBO BHOERCHERATHZENTE 5 &4
Z, I EBXTVHHOLEBDLNS,

LR K B OB B A o F K
Table 42. General description of sample seedlings.
(One year old Sugi seedling.)

Amounts of E?l(@.iﬁllk?ﬂ. Nutrleng
. fertilizer g/m? Growth of seedling ctgncex:itlgatlo(%/)
ire e of seedling (%
TEAEX B Fertilization treatments T E Z G E
N P;0; K,0|Length VFVZ?Z% N P;05 K0
cm g
(a) BR BRI B N DK DO 0 2| 92 24200 | L3 0.3 140
ZEREHOEA
(b Seedﬁggég% fef};'](ized withonly N| 2 9.3 2.7 (225) | 1.22 0,31 1.10
Y v D
(c) Seedg%gs ie;};tilized with only P 30 7.8 1.8 (150) 1.14 0.49 1.30
) Dm
(d) gsﬁﬁlingigrtilized with only K 20| 6.1 1.3 (108) | 1.09 0.26 1.56
L AE D &
(e) Seedlings unfertilized 6.5 1.2 (100) | 1.08 0.39 1.00

(2) EROBELLFCHEOHHE
EROCDTHERSWAEROEFTRELER, £EELLCOVT, /2, 30ERLELILHE
AOBEE S THNT, ThEhOIRES 2 OBz kb1, |
HAROBEZOWTIE, ERX5RBHEZEERALCHELZL IV, EEHELIPCINT VRV D
T, EEOEXFRD LT LT, BHEZZTREAOHES, 1) HAOEEE, ii) HAROROW
B, i) SAOKSHEE, Iv) BERAOBHEEORED 4 BEICST T, £ORKOEDLOVTLELR
PhBEAZAN, ThHEFMICOVTORSERDERDITH D,

i) BROKEE

HEROEREEL VO TEOBRIITPEMTH 55, ZZTREHMCHEAROREES D VW iIrieS L v
5&5KE%K%%LT,cw?ﬁwﬁﬁmﬁﬁﬁﬁééﬁbhé%éﬁmm MM RILE, TENE
FEOEHREETOVTHR.,

* FREBROREO—HELMIIDITREEL 7,
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ii) HADEDOHE

HADOHBOKAE, T/R F, BIIRR, ERNLECOVWTHRN,

RUSRE (RFR) &1k, Wiepel® (1955) HMEREL 7= Absorbing capacity of root systems Off
%, ELTEHEENMROERETHRL TELNHIECR D X232 4R T, IRREERO L, TRIERZ X
{FARSEHHFOELETFTIOTHY, BRIEACKH L TEMLHSOEEEZRTIOTHHEELTX
WwWTH55,

Absorbing capacity of root systems \IEAKZH L& L BRI L 125, ROBHMAELTVE
BEELKELZDOD, BRICTASE LD, 3N-HCl iiE+5, 15 BMEEL-0b 5 Mk
TBROBERIRE, WICZ OR%E 250 cc DEBKEZANTYE -7 —ZBLT, 10 7HEHLLOD,
10cc #% Y, 0.3N-NaOH T phenolphthalein ##5REE LCHEL TELNBET, Wi X
Titration value & HIFA TV 3,

Fi, BRICOVWTE, ZTOKA, BPFHEHET 5 OBTHRFELRVOT, FEXHRORE
HWERD B 2em T EBRLTUBILT, £ noHsEK (L CESEZE XRVAK) RIRIETK
LT, —EHMHFPCSILRBELRELT, Chiit EOERTRLUMERZRD, ThERIREL
FOKESZ LT,

iii) BHARDKSIEKE

Wirpe 518 (1949) DIRE L HEICE VBIELT. £OHEEMEILONSE L, ZOERDIDIT
R L OB RNCIRBZ UM L8 K2 BEE, §940~42°C T20 40, #HOEM»HIERZ%D,
HitkoERE% torsion balance TEELT, A 14&d7=h DAMEEIC X HRBBL KD, O
FAOHERIE 2RTRT LMD TH B2, Wioe DRMEZSVRL DAL H D,

Wioe 3 Z 0/kG7E#E %R, i) TON

Thermometer

7o titration value TRRL7:ffiz Ab- 4%:__
sorption-transpiration quotient & W} :—-
O, BABSHATHEDE > b, ERE — Sl T
et FRBIEIC K3 5 IR ORH & - .
BT BPOLLTV S, FHRCOME  Eeifon LS00 JVO;:‘:.!:;‘"éL
i TIRK—ZR APl fRER) & v 5 RFERH PR O —— ’
WwWhZ eIl Electric heater
V) BAOBIEORE Fig. 22 Tirzlzrat?of?;{:ﬁt()’z?’ifuiﬁrmination
ZEXOEAZ 48 18 H»5 6 A 30 of water loss by crown of seedling.

HETKPHERL T, ZOMOLEROMME THERORRZLBL,
I—B EREHEZOEBE
(1) #ROXREE
EREEEZENT D LE B RCRT LBV THS,
HEBEPS, N, P, K EAROEARIHIEIRDENEZTTOH LT, MBHRLEIRDL K
EWEETL, MORDOERCLK ORTRIFEELLEARATHZ LB DLNDE, DTCNEAKOHE

ADEN T EAHEEN OSHEEIX10.3% TROEL, HAOHRMIKRZ XV, FELTER
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FBE N PKRHEHAORL2ECRET ZE
Table 43. Influence of nitrogen, phosphorus and potassium on some
qualities of seedling. (Two years old Sugi seedling.)

- Vféﬁiﬁi*ﬁﬂiktih——_fé &N
- O T : olume weig
i o} IZ. Bl Ii*‘ertlhzatlon treatments |stenderness  of %?)sue Soluble-N
&/ ce Total-N
(@) fEft 3 ERIEAD wAR
Seedlings fertilized with N, P, K 21 42,3 5.7
b BE ﬁ F OE AR Seedlings fertilized with only N| . 26 39.7 10. 3
() v vERERD DA Seedlings fertilized with only P 27 39.7 3.3
@ » v ¥ OEAK Seedlings fertilized with only K 25 40,1 3.8
(e) & It ¥l @ % AR Seedlings unfertilized 31 38.8 3.6

¥ N.B, * 5‘53};‘{ Slenderness!® =Top lengt'h/Top dry weight.
ORI E - BRI X B
Volume weight described here means volume weight of powders of tissue.
THHLERTLTVS, FLTNEAROEACP, Kt L4, Thbb N, P, K HEROH
AROENTHTHAHENDOEHEEI 5.7 BLETFTL TV S, LB >TRAICANE, N, P,Ko
FLEAROHARBLERRDEVENVI L ENTELTHS S,

#ALO (1951) DBERZHAOHIITIEMER LT IV BEBEENS VW EE2RBDTV5, T, K
HU9 (1959) »EHOBAREERH RO 10T <, KSR/ AERR HEHZ L 2RDTWE,
LREOBRFIVTH S RERBIICS TREAORERRSBATHS 2 L 2 EKT 525, WO
EXETHCREROKEEME FRLTHHL L R BRT 5D EELTEVTHS S,

B XE T Bakerl® (1045) X DIRE XN, ZOEOKRE W LIZEZEIBEOBE, BXoRR, +
BKHOEEICD ESSHEBLEHE, VHPLEELTWAVEARZERTS D LI TV, NE .
AROHEOHIEIZ L L CREWEEZRI L2k, N, P, K ORLERKOERMBEDHIZL HX
T, WHRAL/PNSVIERFLT,

(2) RowHE

ERFHTEN T LE U ERLCLEE—9 0LB)THD,

chickse, PHAKOHORRE, MES FHOESEGCRELSTVWIIELL TR, £/
T/R R3/NEL,-ROLE (ZOBEROAER) T 5BIUROEE (Ab/Rw) dAEL, HER
CAHTRFLEFEADORTHS Z L ¥RBDLN5,

FRMEC OV T U4 RS X UFE—13 CRT Lo, PEARKSION, P, K HAROHOREE
BE, TOTEDLEADRICELTIE, 3EXOS LPRAREVEELTVBL LAELbRE, —f
CERIEHOEKE & bic ) vERIEHSEHT 5 LENH 55, 2O LRBEEOBEICIIROBER L
OEPLHTIEEREEEZDOLDTH 5,

(3) HADIKGHKRE

ERBHEENTLLEHLEDOLEB DTS,

- BRICE DL, Wioe ORUK—RBPERBRZERERAOHEASROAEL, » ) BAOEAIR
ATV, LI TERREARDKGHEREZAE L, LEBDTEHERTVEAZDL D, Tk
WSV EREDL B bOLER BN, (T 1951 i XIUE, 7 U IR 0® B2 HD
HEBIER 2 RET5 & vbh sy, 7 V) BAOE OBK—ZHEFEREIV NS WER R T O LR OB
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BUR EAROROBEIL SRR JETIEH 3 EROVE
Table 44. Influence of nitrogen, phosphorus and potassium on some
qualities of root of seedling. (One year old Sugi seedling.)

| RIEE
HilEX 5] Fertilization treatment | {RDIFAE Feature of root system T/R Ab/Rw Rate of

rooting |
(a) IEH3EZMACEAR #& B Favourable 2.4 1.4 37%
Seedling fertilized with N,P,K
A~ B Unfavourable
(b) ZBREMOHA mm¢m< Eﬁﬁ@ﬁm?ﬁ 3.8 1.0 18
Seedling with only N (/\ &, E&ﬁEk?Filﬁ‘_i’;)
K%Vtéﬁmbbé
#& B Favourable )
(c) U vERBADEA (maé<wzk%;<Mm ) 2o Le 36
Seedling with only P Eh_k_ﬁ LcETHD .
(d) #YEROEK Unfavourable~Moderate
Seedling with only K - (Nﬁﬁalztbfﬁmw\‘fb\%%%%&) 2.5 1.3 28
. YA AR
(e) EIEHOEA
Seedling unfertilized 2] Moderate 2.0 1.3 14

¥ N.B. Ab/Rw=RIRiRE CEEHR)
Ab=Absorbing capacity of root.
Rw=Fresh weight of root.

TR AHERSIVBHEBEORRCKIET I ERORE
Table 45. Influence of nitrogen, phosphorus and potassium on
transpiration and growth of seedling after transplanting.
(Two years old Sugi seedling.)

8ANEER
" BiigoREE(_—4H0ER)
& A X 5] Fertilizer treatments Tr/Ab AsBDEE
Growth rate of seedling -
after transplanting
(a) EE3ERBHOEAR
Seedling fertilized with N,P,K 0.22 8.62
(b)) = Eﬁ DA Seedling with only N 0.31 6.47
(c) Y vERHADEAK Seedling with only P 0.21 4,76
(d) # Vv B A DOHAK Seedling with only K 0.19 5.27
(e) 4 I8 ¥l @ ¥ K& Seedling unfertilized 0.19 8.30

¥ N.B. Tr/Ab=Wipe (1955)12> > Absorption Transpiration Quotient.
R A (R g & EE AR,

kB0 LBbhd, KEL, BHEEPLBEREZBALCDL, Y VEE » ) 2HETME, BukiER
FERBIINE BB Etbirb, ZIIER Y VER - » ) OBAR, BEAROXERER ICROBE
CREHICERL T, ZhOBRPEROPK—EBFEBHCHELZSIELTVELDLEDbNS,
2T, EREHARDKSFBEEEE VWS TELHAVEDE, Wioe @ Absorption-transpiration quo-
tient FERTIFBA—EMPERK LRI FTETHD2, Wuoe ORELRKRFECLSDHE
ROKGFWENL, EAROEBMPLEMERCL b O0EPIT, MENEZERERALSIBESLTV5
DEEZT, BERBXTKFHEREL VI TEZAVEDTH S,

sk, B Y ORMERACKIETEECOVWTRER—2U TIOIGERT B LitT 5,

(4) BEAROBHEKOKRE

BARDPBHEEN, HELOBRAEHI bP 2 TRET 2D, HAVDE—EDREZIEHDTNDS
zElrdiT, BHEBOEBRERESERINS,
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EBRHHEOBTOR LS5, BFK, UV VE #VOEAZRCLTERLLS BHOERE 4 AvD
8 HE TIRIREOKFECTHEREL, TOERRREZFAKERIL, FHEORE 456 RELVCFE—14 ITRT
LB DT, WEREOREIL, N>N, P, K>P>KAROHADIEFCRIFTHY, BAROHHERKS
HREC<AFAOEEEEXTVWREED, BHEAORECR Y VE, » VX077 AORERS X
CTwBLOLELLND,

(5) DE(ID~(DTHEVTORCZ LEEHT5L, 2¥DX > ITEEINS,

1) BELZEARZ S B700icid, NOBR (BVWUBRA) B~AFAOEE2RIETHS, P, Ko
BERCRVT, NOMAXELL IS 20E2 B XIET.

i) ROWEE X CRIMEC SV TIE, & <IP2 N, Kit 5RT 7 5 A DMHERTRT,

ii1) WAKORIT X 5 BAKIER ICH T 5 I B DOKGHEE GEED O35 v Re2wTii, NoMA
BV LBAD) =1+ 20¥E 2K XET, P, K2HHAThENO<A F20RER L2k,

V) BREBEORECOVTIIP, KXV INBTF 20 EL2EXEFEL, P KEHRTIZLCIVE
T ADERZELTIOCRZIONS,

PAEZR#BENCERETS L, N, P, K03 ERORLIMEAMN, SACRIFARELZES XTS5, N,
P, K DEEZRTNThELRSIEA%Z DD, KOSOBRETNThEEOLBECHSELTW230E
Zibhb, LROEREHE, HARCDIREOWEEZMEL LS LT5HATKESDDOLLT, £
NI BRI A 5 2 5 L B TER LD L LTHERTH S,

I EB—2 ) RA¥OWHEICK LIFETHE*

O—A EREME X CEREE

ER—2BTENVT, AF¥1IEEHOBRRLSTRLOBHARKT I 3 EROEE LTI, Tk
bbb, HRAOWHELLTEETHDLLBLNLEAOTEEE, ROBEL X ORRHE, BADKSH
KREE, BHEEBEDOERZERCHLT, N, P, KOZERILNLThRLO>TEME LD, ThThRigok
FEICBELTVAHZ L& L, KERTIREAL Y YV ORFHEOAFRLTLOWE LR XIET
HECOWTHARS LitLi,

(1) 154ARAFHTOVWTDOER

1¥¥@%§K%hifﬁ%ﬂbt§%%ﬂ%Lf&%?éﬁﬁﬂﬁvoCwﬂéﬁhwémﬁﬁiﬁ

TRES, DD BEERRLINERD L OTHE. EELRRECAXECH ) AT S L, LORK
BRSNS Z L2 FHERTHEL /DT, BF26, 27 FOHEE T DD, HERBBRTEET
BT, EXRSAK (NK) L#EELERA» VEIEK (N+KRK) 2%, » V23 EAORECRXIET
FEEFA, )

Thbb, BAROATREEZWEL, TAEARKNOETHE, IBETHE TEEERLE, #ROvDb
DEREFCHEN DD LEBEDNS 2, 3 OFRESEHH LI,

SHOFRIC OV TIE, BITHEIZ 80 BDBT N 2 —LiHHIED 1 EBRE VLS VR XD, %
7IRRTCHEVER Uik %, L5%BHCL THKSML Db EEIC L WlEL 2, E7, LiEohka
LA ONEZr L £ — A ek DERLUTHBE®HNE L,

Fi, BT EEOERTXAHACOVWTEORBBRBIE L, £ DL 300 cc B=FA a1

* AREBROREO—HAIH 118) 3 X0t 118a) iLHE L 7=,
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VICEARZ IARBAL, 2 /7BREBTEE, BHL, EEETCHBOKEBEZ R, KBRS
KOAEKE 1gh7c ) D 1 HOKEE (cc) TER LI, £/, WM 26 43 X OHEM 27 EICH WL 7oA ¥
1EEEEZARATBY LD, 2568% 1RELTCEEZHELCOLRE L 7o (RITEEZE CoTa
AT)e X LTHADEENSEBIERLEICX D, HDD 20 % E TR L7ck, T <BE (RE)
LT, XOEFRBEAIE LT, TNEZRCHGBIERBROEERLIFELEZ LI12T 5,

(2) 2HAAFHEOVTOER

EB—19THVT, » VRBREEETLOCE R, S HICHRE L TKMHEEZTRV, » U OXZIRE
OEAREBRLT, Thih Ve taiii L BERBR TR LT LR L T, To4LFRESHE
AERD 2, 3OFHES, X OEBERELAN, BHEOHIEIIEHR—24 L RRCERERICX
D7,

O—B EREHE LT OEE

QEEAXFFHCOVTOERBEEEENTLH LB RO LIV THY, ELIFEAFHIOVTD
ERBAELENTE L, BARCRTERITHS,

DTH6R B ERLBLTEEELMRIDI LT 5,

(1) »nIVPBEARD2, 3OAEKSCRIFTEE

FER—23Tl, BEAROVOR L2FHREEDRIFEL L THIE, MBRILE, THEGER/22FR KL%
LB, »YDOBARINORRETEECOVWTORY, SERAF 2EEERIVCAF 1EAEHIC
BT, HAROVOW A REECHEGREDS LBLNE 2, 3OFERGEZHITL T, AF¥FHTHLTH
Y OPER NS ERRSOEBECRIETHE LA, T b b, F46 B SCRE 47T ROKHA
5, #UERERLAFEATERLEVEL YD, £FCTHWTRIBETHROEFEESENT 5, Lcst>

B4R HIVORF2EAHEOWECRIETHE

Table 46. Influence of potassium on qualities of two years
old Sugi seedling.

(D BEROABRRE S CIC &R RS MK
Growth of seedling, K% and N% of needle, and K deficiency symptom. .

W B LkE | E 5 bt T

b B 4 oeneth Fresh | Needle o X = = % o o
Treatment g weight analysis | Visiual symptoms of K deficiency
cm gl Ki0% N%

KRZHE EEZRGENSIRVD, AFIBREA, FEhicK
7K 40 184 0.56 0.5¢ |{RZETHLBREDF /v VARDT 53R

—_— 5, BROFEEBFR, HWEHNP KT,

;’Z:Ont].'ol 58 338 1.20  0.9%4

@ BEARAOEBERY b T KEME

Some organic components and transpiration of seedling

ot B B W A EN L ?g t 5& t S *
= ¥ & N oss of water by transpiration
TMA H 9 li 7R Starch BooE # [ N
reatment Reducing sugar Soluble-N 11959, 10. 25 11.8~22 1960.3.5 3. 19~4. 6
Non reducing sugar %  Total-N ~11.8 ° ~19 ™ .
K?fitfz‘% 3.00 0.7 20.4 | 0.3  0.36 0.37 0.67
0 5 % | | |
R 5 2.60 1.5 21 . 016 0.20 0.15 0.33

T O* 1BOEMELREAR GRAEZRS) OLiklg H72D D cc TR,

N.B. * Data are calculated as cc/g of fresh crown of seedling / day.
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FTATE HVORFIEANOWHC RIS THE
Table 47. Influence of potassium on qualities of one year
old Sugi seedling.

(D) BT ARAOEFTREL L FREHBKD

Growth and some organic component of seedling

v JRiETTHE AEHEN
- i e s B ERE & ou Non £ N
EHREE ili Fresh Reducing ! (A)
Year E,ee]:gnléenrt Length weight sugar(A) ;Sg;g%%% (BY %)ll:bllf&N
cm g % % %
N 12.3 2.6 22.1 4,0 5.52 7.3
1993~54 . N 4+ K 1.7 2.4 14.1 5.9 2.39 4.6
) ‘N 12.8 2.0 14.1 8.0 1.76
1954~ | N + K 1.9 1.8 23.4 13.7 1.07
2 HAOEME T D O I EEE
Transpiration and survival of seedling
%  ater by trancbirati ERBEAROERER
FEERIEREE - Loss of water by transpiration¥| AR {a7a 3%
Year Fertilizer ] = i i Survflval rate of seedling
treatment 3. 11~20 3.21—30 after transpiration %
N 0. 56 0.52 39.3
1993~54 | N + K 0.45 0.48 56.5
N 12,5
1994~55 | N 4+ K 21.2

*EMEIXLIACRTEIEARDELKE 1g b DEBE (cc)

¥ N.B. * Data are calculated as cc/g of fresh crown of seedling / day.
SRR, ThEh 16 EEVEL TRV, X2 REOCERARELADI,
CIETC A B ETEOEA NS v, ThiE ) OBHAIC X DETEREE D BRI~ A AT
KATRDNBRERIC I DD EEXOND, Fhcn U ZBIELCEADLTT I 5LERTHT 5T
BEROHLE, 7V RBELEVERDTHE DAV, ThidH U ORERIC X D TISHEROER
RBEZ~OBTVBEFHCT b TVEZ LERTINEELLOND, ZhbHDZ LIXRERIERIC KT
BEADVDODPLEEELZED L LEERTBIDLEEZTIVTHS S,

Eh ) KBSEEO A FEOREIIFE—15 WRT LS CHEOEES ETHY, EERIc b
/T, RRENDRL, TETHHEAPEZTOND,

(2) »VPBREROEHECKETE

EB—23 ICRWTHE 46 EORES D, WHTH Y 2BEMEA LS, ZBRrEMBRLAELD
%, Wioe'® (1949) D\ 0@ 5 BPKk—EECFEREOME? NS <, # YV IZEROERL W LA THESEK
BT aFARD S X 5 eHEx b,

L 1 FERAFHOWTIE, EHTHRKICH YRR ZER L TETAHEBELAVWTETLE L
OEYBER, FTR2HEERAFHCOVTUL, » VREORETAMHLEEE, 7Y 2+HMHELREBT
AL ELOEMBZHAELT, HYPBPRAFHOEMBCRETZEZIE L, TOFBELEHE
KLUE T EPBHDE, WFhbh I RZOWR1H bR ) OBADEKE 1¢ b b OEHENR
K& L, KGO PIERCT R bhis {L215E, TinbbHOERIE, 2V idBiEk Sicd
ob, FEHEELOTWH T EREEINS,

(3) »YPEAROEECRIETE
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(1) THWT, REKREHICRTBAFECOWT, # YBRET S LIERTBIIHNT 2ETHEOE
ARLBERITNTHAIFEEROEEEMTHL, /7 v Iy X Stk V&G TFIRRKILIH R
FTHZEND, HAROWDOPIHREENMRVDIOLE X, iz, (2) TEWTH YHBRETHLER
DEMEHSRELLY, O LITEROBHECH L TR EMHFICE DT ER2ERELI,

IO DHEES, BHROBEICHVERCEOBREOHELE L 5b0rERFATswic, &EB
TERBREZFTHR DD THHH, TOEER, FATROBMTEDLE, »IBPRETSLEBEENREL
BT ERTLTVS, LcdoT, BEMBGEINCY, ¥REET5 X5 RBERCELLhSEARD
ABLHEDTIL, WERKKFEBEELEY, WOPLIHRELALHEAZ O ZBREENT, » VO
ANECEETHS L Bbh 5, '

W EBR—25 WARORERRKCH EHE VIRR~BHT 3 ERER *

M—A EREMNBICERFGE

EB—BICENT, E2RIC LAY 1EEHORBL MLk KPP TERRIESLL, Y VB
EREZERLTERLLY VEBEFROEVEARDORIRESR D KE 0, LA2T, HADOERE
RITIZY VEEBWOER L D b AZEE LTV B0 TREVREELT, RICORS 2 DOEREITE
D7,

(1) EFRUDIEE, VB, » Y, AROAERDS b, BRCELTEOEESRDEADH
LESREBCBE LT, ROBRICAVSNE &L HIITRD X 5 LERETROT,

AED2EAEDRBEZHIEP S 2cm 1ZETHOLZATYHILT, *OYIARZESZEERKEBIC
RELT, —EWMAPHEEL CHERBIEE, EMEIRROER, VVEE »Y, ARO4LERE
SHILT, LI SRE~O NS 4 BERZOBBERLER L,

(2) 2FRINLAFERDOI LRIBBCPLE LTV 5 LBbN5 Y vEBECOWT, 9474V b
—TPREAVTORD X S RERETR DO/, Tivbb, AF 1HEEEZKHE 11 KL T P32 80uc %
WL T 15 AMAKMHER L Db, WS OTH Lem ITOREEIL T, HEMOIZZHIRDO K 57
FKEETHRICEEL T35 BREEL, FRIEIRT, HERISOPOBELY, PR 24W 5Ltk
D, ¥RA—t5TF S TREOTERHL L5 LR BT

M—B EBREHE L LDER

FEREEEZENTE L, FBERIVCELORITRT LS TH 5,

(1) BBRCLDE, BRI VERDOH LRI SIRE~BTTIERIT Y vEIRLISETHY,
WICERT, 7Y LARKIKBENPRTHS, Tibb, hb4BHEDS bTREBRICLY vERSHED
KESHSELTVBHDEEZBND, ¥, EXDY VELOVWTRIBCHGIIELELE L LNh 5
25, BV ERKRRY VERE BRI SNNERRCHES L TW O BESDRVERLEEZ SRS,

(2) BORBIVFE-I6DOA— 70477 7ickhid, BRI Shz P2 xRk FIE
ENT, SELCREBT TS, £LTA— 7747 7 70 IHIEROLIBRICRISELHH L T W
T, PRERLVULBOMECAKERBEVZRLLTVBE I ENI2INLD, (i, A—5T4F 5
Tk, BEO PR XU EAED P2 X0, TAED P2 OFRBRELELEOTHE LS
CREZIBND, IRIDVERCHAIND P2, THEALCIEERO P LTAVHh, Eff
¥ BREBROKEDO—EHELHIDICRHEREL &,
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FA8 R FHRITIE L TE RO EE D SIRFE~DIERERZOBE)
Table 48. Translocation of nutrient elements to root from
top of seedling at rooting (Sugi Seedling).

GRE2 | = % N |y e Pi0Os| »y KO | R Cao
e H Item Dry weight Nitrogen | Phosphorus | Potassium Calcium

of sample N% mg per| P,Os mg per| KO mg per| CaO mg per

seedling g 9 seedling| % seedling] % seedling]| % seedling

iL E # Top (T) 0.908 | 0.87 7.89 | 0,082 0.74]1.13 10.26 | 1.90 17.36
# Root (R) 0.399 | 0. 66 2.62 0,109 0.43 | 0.33 1.32 | 0. 80 3.19
7}:@{:{: (T)+(R) 1.307 10.51 1,17 11.58 20,55

HEE X D IREANOBITE
Rate of translocation

( I%f) nutrients '24.9 ' 36.8 11.4 15.5
2z X 100 '
(TO)+(R) (%)

?49% RRC DD Y VBT TEIT 50 (R¥H

Table 49. Translocation of phosphorus at rooting of Sugi seedling.
(Data on experiment with radioisotop P32)

P Dk E Hh EER X D AREFA~D
WOk o & ¥ 1gdich c.p.m Index P32 ofgfrH
Part of seedling P32 concentration Rate of translocation
(c.p.m of dry matter) of P32 to root from top
Z& tR § bkfr%E Upper part of top 230 100
Before rifif# Middle part of top 188 82
rooting Thi# Lower part of top 170 72
%IR8 L+Ar#E  Upper part of top 147 100
After fffEE Middle part of top 77 52
rootin T4i¥E Lower part of top 57 39
€ # Root 208 141 23%

EDOPREFLLTEHDOHMRIFAINZD TRV 2LELLONS,

N EE—26 A¥HOTMEIREITHORBRICRETEE

N—A ZEBRBWRXUEREE

ER—2BOBMCE DL, AFHORBRIILY VEEY, BF, VVE, 7Y, AROEEXED S bRD
ZLFASh, £xDY VEEOTEIZEMIC 2D L, THERIZEEND Y VEEMX EAED Y VERICIE
BLT, L0SFHIhDZLE, $REROBROBICEEIND Y VEED X<FIAShD Z L 23D
7eo XL TAXEHORIRITIY, BHAOTHE (FEOFHDOHE) FITH REHOBHE) oFEL
bR, ILHADROEREOKRVDIDIZELLREIRTZDDOLEFELLNLDT, THEIEMTHID
i, PFRONB X 5Kk(), (b0 2@BHOER, Tihbb, (a)fiROWRERL ST TAEDS
ELTVWABARLFEEL TWAVERORERNO WIEREZ, ¥, (D)AF LEKRELHHET>VWTT
BORELTVWAEARLEFEL TV AEVEADORRNOMBEREFT Lok, TOHEL, (a)DERD
BANHEISE L THEEROKRVEARE, MVER, LB > TTIAEOREELLEREFEEL T
WA XORBHAYE (i LE4E) 2K 20 KD TEE, HIE»LUHMLT, Zotlhn% 5em TwEK
WIRIELT, TORBREEEHA L, £, (D)OEROFEIHEMZFEL LT, THOFEELTY
BEARLFEEL TV VAFINHE 2K 40 KD TRV, HEFMHO—FRLEMTHEL T2 E£H0 K&
KR & W FRIRDL 2 T,

ks, (a)DEBRIIIEFI344E4 B 10 B2 5 4 A 30 A THEABREMTENTITRY, (b))
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ERIEM33E 4 A DF 35411 A TOH 2 »EMIC b D RERBRS B REHTFR 27,
NV—B ERRK#ELDOELE
()DAFERZRAE B L O(D)DRAFIUHER DV TORBEEN T LE0RICTETEESD TH D,

FH0KR AXEOTMEELRTHORRCREETESE

EE (a) HEIFLLTHRORLIEARORERE (£ 20 Ko EHiHE)
- . - BHEKED
B M W D ® % B &

S U e s s JEE LUE B OB aaw g ox

o om . g BB OB M ‘

(e A7 1.8  13.2 0.19  0.32 3.1 5.2 0.49 100
e
22}

*
[ERE 3 N X 2.6 13.5 0.57 0.62 5.8 5.5 0.97 198

E5 (b) THOREORTFORRICKETHE (& 32450 FHiE)

BT REE HEH2FEH O 4 FRE
S 5 WOE OAKE W OB AHE RRRE O ORHERE
cm g __cm g g
;§;§233§§%1/TTV‘Z£V‘ 42 65| 131(100) 994(100) 216(100)
THOREELEEA | 36 104 | 132(101) 1206(121) 284(131) ﬁ§€$§2ﬁ<

thicks s, (A)OBHEREESFL L CHHBERSKL, FRFICELCTHEOREL TV 3HERIL
FEB L, TOFRRBEINBOERSMMANHOHN2ETH Ok, LrLSEIOEROHETIX, RIRE
DFRNDBEFEOKNEL B DD, TREOKMLWLZDREOHECLZLO»PRFILTREITTS C
LIXTERWVD, BTOLL ZOMELBEAMTERLTCRRCEE 25230 LBbhs, %7, (b)
OHFBEWNEHEPE L THTHOREL TV HHEDOFHHNBOE X VIROEENS L, FE1TEAT X
STRDED F BIFTERMNCIRORESRBFTH O, Bik(a), (D)OREEHRAETH L, HARD
BEELTHAVL THEORELTVWHLDIEY, TORBAVAEVIOEEZXLN, TOT LIFHAK
OWELLTEETH .

v Z -3

EACHERFEC OV TOMRIIEEELVOTHBETHL, 72 Wioe™® (1958) DOiiEsdH 5
DHT, BHENEMERELFLbL TV EVOT, EFIL V2T, HAOEEE, BOEH & RKIR
71, KBEKRE, BHEBEORERSCOVWTIIERED, TORE, INOOERCLELTE L ERE
REOMITRIEVERDOH B Z L 2B,

EAREBHEL T THREEAEBRICBI S EELETIH0THEH, GAOBEIRE X T L T
3, WML L THKROBHED X 5 WCEMCTL S ZEBRTRETH D, BEEHMNTD D EVIETIC
BENTBHEIND ZEBE VDT, ZOEELEED D DICIHCROBECKBNLEETH 5,
HAROHEI—REENMERLY, TORRILEFTTELDICOLEET LD TII L, BHEOLDIE
ELREEZERTEOTHE, 5, REOHEL EMORBH L ITEARLZHET2 5 XA CEELRNFTH
5, £ LTER—2B5THR/0X S, ROBAH FROKFEESPMERT20T, BRiTLdRVLE
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BWOFREREI—BNCELTZ0LELONS, ZO—KRNEBLOBEDTE XTI LWL S LE
AREERTHZENEELL, ZODITIT EHR—23 TORKL 5 LIEH 3 BEROZLBANLE TdH
5, Tiobb, BARICHT 50k 3 EROSEANGRIZEENMDORED X 5 CHITRRBE &V 5 EH%RD
EAT, BAOHER EE V5 BRSAE < HENTVSRCHMBIEORER D5 DL E2 5h5,

ik, MESOMBEIERCLELHE L LTEERSINRFIER DRV, # U BNEROHEN & iF
VERO DB T L1k, FA (1952), BIESHL (1951) X 2T, T TCREMEIN TV EDT, AR
TIREROEF LiC WIS B OO T LRI b IDI, S OMBED&»T, M A
ORE L DB OV THIRSED LN ENEITHS 5,

B3 EIEMAERAT L L COREEMAL

HHEEOR AT ERCLELHEEZMNE L, ERMEIREZLEHBLEEZLNBDS, FIHITON
& O, BAROHEREROEMEHAETERCX VETT20T, Bl TIEREROER
BEXFBID, TO—HMEREMBEETHEAT 2 L bFEMNEEL LN, RETREBRE X T35, FH
ZHLDRITOEREFEOETMMIERR LT L OTEALD, i, FMHTOLLSE, BWRCHTSY
VEEIER ORI & CKROBEAZM ES €2 DERTH B, Y VERIEHO LRI LEDO Y v ]
B OAE VIBETIXICEPEV-O T, Y VEBEOEEMIES X VETH S T L 27D,

AETIELED X 5T, EEERXEMOBIEKNTE L COIRROFNRABE 5D EEL LN, %
REEBCAVWLhIZHEIHHDT, BMCERGIEEZEATIHEECEELLLTHS S LELNEA
Co%, 1, 20EBMEREZTLOLDT, TORMEBRBZ LITT 5,

I EBR—21 Y VEBREOEHEBAMKRDO pH &ES *

I—A ERENEXOERB®

Y VEBSEOEEMAMKO pH JORES, £ OBMHRCIETREZNS BT, ¥ v FARZEM
32 B LU 3B EOEEE T b Y fTI8D7,

ERFHEORER 1/2000a 7 75Ky bERAV, HREEE L TREEFO Y vBROBELDL
T57c0, BEHEOLLEEZEKREL, ThERBLEROCIIIBEZESGLLDORMERALL, £0FH
£123:1:1 ThH5, $ALHE0 pHit 5.2 (KCD), V vyEE&HRIZ 0.002% (1/5N-HCD) TH%,

&Ky MCEN: L2 g A% BHEE, 7 KiO:0.58 YT 55~ ) 2GAL, PiOs:
12g BEMPMACIOEALC, TLTHEEEE DG LAn S~y 1EAHZ4ALATIFE Yy t
720 3AMER DT,

U v E LTIk 32 £ 1x NaH,PO, 0 0.5% wa AL, #fikPpH% 3, 4, 5, 6, 7 O 5
CHEL, ThThOBMEKRS X CESMRE O 6 LB R, 5 A 228557 A 31 BETOMMIc12
EEA L7, 334EEEICIE, Y vEEEE LT CaHsPO, @ 0.5% iix AL, #fmimgo pH iz, 4,
5 6, 7, 8 D6RMICTHEL, ThZhOHMARKS I CERARKD 7 LEEEET, 4A25 0257 H
25 B TOHAMIT 12 [ 8 L 72,

gt pH 1 1/10 N-HSOs # & ¢f 1/10 N-NaOH %Rl CFH% L7z, 735, NaHyPO, 0.5
%y pH 6, CaHy (PO 0.5%#kix pH 4 THol,

XHIT 1958 FEETIRF IATAY +—7F P2 2HVWTER LK. Tibb, &5 UDBEAKITHER

* AREROBREO—ERELEKI22ITRHERL 7=,
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Lich 5=y 24T 2ERAL, HRBRCTFTLOSCRTEDE

HEHE 10cm ETOEDEWS Ts i, pH S, 4, 5, 6, 7, 8 iT% G-M Counter
HENFELL Y VERIK (lec bb luc O PR 24%) »E —

N
BEWTRAL, &EHE 10cm Ok (T) Bbhd count 000

Bos e Xy, TOPMREHETSC LT Lic (T, Ts B4t
D, Fixbb Ty OEFGFOEFEIRELLD,
I—B ERBEEZDOEE

(1) BAROEFRR '

ERKTREI R 6 BOBEARDEFRIIESI RO LBV THB,
INREBDEEE) VEERDOH S<YDOREREFLL AR TH S,
) VEREEREEMHE LD OEY VEEKOK 2 505 1050/
E&#RL, V VEBEOKEBIEOHRI»LIB N LBD LN

23
2o P32 QEMMBECEET X%
. B e Fig. 23 Radio-isotope P32 was
) VEREEIIK © PH ORI X2 BADEER, 32 FE applied on Ty part and
NaH,PO, O35&1x measured at. T, by
G-M counter.

pH 6>pH 5>pH 4>pH 7>pH 3
334 E CaH (PO OHFAIZ

pH 3
H 4

pH 5>P >pH7
PH 67 o1 g

DECRIFLETEZRL T 5,

FELR U VEBEOEERAGIRD pH OMEMN 2EEN F<VHEHD
AEFCRETRE (K PR
Table 51. Influence of pH of phosphate spraying solution on growth
of two years old Karamatsu seedling.

B i & o pH
EERERE HOAE T OIH pH of phosphate spraylng solutlon
Year Item investigated 3 6 -P
(No spraying)
3 £ Length cm 21.7 25.8 25.2 28.9 23.5 —_— 18.3
1957 4 tk T Fresh weight g 23.5 29.8 30.7 34.2 26.3 —_— 3.8
[E]_HE,'& Index of fresh weight| 620 774 790 1,003 692 — 100
w £ Length cm 23.0 28.7 26.8 24.5 24,0 25.7 22,0
1958 4 {k T Fresh weight g 16.7 21.0 27.0 20.3 15.9 16,1 5.8
[ Lg% Index of fresh weight| 288 362 466 350 274 278 100

(2) HAREDHH

BB EEDERKTRIC, BAZE, #®, B BO4HBITHT, X0 VEBEARZAIEL,
Y VEEOBINE ZRD7c, TORIMMIES2 KD LBV THD, X VEAKD pH OER Y vEER
MECRETHER 55 L, pH5 KOBAD ) vBBIRRE 20.2mg 2RLRGLSL, BWROLERHE
LI —HL T3, pH5ROEDOERICK TS Y vEEDIEE pH 6, pPH7 KiIz bRTEWERZ TR
LTwBss, Chivor ARILERE ) vESEMAEEC RS, TORRETLALD & Bbh
%,
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E52E ) VEHEOEFAKD pH OMENR2ELEN S <Y ED Y vEEOBRIRIZ R THE
Table 52. Influence of pH of phosphate spraying solution on phosphorus
uptake of two years old Karamatsu seedling.

BWADY vVEREHE
P,0;s in seedling BARIEKSOVDY v
Y VEREAKRD, pH (% of dry matter) LTS mg e K
pH of spraying Phosphorus content  pqdy
phosphate solution i B [ic3 P;0;5 in mg per
Needle Branch Root seedling
— P
(No. spraying) 0.23 0.20 0. 21 6.4 100
pH 3 0. 30 0. 24 0. 23 14,3 223
4 0. 30 0.22 0. 20 16.5 258
S 0. 30 0. 22 Q. 26 20.2 316
6 0.32 0. 22 0.23 15.4 241
7 0.35 0. 21 0. 27 14.0 219
8 0. 23 0. 21 0.23 4.0 219

$i, ZORBRECOVTHICHIEL ABERNBEEZA T Y VEREREDS v pH 5 KOBEASHRD
KEWERTRL, 085D pH5 OMAHRARS FOMRELEbLALDLELLRS,

(3) P® - KA

PR AL THE 6 ARICKT S Ts OHF25 Ty, To OB~ P2 ORNBEOBIKILE 53
RCRENDEEY THS, 5k, BRRIKRIC K> THRdI,

H 53K ) VEREOEHRMAMKD pH OMERH 7<= v EO Y VEEOBRI
CRIETHE (P2 2AVER)
Table 53. Influence of pH of phosphate spraying solution on phosphorus uptake
of two years old Karamatsu seedling. (Experiment with radioisotope P32).

E . - 37|
#HE R BADHE ko pH pH of phosphate spraying solution
Items Part of 3 4 5 6 7 8
investigated seedling®
P2 o4& (c.p.m.) Ty 31 57 109 49 77 28
p32 content To 39 31 50 12 21 95
c.p.m. per each
part of seedling Tg 42,375 49.075 28,025 30,475 42.975 53.500
P2 ommE (%) T, 0.09 0.14 0,49 0.30 0.22 0,08
Rate of P3%2- Ty 0.11 0.08 0. 25 0,07 0. 06 0. 23
absorption (%) T+ T, 0.20 0.22 0.74 037 0.28 0.30

* See Fig. 23

éﬁﬁ_(ﬁi‘géﬁft’f@_ﬁ#ﬁ Lﬁwﬁgﬁ Eof;r&%g@%ﬁéb EDHE é)
Pz = £5H%% (Total counts) X 100
H53 K HLRINEIX pH5 KIZKWT0.74% AR LEDE L, (1) XU (2) TORLIHEOEL
HRBROFER L X< —FT 5,
O (%28 REREHOERFOSOIEERIEHRCRIETHE *
O—A ERENS X OERLE
ESOESOBINFIAE, B2rO0BSOMBLEBRSD D, L > TR OETBAZIRTES
LOEGFOYMDELCEREIND DD LEELZLND, ZOEEZWALHTICT S LIRERBEOELV
DHEHBECERERZEEEZ, RO XS BREREITILDOM,

*  KEROKEO—E & LHI2DITTHER L7z,
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77 %Ry b (1/20008) RV, KHHEC X VIEBRPOERESHEES 0mg/l, 10mg(l, 003
RIS, SHIREDOEDREOEZRFEOHAMAK & MAARED L5, A7 6 RERKEZFT, BHrHD
ZROUHROSOPRBBOBANRCRIETTHEL B LI, FUBRED 2Ky FEABLT, AF
2EAFAFRRCEE LI, AHEBEOMMIE A RICRTIOTH S,

RERUAFMRDIRENL 0.5% e L, D FH4R FEHR—28 TV KSR DMK
HABII8 Ky FHID 500 ce~1, 000 cc Table 54. Composition of culture solution

used for test of urea spraying application.

EL, BROREL LDTHAMELIEML

Foo ERHARIABEE EETT 5 EATCA B BT | Rl ol | BoheE poom.
BRI D RFEDRA L I\ NH,NO; 0.1143 N 40
XSMUOEERIES S, REMAES  KH.PO, ooy | K &
B 14B558 A6 HE ToMC 12 @, &%&qmo 0.0977 %& it
RELLT 50g 2lfiLie, BAkmo L ooe 8% O.1tcq Fely 2

A E:N Op.p.m. 3 EEXD NHNO; 2R\ 758
5 > : Z -

B 21 B»56 A4 BETCoOHMIIZ4 WerEE L, N 10p.p.m. Kicizslic N 10 p.
[Bl, 1[8] 500ccHTHAAAL, 6 H 11 BLL p-m. 75 X5 NH{NO;s ZiFhnl 7z,

F28 F 6 HETOWRMICIZ8E, 1[E 1,000 ccdhTHEAM Lz, ABHC X DIEEHMIE5 A 14825 11
R10BETO 181 BHTH S, 7ok, BACHBAERNTE A LRI,

O—B EREMELLOEE

KR TRFC R D HARDEFTRITIIE S BEF X OCFE-18CTT LBV TH 5B, EH5EICLD L,
R DOBROPHRO L LT rrb DT, REROEMAMEIS LN TV 5, L LEMICRI TS &,
DEDZ EHbh B,

(1) REOHAIC L5 BHEONBOHIME, BirdDOEROMMISLIEVEELRE S, LESST,
TS LD DORENT D EOHAHRIERD S DBEOYMB L L VEBEREVISCRZF LIS,

(2) L2L%ns, REOHMICE 5 EROFREEMI, RrOOZROMMBBSVIELEREL, H
DEAIRIIRIHDOBROPEES S VITEKRE L,

DT EXD, EmMBIEZERICTR 5B6E, EEEEITEMCTRS o Tkhl, LEHRIEE G
fIEATIR 5 DA, TO%RE, XVEDBZIDTHHLEEILND,

#E55% RIDOBROHWHROS MR F 2 F4H O REDEBMAA S R RIET 4

Table 55. Effect of urea spraying application on growth of two years old
Sugi seedling with increasing nitrogen content of water culture solution.

WARDEKRE "y
K EDERE N BAPE ST $HED ETH
Nitrogen level AL p:i} Lin jt§h Eresh welgj‘l;kéé ka4 N% k5N
of water culture Treatment Bt b b3 AR I B‘a?Vhole HREOH| N% of %mian
solution om Top Root seedlingmz'g* % needle =
447 No spraying 36 98 45 143 2.05
N4Op.p.m. ™% soraving 46 134 54 188 32| 219 107
det4fi No spraying 35 91 42 133 1.59
N10p.p-m. ™% Spraying 38| 106 46 152 13| 1.78 112
#Hfi No spraying 25 62 40 102 0.89
N Op.p.m. ™% Spraying 32 92 36 108 6| 1.36 153

* Weight increments by urea spraying
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B56K REOEEMBASESLLO U VEE, » ) ORI RIETHE CIEEm%)
Table 56. Influence of urea spraying application on potassium and phosphorus
concentration of needle of Sugi seedling with increasing nitrogen content

of water cultured solution (% of dry matter).

of water cultare Treatment # E# Top #REF Root| i EER Top #RER Root
voenm ERE Nomees | o2mo2g [ 1E 4%
Nopem EME Nowmes | bw 22 | im 1E
Noopnm FHE Nogmie | opu gy | rE

DECRROEEBASEARDY VR, 7 ) OFHRCRETREEHLD L, B 56 RICRTERIT
b, TNiCX B L, SRIOEROHRF TIIEDSDEZEOHWBDOE LT bbb T, REOEERAMS
EAH EIO P0:%, Ki0% CRIETHEBICI—ZDHEMMSE Shigs2l,

m £ =3

EEHIEIE B IR EHT 52 LIl SRV DT, HEHIEL Y HASIPEERTHEHETDOS
FETAREDDOEELONDD, FOEFRHDT, IBEEED 5D ICIZHBEHEIR & P47 L TR
5 DREATITHD T LIZER—30DFERHE» DD TH S, ‘

T, EEMERENTIEAOREREL VI LAEAROHER L, BEEEOEK TORFASHE
BOELBEVWEFEZDNS, & CHEADFIRLBROE Y vEREOEEIGIALIZERIEY & &S FIRS
HTHY, ZOEFTCHIOT, BAMKRO pH IFEHFERH 5 2 L13 ER—29 DR LWL > TH
5, £ LTHIMIKD PH 2EERMBET 52 &3, 130 pH #BETH0 LRAKRLBEKR CTEERZ &
LBbhB,

E3E B &

HAROHEENIE RENROIRICHIEL TCHRTOEB TH5H, L dRINKOBERICHEY, EHRIIE LR
AL, EROEMHIREIZ LV CEDEEZ®EDOOH D, LK DT, ToREE®RIITLrD
7D, VWHhPLBEDOERVESEETETLOEEREZML TS0 LEbh5%, ZODITIL,
FTERNEHE L CORAOKELEEFHEZIEIH LDD, BEFRODOBEHEMETELL
BRFRER SRV, B LRI BRoBECLD, EROBEM Ex BEE LBl oW TR 24T
5ok bDTHEH, MEADHEEEIS>ED LK) ThD, ’

I HAROKBHEICET 3 2, 3 DEE _ .

1 WARIFERABRER M5 edic, APHEOEEALLEbhD, 1) AHHEOWRE, i) Kihros

R, 1) ABESRL ECOVWTHRITZIN L. LOHBII>2ED LRV TH S,

2. JKHRROREICOWTIE, 600 cc HO/NEUKMAREZAVIHET, AFROEHREAE (NOs-N,

NH¢-N) 9% pH Btk <, Kvor KEEMEMROKY 1/10 OREIMFE TH D7z (EBHR—1),

3. KBHEDZBRIBICOWTIE, NO-N i3l (pH 4.2) T, NH,N 3@t dl (oH 6.2) T

FHChor, £7, NOyN & NH-N OWMEOSEELSRETHAR pH CHHL CRLH
BThHo7 (EHR—2),
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4. FKEREOBEBITOVTIL, A#HED pH O RZELODVWERESD, KBO 21 B7 7% L8k
F#ETHS (LD

5. RIEE® 120 BY 2 AERWT, EHR Kror KIEHEKBHKAIERTHEELZERLLT, Th
RUZELRE 2% (3) WindkzAVT, 18I 2 ~3 Bl TKSHROERZ 177 5 K # ik
i, AXE Gl2HEET) OAFURETHS X > cBbhs (RL),

#F R B #H & A B gl Z X & popm
(NH)2S0, 0. 0943 g/l N 40p.p.m
NaNOg 0.0911 ” P,05 25
Ca(NOy), 0.0293 ” K0 30
KH;PO, 0.0472 ” Ca0O 20
KCl1 0.0261 n oo MgO 10
CaCl, 0.0193 ” Fe O3 2
MgSO4-7H,0 0.0615 ”
FeCeH,;0, 15K Fe;03 2p.p.miAY &

pH 6.2~4.2

I HAOEREEICHT 3 BEOHE

6. T =Y OKHHERIIAMRDNBR 2T bV E, HIESEVDT, 7H <Y OBERAKMERE
fTlolct s, BRCX VHBZER TS5 L3 TE, £ THRARDIRFOETHIEE T 58
HEIEB2 S50 LE L, ThERNTHAD, T LOGERABRBEFRVILERLY, T0
B3 oE0 L 50 Th o,

7. THIYRIVRF, e/ %, #7<Y04EEOKMBCRT2BINRONBERFTL O/ &

4 5, KMEHOBHFRECLREIETIZERCL, »7<Y>T7H<Y>e ) FOIBIBISESK
&<, AFIIMEPED LRI O (ER—4),

8. EEBMRDOKEVT H <Y ILOWT, KHEOEEME L BEHEOBIREN S HIT b diERA
MEBRETRDI.L 25, BRARIIKPROERIFES NOs-N OFEX DD NH-N DA kE
<Bbhic, TR 5HEmNERETR>7 (EHB—5), ’

9. BIMEDIZLAERDOLNAEVAFICOVT, BLAHHROBDIMFTES NH-N 2BFFEET
BARMEERAVC, BRAMEREZTROThAS, BROMRIIAS I Thahrolk (EH—6),

10. L OBRKREBRT, AFRFTH <Y REILBRT, ABHEHO X 5 I0BREDRVRFHE T
PILMETETTHRMER DO LML A, ZOAERXLIHOLETHRT S, @it
BoOes v vt o b oM@ R ERL T, BB 5iReE L UTHER
LYLOERT, LEOBKAMSHBRRE BTS2l

11. v/ xadhicigiani, AF, 7h<v, v/ %, »7<YHEER, KiEDTC—EWRLHIEHK
BIEE, IhOOBEOETHWEEION T IR EEL /2L 25, AFIXOEIMSKRL, »
=Y, B/ ¥RBEL, THeVzFodfich ol (EBR—17),

12. KB (30cmf, B 45cm) O LIicHE, THCEELIT v 7 vERRNLAIBTLbbiE
THEEE EE, AE, v/ F, THYRERZHERL T, TRORTHWLERBEA, MET B
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MEBELLELA, AXORITELELTLLERB LA, 7TH<YORITELEO LR TED
BEMEEL, b/ *ORELOHMORETH O (ER—17),

13. LLED6~12% LT, AF, /%, 7TH=V, ﬁyv/®4MH@m+#&mmﬁE%§k?é
IBAEVE, #S=Y>THh=Y>e /) F>AXTHo, i, BUMEE T 2PMEII A FBRDIE
K, #7=Y, e/ ¥ IEDLDTHL, 7H=vR@LOFMTHS, BEiTkD, 7h <> 3B brg
EaFin, ﬁimﬁﬁk%l<Mﬁ%Tb +IARG TR ISR VB TH S X S wBbh -
5,

m ﬁ*ﬁ%oﬁwwﬁ%

14 MEEVT, AELT A<y LML, BEAMENEL < RABRKEEDIS, ThUL
:h%ﬁﬁ@@ﬁ%oﬁﬂﬁmKﬁéﬂéétbfukv#&%i,mﬂﬁ*m&#%mwﬁﬁiém
PHEAR OIETFRROHB R P OROTHEL 2. TORBIIPED LB TH S,

15. KB OB TR BN EIRORCIE, 74 <Y OROWERMERIZA XD LN D bt (EHh—
8)e TDTEDLKMFCT 7 =Y IEAF XY LBIMNENSKE L BlbWARTROER— 4 DRE#EA
IHEfIND,

- KB DTSR RS R ZREEORHCIEATE DA & BT, R ¥ OROIFBIERD LT 5 <Y D
NIV biEror, L, T <Y ORSH IR RS KZIREBORHTIIIR 2> 5 BESR 2 KBl rhic gk
LTWbE5CRZBISNA (EB—9),

17. ZD X5, BEEBRESRSIREOHEIIE, 7H<YORFBIIAXFORFERLD, BELFRAE
FIZETLOLMEING, ThIT 7 <Y ORRE, SMERIROEEL S mycohrryzal root
&, 74 L84 non-mycohrryzal root (E& L CHEIRDHGIE MDY, WE DOMMKIFREZ RN
TREREHTE, - TIRbbIERROELERS DL HRE XY X ORI, (EB—10),

18. £ZTT H <Y ORFR LAV BERZRIBCEPNH AR, TOFREAZELORELLTHE
IRIFEER ST, WIRIEFEERS T, BRRZIKE BIZ S U TS DORER D BEHITS & O — T8O IR
TERZECDOTIRIRVH EDRBELT, ThEEWT DT H <Y ORFLKE, WRALR
GERRELUCERRS L 0ELA  thionine a3 EILRIGZFANIH R, ERISGETCE
thionine #Eg{tA! thionine TZlLX#7, ZOFKELLIBOEBAMTEEL VT EAHIBHL
o 7eds, @A thionine A7EE T2 T Lidhd L bR S ORI OEBEHFENICIIE 5 75 v
B, BRHHOTRE DV EEIEXLN TRV THS S, BT DT # <Y OHEIRFELMS LERE
5L TR—EOHEET IRV, RREEIEITHOHACIERBMIAREZBRILL 25 METS D
DEEXLN, ThCX VERILTOEAT 7 » <y 2R E X BT DX 2 RREFTMT B &
NTEDLTHHD,

N MAOMEEMEEL Aluminium (2% 3 3KH0M

19. FERDOMERMMICTI DL, A¥ L e/ FEHHLBLIBE, AFXD b/ FOHRLEREITET

BRI RVE STV D, TORIRDE, AMBC X DIERETRVERER LR 27 (KBR—12),

20. Al ZEINUICAMABICE B L, Al @ aHiEdE, A FICRWTIEEL, e/ ¥R
HeEE - (EB—13), )

m-Al%mMLKiﬂﬁﬁomﬁ%,mﬁﬁ%w%ﬁtﬁ&wﬁm%%bto%Lrt)%movfm
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Al OFMESSEVIFETE, Al OFELSD LD TREMMD 77 ZAO%ELR LI, Tiabb,
AX LY LHBEOE e 7 FIXRBE AL T 5\ DBV IO L EZOND (FEBR—14),
22. Al TRTBHBEOTF VA ¥ OIMBEL 7 X 0D, hNO Al FREHSE S, LAp2T, A¥O
Al OEHIZEOEMIICHTS Al OFERIES DXL, ZODENICRINER SN Al O—BOD

| HEHRERRICES 0L ERING, . ,

23. MR & —IYBRIEN & 2B DRB &, MORIZEEN X0 LEEEME I T EBUESIE 23, &
7eEIRFIC Al OFHICH LT I HRARERED X D EIIENRV X 5B BNh 5,

24. DERCAF, B/ F, TH=Y, #5VMEZ 0.2 BT L I =7 ABRTEELT, Thbdd

C B AL KT AEMEERFICHE LRI, b2 2>ST <Y S>RFESH T <Y ORI
MR DT, AEERBEMNICAD L, Thb 4D Al Iixad 2R e /7 F DU OBEIET ST
e/ %3 Al OFMICHLTREFCETHEVEARZ IO TV SH0EEXLND,
vV EBAROESRIY :

25. HAROELSBBLERZEYD, BAOREAEENRHELMD DT, AF, /%, Th=Y, #5
<=VD4BEE 4 ANIRCKREX LECDL, 17AZEE, $ikbb 6, 7, 8 9, 10, 11 AOKLAD
MATERZIED &0, HEHERBLIZSTTERLhOEE, YV VE, » Y, RRO4EREZHIT

. L, ZOBRMEIOEDLE LV THS

26. MARONBDOABIZLIEAF, &/ FREFCEWVEEZEL D, MBOELERTI, 7H<VI3EE
TERWEZ & W MBEOZELETT, 77 <YREFCELLEL, DERBRTLT, BKCsc
CEED 7 7 =Y CEPOZEbERT (EHB—15 17, .

21. 77 <Y ON%DRBRELBMBOELERTOW, 7h <Y ORERERERTRbN, Lrd

- X OBATFEECERINANZAAL bbb TH5EE2bN5, ZhIEHLT, AFD
N%®D B NELSAME 2RI O, BELVEZFCEL T TOWMIKNZRIE, FWL0b, ZTON
ZRRALTHRECELVRERZTL 5D THEEELOND, TOXSKI, A¥LTH<YDONKZD
BAZ L E FORERG E OMICRBELRBFRS DY, AHEOERRBECIASLBESRHE DD
LEZLID,

28. #AD P:0:% DA RZELIL, BB SLOMBIED S, FThGMAIGEVWELEZR T3,
FLDREENSREED KoO% 1€ 4 BT HTw (ER—16, 18),

29. #AD K0% ©ARENE, WFhoBECsVWTIERCELLEL, AL Z kR R
¥ (516, 18D,

30. #AD Ca0% D AFIEILE, A¥EH T < ZLEARN LNEOBLEFRTA, 7H < xRN
BIGEWELETRL, b/ ¥ REBEFLVKECHT ThT LS5 LR T 5 E(bERT(EHR—16, 18),

31. #ARD N%, Py05%, Ki0%, CaO% DOHEICL DB OVWTHD L, NBRETH <Y BAF,
B/ %, o=V ITHBLTEVERLED, POs% Eh5<y, TH<YPRAF, v/ FHELT
BWiEZRE D, Ki0% BXW Ca0% i3 P:0s% LWERIHCAF, v/ F¥B7h=<Y, #7<Vick
BRLUTEVEY & 525, ZOEMIFARKC IS 4 BEORERIFELZT T 0T, HHBIEOEE
HIEEE L TEETH S,

32. WAGEE, UV, Y, BROWREZS CERHCLMEL, WFhOERL 4A»S 5 AiH
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JTORE 2 EEHOYPEILTAT, 6 A2DLAVICEML 8 A AMI MY 5, Lrl, &
I NERBE, R¥, B/ FCLBRTTH<VIE4ADD T AOEHIELIC L <I1T P0; OR
WRFAES, FEAFLE, 238 Ab 10 AOEHEENCKODRIESRT # <Y, #5<v
IVKREL, O LT ENOBBORBREAHEZ FORMETHELELLND,

33. ®AOD N, PiOp KiO, CaO OEMBIREL, EROWETHE-OFDL > nEam L. Fib
b, Nk 1m? 70 A¥ 858 /%498 7Th=Y 1248 5~ 10.9 g BETHY
NOBEREE, AR¥SHIIISTH=Y>E FOJBREVELRTRT. POs i 1m? HizhAF
3.6g v/ % 228 THIY 4&lg NFTY 3.9 g BETHY, Pi0s OBRBBIZTH<Y>
HF=IS>SAF>SE ) FOMETEWVERZTRT. KO 12 1m? b, A¥ 0084 v/ 578 7T
H=Y 6.88 HI<Y 7.8 g BETHD, KO ORRNERRAF>SHIFI<ISTHIIYS>E /X0
IBzZWEzRd, CaO X 1m? kb, A¥ 7.0g8 v/ % 458 7ThH<Y 4.88 H5=<v
5.0 g BETHD, CaO OBRMBRERAF>SHF<v>TH<vy >k /) FOIECSWEEZTT, UED
BUEEEOFEIERREHC B2 D ERIEIE L LTRAT 22 &8 TE S, Tk, BARIKBELEERD X
STHEAEMERLY, BRLILOEENFWTDHY, WEETEI LY, RESNDTELSBRIIS
{fFlebhitv, LEsB2T, AF, #173VDX5BRREEDKRE VHBEOESBINEIIKROEE
DX 53 hEFENEARES AU EORCRY, HMEHEOEEEHRL AU L CEETHL
LPEMIN G,

34. BAOEM 1g ZAET 5 © BB L SRR OFHNELL, HWAROREMM LI (4~5
A ml (6~8 A), #H (9~108) KABIL TAHLBFAEIT, AFIEPHL IV BIICERWERZE S
DIFHLT, 7H=YRHHI I BRACEVEEZT T, T7hbb, BRAOEZERSTOWT, BINER
XD 2 oOWE DB B L, AFIKBCEELFFLTRETHOERNLT, 7 < Yidkk
FECEFREPNERL CBEOMRCARZXDDDT, AXLTH~<Y LOEROBIFIAORIITIL
ZLVEESED LR,

Rk, h TV EOEM 18 BEETHCETS N OEOALILE, 4 AKERS58 ACHET

13 13~15mg BETH D25, 9 B3y Tmg WETL, 10 ATz e/t 16mg & 2¥NCENT 5,

ZDZEPBH T YRAXEMRCHBRIICNETCBRLSHLFIALCEET A AL 5
© B, BREREPCIVIEINTIT <y EARCBEEOMBC LR X TNEZERHT 0 LEXILN

%,

VI MAOEARZE

%.X¥,7ﬁ77,ﬁivvoﬁﬁwﬁﬁkiﬁKOVTqutgi,Uv$,%i®%KZﬁﬁﬁ
EXNTVER, HEOEFLLT, T LTS ERORSECOVWTEREA RO/, TERES
hTwvive ) *OEEK, V) VEE, BLORREEELTRELLTAXZHEMBELT, »U 5
CHERDRZIELDWTHIRETIE DR, TOBEI>EDEL RV TH S,

36. A¥, THwY, #FTYDEE, U VHE HLORZEROVTIEEORMEBERRLE, v/
FOILNLERORZEIDEDE LV TH 5,

b/ ¥ DEFRZEIRERLEDRBESBROELEL, TORERELT 5. FHEHI% necrosis
DHRFFIRONET Vv, MFIMELMEL, FEBDLVOSFRTD S, U VERZET TE,DR
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RAFEEEL, FRHEIRRE LT LAVIERZELT 5. HERZETED LEMIICEY
HE~FEBELEIVLEVREFCRY, KESELSD (EBR—19),

37. AX¥DH VRZMEL, PFPCEOCTRESLEPEREEZEL, OB TTEOEBREKEZEE, LK
WIZHHBED necrosis R IL, REKIELALFE LT WS, £, 7 YRZEDEKRITZD
N%R#EmL, Ls>T N/K ofins k&<, itk (D 73X51kK, 2FBFRCHTHA
EHEROFHEPKRELRY, LRMICEKTRs (ER—20),

38. AX¥DRKKZREE, ETHRBCEbNS, T/bb, AROBEN KLY, LEVIKEEBET
ZELRBhOBRRZET 5, Lh LR EHOFHOREE bELL, LEVWIKHBED necrosis
ERIY, XLICEFTEAIEOEREE CBR LD, RBIIHET S (EBR—21),

39. ARRZEH D Ca0% i3 EALERIXTAIER X D b i VR W ER & 583, flid Ks0%, Mg0%, P3:0:%
DIECET DX > RMEREED Shisv, $hbb, BRATFREE D EH~OBBEAD s ER
ThdD7, RRKICRE LSS IIEEDEEEIC, necrosis 2 ZFdDEBbhsd (ER—21),

0. 1Y, B BHEOSb, AR 2ERFKZ LEBEORIKEREE, OEOLED ThH b, 7
Y, AKRD 2 EROGFARFCRZ LB REAKKZEDH 03 < Bbh s, AKX, &0 2 ZRIFER
WRZLIBARELRZEOFNEL Bbh b, ¥, #V, HLO2ERZNFABCRILIHED
HLREEOF PR BFbhs (ER—22),

n.ﬁu,Eﬁ;%imsgimﬁg,vfh#@1%?%%%?6&&@2%%@&&%%&D,it
BRI EERS S Y, AR, H+L03IEROILEYREOMTIZIER —27D, ThbOEFERMIT
i, —BOREERZSBETEbh3300X 5 IELbNS, Zhb 3 ERMOBUUCIIBAS
antagonism 238 b7z (EEBR—22),

42. Lil, #Y, BRK, E103EROS bufns 2 BERAFRBICKRLHAIED O 1ERTI
KERU72 2 EROREEARTLbh#EL, BAROEFIELETTS (FEHB—22),

43. DLEEELTRAFHITOWTH Y, AKX, BLORZEZHELPHICLES, ThbHD3ERDS bk
LEMCTHREOBE VA FHOBELREECOWVT, BRBRTCRIHAHEAERROXR 5, B, #
M, FH, JH, EREEREOSHEAFARLL LT, CANRM»SZOREDOERELZFAEL, h
ZEBEROE,OEE Lk, TOREIIOEDLEI TH S,

44. 13 100 g Hich OEMME Mg0 2 10mg LITOREITIE, 1FEAEFNLLELREENREE
L, 20mg LEDBEERITEAERELRVEVS BENOEE L AROEASRZ T bhi,

45. Ft e ) &OMIKIIMANIC antagonism 253D, MgO/Ko0 OE/NEWHAIITSHTH
TRZEDRESR SN, F, HLERKEOMIC S antagonism B 1, +HEOKE
75 pH 6.5 BLEDOMEEE—pfHED & 2 A TRAET 5 HELREMEIXAK & O antagonism iTk% b
DTHHLEZLNS,

46. LAE1—450hbich, SEMMEEOERMEEL LT, HAOREAIEMNEE I S>WIHIR 2T
723, ZOREE—FERTRTHEESTRICTRTERIT, AF, v/ %, 7=y, »73=vDLXh
ZRORFEEAVEED — I Z KB 5 = LS TE T2,
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o VSR RRDRIATRHIRHED LSRR ,
' Table 57. Systematic summary of characteristic of some important
coniferous seedlings in Japan from viewpoint of nutritional physiology.
Bf 97'% IE E z ¥ I:/%‘— Th=INh =< .

Items investigated Sugi |Hinoki Azligtsu K?tf:;:su ) mRemarks
EARDESRUK _ o
Nutrient concentration| -

of seedling

N % O +O +O+++0 H|7TH=RENBRELTEVOIERT
P05 % O +HO +0O ++0 +H=F EsE<TH~y, H5wy
g;% Z/o 8 ::-_18 118 18 +Z=\;, 1:/=\=>7ﬁz‘7, 7‘1;’\'/
b | +RE, B EST v, hF=
HAORSBIERIC 51 | ST AT
% ¥ o (@]LIETYAS
Uptake of nutrients | ) WL L# .
N%oEHWZEL, - O MO  MAO MABConca- |AFIZEFTE TIIEELEH, MSBicr
Seasonal variation of |Convex|Convex|Con- |ve or |haFHLTEHEEL, 75 <YRKEIC
N% e cave |L type %iﬁ %*ﬂbﬁ%gﬁrﬁéé}#@%wﬁﬁ
HF OB e ]
LlptakneR of N © o © O
Y VDR o - e ~ — N
. Uptik& of P @) O @) o ;4%%/ AFRERE~TAITSE VO
#Y DR O @) O - (©) AF, 57 =23k EHRER (8~108
Uptake of K Kib‘?ggg%gﬁo. Xﬁr—éé\]/K 7)2
HARDE T LEBKREN
B RO B o o o o |° K
Uptake of Ca
HADESKEZLE
Mineral deficiency
- symptoms .
% N A O A A
yvEE P A O A A %ﬁﬁx%@&’)ﬂibﬂih?”‘/ TH=VIH
# ¥ K O D XS57h )V REERRPNDZ LI
FEBIA I,
B [k Ca e O . EI’?(Z{if#iﬂbhé tEIENRTH
T, RZFEOMSHBHIEL, HBEh
N | Sk ore,
# 1+ Mg A O A A EARZIERF—RCEHbILPTL, &2F
: REREEZET BHFBLVDIRE,
%%‘ogﬁg K X Ca & ofEbiE
HARDBIZNFE O +O ++O+++|O+++
Effect of aeration
RoOBREER (FRE) O + O ++ 5#&@?%&;&%@%@%%%@;&&
e e Yo A A AEA LT D
Respiration of root R COIAIRI 5, 7 7 < DEIRE
ST Oy DIHEHME LV, EIRES
VORTCIRABIC R B &, 7D Oy 2HE
) . T2 L OBRBRENADLND,
BAROKGEER | O+++0© ++© + -
Effect of soil moisture . .
HARDMRE © +© ++©@+++
Drought resistance . . . ) .
REBRE © ++©®  HO@+++O+++|P TV IITRERIAERT R E W,
Transpiration . : . . Ak -
coefficient : :
BARDTHEHE O+++0 +O ++0 +|AFZETHEI T 2WHEE,
Resistance for excess ) :
. moisture . | -
BIEAEECH T 5O+ ++0 ++O0 +
Resistance for reductio-
nal root medium - :
WARDMHEEYE A HA FHO+++| .
Resistance for acidic : -

root medium

Al w3 HiEsE O +O+++0 ++[0 +|e/Fi3 Al KT HHBESREICH

Tolerance for
aluminium toxcity

e
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T OHEEFEENARMEATHS PR LI EREK]KT 5,
QO indicates the result obtained by writer’s work.
ARNIFEEDERRCTER TR O L E2EK]RT D,
A indicates the rasult ratified by writer’s work.

OHROFEE DR LS AL L 2EKT 5,

© indicates the result obtained by other worker.

+H+HE +H+ XD AREV (RIS, By, BESEV) JEEEKRT 5.
++ EH++ X0 AT (FRiEdky, By, BESEV) ZE2ERT 5,
S RD DI LIRS (ERRDEY, %v,EEﬁEVDZt%E
Y5,

+++ (++, +) mark shows the comparative dlfference between species of
investigated items as follows.

+++4 is greater (or larger or stronger or higher) than ++

+ is less (or smaller or weaker or lower) than ++

I BEOEZE BELEEEE

47, BERERCECTRLICERT 2B AZERT 52 L THE2 L, Bl OHIL~BIETS (ki
DIEWTA) DIGHR LA BB L-EAREZERT S EBBETHY, s> THMGIED
BELZOACEL CENEETHS, -

DEOBAPDEACLEL BbhAHEORE L SR, U VE » U O 3 ERE oBGE KR

Lk AOBRMEOEDE B TH S,

48. BAOREELRIIENEL LCHIE, MEMKAILE, WEkER/2%%, B8/ Hansk s
RIASIAERIL, BROMAREAOMBHRILE L/ NS L, FATREEE/ 2EE0MEAE <
LT, BAOKEELETS®5, LoL, ) VB, » ) 2BATIE BRO~ 17 2OFEIR%L
ROEEEOHVEANELRG, ¥, » Y OHARTEERER/LEES IOETE,/JERTEo
ERASLLT, HAROKEELEDD (EH—24),

49. HARDIKSHEHEE D WTIE Witbe (1956) DO K—EEE&1RE Absorpfion transpiration
coefficient 72 S UNCHEBMEZBIE L TREITLHR, BAROBK—EBFEFRRIERZEHAT S &

L oKREQED, BOHCH U REAT B LAY, Ein ) ORMEEAOKME LT 5, Thb
B, H ) OIS ADKBHERED S\, LEstoT, BHhEIESIVEALZDL 50K
BThHD (EHR—23),

50, 49~50IC R\ TH U A EAROTEE2ED, TOKSHRELETSE, BAMWCAT, Vbbb
BEERT HOIENTHSD L L RMB LI, CRAEAOBIIC S, HEC S OREOHE
Bx5b0OpeRitT B0, EAOHBKERE CEHIRM, WAZLOAKEN20% BEFT5%
TERESELOLBHLT, TOEEREHRD) 2L s, TOEERI Y 2HETSLE
0, FRO#ROELWT L ZFERAL - (ER—24),

51. BAORBOWEER, BROWAE, T/R kX Wioe (1956) @ Absorbing capacity vt
FHIRELRTIE, ¥t ORBUHE LR IRIL LTI R, ) VBT 5 2 SAD
ROWERBEICES L X 510k, T/R RIS <nh, TOBRIREEAERY, Lo
TROBEIIE S D, ERTORMBIES X6, Thbb, U VB3 ER0%TROVE
ERIEDLIEHRTHD (EHR—23). '

52. RITEIC 3\ CH RO RIRMIC DV TI3 3 B ) VBB DIEVBIRE b D2 L 207, 20 Y
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VIR ECRRIT DD, IR 8 BRO LA TR DS RITHLEERH HREA~BITT 2 (RHR—25),

ZORE, FIFTAYV b —T PR EAVWEERICLS L, HAROWWERKCERTINLTVWEY VDS
b, TRESXIUREO Y vIBRCHRZVIRBOFCBTL T, ROBRCEERSTb0EE2
b, ZOZEFTNEOFALLTERCERPEAROBEL L CHEREBECH L TEELRNFTH
LT LRERTS (EBR—25),

53. BT &5, BENPTAHESRSCCHRBOERCXEINS LW EHELT, ThEIEHTS
72010, HESFELLTHEITERORL S 2O A Xl 1 EAEDOH KRG, RThHHWT L TkhT
BRIBSEL LTS, EEOAHOEEFRENS <, LROFHBEEEL VDO LA S A i
(FEER—26),

5. IBICERTHARELEZ AL LERBLHE L, BELTVRVEAS ZERLT, ZORERE
PHBERELERE, THORELALERKOFBERENS L, BEREOHEREIRIFTHORL,
FTlhabb, I<BELALTHOFERIBEEOERORERLZRBETIOTEMTHS (EHR—26),

55. WAOBMEEOREIC OV TIE, BAOKEE, KFHRECROBEIC~ A F AOFERE LT
REENY VER, MY EDSTIRAOREREXD, T, BRCY VB, » ) RATES L
HEHOREZRE TS (EBR—23),

56. LLERBETHE, ER Y VE, )03 EROTAMANHEACHRAMCBIFLERE 2T
50, ThLOEBEREILNThELSIER%2d b, B okBECEELTV5,

I SRR & L T OREEHAE

57. EBOX S, BAMEORERERCLDERBE2NEELRMEIEHLTHBEE L LN
5, AR SV THRICX 5K, BROBAREAOBEL2ETIE50T, EXREHO—HLER
BATARSODEMTHY, TV vEBRIIE K CROPERA LIE5DLEBMTHS, 205K
EEGICZE RO EEE TR S BWRICH VT, BIEMOBHE LR SHFREESED S X5 Ex
LRBHDT, EEMELEELEATHBEOBECHDTHSS 1, 2DRICDEIHEBHER LT,

58. U VEBOEMEMLORR L#AKD pH & OEREF5 BT, EAGKMERZ ST PR 2HW
TEBRETE, CaHPOs D 0.5% IBMEOHEICIE pH 5 WHE LB RIFENTHH 2 248
bhofc (EHR—27),

59. HEEOIEHE L EEHC L OBREMS HIUT, AR X VRO LOEROUKEZRICL TRED
R TR 2L s, RPOEFREHBRLAEVIES I D L, LB EOHRIREDEmMET

| OBMELRD S, LicasoT, R & EEL 2 TR S ONEEITH D X 9 kR
bhd (EHR—28),

off Eall
KATICHFVT, 1EEELRBERFCETLESNTCHECEL T COWELIEL, 244 L3
EERFBLCH2ECELECTOMEIETA, 1EBL 24H & OBROMA TN 1ELEH V5 L5
RERLEEAV, £, B, WHELELERLCFAEYTEETE, PECELIOXS5K
FERLUT,



B2HR MARDORE LMHRCET 5%

B1E MHBIEEICET SFR

HHIBSZ T DV C DRI RN ORELEE T, T T T 1800 ERP LMRBT b TELD
DT, XOERTEIHPEIEVDIOBDL, ThHLOHRZEE T 5L, HMUEEOEEMZEHRT LD
ORBHBEE, HBT 5 X5, M TREESKIASI R T 570, BHIE ETEOE Bk
BeC LRI O bbb, SUAREORLVRHARITEO S LIS, HLVHArSBHLI:
MBI LT, ELVRH#EDL L, FILVERERODBEOMALEBL, FEemrd Lid
EPDTHEEOZ LLEZDND,

AECHVTIE, EROBED D ETRBIEOMERHZER LTV, 2 SRS ERAR E LE
MERTLCHRDZ LT 5,

BE1E MHAEREICRIT 5 HiER

M IER 22 225 WO A2 LRAALNAE, bEEIESRTRERENLVOTHMSH
v, FEARKOEE MFAEER] (1958) cihiE, HAREINELTHRELEEL L TELEY
SR NAHEMSE, EHOLE@BIRZIEBCHLICL VS Z LBABRICE2TWEL S TH5, fk
(IR DR T & 2 M L - Bl BB R OISR L b O TBRETHL 5T, 455 £ 40 47
Dz LThE, |

BRMIZ B VTP D E L, 17558 751 Justt, Brocken 75 2 X D CRRHIBIERH U SR TY
72X5ThY, VA4 vDELLEKFEE Scawarracu (1916) 1L X, 455 < 100 £4/T7iIC BierMany
I X D THHIBEERBRAT Iz L\ 5 3%, F4 v, [BA—2 b ) R EDEHT, 5<DOACE DR
KBTI N L DiZ 45> 5% 50 ££TD 1900 FERDOYIFATH D, Lemnincen -WesterBure®(1930)
X WEHINTVS, L L Z ORIEIMIBIEEEOR 2583+ 5% E D HS5HM, £OMRICEEE
BV FEE LSO, fok ziE, Scawarracn (1916) 13 Forstdiingung (FRMAEEL) &\ 5/hF
W, HIBIEEEDEEINEV- DI, % OHMIIRARDOERERICTHE S EbH, —RREIRORRITA
74, HRHIEELIERORBIKITIXMEDKVHDOTHS & L, F 7= Varer® (1927), Junack®D
(1928) 7 EbMIBIEERIABIERE L B ), EREFEFELEEAFES IOLLT, ZoOMfEICHEELE
ALTVw%, L2LKADESBIRPLESTEROE S < CHET 2 MESTRbi, KHOBSEE AT
LEENTI DN, [Fk% R BU THRIBIEE: O EEIIR SR < Tk bhv T,

IOESIGERBEE LTOREORBBEISH5 &, HMHIEOMERIILLIHV SO R H 5
%, EROKECIESEA SISO O, FRERICELRBSD Y, FFNIC SRS ST
LishokkdtEzbhb,

UL LARABZ 2L U GERITEI 2 OES, EFBEORLLME > THERTIROBHIL, AME
BORGE L WO BB ECEENEROD &8, WHIEEIC X 2 AM OHEE, HFHRTEOHE:, HEao
PEHESULENRIA®D . TV HIIEEER SR BEFTIC BB S, EoHRMRONRE L FRLEEDONLEH
53 Z O A AN O, YHTH2REOMEE LTLAEVIEERBHLHEIED N LS ELT
Wb,
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ARSI 2NN OB CE T 2MEL BT L VBT 5 &, PRIV TIEHFEROREL
O, HAORORAMRSES SHRET- U bOI Tarxant b 59 (1051), Louss 1
(1952), Wuite™ (1954), TammB® (1957) 7 EOMESD D, EIHMARDEBES OFFEIRFE LK
DB & OBEZT D Fo7 b DI Levron®D  (1954), 12 (1956), 9 (1956), Frercusr 5 139
(1956), Tamm® (1957) I EDWEID D, ELMAOESRZEZWH K O7-b DI Hesere 5
(1961), Gesssr 59> (1951), Wakes (1955), 5 (1956) 75 EOWEAB 5. ChbIEvFRBHIE
IEEE O ENEEE LT ORAOREMBELR VB2 TH %, Thd DEPEITE LT, Ef
@1‘%&’@.'@&‘;58%&5&%1‘?7@/3%t&ﬂﬂi‘%mw% REBMBIHL TP 5 L T5BIEVT, < DEERC
X D MHUCRERABR 34T I ot LUNTH‘;) (1945), Viro¥(1950), Mirscuerricu'®® (1950), McDermort
19 (1951), Avten B4 (1952), NewechD (1953), Lomwasssrd® (1953), TremLiTzZH49 (1954), M
(1958), GesserL 5149 (1956), H'_AUSS.ER“” (1956), 147 (1958), MirscuerLicH 5148 (1958), SciAe
B (1958) 75 10 X D A LR BIRHO B 2 T b,

PRETE, WHEEANO D (1052) LX) C OMHEOEEM ARSI, £ OBEARLLD, 58
I BUD0, FERDLD, WEHLO, LU0, HIEED, LI, FLL, FoRLOD, kXU
B0 2 ¥ ) H R ERRITRO R ARE SN, © b DI RRKOPIRIC < 535 &£ 0
B EDDTHAEL, & ICHIEHORRAE b 5T ORAEBHROTEILE L A 2750,

- BLEOTROHRRIE D & L& LT, FHESNIEROUIMAR ZI D & & DT AR L7003, Bokic
BV TIE Renwists® 13 1055 4R DRI 75 5 O HE RIS 2100V T, RERO IR
WTRAIMERZ TR D/, MR T 5 3mE L LT 1950 i Wiite 35X U0 Avperr 530
itk b Forest Fertilization »37 £ Y # @ Syracuse K¥p5HSh, B A ¥ Tid 1958 FICid
Aligemeine Forstzeitschrift ™10 A5 & LT, HHRIEESSHSh, O HES THVT

| Wirioutsio0 (1958) Vg RO NRIEER: & O RS DB £\~ 5 A IS DS 9 B, Mavse-
Krarorr 1. (1958) i D F 54818 DI H SMILIEILZH T, E 7 Havsser (1958) bk HAEAC %
RBHZHRO 5 X THHTL,  Kirscarero'™ [IHEIIROFHC>WTHRET v B, E/C[F4E © Der
Forst und Holzwirt %z 3s\ Tt Mitscuernicu® (1958) VifkER7c & AZIT X 5 LBOEN 2 IEHE
LT, HRROPREZHRT S &2 BIRCESOMBHRR L D L ITHIBIUEEEZHR T 5,

TR BRI D HHIEEE I BT 5 HBRIAR S, Ak ORI DMED KN EROEEBIINE R
TRELDTHEEERDDELTHRMSNT, REIhIIDOTHS 5 LTSN, THIEROXSIC
Hausser9, MirscuerLicH 538 7 LItk b, HHIEEORBHEC OV TLXDFEEESEEIN TS
DV, HHEESHEOREMBE L L TR DFLNIS L LTV 5ERBEICE TV I LERTHOTH
B, BEBEEIEONES SEMICA D, 7 & ZiE Merkerl™ (1958), Oroicesi™ (1958) 75 X'ic &
DRI A E D FEHIC D0z EFIRESh TR Y, F7c Cuanorer? (1938), Wencer® (1953)
RERXVGEROEFHEECKETHEREDIMAINTED, ILIHERDEVEALLNILS, D 7250
FE4 D O UERMKS T T 5 MR S TremLitz®) (1954), Mirscueriicu u. WirTical?®
(1958) HESLDOH%FTIVFhbhLTwd, chbohicid PawLuck (1957); ScuAREr H18
(1958) DBAED L S ITIEEANTE A ERD OO b DD H DA, 5D T OS5 B OMBRIATINE
KD XS IT—B kb E Lk, LXK BOSHILLOBAC LI OTHEIERT S THS



DHE EEERBITEO R s X OB 5 K HaRE (3D — 91 —

>:Bbis,

E28 MHAEEERRORT

BECEHEZACE X582 Tr5d, MECRIERZAWAHIIS ENTHD, TNITIEFEKE
BERELEETH O LV IEHISNG, THAYOMERSLDDEELLND, Thbb, HAX—
R BTy R TR T HEENRDIL, BRI L TRORS A IBRtoN bl X h 5
2, BERSIAUCKRILIGRETTINSOT, HHEET L ER LV EEZLNTER, LirLZ Ok
FEARL, EARAMSEE TAMOBRBGRICABB D OLEERIT, FHSEL SRIEDLIT, %
EXLHERRRENB 2 2370, »oNhOBEASET, HHRIZL 5T EOREOEE I DRVILEKD
XS EMFERTICE VT, BT EEXFTHORLBTHLENTELTHAS,

T OMERERMOBIIZOWT, FTROBEHRBEOTE, LA LB EMEITHEE, KOLEV TS
5. TbbA XA AX DX 5 HRIEWE, BREREZRTHEREES, ELEATRLHERE I
NEME LTIV EDLN S, INABERVEIND L, RECHEVWSEORSDLEEILEVELND
CEiED, AHHLCEMAIEERE R GG 5 &, 0o IR 5 DIXZ DD THB, Lir
L, MAROHEREEWERY, BHET 1R, BERMEOBEATH 304 1 AT EREIN ST
THD, ERRECKE L TERMEHETSABCREbESN, HPEIRISETIN5, LadHARIRE
58 RICAT L O, |MMIOFIPERL VRS EFERLDRV D, BTHHIC1IEORETIE, T

EH8R  MAOEFTRETL2EHIERE (kg/H/ha)

EserMmaver K7 EIT X %
# 0 £ vl h Y A K %+ % %
i ) P05 K0 CaO MgO N
oM oe o | KM 63 45 eno 70 v
BT nwy | KM 57 &8 1se  4b 2
K M 7 * 1 " 13:2 g:; zla‘l}:; 1223 43:«;2

X5 EHorR (BER) REEGT LV, Thbh, WUEOBEEEME R, MH—HARMIZE
IAEESOERI T bNDZ LR D5, TOEFORERITOVT ALsert?™ |35 59 RITRT &£
ST, TH=YKETFHD 1ha bich, RERLEAMOBEOLDHIP LR EShBEHES

BERHER LT X W RHIGETIN 5 BT AR L, BESRERRSEEDICHSTREY
T ERIEHLIC, LD THRES AMBIGRIT T hEAM ORI X 285 HE (B Ri3Ed
BHDLEVIZERTEL D, LodMMIGRITSICEEESHL THELLY, LORART 2HH

w9k ® O O4 B ‘W X (%

= % Y v B #. Y E/I

% 7N 78 ~ 80 77 65 ~ 75 65 ~ 85
B 1 )] 25 20 71 75
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B LR (REL, HBOBSRRUMEBEZERT S, ZOXSTHEXDE, —RICIIMKMITE
WOXSCHIELEL T, MANOHRITESIDEELHZLITESLTHS I,

B3 MHEELEROBT

BTETIC IV T, MBS R 2 RO S € 5 EBR ROV TEREM AL, 028X D THrERK
HROBIKZBES S, BhLTELOERERTDOEEDHTREDITHS I ZOREDPVTILLIR
FEmEATAHRBERT S,

(1) brEOKIITIEKE Ric), —fENPATLEORM, TSR V2TV, HEORT
MESOHTERERL, LTOBRRIMAHOETEIBL, ZOBRERKLIARRT, 2 2OMENSVIZER
&<, FHOMESRIRBIELEDOR L ) b ERIFEEOHETEL,

(2) Lrd, bAECKTIHREOTIRIIIIBRAKIIZE LT, BEMLHEHFD Wikt TizL
PV ICH EM B MR O BRI BRIEES T b Tk 0, T NETOEERIZA2>TWE L1
EZLhBDT, ZORCRVTEZEORMEBRRTHIL,

(3) FHHETIILRMAEL LFEBOBRKSRR D, BEMELBLLEBECHIONRD D TH L
T, WHER—RCR EMCERMBRDOT, TOTHRCHEMNELEREDH D, TinbbBEESCEEDS
FRLTTEL A BLWTENDHEMNOBOHLDMFETH S, ZD AgfEN, TOTIKH5L2RE
LTWwb3DLELZLNS, TOLDAEMOIITEOTH, LBALRALTHNEZ LILIETELTY
b ThHb, LTAB—ROHFERZERTSE, A BrAKCAXOEFNZZT, HEVIEMISE
TRBRIC—ED7c2T, oL ) LEEREEL CTW O EEEIC /&2 52 Lilkd, £D
7D A BHHELICY, SN LTSS AD, MRHaEkid, SmELETHS ABN
EEMEICRET2 LV ORBIZRS, X5 RRBIRAEDE, 560 RDOLEARL (1951) ® WiLoelth

WOR HBHOBRKI? +E0EILGE A%

” B B
- 5 Bk (%) oH HHEm égi&f}zi lof”—( i "
WE MR B Rt w o %
(1) # 3= i |21.6 49.0 17.8 11.6 15.3 12.5 | -
WOE 8 fX b | 328 52.6 7.3 7.3 9.4 6.5 | EARITLD
@ Tfﬁ;gﬁﬁx 5.7 0.12| 6.3 2.9 )
[l E # f& b 5.9 0.03| 3.9 1.8 Wioe tlé
= B X =Tk ) 6.3 0.21 | 14.7 9.4
F kB R 5.7 0.06 | 8.9 3.3

(1946) 7 EOBFMICTREND X 51T, EMBATHRESSVOLBEOKILTIE, £S5 LTIRBOLE
PHOTHPTEBBBRMTLLT Ve L d HEORTIEEL TIL, REDHMA VRO AR L 2T
Vo BRI TN F PR EEHEOE VS THY, EHIBEFCESL, HMAZXRTIEELEST
BB, Tiibb, TEOMEIEIDLLEVICHNETERIERLLEZDITHD, LEnDT, b
DED LS CHEBOERIERECOTV CLLR, RRILIHABEL TV LOILERDRIPET
BB, LORR, BAOHESREDOMEL LTHRL LN TV, kg, HFHFORFHKTE, =
FOERH IR, 4RREBVRINDBIHE, TOREBELLEXD Lvbhd, ¥RRES T,
b2 b LEERITIIR 21 80% OMMERE ED TV prbbY, HL OETAASS BEL
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T, BETIE, b/ FOEKMBSKESLEDOTERY, BWHLLIAE7 ey MERILTVS & v
S0 EFRLBD (1957) Xk 5 &, MERAEAENF TRV, 118, 21E, 3REOKMEZHAZ
Ll s, BE#IELTREPEIRETECHED A BOESI5T<hD, A BOEKNOS
HERBIHAL, HAETLTWS &S, %7 Mitscaeruical®® (1958) % 2 R EEMMOKEL, 1
REBERHICIERTEH D Z & 2IERHL T 5,

DX, BROBVELIMADHEEZD LTI LROVTI, IXLEMORMI L, Lz
0T, HEBMOERMOBREESREL L 5L, KRZLTHNBETTHC L 2EZELT, bk
ENRHEEE T AMOrOFREE SR T, BECEZBT I Lthdb0eELLND,

(4) BFRTEELL, by 5 EEEOBILITIEE EOLESDEEPHEDRRIATLbh S
HBEV, BIHED X S KL TIIRENEL SN THD THADOHIFSTE LD T, d LEERBRS T b
nNol, HYBOESFHEKMS> CERINDZ LIRS, T © 2 & X AEBD (1921), KESHBE0
Q93 R EDHEFERFEEENENLE6LELZATHISBETES, ZhHEHRTH, BE,

H61E HERWCILIMACHELEONhSIESE (kg/0.1ha)

; z % Y VE » Y
ﬁ 18 N P05 K0 ti %
7 h = v MK 22.4 4.1 3.3 KB - FIZL B
A BT 37.0 10.0 13.0 u
=+ 7K .22.0 3.0 7.0 ”
7 mr < v ¥ 33.0 6.8 4.9 FRICX 5
4 = F 39.4 5.9 10.1 ”

HHEHEORROZE BNV PICKEVPBEMTE S, T0X 5 LEE, EEoEEKRICH LTI,
NHODRWREPIET % & & HICHY LSRR EHE UL, ol MEIRTREEE X 50
%,

(5) AACXBHHMOBESEL L, BEKE, v UBEKBEL o225 5Kis% <, 2ETIE
930 TRTHITET 5 d D LV bh 519, TERFHASERELRE 2% T, THEO Lficiz
HHERED A (BRBILLLVHFBRICD SFRIE BRELT, BHSORBELL), ELTHRIC
BHLYMATREBORBEH VT, HLEBOBILEZH VTS, & 258, ANAK XD AR
BVagids s, KUoRERMIERASEZ o+ <k), EELAHFRIENE TL 515 X 5 HRER
A2 (AolAy, Ag|BIC B MHEXh, AcBE2RWVY, ABOREDELDTEY, b5 B-CHl
TECED, TOXS BEBEIWEE L AR LD EL, ER- YV ) - BR-FLLEOR
FLZLVOMBEET, FHROBELTRVEZMT 5L L3, BENLIEEFRZECRINE, o
URBEHETHDZLIE, £<ORBRITLY, SATRTTCbhbhOFEHITLOTV 5,

(6) FrobBEOHRKLEOEEING, AL (1952) 2MaiET 5 L 51, BESWOLAEREDD
LITEEOBRIEAMHML <, Bt LA LEEERTH0D, FEMTEMED IO LELDLND, T0
EAMITINZ T, SOWKHEO (4), (5) TH~AXDIC, BE, HHHO KRR S IRENRR
WEZFTHASEL ET LKL £ <, R RBRREERSKEESTbhlkitTd, (1)~
(3) EHWT B L7 X 5 5 BObBEKECH VT, HEARORDLEVHEHOBERIGESRS
EoNBUE, THEEACIAETOERZIISATED, ILKEROBEEZTIbEVHKRELFRDD
LT, REAEERBR XS REBOEAD X 5 WO #EME MFT 52 FRE LhiE, Lhidsito R
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RV LD L ZERTHIETRZ2HEDDD, TOBRILBOB(LLB I LS, »WThitl
THEHObBEICET SHRMEENT, BANCATTHRO—RE2-ES D LEZL LN, HilkES
OETEZF 5 L THMERZIELSRL TR, —RNWOBECL I, REOREEIIRI WKV TH
55, DENXBREDbAERECE T RILELEREZ RIS 5HERTH 5,

B2E HAORSRNE

WO ERFRL LT, ETHAORSBMBLRAET 2 LRERTHS, Thick b, HAoD
MR BELIFE R D & L DI, MARDESRFLEEL, HLEOMER & L THRILIEEE O W REH:
EEETHLINTEDLPLTD S,

Mz BT DHRADOESBIREBIC OV TOHRICITHEVELSD D, Lurz™ (1946) ik % & Eser-
maver (1876), Ramann (1890), Varer (1910), Hacxmany (1930), O=sixers (1930) 7 FiC X b 4549
AESOFHEMEERI» KD T 32, bBREICS VTR ELZ OMOMARE I LD T, KE
ZHEWT2 30REHZBRRERZEMZXDT LiTT 5,

E1E MAROEDEB2IET 2 EHAE

HARDIKINCES ETOLYMEEL T, TORHPRBEZEMT S L3RI LRETHD, T
TARETH D LVOTHBE TR, TROLEIEMOEZBINRIZSD S HMEO ST 2RSS L
K;Oﬁbéﬁ,ﬁﬁm%@iﬁﬁﬁﬁﬁ<,%@ﬁmmﬁﬁﬁ%%&b,%W%@;ﬁmﬁmmmw%
W LIZDBTIEZTOESBINEE, BHTERY, LEBO2TAELI W TRELHICRVT, £F
B ORE 2 EHACOVTE & % BOABIIICEORSISREWEL, F2WCHVT, %o
%%@%%ﬁi@%%%ﬁ%&;6%%®ﬁi§%ﬁﬁb,%@%%#5%%%@%%%&5&%%#6
Zricliz, '

I AE-2 A¥HROEFEFEX

I—A #EHWS X OBEEFE

FRERFFERC IV TR &5 RBlRIC D, AT SERBREFICET T5 A FiLonT
K 3 ERTHDER, VY VER, # Y OSHERENET S BHITHE 27,

:@%Em,m%%ﬁimﬁ%g,%%Wﬁﬁzmwe,n,u{m,w,m¢¢®x¥%%w6x:
tbi, VIR HIIERICE T 55 3 /8 itk 250~350m ORIFOEHILTS B,

HEROBRIE 62 RICTT L B0 ThB, ik, COBEIBM204E9 AkXOEMI04E8 A0
2 Eichic ) il o7k,

KBS T 50 KD A X OWBEERE (6 FEDAXDRBHIRER) 2MEL, *OEHFHIECH
HFBREPHAL LT, 6HENSPE 5K, 1LEERS 2D 3E, LOMOKIH b1k 24K b TR
LTHRELR, » -

BEARIIRZ T L & 5 IR L TR Y SO CHIL, ®, K, 3 ROZBSLSI TENThO
AEELRY, TO—WETHIPPIBEE (6X60m) Ll V), ERECTHBLIT Y SKBRINE L,
FRTOMOBFREREE TRLMD, BRLEOLENL TILESHTORKE LI, HoBESLT
BT, Z OBIED SIRSL 72, '

* AREBRORKHEO—ER % K 186) ICFEE L1,
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Table 62. General condition of the investigated stand
in Mamurogawa, Yamagata Pref.

; wor A s g M R
B VA oA | & A P bors Stem volume
Stand age |Direction Inclination|Soil type; Height ree numbers per ha
m per ha o

6 S 10° Bo 2.6 2,025 ¥ 4.0

11 S 25 Bo 4.3 1,525 9.2

17 S 30 Bo 5.5 1,625 39.0
21 SW 15 Bo 8.8 1,150 80. 1

30 SW 20 Bo 14.3 875 189.9

40 SW 15 Bp 18.8 1, 500 634.5

COFEBECK I DB I, FHROBEEOHSEIEL, HRHROLEORRBSITHY T OB HD
WASFEL AL, (AFTREREEZEMRCRT 2 EPREROT, ZORAETIET HFER
SERERELALLI, HAFC LK, FERSTTEEL AL L, Thbb, TITWOIELE, ER
FOFET L Y EHLIEAZM ATV 3 LD 2 REHRFOLHEIRL TW5,)

ﬁmvwiiiowﬁu;@iaw,ﬁﬁﬁakgwa@ﬁt,%izwg,ﬁi&Mgo$ﬁ%%mt,

SHAROFLEIEOWHIEARDBE LAKR T B0, Bk EORBHRINERF » 7L LTHAE
L2 DBHWART 0.5~0.7mm BECHM LA, &k, HEERAKROLHSOEHESELND X
S RPIDIEB IO, .

S BHEORER, EREAWHECI VI L L£—LETEIRY, Y VEOSTEEE 2B RILL D
b, BYTTVHERRESE, LA e REREFTEAREZMEL TH LD, # Y OHFRFTL
WERBRKIE LD, HLY F v a2, - % V=t~ — ORIRETCilla L Tk,

I—B HRERME T OBE

(1) EEHRE

HREWDO AX OV ARLYE, 8, tf, ROSHLCHI TCroLEEXEEL, TLX0OEKELI
L CHEIB LA HEERIE 63 RICTRT LRV THD, '

63K AXEMBIOLAHERELEEE (1RD7D kg)
Table 63. Fresh weight and dry weight in each part of Sugi (kg per tree).

N TERE R £ &' B (k) w w B g (ko)
L | = Diameter| Fresh weight (kg per tree) Dry weight (kg per tree)
AN 'EI; at i
Age Height prease| # w B AT | B M B R A%
m om Stem Branch Needle Root Total|Stem Branch Needle Root Total
6 4.6 2.6 1.65 0.33 2.45 1.28 5.71 0.66 0.12 0.76 0.44 1.98
11 6.2 4.3 8.52 1.26 6.68 6.11 22,57 3.49 0.49 2.00 1.77 7.75
17 9.9 5.5 19. 80 1.88 8.23 10,30 40,21 10.49 0.80 3.05 3.91 18.25
21 14.0 8.8 57.95 6.20 18.51 19.45 102.11} 31.87 2.98 6.29 5.84 46,98
30 20.0 14.3 171.30 11.00 36.00 67.50 285.80, 75.37 4.95 11.88 31.05 123.25
40 25.0 18.8 377.00 21.50 53.50 125.30 577.30 196,04 11.83 16.05 58.89 282,81

LDORPOMRARDEHLDOEBERIZOVTI, 6 FEDKRTREDCRIVRDIEL, FESHSRESED
Bz A7 < 78D TWB M, KROEHMIE TN, HEROERIPZPITHEMT T, 40 FLEDOK TN
b EL, BOE>HESHOBERARLL2TV5, ZOHEMIE, HEERCOWTHFRKRTHS,

VE6FEOKROEHMOMBEERZ 12 LT, EEMOROEROUEEELIERTHLDLTLD
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BO4E  AXOEMINC AR OHEERIL (1EKH72h)

& L2 &
o .
& (5 E= R ) &t
6 1 1 1 1 1
11 5.3 4.1 2.6 4.0 3.9
17 15.9 6.7 4.0 8.9 9.2
21 48.3 - 24.8 8.3 13.3 23.7
30 114.2 41.3 15.6 70,6 62.2
40 297.0 98.6 21,1 133.8 142.8

BMOBRKRESL5E, FBARIRTIOLLS,

LOREHDE, ROEMPEMNT DTHEVERDI D OBROEWOBEMEI SN, BPD S HIIH AT
BN 5%, 17EDREICR S L ABICHENL, 40 EOROEMER 6 FAEDROY 300 51T HIEL T
W5, BEFRICECHOEMERD, RYIO S LIRAHEMT 525, BE A ERICLDLE, %7
BV 30 AELMBIC 7 B L AWML T &, 40 SEDRFORIL 6 £ DOMROK 120 f51T, F K349 100 %
o Twb, L LECEMI0FTLZET, KE—ZDEAETRACHEML TR LDHRT, 404

DORFOEDEMERIL, 6 FEORED HT 52065 THD
| _Stem T EL,

% / \/ DEREMBICE T DROEWEOREERD, LI
P / ERICHT R HA LTELCRRT 5 & 3 24 B IR
fi / Frowhs,

3%:\ N / BUR DD 55 L 6 FEOKOLEMBITHT 55D
z \ MR OB EIA1X 36% T, 8D 35% LIZERLTHS
2 1\ X 7, HEORTICIE O RORS HATHIL,
P ow °""'\‘\';\ ST Rt B OEME RO S BANENL, 40 £4D0ATHE,
f: N BOBMERD 20 0% % LOTOLHLT, ETR

°--—°\.\°,-°\-\.\::_\_:g heedle bFr&RD5%ELDOLTVBILT ERV, Ll

e a1 20 veanr MEROLEMERCTH T HRSEEE, AOER R
24 ERRIC BT A XL EME0E  REE—ETH Y, RICOWTIEIES 2 R O &
2E 5 ;ﬂeﬁﬁfnﬁ;gfé%) RO, EBRROFHH L LDITELIWITHOK
Fig. 24 Dry matter disposition in MLT, HORSERII—ETHEH, HOFEIIFRMEIMK
e  aaes OREEKRE CEYHDOT, SEOWETRHORSHE
—Sugi in Mamurogawa— B—ETHDLOBAFOEETHDDHE S »idbrbix
2N

(2) 2% VVE »VOERE
HAARDEIALONE 3 ER—2F (N), v vEE (P05, » Y (K:0) OEHRIIFE 65 RICRT L
BVTHY, ZOBEZELERITH T TRDIAHMD 3 BRROGHREIF 66 RICRT LRI THS,
F65EPD, AFOREOGHER (N %) i3tid iR L EOMSITHRD S L, 0.86~1.54% BE

EENTVHDOICHL, B, H, ROELEG T, ThFh0.2~0.3% BESINTVWHITTER,
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Hes5E A X ERAOIEELSEE IEN%)
Table 65. Nitrogen, phosphorus and potassium concentration in
each part of Sugi at different ages.

Nitrogen (N %) Phosphorus (P;0s5 %) Potassium (K0 %)

®
Age

ey ey ey

[ 53 i R -2 53 2 R % 53 i ]
Stem Branch Needle Root | Stem Branch Needle Root | Stem Branch Needle Root

6 0.21 0.30 1.18 0.20| 0.02 0.06 0.27 0,05| O.14 0.34 1l.21 0,32
11 0.26 0.40 1.48 0.23| 0.05 0.05 0.28 0,03} 0.25 0.31 1.26 0.28
17 0.22 0.28 1.01 0.23| 0.04 0.05 0.2¢4 O0.,05| 0.14 0.16 0.84 0.29
21 0.30 0.21 1.54 0.33| 0.05 0.03 0.25 0.07| 0.18 0.23 0.88 0.31
30 0.24 0.30 1..03 0.19| 0.02 0.06 0.18 0.03| 0.15 0.23 0.66 0.23
40 0.14 0.23 0.8 0.21| 0.01 0,03 0,16 0.04| 0.13 0.1l 0.72 0.19

He6KR AFBUEAOIEHIERLBR (14dY g0
Table 66. Nitrogen, phosphorus and potassium contents in each
part of Sugi (g per tree).

% % (N) Nitrogen J vE: (P;0s) Phosphorus | # U (Ks0) Potassium
Heww . ® an | B B_E® W A | B B _E B AT

8€Stem Needle Whole|Stem Needle Whole|Stem Needle Whole
Branch Root tree Branch Root tree Branch Root tree
6 1.4 0.4 9.0 0.9 11.7 0.1 0.1 2.1 0.2 2.5 0.9 0.4 9.2 1.4 11.9
11 9.1 2.0 29.6 4.1 44.8 1.7 0.2 5.6 0.5 8.0 8.7 1.5 25.2 5.0 40.4
17 23.1 2.2 30.8 9.0 65.1 4.2 0.4 7.3 2.0 13.9 14.7 1.3 25.6 11.3 52.9
21 95.6 6.3 96.9 19.3 218.1] 15.9 0.9 15.7 4.1 36.6] 57.4 6.9 55.4 18.1 137.8
30 | 180.9 14.9 122.4 59.0 377.2 15.1 3.0 21.4 9.3 48.8 113.1 11.4 78.4 71.4 274.3
40 | 274.5 27.2 138.0 123.7 563. 4: 19.6 3.5 25.7 23.6 72,4 254.9 13.0 115.4 111.9 495.4

) VERDEEE (P05 )33 BERD S LTHRB/IS L, BIFLEEN TV HEOBS TS 0.16~0.28
%THY, B, B RTETNLN0.1% UTThH3, 7YV OEFEE (KO0 %) BERITOVTEL,
FEOWST 0.66~1.26 %, &, % WOWHTREETHhLH 0.2~0.3% BETHZ, —REFOEH
Bz, KON T T 58D 0 LEZONE, SEDORFICOVTOFEEDHET
X, BD XS B ERE R D b hvig oD,

WARDHH 3 BEEOGHREZKMMANCHD L, 1THEEDOIAETIIESR, VYV 7 EbCED
WACEDELAENR TS, ThiE, DREEREIRSETETHEDEGEEL, LrbELaEns
SEROSHESMMBOKS LD BEN DO YROERTH S, Lirl, Hidonic: by, ®FL
H VIOV THEHBRPROGERELLZVIZE LD, 05FEE OKRTHRCKIZEFENRLSL, B
CRF5EFBRIEOHS - IERBECLS, )V VBOSERED, KoM ThRRTE VT
LML TP, BROHNV LT LRV LOFLEDKRTD, EORFITRDISVHENRLS,

D& N, P05 XU KO OEHROEMMIDOET, Tibb IROKRLEENPERL TV I3ER
DR, EFEVHDLEL, HVRBRCOVWTEL, VVYBEIIhLD1/5~1/TBETHS, £LT6
FEADKRTIRER, U 12g8E, YV VEA 252 BESTN TV, 40FEDORTREEIY
5608, 7 UI3FI500g L7, U VEEIEKI T0gBETH S,

O FAE-3 7Hr<vHKOESEHEE

O—A HFEHMNB XCHAESR

*  KEBROMMO—ER R IM 187) KRE L.
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AFEEIAE—2 LRERBRBELD, TH~vDER, YV VE »VOEFERZEIETSHNT, FR
BZHEKRBZUERERD 6, 13, 32, 43FE4E£DT 1 = v ALiEHIR X CHBREMEXRELTHEER
D10, 21, 30, 39EEDT H =y RRAEHFTHLbhic, KEMOTABMS OEHFILIZIZRET
B, TOEIIFETRDLEELVTH B,

EerE #A &

o4 o B B

Table 67. General conditions of the investigated stand in Kasama,
Ibaragi Pref. and Ottomo, Aomori Pref.

Ry o e b0 S
AELF | Stand | P M & & Soil Pt G SEARAE * Stem volume
Location | age Direction Inclination ‘t e Height Tree number per ha
g yp m per ha m3
10 N 80° W 10 Bs 2.7 3775 ¥ 7.6
&= fil 21 S 60° W 10 ” 4.6 4325 v 34.6
Kasama 30 S 20°W 5 “” 11.3 1825 7 116.8
39 S 50° W 10 ” 14.3 1125 7 160.9
6 | SW 10 Bip 1.6 — —
Z fit 13 | S 5 ” 5.5 2900 9 53.1
Ottomo 32 | ¥ 8 0 ” 14.3 1377 v 222,2
43 ‘ 8 7 18.3 1111 n 377.8

BRSO LREBZHOB AT T T Bo B, FHOBHEITNT B BITH S, LRAFIZLHT

B 324 10 A, HMNIRE 8 Awefrinor,

SRS IITK) 20X20 m DIEHEHLE L 1, EHND T 5 ~ v OIFEE R BABEELT, Mk

— 39 years old

F M Kasama

=
25
=
oo
@
T
0
e
@
201 T 13 Ottomo
— 43 years old N

F2HR FAEROBRERE(TH<)

Fig. 25

20 30 40 Age

Growth process

0.15

e
=

o o
» S
¥ M Volume (m?)

F03

02

‘Tal

of

sample trees (Akamatsu).

X DEREAEERAEHRLT, ZhiaEolEERe T
H= Y BEAERELT, ZORrLEEREELEZLN
LARIEFEAL L TEELL, FAERD KERIHE 67
RDOLEVTHB, ELFEARDRERERLBEHITHL T
KDIMERIF 26 IR T ERY THD, TORRDPD
B35 L ZHDHANE, EABRSTSERERORERE R
7D, L oT, ZTIEELCHERS OB IE
FERUCTHY, AEHREERBT L CHERTE THER
B X AT BT LBRDLND, EREMOBEE 30
F B XU 39FEAED HHE, ITEFROBRERMEED
2, 134 ORI 2hD X D RRREIE DL ITHD
%, T OREOHEEHE RN ST IENESh R
DIDLEXLND,

LT h =y OREOWS L OIS L1k, AXOFE LR
BHD X5 IERITEBOT, HWAHIORFHRIIC A
BRIt e LEROERHOFFOWIIEHL
BRE SO, $, BESICHBIIX FOREL
FIRRICIGE 5> BERAL L7,

B A SO FH AR O RO FHik, E it
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OFEEL, ER, VVE, ) OSMGHERIRE2 OBELAKRTH 5,
O—B FAEBKMETDOEE
(1) BEERE
FH, ZHEAEBLDO T » < v AKREE, &, &, ROERFCHI T, TOLEERBEEL, i
ZOEKRBRUEL THEBLIEEERRIEBRLTRT LBV THS,

F68R Ty OEMFOHEER (1EKHY D kg)
Table 68. Dry weight in each part of Sugi at different ages.

| — R
A ' o # % Diameter Dry weight (kg per tree)
Location Age Height at breast N K 5 10 Wf’;lole
m com Stem Branch Needle Root tree
10 2.7 3.1 0.78 0.94 1.09 0.37 3.18
= il 21 4.6 5.3 2.29 0. 99 1.17 0.85 5.30
Kasama 30 11.3 12.1 30. 88 6. 36 3.68 8. 10 49,02
39 14,3 15,1 51.40 9.21 4. 95 13. 28 78.84
6 1.5 0. 32 0. 34 0. 44 0.16 1.26
Z fit 13 5.5 7.8 6.36 3. 48 2.21 2.49 14,55
Ottomo 32 14.5 17.3 60. 33 5. 19 3. 45 14,97 83.93
43 17.8 20.6 146,79 12.93 6.53  37.66 203,91

COERPOHADEHMOLEERA SO CCHRERERIC OV THL L, SROBED, ZHOHEDL, 6
~10 FERFRT b LYBRBCE VW TRESRIEL, ESBOHESROIBTORLED>TVSR, KO
FRPSETICEVRLIBORFOERSAKICHEML, M, ZHEBHELORS L 30 FU EICKD
LEARLEL, BRSSO EDTHS,

VEEROBEE 10 BEOKDEEM OB ER Y, T ZHOBEL6 FEORDEEERT TN
FR1ELT, 4EBHICSIIEEROMMOBELIERTOLbTE, E69KLLD,

AR 7 5=y DERBICH AWM OERIL (14AH7Y)

. o 2 £l
A E 7N [
® 1 E . &t
10 1 1 1 1 1
Foke 5l 21 2.9 1.1 1.1 2.3 1.7
A | 30 39.6 6.8 3.4 21.9 15,4
39 65.9 9.8 4.5 35.4 24,8
6 1 1 1 1 1
7 13 19.9 10. 2 5.0 15.6 11.5
32 188.5 15.3 7.8 93.6 66.6
43 458, 7 38.0 14.8 35.4 161.8

ZORICLY, TH, ZHEEEELE IROEBIAETICHEY, ROERISOEMER V2 ITHEML T
B pEDD L, BORFOEMEIERRIAEL, KCBOHSFT, WELD I0~20FELTA15E
BACHEIN T %25 ZHhICH L TEORMOMMEER3RIPERL, ETE—-E0HETHRATHEMLTVS
DI, WED R F T\ T OBERH L —F T B, ‘

DEIT, HHBICHTBAROKMMOMERED, LHEERCN T HRAIHALHEL TRRTS &
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LM%, T7bb, EROBAEIL 9 FLEORORGEIEI K 67%, THDOBET 43 FLOHD
BHEIED NI 72% CRATVWS R, EOBRFEAII10% DTT, AF¥OBFELLLFAKRTHY, HED
BEVIZESHEERLLNEVORBEIRS DL L THD, 1T H <y DHORSEIED, FERMISETITH
WELLBATEODAFLELDET, ThRTH<YDEDHNRAF XD BRI T2 ERENE
WD THDHEEbhs, THhICx U TROE S B IEROIEINT 5 i LW S 2 I RO Hm %
AREIBPDORORAXOFELFERTD S, T H= VROV TLHEEBOBITIC X 5813, 46
OHEEHETIRE 2/ L BDOh DT,

(2) 2% VB »VOEFRE

PRAROEKEALOER, Vv, 7Y DEERBICLIEDLIVOEERIIET0ER IUE 71 RiTR
TELEVTHS,

BUOERPLT7H<YOER 3 ERDEFROIMNL, £HFEIEROEHR (NB) BRIKREL,
DERHVT, YV VBOSHENEDNI,

FIENBNC S ERDEFROKNEA D E, 3ERLDECHKDEL, DVTHT, BEBTRD
B Thbb 3 BEEERRMMINCED L, TH<YDEROEHE (N%) I CBEGRLL, ¥
O THRDE <, FHOEAETIX1.08~2.00% BE, ZHOBAETIX L. 17~1.53% BE&EH, S»
TH, B, BOBEZE<EENTV32, WTFhBED N% O 1/2~1/10BECTER V. V VEOE
AEPO5 )XV TNOMRBORDERCRDFL, LMOBFA T 0.16~0.20%, ZHDOBFETIZ0.26
~0.BLEEEEN, B, BFICROMETKLE TV, WTFhdED P0s% O 1/2~1/10 BE T
Ehv, nYOEFEE (K0 %) dFRDEL, FMOHETIL0.28~0.70%, ZTHDBFE TiZ 0.61
~1.03% BEESEh, DWTH, BEICEROEIHRETVEH, WFhbED K0 %D 1/2~1/10 12
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Table 70. Nitrogen, phosphorus and potassium concentration in each part of Sugi at different ages.
B oA o % Nitrogen (N %) Y vig Phosphorus (P05 %) # Y Potassium (K0 %)
A) n
Location Age 1 £ i % y s i % # 3 o
Stem Branch Needle Root Stem Branch Needle Root Stem Branch Needle Root
10 0.21 0.35 1.08 0. 22 0.03 0.09 0. 16 0.03 0.18 0.12 0. 28 0.11
A il 21 0.16 0.38 1.20 0.17 0.02 0.08 0. 20 0.02 0. 08 0.18 0. 68 0.15
Kasama 30 0.11 0. 33 1.16 0.22 0.01 0.07 0.17 0. 02 0. 06 0.19 0.70 0.18
39 0.09 0. 48 1.08 0.13 0.01 0.09 0.18 0.03 0. 07 0. 23 0.53 0.16
6 0. 27 0. 44 1.53 0. 28 0,07 0. 10 0. 30 0.06 0. 20 0.35 0.80 0. 28
e it 13 0. 21 0. 28 1.17 0.29 0. 05 0. 06 0. 26 0. 06 0.13 0. 14 0. 86 0.22
Ottomo 32 0.13 0. 27 1.36 0.16 0.03 0.06 0.33 0.03 0.09 0.19 1.03 0. 10
43 0.16 0.25 1. 44 0. 16 0. 04 0. 05 0. 29 0.03 0. 08 0.13 0.61 0.13
LR THh =Y BEEAOIRKHIERLGFRE UEX DALY g
Table 71. Nitrogen, phosphorus and potassium contents in each part of Akamatsu (g per tree).
B oE 4 /Ht-p;["\ ‘ 22 3% (N) Nitrogen . ) v (P,05) Phosphorus (K30) Potassium
i H 1 L LA e & WA - T [ = y 44 A5
Location Age wE a | Whole i i * R Whole W # B Whole
Stem Branch Needle Root tree | Stem Branch Needle Root tree | Stem Branch Needle Root tree
10 1.6 3.3 11.8 17.5 0.2 0.8 1.7 0.1 2.8 1.4 1 0.4 6.1
5 i 21 3.7 3.8 14.0 22.9 0.5 0.8 2.3 0.2 3.7 1.8 .8 1.3 12.9
Kasama 30 34.0 .0 42.7 17. 115.5 3.1 4.5 6.3 1.6 15.5 18.5 1 14,6 72,1
39 46. 3 7 53.5 17. 141.8 5.1 8.3 8.9 4,0 26.3 36.0 2 21,2 98.0
6 0.9 5 6.8 0. 9.6 0.2 0.3 1.3 0.1 1.9 0.7 .2 0.4 5.8
Y {Jk 13 13.4 7 25.9 7. 56. 2 3.2 2.1 5.8 1.5 12,5 8.3 9 5.5 37.7
Ottomo 32 78. 4 0 46.9 24, 163.3 18.1 3.1 11.4 4.5 37.1 54.3 9 15.0 114.6
43 234.9 3 94,1 60. 421.5 58.7 6.5 19.0 11.3 95. 4 117. 4 8 49.0 223.0
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ThoH, AERNIEDIVOER, VVEE »VOEHE (HEHSOAR) BWEHT L IRVWHEMLTY
AW, BREWHEDILEROEGHENREDEL, »VIRERO2/3~12BETHY, J VvEBOSHERE
ED 14~1/5 BE TR LAV, T L TZHDFELOVTHRB L, 6FELEDKRTRELESN 10, »
VAT 6, U VDK 22 BEASTh TV 5, 4B3ELORTIIEEMNY 4208, » U259220g, Y
VERPHI 100 g BES TR TV 5, '
DERTH=VOHEDIERZEFEER, FE 2 OAXOBELUETE L, N %HI T P0; %ix
Th=YDEBEL, KeO BT =Y OEMENMER L 5, ZOEAEE LFEE 11, 1BRRFREND
X3 BELTETAEARC DV TOEREL X—HTH5DT, 7H<Y & AXORELNE FOMHE
HERBTZENTEDLTES S,
m = =
BEOEHESTROMREFAIBETL VR, THLORETIE, ABHEOHEMNI L RELETEYN
AR BB DT E EATEDICLTH, WAOERSENELDOLOEDLT L LIFTERY, ThEK
WX O LFERARDER, ¥, %, ROKBHCOVT, TOERESTEOSEELESELT, KAD
EZWHOEFROEHERDB LBV ETH B, TOL S CHARLEOESFBIICE B LCHIIZL
BHALE L, WThHIBENAETERSIN IO TH D, TDORHANE Becker-DiLLingen®® (193812 k2T
EHINTHD, E/ Rewwie®® (1955) IL X » TEHNINTV S, Zhbid, WTFRbHIEORED
BB Y, DEEOBEIC VT ORERE LR BIBEV, £2 CEEE RO X > IChBORLS
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SOERPRERE THOLEMDEEIRATH RIS, LACHREBEVIDLEELDRS, &
NITH L TH Y OBURE 30~40 FE DRI ABICHEMT 50T, B HOEREI & < CBRSIEL,
7Y OENUIZEER Y VERITHE TS &, BMROEEL SEFANCTLbhsb0LELLNS,

E28 MANBIRINENHE :

ARD X 51, MAOESFBNEZERCI D THZLIIA#ETHZ0T, WMlioORADESESFE
DEIEBEZEREE LT, HENORF, ZHDT # <Y IOV TEDOREDKKDEMEZH#EEL THS
i, BESBNEHREOHEIVAVAEZLNSETHS 51, EHEI—EERFCHTIHRAD
BHBRE (A) ZRRiC X2 Thodl,

A=B+C
L, A RROES B E
B : —FEBICRIINACESSHE
C: —EFERIGET I ECRBECIVETLINCESE
ERiBVT B DR A ¥ T 40 FEDFED

o El : RHGHEROM (B66K), 7H<Y TE43
0 . | AoROl GETLE) RAVE, 12 C 0
H ENE § g 2 LT, AR 31 5 WAADE
. R . | OESEFRD 1/3 YT RS, BECX
| | : L pEHOBTRLIEEL THRD, L IHE
o i L UoRICEY SRR 328 R
ol | b FEow, DR EERREO%LEC
: X BRSRTREEMTED, METRD, &
m: hooRAFOEER VR, ZOX5KELT,
5 “IHW T wz ERA=B+CRRE>THELL BRI, H

BaM EEC LS ESETEOHEE TRRCFTLEEVTHS, KL, BERITIX
(MRBROEAERT) I DFESL D -— X FER LS OBHAN I BE)T
B2k HAKROESBNEBOHSEH (1LEDRD 75 250

Table 72. Amounts of nutrients uptake of mature trees (g per tree).

¥ (W0F) | Thwv (4
H Sugi (After 40 | Akamatsu (After 43 w
Items year’s growth) year’s growth) Iéﬁemark
N P;0s; K0 N P,0s KO
B.‘%%Efﬁﬁ%ﬁilﬁﬁé%*@ﬁﬁ e Ek k
=
Nutrient immobilized-within | 3 72 45 | 42 % 2B ymnzc
tree g . 5
LA °
WX DiET = &=
Nutrient returned to soil by 496 88 340 328 69 206
fallen litter g
N
~ 2B =
Total amounts of nutrient 1,059 160 835 750 164 429
uptake g
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570, BEORSEFRIIET T 5, EERUENCEEDOEFARELEFED 0.6 L LTEHEL K,
BTRRCLDE, 1KLY OBEOBNEBIIAFTHLL60g, 7TH<v 7508 Y VEOBRINEEZR
¥, 7TH=v iz 1608, #YVOBRBEIIAXTHI840g, 7TH =Y TH4308 TH5, Tl hadbich
OFFEAF L5004, 7H=Y L00ELETEE ha H7-) DEEORINEIT A X T 1,600kg, 75
<Y 750kg, Y VEROWINEIZIA ¥ T 240kg, 7H~Y 160kg, » Y OENEIZAF T 1,250kg,
TH=Y430kg LEIESIND  ELINOSORINEZEFIGNCHD L, ha bl AXIIEE 40kg, Y
VE;6kg, hY 3Lkg, TH<VIIEE 18kg, U VEidkg, B 10kg LEEINDE, AFLTH<Y
RHBTD L, AXRT7H=Y XN 2MEREESFBBENSL, AXOHFMNT <Y Xy BRI
BRT D &S AEROBEERIIBEH D, EBOBEMICE Y X LERT 5 LATES,

B3IE HoRSEE

b e B & DESRIBOEKRIHRAL, Mk CIEE, Bk, TErSRINShE
GFRSIIORILIT 2 2—TF b bHE LR L OMICEF BRI TLbh b Litd b Lo Th
BETREVTHS S, boLHRIMTHRFEL E2RTE % < OFEMIIERIC L ORKSED,
ZThHPLBORTLIh D2, BEHEROBERILT»TH S,

ZOMHIZ BT 5 LB HMAMOBSERZEAS»ICT 5 LT, TR T 2 ESBROFE LS
PICL, B EZHRIEOBESREOE» SHEETHOREELFEZRITOT, AETIIZILLDA
KOWTBRTHZ LTl

B1HE MHOBRSBEREORE

WO TEHR AR OB BROEREZEMCTIIH T 52 L3, HEROTVS VSRR EHSS
2, BEDE2TRDOE 66, 71 ROMML SYUENNICKDIEHL, FEBRITTLEVTH 5,

HBR MHKAESZTBEREoORE (kg/ha)
Table 73. Estimate of nutrients cycle of forest trees (kg/ha).

A F (40&3 Th=y (43%)
Sugi (40 years Akamatsu (43 years)

N P05 K,0 N P05 K30
A, RERBHEC X 5 'O INE (BiE) |

Nutrients immobilized within stem tim- 275 19 255
ber (Nutrients removal via clear fell-

ing) kg
B. fXEREEORICE (i « 4R - 3)

Nutrients immobilized within branch, 289 53 240 ! 187 37 106

needle and root (at clear felling) kg -
C. BELLTDELE

Items calculated

235 59 117

Nutrients returned to soil by fallen 495 88 340 328 69 206
litter kg

D. kxR CcoLBNE: D D= A+B+c
Total amounts of nutrients taken up 1060 160 835 750 164 429

E. #HERE Dp S x 100 (%)
Rates of nutrlent cycle
F. EEZRRLU G AOMERE

_g X100 (%) 27.3 331  28.7 | 249 226 24.7
Rates of nutrient cycle when fallen litter

are removed

74.1 88.1 50.6 68. 6 64.6 72.7
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D: A, B, COAFT, ZOMHEBAFOEPETITWEM, 75 <> OEETi 43 FERTTHr SR
RENZEFBEVDLEIRATZENTES,

WIBRD C DELZEHT S LI, HTORECHEMEZAVTHEOT, Ll Lidbdbiv
2 BRI U TEMBE T 2N b T B E0RSBREL, BB ROFEETIAY, 7Tr<y
TNENERLTL%, 671%, Y VI 88%, 65%, » VE51%, 13%Th5,

FRERCELKNT, SR EDOVENLEESENINDIGEOBFIERBIIZED & HF20~30
%BOERLY, BEORBESHHUAENCOPREZEZETHPEMSND,

HE2E MHOBMERLTOEE

EHITIL, MAROESEREZRLICHRHOES KB OVTON, EXKRAROESBERONLE»HE
BEMETHB,

HEOE 3 EPL, AX¥ &2 FEBEEOHRITHET 5L LT, RINIC 1ELFIERDTH 2B %
WO LIS, BER TR THRILIC D ET2EDIRBWVTE, AXE 1R DD EE 2752, Y vk
20g, H VY 2558 DELH, Eiolha Hch ORMAKE 1,500 4L 35 L, 1ha HichEH 412kg,
Y Vg 30kg, Y 382kg DTSV LNEME LD HBININEZ LIt B, TOER 40 TH
D, LEMBLYOBRSERBTHBRE TS L, 1ha 7V BRI 10.31kg, Y VERIZK 0.75kg, » Y
3%7 9.55kg L7555,

EFRT vk BERECRYTHETSZL LT, 1RDVINEH235g, U vEE59g, # Y 117g D
FH0, £h Lha B ) ORIARE 1,000 AEF 5L, 1ha bic VEFE 235kg, ) vk 59kg, 7 Y
117kg OEZPHRIB»SINENE & DCFHbHINZ 2 LiLhd, ZOEZ 43 THD, 1EMILYD
BHERECHRE TS L, 1Lha oV ERIIK 5.46kg, UV VBRI 1.37 kg, # V1359 2.72kg L1755,

BEMTIE, REXENERGICEDE, LEMO 1ke 70 OESRINEIIZEE 84. 7L kg, Y VEE
34.84kg, 7Y 49.09kg LHIHIND, ZHEMKROEMELERE L BB TS L, HAIEHETSE
fEMDK 1/8~1/15, # Y T1/5~1/17, Y vEE TI31/25~1/40 T, EbDThbTHrAdD Th %,
Maver-KraroLr™ (1958) dHADERRS OHERIZBEDHED I 1/10 THBZ L& DT WD
2, ERom#EbEECh e —8T 5,

DECHIC BT IR BREFZET 50, EERLCRMMOMEEOEH L B EREOHY
—REERTHE, BURCTETELV TS,

FThbbiiic 1 2 ESERIE, —ARICY vEESERE>S D YOIET, 5 Y OFEREND DL KL,
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oA to L VEMRETIE, HEMSTRIREFHELDVEST, LLXLEVPAMLLIZEREL
Th, TOAMMLLAEFORTIC L ZEREI P LV LBCREDIDLEXRLSTRELR W T H 5
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FROESRIA L D B O LAY D 5 & 5 ITBbh b,

BAE MHIEEEIEICEY S5RE

MAVTEIEM & B D REETH B, ThEIEE LAV L THRSEPhS >, Thb
LRARIEREXh T GRERCTOBEL BOTrOBRENERRLIORHLTHS >, iDL
B, TOIEEREAERETS I LT, MAPBKEETHHRLTICREMISORNTEELI 2 TH
D, ERAHEREOMMEROERE L LTEbD TEERZHZIITIOLELNS,

DEDEEPD, FBEICHVTIEIMIIEEEFECBET 2MBoRR L T570, TRtz E
EHEL, FEMAROESBUINCHET S 2, 3 OEEMEREZITRV, IhOLORBE D LICHREMIH
HEEDBT L,
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HB P~ d &7 H =y THOLD, BHEKRLT, FOBRRAEHLL L Fhbh
TV 5, ABREEE LA 26 SFITE T 57 1 ~ v OB 5~6 F4T, FHREIX 38cm, FHRLsL
AEE 0.1 ha &7 D 3,000~4, 000 AFRE T H 07z, ik BRI 14.9°C, EFHTREII 1, 452mm T

* KABROKEDO—ERZ LMK 163) 164) ICHEEL /.
B®OSLEIRTL, KBK - A BECHET 52, 3OWE, HERER Mtk 3, (3):p. 39~107
(1937) T X B, '
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BHE T i~y HKEEABRBLO EIFEOMHE

Table 75. Soil properties of 6 years old, naturally regenerated Akamatsu stand.

(1) 2Hy4E Physical properties

M hﬁi lEl"J i ’t}'ﬁ M%J’(ﬁﬂ%
echanical composition . aximum water
B B W W B KB B & Lis & eho*:miia holding capacity
Horizon Depth >, L Porosity 1 EEY SRS
Coarse Fine Silt Cl weight
sand sand d Weight, Volume,,
cm % % % % % % % %
A 0~10 17.5 22.3 28.0 32.2 55 120 62 67
B 25~35 15.4 15.5 26.6 42.6 49 114 66 75

(2) {b%#iE Chemical properties

. N EY AT,
BRI j:Soijlgac%lit;i EE@% £R%E 4£%# 5 HCl-solubleAbsorption co-
Horizon Depth Ex- Ca0 10tal Total eficient of soil
P c N [P.0; K0

pH pH
em| (,0) (KCD ' |ca0 % % % | "% %| N PaOs

A 0~10 5.7 4.4 1.29 0.123 2.30 0.15 | Tr. 0.0016 307 827

B 25~35 5.3 4.0 12.48 0.017 0.30 0.03 [ Tr. 0.0012 339 821

H%.

(2) ABFEF

HEFIE 6 RITRT X5 A, B, C, D04 RBEA2FKY, FHBREOMEIEIL 0.1k T, &
DOEFNIE 33D X 51 2 Block oELBEIC X D7,

BN OGP, HELZDEPOFHBE—THEZLBLETHSD, L BEORF LK
57 h =y OBEOH—EEHRTENCREL L. TOFERTFHRARICID, 1HBE (=1,000mD
25 1mt D2~ F35— b 2EEAC2LELEEATHRETWE Ty ORBERERE %% RE

WK T oh <~ v HEEHROXS
Table 76. Design of fertilization trial.

X Plot b I Treatment {ik % Remarks
A TEREAERR 7 5 OUT AR £HBRX OEH
Planting of soil-improving- 1 B4 (0.1 ha=1,000 m?)
tree and fertilization Area of each plot : 1,000 m?
AR : Y=oy ) &
B il 7 NI - 4 Soil-improving-tree : Alder
Planting of soil-improving- | jtfEgE (&7 0)
tree .{/%mounts of fertilizer applied (per 1,000 m?)
‘ i
C i} e Ammonium sulphate (N  20%) 25.0kg
Fertilization Y vEERK ‘
Super phosphate (P05 18%) 27.5kg
D & an b WY
Control Potassium sulfate (KO0 48%) 8.0kg
W OE K
Lime 75.0kg
# fie
Compost 375.0kg
500 # Fif V Lz & ChEie
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Block Block N H 5% CTHETES Z L2272, ReDi-» 35 {Eo=
N // —F5— 1t BXDAT, ZOEIPDT H=YEO2WTHEL
7o TORRRERBRMICHERER RV & RHERL

‘ = Az% fo BBTOI—F7— Mok HEAHLEE HERE, B
= ORERED & Fic bV,
— & | o, I—C MBRME X OB
E N Bzg o1 HEEH% 8 FHOHAE

SERBALAIE 8 EH (BN 33 FEFKE) ORBELENTH &,
BUTEELTIEMRITTRT B0 TH S,
BUECINE, Yo v/ *ORMEIE T H <Y OEF

CRELHRSBEDLTVWRVOT, A, B OARZBRW\T
A Soil- nmprov;ng.-tme plarted, fertilized..

B " , unfertilized. C OfifEX & D DEEIEXIZOWT, £ORERELHEE
C Fertilized.. X 6:1:31%@%'”:: TEWE& E&*ﬁé‘j"@_é zE ‘C'?- %)o

D Control. (1) MilEmo 8 EHORER, HMIEKX 3.30m, iR
E Area of additional fertilizer.

Height (m)
#33X C Fertilized plot

7 v IR OB DOEEFY 3 e

Fig. 33 Arrangement of plots. D Control plot

& e AR R

e
X 2.45m, JEiE# o HER 1 EIER 2 -
2.93m, HEHEEX 2.09m TH 90 cm D !

MRDBNG, ENlEHE8 FH mﬂmﬁ
FBIOWVWTEE, MK 4.8 cm, @ﬁfjﬁﬂﬁlz
4.2cm, JEEHO ERIEXREE 3 HEE

X 4.3¢cm, EHEIER 3.7 cm Ty 0.6 cm EUX
DEREDEND, T H = v OBERECE LN EIEOR R

Fig. 34 Effect of fertilization on annual

WERE, BRRKEDEL(LE, EIFEK height growth of Akamatsu stand.

330 3 2 BHE

8
&
g-
2
3
8

1861
0171841
256!
¥S6l B
9561
9561

BUME KREREBESFHOT7T Iy HKOoLEFRRE
Table 77. Effect of fertilization on height and diameter growth (E3ff)
of Akamatsu stand in 1958 (the 8th year after treatment). (Average)

RAGDBERER] g PEROTTERER
HEAX . it Height incre- Basal Diameter incre-
. B Treatment . ments after s ments after
Plot Height treatment diameter treatment
cm cm mm mm
A | IERARRERR S I EIE 336 299 51.6 46.6
Planting of soil-improv-
ing-tree and fertilization
B Ie B K HE 237 231 44,2 39.2
Planting of soil-improv-
ing-tree
C |k e 330 293 47.8 42.8
Fertilization ( 135) ( 114)
L O | 245 209 42.2 32.2
Control ( 100) ( 100)
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%100 & LAt E0MIREK 0 (Index) T2V Th 5 E, HIEK &EMIEK & ORICIZEH 27 ~ 30
F, TbbiiE%E4ESSVE TOMICHBIAREWENRD bR, LHBELZWVI/NE 2T 5,
IHERMIEOSRSBEECHbh 201, [RE3~5EFRECLDOTHA S LEXLND, (35X

(2) BMMOBEBRELXFA5HHIT, BF29, 30, 33EOKTIZ, TFHiE, FEHURTERCH
UTHREZ2KHTIMY &0, HEHELBIELCHTITEREBIEL 7. % L TEMIOK % 100 & L TH
IEX DiEFZ RO THRT 5 LEIB D EF DI,

B 35 N I E O RO FEZE(L, FEHD tndex
N%OEZILSHELT, FIEHEO ko B L x
REETHI LU, wr X

WML E, HILODRIIMED MME o | NN - Stem weight
DUEROUNONCAE CRBNTOD, T T Haghe
B Gl b A ROKERMME D b, % o
X OBROREHMICAES <BHbh T3, Fertilized o 20
L3> T Z DS, BIEOFRiZbhvbivhid .

Unfertilized. z,w,\H?> e I P

EHEL T o8HoAEE N, X<{HbhT»

5HDENVITLEBTEDLTHA D, R — ~
% 0 © 2 vy <
(3) IR R, IR E A R S
UL S T A DI S & 51E0 D Tle <, HIB T H~ Y ORI X BHIFES X O
- e e s prwEot b o bR R0 E & OBEIERDFZELL 5 U
MBI XD TRSCHAES, BELEDOTS et DN BDOZY
BB T A Z Sk o THBEOWE A E Fig. 35 Annual variation of index of
N . height and weight growth in fertilized
HZdsb0EEXONS, COREBELET SR plot (C) and N% of needle of fertilized

Akamatsu tree.

DT, ZEO FECOX 2, 3DHE{LENNET %
RIS, TOFRRIFE IS RAEDTICERIITTEHBITH S,

FWE T HYRKOEHIZ XD LEE
Table 78. Influence of fertilizer application on soil properties
of Akamatsu stand.

R NN — 4 & ¥ mawEk
A B K eé‘g?is/j‘%g;f v?rgterlf P Exchange! %g&% . Total-N . C/N Ex-CaO
Plot A (Hi0) acidity | ¢ | M.E./100g
i I\,/Ii)_{l‘,lylf' Averagel B ‘33_'1 9% | 4EH 8FH soils
C.lE e K ‘ i ] [
Fertilized 38 — 7 21 5.0 6.9 | 2.68 | 0.16 0.18 15 | 1.90
D. IR e
Unferti- 110 — 75 92 4.9 13.1 2.78 } 0.12 0.15 19 ‘ 1.04
lized ! '

H O BBERIENGE 8om OREELORRIELL S, K 4000 KINE, LOKASTLT
ToORTBIET HICET SR TRDbLI,

INLORMICX B E, HEOLERIZ OV TUIMGIER O L BOERERE v, Ofid/)hs<ky, C%
Wb TFrCEB N, N% iZa/ kL, Lis>T C/N offid/h&<ky, FEREaRORLS
{BEDTwW5, HEOWEEIC OV T, HIEKOEEKFOBEED S L, ERE 2mm ORKERK
BELE RO TVE I Labrb, Tihbb, XD THEOHEIMLFEM S MEC LR
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N DTVBHZ LBREDLN, DI EBTH
Distribution of weight in each

aggregate frection ) <y OHEFI 2RITIER LT, MEWIC
sok o———o—— Ferlitized piot 1 A &
%R e-—-—-—e---— Control wmier  EEHREDFCVDD0EEZLND,
{ (4) FURD»D, HIED BhFRITIER
2l 148 (26 4F) OBfERECIRD
nx»oic, Thid,
(1) =¥, v/ ¥ FLBERVBEE
20F MEREZBBRTL 7T H =Y AL T,
I DFEFRRHAAS B £ 0l T &,
(ii) EBR—I5RFVTORE L S
R \ Diameten
5 2 I 05 02 01 ofaggregate i, THRYEAKROBREEATEOAN
36X 727;M%ﬁ%mmkwéiﬁommﬁ, ZLEMARITE VLR R L, & 1g
[Eikesry . s e
Fig. 36 Data of aggregate analysis in fertilized ZEETHHET DERORSBETE

plot (C) and control plot (D). 11 (9~10 B) 2L, 7 5<vDhE

BHEECEHShES THkbh, TOREOLFEESOEELZT S LRLEBRPDRVTHA S
rtEZLNBZ L,
D220FRRACE5HDEEZL LN D,

LpL, FIROBRERT # = v OMERECEbhL» o, 7h < v O ERFTELEE XL TIX
Wiz eEx, AAKBM22TELA (ThbbBIMHEL T, TOEFEDOL) 7H<YDHETOVT
2, 3DHEBRL ZRE L IFERIT, BABERCHEE, $BE ~12re—-XRREVThoES D
W L727 h <=y DFiEL, IR D EHEORERIESBIFICA2TV 5D LEBRING,

(5) HWBELLDLTH=yDEED NI, B4 FEATITED LOREIZDH EDTWSE, T
NERERD Z &% Hausser™ (1958) XEKM 7 » = vl E o bkiic 4 2 iR T, %7 Tamul
(1957) 13 30 A7 H = KT HRBRICFVTRDTE Y, WTFNBHIRBIC LR LA NS Ol
13, 3EBTITTHIERORIBICS Eoez L 2REL TV 5,

(6) 7H=vyDNKBIEL, DML L 8~1.6% #aTOHIEN & Bbhbs, REBoT»<
Y OHED N% 13 1.0% BET, RERZEWVETEESERTEVWC EEZRLTV5, —RICBRT
RO S TR TS &, FEHD N% R OGBEF LG ETTDOT, fo& 21E Gesser 519(1956)
13 15~20 B0 E IHCBRIER 2GR L <L 25, EfIEOE I DHED N 221% UTFTHohdic
HLUT, MEKOSFED N%IZ1.2~1.8% i LR LA LZEBEL TS5, FalBRTEWVWTLTH<
v O$ED N 13 2.0% BEIC LR L,

(7)) FEZ ORI THIICK O3 3 5 IR 58 < Bbhic ok, REBIAKEO LD
N%» 0. 15%REOHEELHILTH I LRI 5D THEHEELZLNS, Gesserl® (1957) b1
D N # 0. 10~0.12% FED 30 44 & 3 OAIBICHT 5 HIRRBRT, 5 SHOFRRE RT3 %
WORERCET DHEFLHRERDD T 5,

(8) —MEHMICRDIFETHIEBERIEETHY, LB OCTEREONERREIKREVI LT
Wirricnl® (1958), Hausser™”) (1958), Becker-DiLLingen®® (1937) 72 XD, % < O%EiT X b5l
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INTwD, ZORBTIRER VvEk, 7Y, AR FEHOTLIEREZERL V50T, fodo
VFRBRRCRE VLRI AR L T 5503 hh 57w, ARHER 313 5 75 RO SWH R, S b bh
BE51HEE Y VEBREEETHD, LrdT7TH<VEAY, v/ 3LV VEBOEEERSL,

Y VEERH T A ERESEIE VXS ICBbh 5 2 L 2E 2L, ARBICEVWTY VELERL LD
KAEEIEMERLTVE D EELTINVWTHS S,

(9) MEEARLLTHEELALY~ Y FOEHBIED DD, FOEEPRECHIEDLSL, BBAL
WX ESFRBHO X S LHEELLBEO L 2 AT, TOMPE X BES 5 DT HIEEG SHIE
BHDTHBEZEZDND, Y=V / FORELANIERL BORCRTEEVTHS,

19K  THIYRREIShY< Y/ AT HEROR R

Table 79. Effect of fertilizer application on growth of Alder °
planted in Akamatsu stand.

B OE mEREE ¥ o N% N'tﬁéﬁ:@l\tj* t
5 g ¥ % Nitrogen conten
fe 3 Treatment Height  Fresh uweight N% of needle of needle
. m_ & R g__ .
C:Ffiﬁtngg tre% 2.5 (192) 967 (706)  2.97 =+ 0.32 1,040
Dhﬁerﬁlizie% t%ae 1.3 (100) 137 (100) 2.11 #+ 0.30 94

* 0.1had7-0 O EHERE Estimate calculated in g per 0.1 ha.

Thbb, HEOMRIIT <Y iTERTY< v/ ¥0FCARELBbhTW5, FiCEROREES
HE (NB)KHELVHEEZEALL, 0.1hadl), HIERO Y <V ¥ OFELEKOBEREITELER
O I DD TS, Lo TIEEALZERT 5RT, BREZTRS 2L TED, ZOERES)
Re—BARELTHLNTELLDLEEZLNS,

(10) SEFCHE L THEEL ORRZHEAIHERIIFEORDO LB T, MMcX) THOREIFLL
L7, ZOTEZERRL LW THRIBIC 80 E T I 351 B
BLIELDOETHIE, TH<YIXTHE HEAC & TE & OBk
U CHENCSE IS b0 EEXD (1) Miflee FTERE (kg/0.1hka)
ha, ERMEROTE L EHBEROTE
OREECEENEIHK 3 EREE, »D

et 1 EE W% 24EE
kg kg

CTEZ X 5P OBINE & B L TH#R oo K 270 (321) 127 (179)
FThiE, ELOERD (2D ETFRT X STk I i R K 84 (100) 71 (100)
b, TNX1HlicTEv, HEmimeT (2) FHEIT L DI ORI E .
LRTVWERLH Y D 2~ 3 HXTEIK TECRRE  EECxT
n-pEEgs 5 ® &
WEhs LEEND, LSO TTER kg %
MY D HRHTETTTE, TEOGFER % #E N ¥ ¥ 22
5 o) et . e Yy v g PyOs 0.4 8
P22 TIERR S Ot e 1T X B E%E ﬁ J K0 . 5

5 E, MENCCHORAREZED, &
SEREBIFICTS2ID0LEZONS, Steranorr® (1929) 3 A = v FIMMKTHRIANE T T3 H O
12.8% WTETHH L HEHEL, THIBRSBRIC—BO/EEIT/T L 2EBD TV,
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(1) kBT H<YORFREFANLLZS, HBIERDOT 7<=y ORFOFHZAKFEHM I 1m Lk B
BLTVW2OEHNLT, EHERKDO7 # <>k 60 cm BET, IR X DIEROKERENRD HAE <L
BOTWBDRRDE N e, THADMERE BITH 60 om FRETHIRIC X 5H:&1Xd F D BD S
PO7h, RIS D E, BB E VRROBERL LD TV R LD LN, THNOHED
FESZD SRRV DL, & ORBRILO LESWIATH IV 1ET, ROTH~OMESEEL DT
bDrEZSND,

I—D REBREMLZOEE
D2 it 8 F£HITR T HBIEDOFHR

BEURELTbhr3 X5, MIEOMBIIEM28~29/EE, THhbbiiitEs ~4EBEELLTL
ROICTBRO—@E2ICEDTVS, O L, FBROBERTOEFNOER»OLTHHEMBET S
ZERTESTHSS, LT THMBELAC AR, BR, CROKRBKD 1/2 OHEK, TihbbE
33 RORBOMATEE 2T D7, EBIOE (kg/0.1 ka) (3Fi% 95 kg, BF 105kg, Hifm21ke T,
MM D F LK 1m BOFRIC NSO EEA L boRERICE S, HTHRTIm B0
FRCHEIE S X SR T,

BIEOMRZFRE9 Al SO EE (BSAE) 09 ARFAELHRR, B RBIVTFE1Y,
FH0KCRTERITHD,

EOLE IS EEICHT DT < v KT HIEROME

Table 81. Effect of the second fertilizer application in 1958 on growth
of Akamatsu stand.

1 : BE 3 2
i m | e oHE | #om EOES K eedle analysiy 2
Treatment Treatment Height Liré%glle()f Needle analysis
in 1951 in 1958 m om N P,0s K0
B e X*
Cﬁml B K Faﬂknmn 3.5 9.2 1.82 0.36 0.96
ertilization £ B B K
Unfertilization 3.3 5.6 1.17 0.25 0.8
& e X*
DU% @ B %TE“““ 2.3 11.2 1.78 0.34 0.90
nfertilization £ OB OB X
Unfertilization 2.5 55 b2 02 045

# N.B. * EJE0&E Amounts of fer_tilizers applied in 1958.
N 20, P20s 20, K;0 10 (kg/0.1 ka).

ZRIZE % &, BROMHBIBERRECIZERLTHLIELbATWERVS, EBIRKOHEDREILE
EREKOH2H5CRDTERY, ERESWTORRIE, BIEROT # <y D$tED N%, P:0s%, K0 %
REELKOEX D bENEEZRL, FLWIEIEOEESZD NS, 7F <Y DMERRITAEEDR
BERBICIHL SN D L L 2D bEE 2T, COBEROMBITREECEDPN LD EELOND,

I—E MEBRk#E ZzoEE
D3 Jiltk EHOEBN L EERE

kORI HBORE TIX, BAMCHECERZMET 2 HENEL LONTEL, KRBT
I—C, DItBVWTREAMCAEL T, FORMCOVTERLE, LiLHEEpsnisci>
L, HIEOMBE—ERRICE T 5 AROEMAEESEMEL BN E LCAET 55, XV ABINTHSEC



HAEREEMRBEOXE S X ORI T 5 EBRgTE —115—

®ERE THYEEROEMNEREL-VOEERR
Table 82. Effect of fertilization on weight growth in 1958
(the eighth year after treatment).

® m x| FEEHEND Quadrat (1) | &SN Quadrat (2)
: | ,
Plot ~n H W, W,  n H W, W,
C. i B K 1 21 384 9.4 46 | 23 378 802 4.5
Fertilized ( 148) ( 161) ‘ (179) ( 186)
D. & # & K | 36 259 60.0 .7 | a8 217 43.2 0.9
Control | ( 100) ( 100) } ( 100) ( 100)
® B K FEAEREH  Quadrat (3) ‘ St 3y Average
Plot Ca H W, L H W, W,
C.#H I K 23 352 50.0 2.2 22 371 75.5 3.4
Fertilized C145) (129) C155) ( 158)
D. & i B X 40 242 40.2 1.0 41 239 47.8 1.2
Control ( 100)  ( 100) ( 100)  ( 100)

F n o 9m B0 DT H<y DAL Numbers of tree per 9m?2,

N.B. H : ¥¥5#iE Average height in cm.

Wi: 9m?2 5720 D7 h<=vD4EFER Fresh weight of tree per 9m?.

We: 7ThH=y DB ADLEER Wi/n Fresh weight per tree in kg.
LEVIETLRV, EHFIZOLSRita s, EIREIEBOIRM344E 11 B & HEribo—ific 3
mx 3m=9m? OFEXE % 3 #FT (Plot (1), Plot (2), Plot (3) &¥3] FEL, ZOKHEN
DT A=Y RERERLT, TOEEZAEL. TORBIFELRIRTLENTH S,

(1) E82LD W, DfEix—EmK (9m) O EOERZTT DT, MIERKD W) & EiEEK D
W, D%, HEEREMCHIHESRTHEEELLND, 7o Wo ik Wy 2n (F¥) T#ok
BADEEAZTT. EMERK A 100 & LoD Index Offii Wy 1D Wy DI B/AZVv, ZDTE

H8IE T H<vIEEEROESBI (9m? OFEIFUEMD 2 b OFEIEE)

Table 83. Uptake of nitrogen, phosphorus and potassium of fertilized
Akamatsu (per 9m? quadrat).

ES Vv OEE 7 Y
. Nitrogen Phosphorus Potassium
i U fsrE (9m? Hich g) z * Y VEE By
Fertilizer Dry weight in g per 9m? SHRE SHE SHE
treatment quadrat N % N P05 % P05 | KO % K0
content content content
I : g g g
#  Stem 23.128 | 0.15 34.46 0. 04 8.79 0.13 29,14
WOE A # Branch 6.578 | 0.33 21.44 0.10 6.78 0.27 17.05
Fertilized ##% Dead branch 3.970 | 0.14 5.52 0.03 1. 19 0. 15 5.88
trees # Needle 3. 966 1.04 41.33 0. 24 9. 34 0.68 27.05
# Root 14,352 | 0.23 32.44 0. 03 4.45 0.11 14,35
| it Total 51.994 135.19 30. 55 93. 47
% Stem 14, 291 0.14 15,03 0. 04 3.76 0.13 13.42
E: Ul N %  Branch 5.912 ( 0.29 10.82 0.08 3.07 | 0.22 8.31
Unfertilized | #4#% Dead branch 2.252 | 0.14  3.13 0.19 0.56 0.03  0.56
trees # Needle 3.468 | 1.00 34.64 0.03 6.52 0.59  20.43
(Control) £ Root 8.550 | 0.22 18.90 2.31 0.09 7.78
5 Total 28.744 82.52 16. 22 50. 50
1135.2—82.5 30.6—16.2 93.5—50.5
feptominE (RENT EOHEERD 45.0 44.6 34.6
X 100=117 X 100=232] X 100=124
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¥, EROX S CEAMCHELCHARERNCHAELREL D DBRCEPNS L L 2R THDT
B3, THEFHK n DENRREHOTHB, THOLLIEERD T » <~ VIZRENRRE»DLD, Fh
TR SHERDE L TEREMBY, HEHER & OMICREOMERE /D TH 5,

(2) #82%D Plot (2) D hdD KD EHE, VVE, HYRITRK O4RFEHHLT, £0
EHBBIRIBZ Iz, ZORBIIE B RICTRTLEI TH S,

MEFA 33 FHEFIWEIL TEOEDOKFED 7 H <V EED N %, P05 %, KO %, CaO % i35 81
REFTEOCELL ERFLRESY, TOBEOMEERFRIEBRCTTI O, MBIk 3HE R
ELR VW ThTrERd N ERpofk, ChEBOT &% Tamml® (1937) 1 30EE<y D
$ED N% L2V TRERDH TV 5,

DELHBERPOLWHEC XL VEHOBNELE T, ERE N OBINER100% 22 25 FE
LcfEEs, TOHRCOVTIRBBRD M itk W TEEZNZSZ LILT 5,

o AE—4 AFEEROEEHE (X0 1)

oI—A FAEHBHM

MHIEE DO ROKIBEWAL P 5 & & diT, EEBEELEET AL S 50T, AXKORE

BlOREZITIE DT
oI—B FAEF &

(1) FAEL7=A £k

RE LA FEERIEES R FE LORON MEH KA D A ¥ 7 F£4KS (B ERE) T
Hb, ZORFRBEAFTEOSDTH S, BERBIIKESHBFIYRBOBEDD LT, BHRIBOED
. 0.1ha FOOMIEK & EHEX L BSHRESNTHT, EVELEZVBRBIOX SITRD2TVWEDT,
IEEES R TR B DIIIFHETH B,

FEMIIEL I UFRI O A UELHERIE i o C, HE—HIEEN S A Wi, b
PP ARDBRBZH DN D, REVIXIUKTHEIh, TOTHCKILWDEEH S 555, TRIEXILER
THERIhTW5,

A2 U 7o 2 FIREEM (B 37 RIBIR) VIIRAN 28 4RI S, 28, 30, 3140 3 Eichic ) GEMIER
25 (6—3—3) MMEREAK 1ABAD UEFOHBASh TS, BEALT 3,000/ka TH2,

KW sE
1 ) TR AE
TR Bi-d %+ T
TA M & Crumb Structure #OREE

1A ®3iB & Brocky St

S|1 akARE B E  2-10 mebk

°0 I8 petmmA@ HNABE 210 mn ok

1w
O [ wam 1A
~[HN...
@0 | ‘
- ‘ 1A

BT RERRIITO 2 FIREER QA5
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(2) FAENRNOTERE

€:)) — 17—

HERL AN O HBITEHHFETHRINE, IR & EFIEX E OERSEIETE RV, XFAEOERES
T 5700, RBMWNOLELEDLDHABELLLEIA, FINRBIVEMFITTFTIO, FO4E

B 53275 D BIsOTHY,

B4 E

IR, TH, I'H MEOL4BECKSINDGZ &53br2l, £ THE
BAOHE, MEERIHBMEET DI D BIE LA, IR &SRO B, BIEKEERERO5RE
FMEFELLT, BEHRANCHERET 5T RO L ZHDEHRARC OV TTRS T &L L,

Males LD 2, 3 OIbFERHEE I RiE T8

Table 84. Influence of fertilization on some chemical properties
of soil of Sugi stand.

. ; : . B AR
mox x| moa B en EEEE eep R om
Plot Horizon =, { (H0) acidity v, N% (El\jli-g% Slgzl(t)lz);
A 2~10 | 5.4 1.0 0.61 5.87 0.029
i B X Ay 1525 5.2 1.0 0.56 5.06 0.020
Unfertilized | A0 3038 : 5.2 L2 o059 327  o0.02l
A 2~10 5.7 0.9 0.65 7.73 0.027
M e X A, 15~25 5.7 0.9 0.48 6.48 0.015
Fertilized AL ao~e0 | 55 0.7 0.43 3.55 0.013
OI—C FAERKEZTOBE
(1) HBSBicb/ D ERAOEE, WEERLEZEELZHEREZ, IB»STUEETOLED
KO ELDDEES REIVCEE 2L TRTEEVTHS,
B R AXWMEHROLBENOALABTRAE S
w e K | ® M OB K
+ # Al (B R € 1Y)
e = I Y R weossel
B R R W B IR s e
cm cm cmy cm cm cm cm| cm
I A 294 | 2.8
A BOEX 30cm DI
o A 430| 54| 170 180 | 313| 3.1 130 | 140
A RBoEX30em Pl E 60 | (137)] ( 174) C 100)| ( 100)
cm LY
o A 68| 6.3
A O S 30cm Bk 60
em BN (GRE)
m A 47| 5.8 376 | 4.5
A BOEX 60cm ik C122)] ( 129) ( 100)| ( 100)
; 455 5.8 | 304 3.5
£ & o F B (149 ( 167) ( 100) ( 100)

A X 5 SEE» S, THIEOFRTHICHREZLE T 2 &, HIRK DT EITERIEX 100 o3t

LT 137,

FOFHERZIEMCK 100123 L T174 T, 27/ OHRESBED LN, 20X S ZHEED

MRIBEL D DERDOFCKRELBbh3, ¥ADEEZAETHE, ThiZEENEERLD S
bTrORROMEEAH 5 TR X V#ETITHLDT, 2EXBERLBCLOERZZEIEL L,

(2) DELHEOFOFHEE, FHERICHEYT5ARRERE LTGRCHL, KEILCEE 2ilE -
L, $Z0OBRRMI L VEEZAELL., TOHRIEI RILTT LRI THS,

Thbb, EMEKOH EHFER % 100 & LAFEICHIERK O XL 319 T, FEIESIRIIBE CHEE X
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Table 86. Effect of fertilization on 7 years old Sugi stand in
‘Shibukawa, Gunma Pref, (Growth data of sample tree).

i BB AR ' 4 ® B Fresh weight (g)
ﬁ%‘ertilizef'E Ifléiigﬁt Diameter s N S
treatment at breast Stﬁl‘é B B h N %dle i@‘I\—g‘“B R%%)t Whole
em om em ranc ee P tree
i e X 437 5.6 8600 3375 11955 23930 7400 31330
Fertilized tree ( 137) (189) | (324) (427) (295) (319 (329 (321)
E: T S N 318 3.0 2653 790 4052 7495 2250 9745
Unfertilized tree| ( 100) C100) | C100) (100) (100) (100 (100) ( 100)

DLBERTHIEBKREL DSOS,
FRBMOBRICOVTALSBE, EHEXOEES® 100 &35 LIEEK O£ 329 C, L& Rk
WIERELTWS, L2 FE2LCFTIO>E BORIEHAISBEXZEBCXOLDXL D HK
%woa<am&@&%ﬁbﬁm%LVME#%bah,%ﬁaﬁwwm)ﬂﬁémﬁavvmowr%
DEEEE—HT 5,

(3) BEAOEBHOER U VH, » ) OGFREUEL, LOMRMDSIEADIE 3 EROR
WELEN L, £OBRIIFETERBITRT LRI TH S,

BT R LDE, BEARDERS L CEOERS EFRIIFEADLBHMIEALD D EWEZRLT
VB, TREBRBLTVAESZIEE LTARCHET 5 &, BREOBRBIEMT 525 Thilk
BRI RSN T, TORDESSHEMETT 5 b0 LMD, The ARORE%
WitTicul® (1958) HEKM 7 # <= v £ DT DWT, F- Levron® (1956) AN Z <= v THDTH
h, ZOHEFF Lunoeciror®® (1945) OEHOFHREHF Verdiinnungseffekt LIFFENBEH0T H
%,

LR A F W IE K o FE 5 R R
Table 87. Uptake of nitrogen, phosphorus and potassium of fertilized tree
(7 years old Sugi in Shibukawa, Gunma Pref.).

EE Vv g H Y
& Nitrogen Phosphorus Potassium
B iy B eI 1 KB D TSI
Dr ng ht EREFHE P,0 Y VERERE K.0 H)EFE
};r tre% N 9% N content 3/ 5 P,05 content & K40 content
p per tree ° per tree per tree

g £ g

(A # Stem 4,193 | 0.15 6.29 0.04 1.68 0.14 5.87

) % Branch 1.657 | 0.32 5.30 |o0.05 0.83 |o0.18 2.90

W BB A | % Needle 5.603 | 0.71 39.78 | 0.22 12.33 | o0.88 49,03

Fertilized | 2 Root 3.483 | 0.27 9. 40 0.08 2.79 0.11 3.83
tree =. Whole

st Vole 14 936 60.77 17.63 61.63

(B) & Stem 1.419 | 0.19 2.70 0.05 0.71 0.14 1.92

#% Branch 0.354 | 0,33 1.17 0.07 0.25 0. 30 1.05

4§t B K | 3 Needle 1.675 | 0.83 13.91 0.19 3.18 0.97 16,25

Unfertiliz- | {8 Root 0.861 | 0.32 2.76 0.07 0, 60 0.11 0.91

ed tree | g Whole 509 20.54 4.74 20.12

60.8—20.5 17.6—4.7 61.6—20.1
H%ﬁﬁit @ E’l @Wﬁ% 3.5 18.9 18.9
X 100=127.7 X 100=68. 2 X 100=219.5
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7 ERIC BT B IR ORILE 2 —R IR TR HECEVEIRL T2 5 &, EE L » ) OBILEG
100% % = . BiEE 7 0 —BFE L THRRICE LUEZT TS, ORIV TREHONICHWTES
EMABT LT 5,

7 BHIE K O HEOEE I K O LT R TE 8 RiCRIWD X 51, BERERRKSSL, +
BOBYE S BT HERLTH DR, BIEKOHBERICEDR ¥ OFESS BICHKHICGRTT 570 TH
rEzBND,

m AE-5 AFEEHROEENRE (T 2)

m—A #BEEMW
AFAEL, FE—4 L0 AROBMTHEL 2R,
m—B #EF &

(1) #AELLAFHK

A U Ao &2 F TRV RE S WK R | RT FRAD B R EFMRTIA D A ¥ 7 G405 (RIF0 34 F3(1D
ThHb, ZORFIBEATEOLDOTH 55, HERBGHESEMYBOIEED b L ICHBEHDED
0.1ka FODOMERK & EHEINK & AFEESINTWT, #K LIV 3B X 51t D T 50 THUES
R EIRDIEFHETH 5,

A HABT X HOKIE O B 5 BRI (8 L CHIM28ES, ARAATELSFEEL TV 5, R MK
& DR 30° OFEMTE (FEORESIH 50m) T, EEKLOXIWKBDETHBE I T2,

FE L 7o A FNEEAKIIMEAN 28 iR S, [ 28 4, 304E0 2 Elichic b Thh, biHRUKILK
2% (5—3—3) AR 1AB 7D 30 M THM SN TV 5, WEAENE 3,004, haTh b,

(2) #FEHANOLERE L REFHE

KD BR B 1% IRMFR

° (i Crumb struct
L e o -
- ORI | coecmm B & 020w ; Blo-dry
- Bpe% MG RE#E I-Seer® | 4 ] .
80~ ¥ EREWIG B E MassiveSt. - Bi»
"

7 ERERrE BB MassiveSt.

38X BEEEE)IET, R FEEAOFAELLE
Fe8ER S LED 2, 3O(LENMEACRIEITEE

Table 88. Influence of fertilization on some chemical properties
of soil of Sugi stand.

B L woox | ) ) B WA
HOEOK = RA Depth | pH BEHERE 2Z2FR A K Y Bk
Plot Horizon in cm k (H,0) V1 N% Ex-Ca Soluble
o . - L o (M.E.)  Py05 %
' ML X A, 2~ 10 5.2 1.3 0.56 6.28 0.039
Uufertilized A, 10 ~ 18 5.2 1.8 0. 48 5.56 0.035
A X A,y 0~ 10 5.8 0.7 0.59 11,04 0. 037
Fertilized A, 10 ~ 18 5.7 0.8 0.50 8. 26 0.047
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AEBRILN D LFITKILUKE:D Bio RABETH S, SHROMHANETRVAELI LIS, KEITK
IWRTPBET 20 om. {ij{%, ZOTHICE S 40cm BEOCFAESD D, LTOTHBELE AB®BD D,
X OEREERTTE 35 X ORI 38 HIC, EAZOHMTAMMIE RICTTEE Y T, #EAHO LH K
e Eg L7 Blo (dry) BIEBOLZADIHEDT, OGS ZIRFEFHEKRS OMEIEX & EHEE
Ko480%, FEFEE R Ih5, 22T Bl (dry) M-Sy 25kE, FAELEZERNFICEW
I E TR ST, BSOSO EHE, WEEREZRIZE L.

M—C FAEME OB
(1) BREFABEORMEELDSL, BYEBIVFE—2CRTLEEITHS, Tabb, HIER

oK B B W o4&£ H O#H A R

1 B K ’ ® P K

AREBILA DK S B em B om
B | Mo B | Nt :
om om | R, o | AT BRI T

= ' n 348 4.0 ) 267 2.5
WO kB C 1830)  C 160) 180 190 ) o0 ¢ 100) 150 150

ERY . =N 365 4,1 277 2.6
MR T B (132)] ( 158) - - ( 100), ( 100) - -

T

. 357 4.1 275 2.6 !

2K O F B |\ el (15e) ( 100)| ( 100)

O E T EIEIE X 100 13l LT 130, E2MEIER OFHERZMEGEIEK 100 ioxt LT 158 T, 27D
OB LRD Bz, FIRRHIO LRI & FEEIT L B IR0 EZRD vz,
(2) BREORIFEHABHOTERCE VT, LOFEBE, FHERICHEY T ZERZRUHL,
FOEEY AEAOBELFARCFARLHERIFIORCTTLEITDH S, Tihbh, EEROH
LXK AF¥FREEHROBERKOAELAFTHRAE

Table 90. Effect of fertilization on 7 years old Sugi stand in Yokogawa,
Gunma Pref. (data on growth of sample tree).

B o JIEEE 4 #® B Fresh weight (g
s b Height Dlameter : = "
Treatment g at breast = % ] b 58 1B Whole
om om Stem Branch Needle Top Root tree
i~ B K 370 4,2 4,610 1,430 7,770 13,810 4,750 18, 560
Fertilized tree ( 137) ( 168) (292) ( 283) ( 329) ( 311) ( 321) (313)
A S 270 2.5 1,580 505 2,360 4,445 1,480 5,923
Unfertilized tree| ( 100) C100) | C100) (100) (100) (100) ( 100)  ( 100)

FHESIMMEK O 100 X LT 311 T, #E—4 OR4 & MRS RIHECEREL ) SEET
BEERREL HobND, ELEEAORBOERIOVTHD L, FEIGIE 100 23 LT 321 2R L,
FH—22ICRT X 51T, BRORDEHFEDFIEADHIKE .

(3) EHkO®, & ¥, BOKWFTORE, VYV HVOEHEEENEL, TORME, LIS
BEROBNEZEH L HERIEILRCRTEEITHS,

FOIRICL D&, HIPEEADED NS IEBEFERDEN LD EWEEZRLTWS2, ZOH
HICOVWTHRAE—4 OB LFARCESOFRYIREEZEZLTIVWTHS 5, ZHIZHL T P05 %, K0
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AR R ¥ i B A 0 & 5 B W

Table 91. Uptake of nitrogen of fertilized tree
(7 years old Sugi in Yokogawa, Gunma Pref.).

! R A ‘ » U
T % & Nitrogen Phosphorus | Potassium
P 1A BT D 1R BH7D 1A B7c Y
G 7'3:37)7:0 g) 4 = & K B & K B
| Dry weight N % N content | £205 PO tent | K80 KS0 content
| per tree % conten % 205 conten % 20 conten
per tree per tree per tree
| g g g g
A) # Stem 2,341 [ 0.16 3.74 0.04 0.94 0.13 2.93
# Branch 805 | 0.35 2.81 0.07 0.56 0.23 1.85
i M A | % Needle 3,147 { 0.76 24.30 0.27 8.63 1.38 43.96
Fertilized | & Root 2,613 | 0.28 7.32 0.07 1.83 0.11 2.75
tree =t Whole tree 38.17 11.96 51,48
(B) # Stem 957 | 0.20 1.91 0.04 0.38 0.15 1. 44
# Branch 268 | 0.34 0.91 0.07 0.19 0.29 0.78
4% B I A | ¥ Needle 1,002 | 0.86 8.62 0.22 2.20 2.36 11.83
Unfertiliz- | # Root 814 | 0.31 2.52 0.07 1.57 0.10 0.82
ed tree | o4 Whole tree 13. 96 3.26 14. 85
BB o mo| ® 38.2—14.0 —21412.0=8.3 100157515149, 100
R#¥ Lk o @ 13 X100=24 = mem = X100 6.8 <100=538

BECFTRATEAD S BLLHAELRL T2, £72, KO % DREHCHVEER LB ORR
EOWTIETRATD %,

et oEmRE (Rl EOE) dFE—4 OFH4 LFERIC 100% 22 2EEZRLTVW52, ZOEIC
BLTiE, AEONICR W TEERMASC LT 5,

RFHERORBHBEOBMRERRIIFESRIC L5 LEBEROLNE D %<, BESTHEOTWS
DI AE—ADHELARTD S, (FE A SICFAE—S OEBICH D TIE, BERRBEROERIC
THRRVIIRE N LR L CTRHOBEERLET.)

v £ 3

DHETHIIERE MBS N THL, ERBELRBL TV BT ERY, LBoT, IEER#EE
KT 5OREYAIEERS VO T, FEHFRAECI VT, RO TYEMCHE®T ~8 £2%58L
KT <Y RELOA XL E LCHELLOTHE, 2 30HLVAEES 52 ERTET,
SREXOHMNZELICL S ICEBbNS, 2FIK, INLDERCOEEEEXMITHLLELT D,

(1) #B—1, FE—4, 5TORLT H <Y EICAFEERT, LORBERDEFERARL LT
hoBEd, HIERORFOFIIKENCS, EEMCIREIMBELTKY, LB THHOERS
REVDIDEEZDNS,

(2) FRROHFIZ2OWT, GRS O HEOHILEMEEIX W ThOBHE T 3B OEIIEKR S
DX D HRIFITHEOTV S,

(3) WD 7T 7 =YX URAXOEEKIIOWVT, BHOBRNEZEEL TS L, #8487, 1 EK
CRLEE ST, BF, 7 ) OBINRIVFhd 1004 22 25 FBELCEE LS, COHCOEBER
METHB &, BRETHSBIRR LI, MR ShicEmo HEES OR A EITE LT O RA
PHRELRA—THB LV SRHRO L2 THESN S O TH S, ZOWHRE LEEENDOBERD
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SERENFFINDITHS I, HNAD XS MKkFELENOHER, ZOWRIRILLEVCDTH S,
ZOEAIHET S X 51T, HEAORIIEBIECODDL D X VIEAMET Z2DT, LARINTEEIEAR
LD IRABREDKREL LB LEZLNDZ L THD, Lo T, FETROBNEOMEIIHL &
THHELODIDTH Y, HOBNE TV, L L, 5HE EOTIET L RIENCEH RDOBEITIT 100
%% L 2 BEERTTZERRV, TORBKRARDIRE L BIEMOREEE ORERMERTHY, LichHD
THBTH L5, EMOBEbhD A H =X A2 TOMED ZOECHEBLTVS X > KEbh3,
H2E MBI LR B o ORMER
W IR BB A1C1E, AHHLC IS 3B A0X 51, —ic, LEWCHHERL TIEIRT 52 &2t
HE#gETH D0, LAMICHINLV LRI 554084, LR TR&EMIERHCET S
i, RO—EBERHCETHC L%, TOX S KRO—HICIEEIELBET, BRROBO
BHOPMOBEREZIIH LTHL T &1, R 5 EAMGICHEEZRET L, EoMibEEORR %
L, TOBELRRTIOCENRERPIELDIDLEL, FTOFTAV P —TE2RAVT, 2F
DEBR—29, 30 BB X 575 2, 3 DEBHIERIER 2T D7,
I EB—29 #BHERO—MCEZFEL, REKITE X oE & RSB
I—A ERANS XOERF®E
HWARICHIES 25 &1, RIFMOBED &5 CHBEIMTRbh R OrEEBTHL 25, EHAORA
ﬁK3~4ﬁﬁ@ﬁ%&H,Mﬂ%ﬁ?f&#&%hé%ﬁﬁéwe:@%ﬁ,wﬂmﬁ?émmm%é
EO 2D T ThBEELLNSD, Z0X 5 IIEESRO—EHTE LABEI, 13742 L TIRENMESE
WHELIORE L RAROESBIRBTiabh b0 L5 M5 HINT, 2¥DX 5 REREITE D,
ERBLHEOREIE IIRCFT L 1L,
(1) RF2EAUDORE A, BO22o0OKRy ST TAHL, BOKy FIROLEDITIF1/4
CHYTHREANT, STF74Y b —7 P2 (20pc/l) 2FMT 5.
(2) WExEOD, WE2HTHLEE
HEoLsh, REKE 1DDFR s MIZANTKIHL
7COXy P EFT, Thicd BoKy + LRAE
O P2y %,
Ny N —EHRIA# L oL, HEEICRI S PR
\\ : HHELT, (1DOREMRO—MICE X Shi
P’ﬂ

A&, (2) OREEKCEZONTBEELDOESR
5 Wi OWTHER Lz, P32 o0 SHiaaH % 10%
Apot B pot C pot N -
_ MgNO; 2L TEKF cizlk{b L, 10% HCI
9N FEBR— 29 IV A SR ] ]
B Pot & C Pot ilfs:FIAfITE P THRBLIOL—EREL, D lcc % BIEM K
BEXLNTVWS, - EOFRINERT v SCEREEL, TORBRE RN
Fig. 39 Method of culture of Sugi seed- ' ;
ling which root system is separated in B GM » v v & —THIE L,

two parts. I—B ESHA L FOEE

p

*LEERENOBATIHRECEZD L, ZOMMRIRIL LV, BEAEFETRT AV b —TFD
SR X 0 IEEORINEZ B LV EES SHIE LT 5, '
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2R RO—BLEFESZITHEOEIBN (9474 Y b —7 PR R ER)
Table 92. Absorption of nutrient labelled by radioisotope P32
via a part of root system of Sugi seedling.

o N PZ 0 iR & o
- 2 ot BEDTT Indy Wlbnd CONGr paron Specificl =
Treatment Pot seedling C.P.M. /g of activity

g dry matter
# Stem 1.57 21592
1 #F# Needle 6. 26 33877
. Whole 7.83 23419 43
RERCESTELEXD E-ts seedling . 07
P32 was supplied in
whole rootsystem # Stem 1. 65 22461
2 ¥  Needle 8. 50 . 20252
Whole
2 Seedling 10.15 20611 3063
# Stem 1.55 23304 uren
) 1 # Needle 7.73 18260
Whol 18%
RO—MCESTEE XD 20 lodling | %28 19099 3131 %
P32 was supplied in a
part of rootsystem | # Stem 1. 44 13455 SRR
2 # Needle 8. 48 44026
Whole 30%
&7 eedling 9.92 39573 5684

FEREMOBELTRTE, FRRIITRTERVTHS, 2hitksd s (1) DRO—FIC P® #5%
7BgEE, (2) OfRetkic P2 25204 L0, HAL EROMEY 12 HichD P2 (C.P.M/g)
DRI ARENRD LNIEPDOT, Tiabb, ERSRO—IICELBAE, OSSRV EBIRA%
FTh0LBbh5,

ZOERBEP D, RREFONRT S5 WVIHEHEEHELRAL T, BPXIMEL TV HHHTH,
LT BR 2 AT U CREKR, LES RN 2 LT L, SRCERL TRO—H»DES %
BN ETH IV EBEHMIN S,

HEB—1 O7 H < v D6 ELERREFHICH T 5 IEEEEERTIZ, 0.1ka12 500 HFTORK (2.4m 21 H
FROEIE) 23T, £ ZITHEELA,

DX 5RFETIE, EEMEO—IcOREML AL, BOKBITEMLALDIOEBELT, B
A ZHRTEBDTIRRVWSEBbhiz, LaL, HEORKHRILEINCT » <Y OFERRKEICK
D, BT ASE2ETLPORDOTHDR, ZORFRRIFEROEHE,»DD, IEHTDHZLNTE
%,

o EH%-30 #BHHIRO—WICE 2GS OORDOERS 2> 5 DELHMIL

I—A ZERHNBSICERLE

FR—291CX Y, IEERO—RICHEA T I L ORIZBVESBR N EZRL, EEMRORIS I E
LHE L FRICESEZBINT 52 & 83bhof, T TE2EREL LT, EHMPRO—HiLEXDh
BAT, ORI LOEFBINOBERZFASDHIT, RO X S LEREfTIRDK,

ERITAF 2EEHEMH & LT, SRAHERE TR Dk, Tabb RERE2H55 LT HHOR
AT X5, BIAOEBRTRAFHORBERLEARLERERREZ AN Ky MTREL, $EIOR
FOWEF T AV b — 7 P8 (50uc/l) & Rb® (20 ue/l) HEAIEERKRE ANIE » FITIREL,
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Lateral view

Pi2 R 8

Plane figure

Check,
FE— 30 LAV I SR ERE

H40™

Fig. 40 Apparatus of root separating

water culture(Two years old seedling
of Sugi).
Pot-1 contains the radio-isotope P32
and Rb8, Pot-2 contains N, Pot-3
contains P, Pot-4 contains K and
Pot-5 contains N, P, K, Pot-6 is
check pot

Fo3E

MEARSMARE H175

FLE2BOEBRTIIF FOBIIESE, VVE H#V0
SERKIVER, V VR, » ) RIORSEINTN
Wi A L R L, R R HORES ST
4 +—7 P8, Rb® 2 ANiHy FicEEL, —EH
FEKFFL7cD b A FEl RIS du7c P92, Rb® %2447 L
77

SHTREE TEINT LB AROH LR %, EH—29 L[F
BOBFHETRIL LI, 10%EBTHERLTERELE
DLED—EREZ LY, A A VAR Amberlite-120
T P32 L Rb8 L 245uE+ 5, £hXhd Fraction @
—EBRER, ERIXRTEECTIY G-M Counter
THISE LTz, FESRIX BEAN 35 4E 4 BiTHERBIG T 1 v
P~ 7R FENTHIRDR,

O—B EBHiEE TOBE

ERRBEENTIE, BRRCRTLEYTHD,
Zhitk s, BARDRZEIZE2EF L TESZRIRX
FEE, BIEOERTIFFORCEZE 25 2 5
L, DK FOERH»SD P32 L Rb¥ ORI E DR
RERELSXRVHECHRLCEES, £LTZ0%
& P2 DEH Rb% X 2 OoBRBEE 5,

B2 2HSLT, FHORCESZE X6, WORFORDP S OELSBIR
(32474 +—7 P%,

Rb#6 % v 7o 5D

Table 93. Rootsystem of Sugi seedling was separated into two parts—Root

A and Root B. How to absorb nutrients labelled by P32,

Rbss

via Root A when various nutrients are supplied in Root B.

A ®D UtJH‘jfi@ffEtbjBt%’U{% l{:%fa\ .

£ B *E%Z%%L}#}i@*ﬂk%x_f’ﬁﬁ mounts of nutrients taken up via
Experiment Nutrient supplied in Root B Root A(C.P.M per dry matter in mg)
P32 (Index) Rbs  (Index)

w1 | 2 % Nitrogen 13028 ( 230) 1735 ( 138)
No. 1 |ERGIR) g’gﬂfr‘;ﬁ)‘mmgen 5673 ( 100) 1260 ( 100)

ENEXENZ T

Nitrogen, Phosphorus, Potassium 5760 781) 22 550

% 2 # Nitrogen 172 234) 64 1600

No. 2 U v B Phosphorus 240 325 19. 475

. Yy Potassium 213 289 0 —_
mzﬁ?ﬂu(ﬁﬂﬁ) Non (Control) 74 (100 4 100)

EFE2ROEBRTLHFTORCES G525 L, DK FOHRP LD PR,
Y VEE, HY RERBEMICEXTEALDL, IhHD3IEXELFRCE 2B ENE

P8 ORITESR,

Rb® DOBULIIE X 555,

LEEER/RAR LI, S5 EOEROHFETIZ Rb® ORI P2 LRRD, BREE5EXHENE
LEELHRET LI, WThELTHIROB5—EORFCESI RSN D L, BY DROES 2D

OEFPIIEEDIDEEXOND, DEOERPLOEDT

EpEZLND, Tihbb, HE—1,
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FE—4RAE-HSCHVTORLX S, Wb ER2EA L T FEEMRaT 2 &, IEHOTIRES 100
BEL 75D, ETIX100% U EOER L 2REBRLNS, T OBRRIIFECIT X 2> THRARDESIEE

LThETSZEick Y, LEFORREMBBERT S5 L v 5 ERIVKER DI, I, RERORKHES
TRt XS AR ERSEEL TRI23DEELLN5,

mw Z o

FE I, DTOREERBHPLOEDL LBBEIND,

(1) TR —RCENBLO X 5 CHHEL THIE T 2 2 BE#TH B DT, MBI LA HKiED
— R RIIC AT b s, Lei3 DT, MARDREEKICIEHBET 2 BEID L, Bo—HciE
BOBETHEOINE ., ZOXSRIPETD, EH—29 OFRIC IEEhcE L i W Es
B ZRL, EROMHRIBELNS LD LELDN, BBR—1 TONLT » <y QBB X <
COCERTEALTVWEHDEEZBND,

(2) FRKUWAELEREOFIRY OERSDOIEHAERINDHEED DV, Tt OBMERH
RECHEIZRL2T, BRI D BRI LB (7o & X TERIEE) PEREhDHELHD, T
DO XS TRrERMETIET 23 E, FBRMETET 513 E, IEERAENCESFCETZ 2
iy, SRMCRO—IIIET LS Chd, ZOXHRBETH EBR—29 OFRic g, ER
LB WESBIN 2R, XL0MRE2HbTIOEELILND,

EBR—30 THONRMEFROZ 2238, YET2AXIKOWT PE 2HWTHIRI TV, =
35192 (1955) 13 2 2R AEBRERRIE D S S BRI OBIKLOHERTH 5 LEEL TV, WTh
LT HEEMIEAEB OZRIE, DlLEDX S LHARDIRFE OATBAWERED TR D LT > TR ENKLT
nEnbhkvbniExbhd,

E3E M AEEEIEICEY 5 B8

FIEOBHIC, M ST BEL, TOBELEWRTL I LOBEEREZOSL, ThELD
T EEEETHIIIVELRERB S TRV 23, AEOEL 2HICI N TORTHFHER S CITEBRHK
ZERELT FTHORTHEEOMERMEELSIALT, FEEOBEREZDORLLRDOLEDI THS,
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Table 94. Relationships between favourable qualities of nursery stock

and nutrient elements.

HARBEROEEZRET 5700
bg, t< n‘77X (+) ’lt._'ﬂ;—‘)ﬁj—
%%i%lvvﬁfx( RIS
B - A s ,
greamsen | FEOEEIrcamropn | HAEE
Qualification required qualification required for positively
for nursery stock nursery stock — indicates element affectlng
negatively
Z E JVvEE » UV NPKo
N P K tERIER
A, FEEERRVWI L I BT <AKGOEBBRZISNR  — + +
High survival PHRDOZ T &
Many fine roots (High absorbing
capacity of root)
O RoOErBECELTWEZ & - + +
Favourable root system for trans-
planting
W ERADENZ & + +
High root activity
w 7J<1)}(3é19%§ (‘ifdiiqlﬂ(g) g - + +
BHETLVWERTHE &)
Small loss of water through the
crown of stock by transpiration
B. WHhBHrEEENRE |V WIEN ISV E — +
wo ok Low slenderness
High healthyness |VI fHfMRILESKE V2 & + +
ngh volume weight of tissue
VI AIEEHE N/&N pPhdve & - +
Low soluble-N/total-N ratio
VIl EICHE/ JERITHER /N E W & — +
Low reducing sugar/non-reducing
sugar ratio
C. %ﬁﬁ@ﬁémﬁv X FEESSSVC + +
Large accumulated nutrients
ngh growth after
transplanting
D. Egb;ﬁ‘?‘éiﬁhﬁ
W
High resistance for
damages
HEOE X WHARKEVCZ & + +
Damage by weed | Large size stock
Damage by % - +
disease
B =
Damage by — +
drought

% E%—23, 24

X%,

* JRE U ORfEXVEEL,
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RAEAEEWTH D2, Ba—ER—RERE VD —EORIEAENED DL D & RIEEY TIiX 7
Ve BARLTBESNE LOT, BEILTILD THRENBHOE TS LD THS, -0 EOBEH
PEROEARDHLR, FARHEMCT bR TELERDOBREOERICKIBZLTWBC L 2E/HT5LD
TH 5,

INLOREDHERR TOAB TH DM, MNdOEILEE OMICIB> TH bk 575w,
AR ZZEOEET DX 5 NEADHE, &5 WIIEAOEBERC>WT, HMEEOEY LETD
B NREL 5252 LN TEBL DD LIEET 5.

DRz ORTELAMREOART L, Thi hEEHIhREIHHRE S ICEENERT 2 HEE Y
oW, FREES2ERT 5 LTS EREAROFMLHEEOER I OWT, HMEIROED SR
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W25 X 7o b DT, EHREN, OV TRMEBIRORBICKESFLET L LN TEL IO LHERT
60

E2E MHICHEICET 55

BlEi SHOOIEOMEICE T 2 HHBEENEEY

ol BLECRVTORELSK, HEREV TR TEC—ELHER, ESTLbhivi
b, WEMTHOAMOMMIC X 2ESERRT, BERECI IMMCBETINIEFRILORTH
74, HE—HARMOBSBRBEIEBEDOLNILL SRTKE, L2 THEEORKMSTRbNL
VEWSHHRD D LT, HHOBEMBMET=r — Y 2 VIR B TEESORTBELTH B L v 5 &0
B LRV T, BMBORRNEIC L 2EFOERER KBNSV, L bEEISBRL TEER L
"D, TOBRCERT SEEBREZIESMORIZREL T, TEEFORRIMELERTIDT,
MHUTRILD X 5 RRIRIE 2T bl Th, WHHERERTE 5 L\ 5 FEXH B BEOKREII AN
THY, £LT, ZORHGIEEARISIBEEEETES0TH oL,

Lo Liehih, bAEORK, AMEOBRKE, T OMMIEEERR 2RI EEELSETOTE
TRESRVWI EX2WT, BHRTEENRMSSER LIz, ThORENTEE BB RCETE
ST d, Tibb, LREOHRKIBREDCHEEELZEVERTHED, WMNETE2LCOTHAN A%
HEEEERTAOTRY, ZOEERETIE FMEENITRO-RE2LEDDDEEXLNS, b
b3 EFooz L2RB#HLLFhEkdbhwl, ZoR#MOEEI2T, FHREBEOESRIBE OIS
25, BEMCIREOWIIEE D HEM: 2 REHCHRET 5,

FHER K o B OE o 4 E O #

Table 95. Necessity of forest fertilization.
BRI TRARE | ' .
RIS & 7K D Al R ominon o etk i

Condition of forestry

*t
in Japan at present Counter plan

Condition of forestry in north
european countries in the past

A, BRIGEH
Natural condition
H 2358 HiEg R alk — —
Topography : lenient Topography : steep
B. NAMIEHE
Artificial condition
FRDEIR\HERIE HBHRORBRVBRLD
Forest : fully regulated Forest : unfully
® BEEZRELY © BUCHRERR
7.5 Lizw BIICREER
No removing of fallen Removing of %fgi&ifiﬁ@ﬁ
litter fallen litter Decreasing of |- MHIEESD X 524

@ EEMEE @ SR

i : ductivities FE Fi1aes
Long cutting-age Short cutting- | PO 2 7)1
management age manage of forest land Inc;'ease of
© ment orest
BRI — productivities

® FYRIBRHIEREL S

Selection cutting

Clear cutting

management management
. Mixed forest
C. BEWEHE Pure plantation

Economical _conditi\on
R OERBIRCARBD D
Sufficient supply of
timbers

A OFEMBERSEE -
Unsufficient supply
of timbers

RERE>RERE

ERoRL,  —

Decreasing of
growing sto-
cks

by fertilization
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Eogi MHEEOBFMAOHEA OFTHEM

MEIC VT, 5%ObBERECET 2 MM O EEMIC DV TEl U723, BEMBE L LTkl
IEEEDTREME R AR T H 7D, B2 B2 ~4 BRIV THBNAX S MR 2T D7, EHXET
AE, THTVRECOWTHAOERGEFED 1 HIET, T OB OHRRDOESBIRNE DHEE 21T
v, E, MA—MILEOBSBERIC OV THELITL O, ThHDORR? L, WHEECH T 55
EEOMEIZOWT, EBERTEHICE VEBEEMXTHDI LT 5, ZTTHIEEOMEL L TR
D BTN, BEMBEE L TOKUBESARETH 22 EPERET 50T, ROEELPRERERTFEE
RIHDTHB, '

IR ZBRBIELEWEREE 0N KR CRe/0.10a)

Table 96. Comparison between the amounts of nutrients taken up
and the amounts of fertilizr applied (kg/0.1 ka).

% BN E T8 77 76 IE &
] k2] Total amounts BRI B Amounts of {it 3
Plant groupe or species = of nutrients fertilizer Remarks
taken up applied
24V Agricultural crops
7k f& Rice 9.4 9.4 9.1 (R 2.0R/)
N # Wheat 9.5 9.5 8.3 (R 2.5R)
@M~ Orange 23.9 23.9 19.9 (U 1,0008)
ﬁ: VN Forest trees
Sug 160 4.0
(40&{%;@] 40 years) p. 105 &8
7 #H=<v Akamatsu - 75 1.7
(43441 43 years)

EHIETEENOBERSLER LR EOBMRETTHE I KLTAELL, Thitkde, #1F
e R EOBECHE VT, TOBELERZLITEFROERLBAL T3, 20z LIXEECE
OEINEH 50% ETHUE, BELERD /23 TEISLORABBRICIHDDOTHY, BhR D121
Be@lInsd0LBET5 LN TE S, MADIEIZE VTS, EROBENOHEEDL S, &
ERWE L FEEREOREIEH LT 5 & ThiE, BKRVRBIRREE KD, KM X3 &R miE
BECEVHE DRBINCEOARRETD S, Tihbb, BILEREOEECSTSIEEEDEL L %
WU OBZAICERT5 L, MHEECRSEOHICESLEL R DD T, KiETHE L TOKMIE
HEOWRHIIRR LS A 2RV TR, RRREREROL LV IORLDTHS S LELLND,

L Lieais, HHIEOERITOWTE, & X Wi X 5 e d st Shicithicd T 58
FEOREMADEFE ZHRIC, TOBERSINARBRLEBH/ELICHTIZIEILETHS O, LORRSE
HELT, bhbhidETHALRIEN L OME, HLERIbE OMBEZEREL THLILENDDHTHS
S0 MARIXRIEME R VBKELETH DD, WAPIBEIN TR BB AN = A 2E, 3OTHrE
BENERELDONDD DD EEZ, EHIIFE2HE B4ETHEVTHHEEED 2 5 = X A ZOWTE
FTLice TORBIIE T RCRTLORENSINS, Tibh, HUEEOMHEIIEMEOHA L
LT, MIEORIENRMSKE L, %E%tmﬁ%%orwao:@%MK&H%MM@%%%%%
1, MO KESIHERILTH D, FCHBRUMOGKREZNBL TV 2»EVEERTH D, TR
EHEHIEI RIS AR EAETH DD, ThBHFTESOIRMNEERD 15BN 5D TH S,
Tixbb, HUEEOMENS R, &1 ~2 F0EHMCRLNS DO THRL, ZoWilicswv
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BTEK  HARLEBEDOIENHROBR b EDHE
Table 97. Consideration on difference of effects of fertilization
in forest trees and agricultural crops

WARDHE BIEMOLE
—EEh R In case of forest trees In case of agricultural
: Direct effect - ++ BHbhd crops.

i SREIE S — (Effect on growth) appears +++ BEbhsb
Effect of appears
fertilization '—[H{E%FIR * remarkably

Indirect effect

(Effect on soil ++++Hbh b + bTrITHPbN

ameriolation etc.) appears BT Ew
appears
slightly

* KHEEEORERSIRONE Indirect effects of fertilization in forest are as follow:

@ FERILEMACISL Soil ameriolation by increasing of nutrient return
gk through the fallen litter

@ v oyMREC X5 LEE Decreasing of soil erosion by promoting of crown
DERR closure

#E-ﬁd)j‘)t{?ﬁk k58S RK Increasing of natural supply of soil nutrients by
JLA EDaR - & expansion of rootsystem:::--- etc.
TiE, MARPIEE I TP @REERPEESh TP @k E, KRWCATKRNETHAS, L
PLIEEE 4 ~5 E2RB L TEREETTORRMDEZ D, HN—MARMOBRSEERSEBR S, FRR
DFEHERET D &, MIEOHMBENNRESEDNIT®, DBLEVICZOMERAELLEIDEEX
bhp, Tibbilis HEEEZREHMLAZOMEICEI 5HRADIEESN T BRI DA =R A
i, MR D TH B, & OMMAEELETRIZI T 5 HGIEORIERZ R, MAORIE» 555 &, #*
AOBDREERTH D, HHOREHSH B L, HARE VS HAEDETICHES LBOHETHY, Th
LERBAINCHS L, WAL EBOMAEIERSIGIE X b EENCRE L HERICX 20T, —EDN
ROZRERERDZENTEDTDH S, Tinbb, HHILEEOHRANISRIE LR OEEEERT 3T 55
M@ﬁ%%%%—%%®%ﬁmmlO%W%h%%@&%i&héaC@MM@%ﬁﬁﬁﬁﬁﬁbhéc
CXY, RIEMOBELRRD, BARBICBIBHAOESBINE X 0135 TEDL S HEIRET,

BENTRIENRE DT B ENTELHETDH D, TORTHILIEEORREN DY, LicnioT, BiE
iyl LCOMMIEEE O KB bHIMICIMETE 5D LEXTIVTHS S,

EFDCHEI TR L SIS, SHOLIEIIIHIBINE D BEW 2 RIRT 5 ARW, ABH, FiEW
HEUDBDY, TOXSEERODL LI B 35 EIT R HHEREARRBEIC T T 2B OLH I s
izl 51, MEREOREREZTRLAND, FROAMOFMBGRITHLT 570, HALEOHA
BZR2LEFHEE LRV, MARDHEEZMIME T 21T 5 HkeE 2 e LTS DERD D, —i
HIDIEE TIIMELEDER 1355 2 LIIARTAETH S Z £13 Kirsckriol™ (1958) DRMER D T
BB, TORDITIY, SHROBEWERD LT HHUIERITOBASBDETHS S LE2Bbh, F/cg<
DWFFE DT BTV 5, Maver-KraroLr (1958) HEfEL T3 X 5ic, HHIERIEIKADOKE %
BREHDEPD TS, SMHOBLEZHETIEEAZRELTPOTHS, KRLOE 2 BT ET 5HE
V3, MRS & ARHDARIE O AR S AR L T, ML ORARER, 7o S E D F I DV T

DHFNER TG X, GHROREBRMC VIS EIRMT I ENTED D LMET 5,
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Studies on Nutrition and Fertilization of Some Important
Japanese Conifers.

Takao Tsutsumi

(Résumé)

Fertilization in forestry falls into two very distinct categories, namely in nursery
fertilization and in forest fertilization.

From olden times, nursery fertilization has customarily been carried into practice
and considerable studies have already been done. On the other hand, forest fertiliza-
tion has not been carried out extensively because of being an abundance of wood pro-
vided naturally, and only a few studies on this problem have been undertaken.

But, recently forest fertilization has been given much attention as a technique
increasing forest production in Japan as well as in many other countries.

Because of the two widely different aspects of the problem of using fertilizers in
forestry—one in the nursery and the other in forest land—, this paper is written for
the purpose of summarizing the writer’s studies separately as follows:

Part T Nutrition and fertilization of seedlings.

Part T Nutrition and fertilization of forest trees.

The writer is indebted to Dr. M. Oumasa; Dr. T. Suisamoro and Dr. S. Mivazax:r for
guidance in this work; and Mr. H. Harapa, Mr. K. Funra and other members of the
writer’s laboratory have rendered valuable help in some of the experiments conducted
in this work.

Sugi=Cryptomeria japonica D. Don
Hinoki=:Chamaecyparis obtusa Sies. et Zucc.
Akamatsu=Pinus densiflora Sies. et Zucc.

Karamatsu=_Larix leptolepis Sarc.

Part 1 Nutrition and fertilization of seedlings.

I Water culture method for seedling—on the nitrogen sources and pH of culture
solution.

The question of the relative efficiency of NH4,-N and NOs-N as sources of nitrogen
for green plants is one which has often been investigated since the days of Liesic.
However, considerable disagreement has been evident concerning the relative efficiency
of these two forms of nitrogen, and the controversy apparently is not get closed.

The main purporse of the research described here have been to study the relative
efficiency of NH,~N and NO3-N for seedlings, and to study the infl}xence of the pH of
culture solution upon the availability of these two nitrogen soufc,és.

Two years old Sugi seedlings were grown in a complete culture solution including
the following three different sources of nitrogen as shown in Tab. 2.

Solution A : approximately equal proportions of NQOsg-N and NH4-N as source of
nitrogen.

Solution B: only NOs-N as source of nitrogen.
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Solution C: only NH,-N as source of nitrogen.

And the culture solutions in these three series were adjusted to pH 6.2 and pH 4.2.

The results obtained are shown in Tab. 3, Photo. 1, and summarized as follows :

(1) The seedlings made better growth in culture solution including both sources
of nitrogen (NOg-N and NH,~-N) than in a sole source of nitrogen (only NOsg-N or only
NH,-N).

(2) The seedlings made much better growth at pH 4.2 than at pH 6.2, in solution
with only NOs-N. On the contrary, in solution with only NHN, the seedlings made
better growth at pH 6.2 than at pH 4.2.

(3) Knop’s solution modified by the writer seems to be suitable for the culture
of coniferous seedlings in Japan.

I Sensibility for aeration and resistance of reductional root medium.

The necessity of adequate aeration for normal healthy root development of most
species of mesophytic plants has often been pointed out by many investigators, The
experiments described below were undertaken to make clear the aeration and resis-
tance sensibility of reductional root medium on some Japanese conifer seedlings.,

1. Sensibility for aeration.

(1) Two years old Sugi, Hinoki, Akamatsu and Karamatsu seedlings were grown in
aerated and non-aerated culture solution including both NQOsg-N and NHy-N as the
source of nitrogen, The results obtained showed that the effect of aeration in the
summer season when dissolved oxygen in culture solution decreased, increased in the
following order (Tab. 5, Fig. 3 and Photo. 2).

Karamatsu>Akamatsu>Hinoki>Sugi

It will be seen that the roots of Sugi are able to tolerate for an oxygen-poor medi-
um, but the roots of Karamatsu and Akamatsu require an oxygen-rich medium,

(2) Two years old Akamatsu seedlings were grown in aerated and non-aerated cul-
ture solution including the following different nitrogen sources : (a) NOs-N, (b) NH-N.

The results obtained showed that the effect of aeration in NH,N solution is
more distinct than in NOg-N (Tab. 4, 6 and Fig. 2, 4).

2. Excess soil moisture injury (resistance of submergence).

Two years old seedlings of Sugi, Hinoki, Akamatsu and Karamatsu were cultured
in soils for 120 days, and thereafter the following treatments were given,

(a) Soils in pot were irrigated so far as to be saturated.

(b) Non-treatment was done (control).

The results obtained are shown in Tab. 8 and Photo. 3. According to this, re-
sistance for the excess soil moisture injury was weak in the following order:

Resistance of excess

(Weak) «——————— moisture injury —————» (Strong)
Karamatsu
Hinoki
Akamatsu Sugi

3. Tolerance for reductional root medium.

Two years old seedlings of Sugi, Hinoki and Akamatsu were grown in soils treated
as. described in.Photo. 4, and the development of rootsystem of seedling was observed.
The result showed that the tolerance for reductional root medium was weak in the

following order:
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Akamatsu>Hinoki>Sugi (Tab. 8, Photo. 4).

T Respiration of root.

As above mentioned, it was recognized that the effect of aeration was greater in
Akamatsu than in Sugi.

As it might be assumed that the effect of aeration was concerned with tissue
respiration of root, the studies as described below were carried out.

(1) Two years old seedlings of Sugi and Akamatsu were water-cultured in a vessel
for 3 hours, and the consumption of dissolved oxygen of culture solution was analyzed
to determine the rate of respiration of root.

The results showed that respiration of root was more vigorous in Akamatsu than
in Sugi when the dissolved oxygen in culture solution was adequate (Tab. 9).

(2) On the contrary, when the dissolved oxygen in culture solution was deficient,
respiration of root was weaker in Akamatsu than in Sugi, and it seems that the
oxygen is exhausted out of the root in the case of Akamatsu (Tab. 10, Fig. 6).

(8) The rootsystem of Akamatsu is divided into two parts; the one is mycorrhizal
root, the other one is non-mycorrhizal root, and it may be considered that respiration
of the mycorrhizal root is more vigorous than that of the non-mycorrhizal root as
shown in Fig. 7.

(4) Two years old Akamatsu seedlings were cultured in a reduced form of thionine
solution whose dissolved oxygen was excluded as shown in Fig. 8.

The results revealed that only the non-mycorrhizal root oxydated reduced-form
thionine to oxygenated-form thionine (Tab. 11, 12).

This being so, it may be considered by reason of the above-mentioned phenomena
that oxygen may be exhausted out of the root of Akamatsu seedling under unaerobic
condition activated by the non-mycorrhizal root.

IV Aluminum toxicity for tree seedlings.

It is well known that the low yields of certain crops grown in acid soils are due
to the relatively high concentration of aluminum in acid soils. ‘

Having in mind that no experimental data on the relationships between soil
acidity and aluminum toxicity for tree seedlings have deen published to date the
studies described below were undertaken.

(1) Water culture trial—two years old seedlings of Sugiand Hinoki were grown in
the following two culture solutions:

(a) Complete solution containing aluminum but phosphate in order to prevent the
precipitation of aluminum phosphate.

() Complete solution (control).

The seedlings treated with aluminum were alternated in complete solution to
supply phosphorus three or four days a week.

The results obtained are shown in Tab. 14 and may be briefly summarized as
follows:

(i) Aluminum was definitely injurious to the growth of Sugi seedlings, but not
injurious to Hinoki seedlings, and it seems that the Hinoki seedlings having a strong
tolerance for acidic medium, as is verified by Tab. 13, have also a strong tolerance
for aluminum toxcity.

(ii) And the results of this trial show that aluminum may be less injurious



— 148 — | HEABRBIEHRE F17 S

to conifer seedlings than to general food plants.

(2) Soil culture trial—two years old seedligs of Sugi and Hinoki were grown in soils
to which various amounts of soluble aluminum were added, and analyzed for alumi-
num and phosphorus.

The results obtained and shown in Tab. 15; Fig. 9, 10 and Photo. 7 are sumarized
as follows:

(i) By the addition of 2~8 g Al;0g per pot, the growth of Sugi seedling was
injured, but the growth of Hinoki seedling was somewhat promoted.

(ii) The concentration of Al in Hinoki seedlings decreased, and the concentration
of P increased with increasing aluminum.

On the contrary, the concentration of Al in Sugi seedlings increased with increas-
ing aluminum and the concentration of P decreased.

V Nutrient uptake by seedlings.

The investigation described below was carried out in order to make clear the
nutrient uptake of some coniferous seedlings from the viewpoints of nutritional
physiology and nursery fertilization practice.

Two years old seedlings of Sugi, Hinoki, Akamatsu and Karamatsu were raised in
a nursery at the Government Forest Experimental Station, Meguro, Tokyo. Some soil
properties of the nursery are as shown in Tab. 18.

The sample seedlings were removed from the nursery every month through the
growing season, and measured for length and weight, and analyzed for nitrogen,
phosphorué, potassium and calcium.

The results obtained are shown in Tab. 19~26 and Fig. 11~17 and summarized
briefly as follows:

(1) Seasonal variation of nitrogen concentration of Sugi and Hinoki showed a
concave curve, whereas that of Akamatsu showed a convex curve, and that of Kara-
matsu showed a convex curve similar to the letter L.

(2) Seasonal variation of phosphorus concentration of seedling was somewhat
similar to a concave curve.

(8) Seasonal variation of potassium concentration of seedling showed a typical
concave curve without distinction of species.

(4) Seasonal variation of calcium concentration of Sugi and Karamatsu showed a
curve similar to concave, and that of Akamatsu showed one similar to convex; that
of Hinoki was comparatively linear.

(5) Regarding the difference of nutrient concentration between species, it will be
seen that nitrogen concentration was high in Akamatsu, phosphorus concentration
was high in Karamatsu and Akamatsu, and potassium and calcium concentration was
high in Sugi and Hinoki.

(6) Regarding the process of nitrogen, phosphorus, potassium and calcium uptake
by seedlings, the amounts of phosporus uptake in the early period of growing season
(Apr.~Jul.) was larger in Akamatsu than in Sugi and Hinoki, and the amounts of
potassium uptake in late period of growing season (Aug.~Oct.) was larger in Sugi
and Hinoki than in Akamatsu and Karamatsu.

This tendency may be considered characteristic from the viewpoint of nutrition,

and important for nursery fertilization practices.
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(7) Efficiency of nitrogen absorbed for the yield of dry matter in early period
was high in Sugi and low in Akamatsu; whereas in the late period it was low in
Sugi and high in Akamatsu (Fig. 12).

Such being the case, it may be considered that Sugi accumulates nitrogen in its
tissues in the early period and Akamatsu accumulates nitrogen in the late period, and
therefore, the top growth of Akamatsu seedling is affected by nitrogen absorbed and
accumulated in autumn of the previous year.

Karamatsu has also such a tendency similar to Akamatsu.

VI Mineral deficiency of seedlings.

As to mineral nutrient deficiencies of some Japanese conifer seedlings, only a few
studies have so far been done. Particularly as no experimental data on potassium
and calcium deficiencies of seedlings have been pablished in Japan to date, the writer
ratified the visual symptoms of nitrogen, phosphorus, and magnesium deficiencies,
and thereafter work. was undertaken on potassium and calcium deficiencies,

1. Visual symptoms of nitrogen, phosphorus, magnesium, iron and manganese
- deficiency.

One year old seedlings of Sugi, Hinoki, Akamatsu and Karamatsu were grown
successively in sand culture solution without each of the following elements: Nitro-
gen, phosphorus, potassium, calcium, magnesium, iron and manganese.

Apparatus of culture is shown in Fig. 18 and the composition of culture solution is
shown in Tab. 27.

Results obtained are shown in outline in Tab. 28, 29, and Photo. 5,6, 10.

In this experiment, the symptoms of nitrogen, phosphorus and magnesium defi-
ciency were distinctly observed, and the indistinct symptoms of potassium, calcium
deficiency were observed.

The symptoms of iron and manganese deficiency appeared slightly.

2. Potassium deficiency.

One year old Sugi seedlings were grown successively in sand culture with nutrient
solution containing varying amounts of potassium.

The composition of solution used is shown in Tab. 30, and iron in the form of
FeC¢H;0, (Fe-citrate) was added in quantities necessary to prevent séedlings from
iron chlorosis.

In order to avoid the influence of potassium dissolved from culture vessels,
polyethylene pots designed by the writer were used (Photo. B). Each polyethylene
pot was put into a clay pot which excluded most of the light from the roots. The
solution was renewed twice a week and initial pH was adjusted at pH 5.0.

The results obtained are shown in Tab. 31, Photo. 8, 12 and summarized briefly
as follows:

(1) Sugi seedlings grown in solution without potassium showed obvious potassium
deficiency symptoms, seedlings in 2 p.p.m. KO solution showed slight symptoms and
seedlings grown in solution above 2 p.p.m. KO showed indistinct symptoms.

(2) The following symptoms could be observed as potassium deficiency symptoms.

i) Decreased height and weight of seedling.
i1) General chlorosis followed by browning (after 30~50 days).
iii) Finally, necrosis of needles of lower top (after 80 days).
(8) The yield of seedlings grown in solution without potassium was very low
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(height 2.4 cm, fresh weight 0.18 g), and their potassium content was only in trace.

(4) Although the growth of seedlings grown in 2 p.p.m. K;O and 4 p.p.m. K;0
solution were fairly good (each index of fresh weight were 56 and 76 respectively),
their potassium concentrations were very low, 0.23 and 0.54 respectively.

It has been assumed that the critical level of potassium in needles is 0.5 % of dry
matter,' and therefore the seedlings grown in 2 p.p.m. KyO solution were under
condition of potassium deficiency, and the seedlings of ‘the 4 p.p.m. KO treatment
just at the threshold value of potassium deficiency. .

(5) There are any discussions as to the nitrogen-potassium ratio (N/K) of plants.
In this experiment, N/KzO value of seedlings grown in solution of 4 p.p.m. K;O are
higher about 2.

It may be said, therefore, that the seedlings were under abnormal condition because
of excess nitrogen.

3. Calcium deficiency.

One year old Sugi seedlings were grown in culture solution without calcium as
shown in Tab. 32. Method of experiment was for the most part similar to potassium
deficiency work above described.

The results obtained are shown in Tab, 33, Photo., 11, and summarized below.

(1) Following calcium deficiency symptoms were observed.

i) Green color maintained in lower branch.
ii) Browning of root.
iii) Browning and necrosis at the tips of the leader and branch shoots.

(2) Calcium concentration of seedlings grown in culture solution without calcium
was very low.

(8) Calcium concentration of upper part of seedling was lower than that of middle
or lower parts, and potassium concentration of upper part of seedling was the highest.

According to this, it appears that calcium is more difficult to translocate in seed-
ling than potassium and magnesium,

4. Potassium-calcium, potassium-magnesium and calcium-magnesium deficiency.

Two years old Sugi seedlings were grown in culture solution with the following
eight different treatments: (A) Complete, (B) without potassium, (C) without calcium,
(O without magnesium, (E) without potassium and calcium, (F) without calcium and
magnesium, (@) without calcium and magnesium, ® without potassium, calcium and
magnesium. The composition of culture solutions are shown in Tab. 34.

The results obtained are shown in Tab. 35~38 and summarized briefly as follows:

(1) Potassium deficiency symptoms were dormant when the supply of both,
potassium and calcium, or potassium and magnesium, was stopped at the same time.
Calcium deficieney symptoms were dormant when the supply of calcium and
magnesium was stopped at the same time. These phenomena are very imporfant
in the study of nutritional diagnosis on seedlings.

(2) Antagonism was recognized between these three elements, particularly between
potassium and magnesium.

(3) Sum of chemical equivalent value of each element was almost constant when
one element of three elements was deficient.

(4) Accordingly, it may be assumed that these three elements each had another
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compensatory working effect.

5. Magnesium deficiency of Sugi seedlings in nurseries.

In order to make clear the soil condition when magnesium deficiency appears,
some field investigations were carried out in nurseries in Shizuoka Prefecture.

The results obtained are shown in Tab. 39~41, Fig. 20, 21, and summarized as
follows:

(1) Magnesium deficiency symptoms appeared when exchangeable magnesium was
less than 10mg per 100 g dry soil, and scarcely appeared at all when exchangeable
magnesium'was more than 20mg.

(2) As magnesium deficiency symptoms appeared when MgO/K,;O ratio of soil
was very low, there is antagonism between magnesium and potassium likewise in
agricultural crops.

VI Essential characters of nursery fertilization.

It seems that the essential purpose of fertilization in nursery practice is to improve
the qualities of nursery stock as well as to promote the growth of stock.

As no experimental data on this point had been published in Japan, the studies
on the relationship between some qualities of nursery stock and application of fertilizer
were undertaken as described below.

(1) One year old seedlings were grown in Meguro nursery, and the following four
treatments were used as shown in Tab. 42:

(@ N,P,K application, (b) only N, (¢) only P, (d) only K, (e) no fertilizer.

After one year, the seedlings were removed from the nursery and their growth
was measured; next their nutrients concentration and some important qualities of
the seedlings were analyzed.

The results obtained are shown in Tab. 43~45 and may be briefly summarized as
follows:

i) Slenderness of seedlings with N, P, K was the smallest.

ii) Volume weight of seedling with N, P, K was the largest.

iii) Soluble nitrogen—total nitrogen ratio of seedlings with only N application
was greater than the others.

iv) Feature of rootsystem of seedlings with only P was very good and may be
suitable for transplanting (Photo. 9).

v) Top/Root ratio of seedlings with only P was the smallest.

vi) Absorbing capacity of root!®)/Total fresh weight of root of seedlings with
only P was greatest of all, and that of seedling with N was the smallest (Fig. 22).

vii) Rooting activity of seedlings with only P was very high as well as that of
seedling with N, P, K (Photo. 13).

viii) Wirpe’s Absorption-Transpiration Quotient!® of seedlings with only K was
the smallest.

ix) Rate of growth after transplanting of seedlings with only N was greater
than that of seedling with only P or only K (Photo. 14).

(2) The influences of potassium on some qualities of Sugi seedlings were investi-
gated. The results obtained were as shown in Tab, 46, 47 and may be summarized
briefly as follows:

i) Reducing sugar/Non-reducing sugar ratio of seedlings without K was smaller
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than that of seedlings with K. On the contrary, Soluble nitrogen/Total nitrogen ratio
of seedlings without K was very low.

ii) Water losses by transpiration through crown of seedlings without K were
greater than that of seedlings with K.

iii) Rate of survival after transplanting of seedlings with K was higher than
that of seedlings without K '

(8) It will be seen that the rooting activities of nursery stocks are very important
from the viewpoint of nursery stock’s qualities. Hence, the nutrients translocation
from top to root in rooting of nursery stock was investigated, and the results are
shown in Tab. 48, 49. They may be summarized as follows:

i) Phosphorus was the most translocated nutrient from top into root with rooting.

ii) According to an experiment using radioisotope P2%, the behaviour of phos-
phorus was as shown in Photo. 16, and phosphorus contained in the lower branches
translocates into the root more than in the upper branches with rooting.

This result indicates that the development of lower branches is very important
as the quality of nursery stock. The writer proved this point positively by field
trial (Photo. 17).

Judging from the results above mentioned in (1)~(3), fertilization of three elements
(N, P, K) give good qualities for nursery stock, but each elements are respectively
concerned with different qualities.

This is very important regarding nursery fertilization for the purpose of improv-
ing a certain quality of nursery stock.

Vi Nutrient spray application as nursery fertilization technique.

As it was considered that nutrient spray application was effective in improving
the qualities of nursery stocks, some experiments on nutrient spray were undertaken
and the following results obtained.

(1) It will be seen that phosphate spray is effective in improving the root qualities
of the seedling. The optimum pH of phosphate spraying solution was pH 5 as shown
in Tab., 51, and the same result was obtained by experiment using radioisotope P32
as shown in Fig. 23 and Tab. 53.

2) Two years old Sugi seedlings were grown in culture solution with the following
three nitrogen levels:

(@) N : 40 p.p.m., (b) N :10 p.p.m., (¢) N : 0 p.p.m. and in addition the spray applica-
tion was done in each case.

The result showed that the effect of spray was greater in the case of (a) than in
the cases of (b) and (¢) as shown in Tab. 55, 56 and Photo. 18.

This result indicates that spray application should be performed in parallel with
application to soils.

IX Discussion on nursery fertilization.

The results above described in I ~VI are summarized as shown in Tab. 57, and
this table indicates the characters of Sugi, Hinoki, Akamatsu and Karamtsu seedlings
from the viewpoint of nutritional physiology.

And; on the basis of the results given above in VO, W, the writer will describe
the importance of nursery fertilization and discuss the essential character of nursery

fertilization from the viewpoint of planting techniques.
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(1) Characters of nursery fertilization.

The production of agricultural crops, such as rice and wheat, centers on the idea
of yield.

To increase the production, the agricultural techniques of fertilization, soil amelio-
ration and protection of damage must be adopted.

But as regards the production of nursery stock, should we consider the idea of
yield as the basic aim ?

In the case of agricultural crops such as rice and wheat, the amount of their yield is
rather more important than the problems of qualities such as taste, storing, and so on. ,

In the case of nursery stock, however, the problems of qualities are more inportant
than the amount of yield.

We should evaluate the production of nursery stocks with qualities such as feature
of top and root, slenderness, rooting activities, water-absorbing capacity of root and
the like, as well as yield.

Again, in agricultural crops, the variation of yield of each stock, generally speak-
ing, does not seem to be of primary importance. Taking white potatoes, for example,
the size or shape is not uniform; what matters is the amount of yield per hectare,
this being more important than size or shape of the potatoes, except in extreme cases.

But in the case of nursery stocks, each member of the stock is the mother
material of forest products and has its own mission independently.

No matter how large the total amount of yield of nursery stock may be, if it is
irregular in size and varies greatly in feature and quality, there will be raised a lot
of disqualified stock which is actually not suitable for transplanting.

Therefore, it is impossible to evaluate the production of nursery stocks on the
basis of the idea of yield per hectare as is done in the case of agricultural crops.

Accordingly, the purpose of fertilization in nursery practice is to improve the
qualities of the stocks as well as to promote the growth of them.

This is an aspect of nursery fertilization and a very important difference compared
with fertilization of agricultural land.

As no silviculturists or forest technicians in Japan have conducted studies on
this point, the writer decided to study this problem on the basis of his own idea set
forth in paragraph VI and Wi, and the writer will consolidate the results in Tab.

94 which indicates systematically the relation between suitable features, necessary
qualities of the stocks and fertilization.

(2) The application of nursery fertilization to reforestation techniques.
A certain feature and quality is required for nursery stock which is to be trans-
planted in forest land for the purpose of forest production.

The relationship between feature, quality and fertilization has already been ex-
plained in Tab. 94.

For example, there are close relations between feature of root, rooting activity,
and phosphate fertilizer.

Potassium fertilizer is important in raising nursery stock with strong drought
resistance, and nitrogenous fertilizer is important in raising the stock with better
growth after transplanting.

From the consideration of the results of the anthor’s experiments, the application
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of sufficient phosphorus or potassium fertilizer is required to raise nursery stock
having strong root activity and minimum water transpiration rate by the crown in
order to be able to transport the stock to a far distant place for planting on a dry site.
In the case of transplanting the nursery stock on a forest site near the nursery
or a site along a valley with many weeds, we have to select stock with relatively
larger accumulating ability of nitrogen compounds and with better growth after
transplanting, as there is little danger of the stock withering on account of dryness.
The writer would like to summarize the above-mentioned idea of him as “suitable
» stock for suitable site ”. Nursery fertilization also must be based on the fundamental
idea of “suitable stock for suitable site” and carried out so as to raise stocks with
suitable features and qualities.

Part 11 Nufrition and fertilization of forest tree.

I Introduction and history.

The author reviewed briefly the forest fertilization works undertaken in European
countries, the United States of America, and Japan, and concidered the background
and the necessity of forest fertilization. i

I Uptake of nitrogen, phosphorus and potassium by mature tree.

This investigation was carried out to determine the nitrogen, phosphorus and
potassium content and its variation depending upon the stand ages of the following
Sugi and Akamatsu stands. A :

Sugi stand : 6, 11, 17, 21, 30 and 40 years old stand in Mamurogawa area, Yamagata
Prefecture. .

Akamatsu stand :10, 21, 30 and 39 years old stand in Kasama area, Ibaragi Prefecture.

Akamatsu stand : 6,13, 32 and 43 years old stand in Ottomo area, Aomori Prefecture.

General condition of each stand is shown in Table 62, 67 and Fig. 25.

Sample trees on each stand of each age were divided into four parts (stem, needles,
branches and roots), weighted, and analyzed for nitrogen, phosphorus and potassium.

The experimental data are shown in Tab. 63, 65, 66, 68, 70 and 71, and can be
summarized as follows:

(1) The weight of dry matter in each part of the tree is shown in Tab. 63 and 68.

According to these data, the disposition of dry matter in the needle part, which
is the assimilation organ in trees of young age (up to 10 years old), is greater than
in trees of old age (30~40 years old); whereas the disposition of dry matter in the
stem part, which is the storage organ, increases with increasing age (Fig. 24, 26 and 27).

(2) The nutrient content in each part of the trees is shown in Tab. 65 and 70.

From these data we see that the nutrient content of the needle part is greater
than that of the stem, branches, and roots, and that of the stem is the lowest of all parts. ‘

(8) Nitrogen and phosphorus concentration of Sugi are lower than Akamatsu
regardless of part and age of tree.

On the contrary, potassium concentration of Sugi is higher than that of Akamtsu.

As this tendency is shown in seedlings as well as in matured trees, it may be one
of the differences between Sugi and Akamatsu from the viewpoint of tree nutrition.

(4) Potassium concentration of needles decreases with increasing age of tree, but
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that of stem remains rather constant.

(5) The amount of nutrients in each parts of the tree are shown in Tab. 66 and 71.

According to these data, the amount of nutrients in the stem increases with the
increase in age as compared with other parts.

Particularly noticeable is the fact that compared with the amounts contained in
the stem at the age of 6 years, the rate of increase in the case of potassium is higher
than in the case of nitrogen and phosphorus.

I Cycle of nutrients between forest soils and trees.

It is characteristic of forest land that a large portion of the nutrients taken from
the soil is returned to the soil by fallen litter.

This is called the cycle of nutrients,

We are unable to measure exactly the total amounts of nutrient in the cycle, but
a rough estimate based on Tab. 66 and 71 is shown in Tab. 73.

According to these data, about 50~80% of the nutrients (nitrogen, phosphorus
and potassium) are retained in the nutrient cycle when fallen litter is not brought
out of forest land.

In the case of agricultural crops, the rate of phosphorus cycle is lowest, whereas
in the case of forest trees, the rate of potassium cycle is lowest.

From the viewpoint of plant nutrient economy, this difference is very important
and interesting.

But, when the fallen litter is brought out of forestland, only 20~30% of the nutri-
ents are retained in the nutrient cycle, )

v Effect of fertilization on growth of Akamatsu plantation (forest fertilization
trial).

This trial was undertaken to confirm the responses to fertilization on the growth
of a young pine stand on poor soil as shown in Tab. 75.

A natural-regenerated, 6 years old Akamatsu stand at Akanuma (Saitama Pref.)
was chosen for this trial, and the following four plots (A, B, C and D) were taken
in 1951,

A. Planted soil-improving-tree and fertilized.

B. Planted soil-improving-tree and unfertilized.

C Fertilized,

D. Control.

The design of this trial is shown in Tab. 76 and Fig. 33 and the results obtained
are shown in Tab 77~79 and Fig. 34, 35, which can be summarized as follows:

(1) The effect of fertilization on height and diameter growth is evident for about
three years; there after the effect decreases slowly (Fig. 34, 35).

(2) Average height index of fertilized trees in 1958 (the 8th year after fertiliza-
tion) was 155 and average weight index of fertilized trees (per 9m? quadrate) was 158
(Tab. 82, Photo. 19).

(8) The effect of additional fertilization in 1958 was also evident as shown in
Tab, 81 and Photo. 20.

(4) The rates of nutrient uptake of the fertilized tree was very large in comparison
with the unfertilized tree. It will be considered that this is due to the expansion of
rootsystem caused by fertilization (Tab, 83).
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(5) The growth of Alder planted as soil-improving-tree in Akamatsu also increased
by fertilization (Tab, 79).

(6) Properties of soils of Akamatsu stand improved by fertilization as shown in
Tab, 78 and Fig. 36.

Vv Effect of fertilization on growth of Sugi stand (Investigation of forest fertiliza-
tion cxamples). )

In order to estimate the effect of fertilization on the growth of forest trees, some
investigations as described below were carried out on a 7 years old fertilized plantation
of Sugi in Shibukawa and Yokogawa, Gunma Prefecture.

Results obtained are summarized briefly.as follows:

(1) The effects of fertilization were remarkable, as the data verifies, revealing
that the average weight index of fertilized trees was 346 in Shibukawa and 313 in
Yokogawa (Tab. 86, 90 and Photo. 21, 22).

(2) The fertilization caused the expansion of the root system as shown in Photo.
21, 22. From this phenomenon, it can be considered that the fertilized trees utilize
the natural supply nutrients of soils more than the unfertilized trees,

(8) Therefore, the rates of nutrient uptake increase remarkably by fertilization
as shown in Tab. 87, 91.

(4) Properties of soil of Sugi stand improved by fertilization as shown in Tab. 84, 88.

vi Some fundamental experiments dealing with forest fertilization mechanism.

In order to consider the mechanism of forest fertilization, the following funda-
mental experiments were undertaken.

(1) Experiment on nutrient absorption when the nutrients are supplied only in a
part of the rootsystem of Sugi seedling.

Fig. 39 presents the outline of method of this experiment.

Data in Tab. 92 show that even if the nutrients are supplied only in a part of the
rootsystem of two years old Sugi seedling, the amounts of nutrients absorbed are as
much as when the nutrients are supplied in the whole rootsyétem.

(2) Experiment on nutrient absorption when the nutrients are supplied only in a
part of the rootsystem of Sugi seedling.

Fig. 40 presents the outline of this experiment method.

As seen from Fig. 40, the rootsystem of Sugi seedling was separated into two parts,
and the radioisotopes (P?%, Rb8) as tracer were applied in one part and the nitrogen,
phosphorus and potassium were applied in the other part.

The radioisotopes absorbed in the crown of the seedling were measured, and the
data are shown in Tab. 93. According to this, when some nutrients are applied in a
part of the Sugi seedling rootsystem, the nutrients (P32, Rb8) are absorbed more
actively through the other parts of the rootsystem.

VI Discussion on forest fertilization.

On the basis of the studies mentioned in I ~VI, the writer will state his opinion
as to the importance of fertilization in forestry of Japan in future, and the possibility
of introducing forest fertilization to silviculture.

(1) Importance of fertilization in forestry of Japan in future.

As mentioned in II, provided that the fallen litter is not brought out from forest
land, the rate of nutrient cycle between forest ‘tree and soil is larger than that of
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during the same period.

But, 5~6 years later, the indirect effects of fertilization gradually develop accord-
ing as the phenomenon of return of nutrients through the fallen litter and the
expansion of rootsystem.

Thus, as large indirect effects of fertilization appear in the forest, we shall be

able to introduce forest fertilization to silviculture practice.

Laboratory of Soil and Fertilizer,
Government Forest Experiment Station,
Meguro, Tokyo, Japan.
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agricultural crops, and the necessity of fertilization in forestry is less than in the
case of agriculture.

This is the basis of a former theory that forest fertilization was unnecessary.

This being so, the writer have considered the conditions of Japanese forestry
as applying to the future from the viewpoint of soils and many other factors, and
summerize his findings briefly in Tab, 95. '

As can be seen from Tab. 95, we shall be able to agree that the above-mentioned
theory (e. q. forest fertilization is unnecessary) is not applicable to the present con-
dition of forestry in Japan. If the present forest practice is continued, many conditions
which deteriorate the forest soils may be brought about, and forest productivities
will gradually decrease.

So the writer believes in the necessity of forest fertilization which will improve
forest nutrient economy, maintain soil fertilities, and answer the excess demand of
‘timbers.

(2) Possibility of introducing forest fertilization to silviculture.

As mentioned in II, the writer experimentally estimated the amounts of nutrient
uptake of the tree, taking Sugi and Akamatsu as examples, to consider forest fertiliza-
tion as an actual problem, and prepared Tab, 96 to compare the relation between
the amount of nitrogen uptake and the amount of nitrogen fertilizer in the forest
tree and agricultural crops.

According to Tab. 96, nitrogen is applied as much as the amount of uptake in the
case of agricultural crops.

Supposing the rate of absoption of nitrogenous fertilizer to be 50%, this fact means
that 50% of the amount of nitrogen uptake is given by natural supply of the soil and
the rest (50%) is supplied by fertilizer.

If the amount of nitrogen were applied in the forest as much as in the case of
agricultural crops and fruit trees, it would run up to a large amount of fertilizer, and
it would be difficult to apply the fertilizer to forest land economically unless the
timbers had scarcity value.

On the other hand, there are many examples of fertilized stands in which appreci-

able effects have been appearing in spite of using smaller amounts of fertilizer than
those used in the case of agricultural land.

The writer investigated these examples as described in Il and IV and deliberated
upon the mechanism of the effect of forest fertilization; the findings are briefly
summarized in Tab. 97.

As seen in Tab. 97, the effects of fertilization in the forest have been classified
into two groups: the one is direct effect (effect on growth), the other is indirect
effect (effect on soil ameriolation), the two showing that the indirect effects of
fertilization appear more markedly in forest land than in agricultural land, which
fact would be significant in forest land which is subjected to soil erosion because of
its inclination.

Moreover, the indirect effects of forest fertilization can appear, as the forest tree
is a perennial plant and its growth period is very long.

Explaining this more in detail, the indirect effects of forest fertilization do not

reveal themselves for 1~2 years after fertilization, as is the case in agricultural land
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the feature of root system of Sugi seedling.
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Photo.13 Influence of nitrogen, phos-
phorus and potassium on the rooting
activities of Sugi seedling.
(1) Seedling applied with N.
(2) Seedling applied with P.
(8) Seedling applied with K.
(4) Seedling applied with NPK.
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Photo.14 Influence of nitrogen, phos-
phorus and potassium on growth
after transplanting (two year old
Sugi seedling).
(1) Seedling applied with NPK.
2) Seedling applied with N.
(8) Seedling applied with P.
(4) Seedling applied with K.
(5) Seedling unfertilized(Control).
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Photo.15 Needle of Sugi seedling (two years old) grown in culture solution
without potassium.
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(1) shows before rooting. (2) shows after rooting.
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Photo. 17 Effect of development of branches at the lower part of crown on growth
transplanted stock.
(1) Branches at the lower part of crown are well developed.
2) Branches at the lower part of crown are poor developed.
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Photo.18 Effect of urea spraying application on
two years old Sugi seedling grown in culture
solution controlled with three nitrogen levels.
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Photo.19 Effect of fertilization on growth of Akamatsu stand.
(9th year after fertilization.)
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Photo. 20 Needle of fertilized
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(1) Needle of unfertilized tree.

(2) Needle of fertilized tree.

(3) Needle of twice fertilized tree.
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Photo.21 Fertilized stand of 7-years old Sugi in Shibukawa.

(1) Fertilized plot. (8), (5) Root system of fertilized tree.
(2) Unfertilized plot. (4), (6) Root system of fertilized tree.
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Photo. 22 Fertilized stand of 7-years old Sugi in Yokogawa.

(1) Bird’s eye view of investigated area.

(left part is fertilized plot.)

(2) Fertilized plot. (8) Unfertilized plot.

(4) Root system of fertilized tree.

(5) Root system of unfertlized tree.






