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0.04 ¢ 0.020 p
. .
<003 0.015
— A . i e
g 0.526:+0.0124 (=0.980") ¥=5.57x+0,00791 (~=0.9817)
i |
#im 0.02 0.010 f
=
AN
=001 0.005 }
»=3.90x+0.00177 (r=0.748") »=22.3x-0.00387 (~=0.7707)
0.00 A 0.000 A "
0 0.02 0.04 0.06 0 0.001 0.002 0.003
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1s 3 10 REAEL 1.14 0.53 222 1800 263 877 0.000118
3 10 ERR&XxltE: g70 0.66 365 11.50 429 1430 0.000074
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3 20 REKkLEL 1.14 0.35 222 97200 263 1750 0.000198
3 20 ERER&XUEE 070 0.52 365 3710 429 28.60 0.000103
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Ltk OB FIE A IRBRELR ELEH L TR 5 48
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FEckiltEL 14 FEZEETATRY 1981  1982-1984
5.7 HREETEEB! 1980 1985

0-16 *EE L HFP,0, 0,20,40,80kg/10a #0-15cmiZ RN
0-15 B&E PO, 0,4,9g/10a% REHEAL

1-5  PEEERATEI, B 1982 1982-1984
6-10 BUMBET EEB 1982  1982-1984

11 PR ERET 1980 1985
12-14 BEHNTEE 1979 1985

Rekilt

0-16 * BP0, 0,20,40,80,160kg/10a % 0-15cmiZIBF0
8 R EFP,0, 0,20,40,80,160kg/10a % 0-15cmiZiEFD

0-15

0-15 8% PO, 0,4,9kg/10a% REMAE

1-5  ERETREE 1981 1982-1984
EERaxurt 68 FEIREH 1980 1985

9 BHETREE 1981 1985

10 BT 1982 1987

11 B ETHR 1984 1987

12 B P ETHH S 1986 1987

0-16 *1ERLEFP,0, 0,20,40,80,160kg/10a % 0-15cmiZiBFn
0-15 B# PO, 0,4,9g/10a% REMEAL

0-15

0-15

0-15

0-15

* ; WENOEHE D IBHIEC I3 EFIZ20kg/10aD PO HEF L T 5,
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‘ KR ILEL Bkt ERReEkiLtt
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" 80 . © ? r. %o ° o
L 60 e L
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(kg/10a)
XL U RARE 1982 1983 1984 1985 1987
HEHaAE - — 4470 5650 -
Semt ok LM+ WAL - - 4970 5480 -
AR 6260 - 5410 5930 -
HHE - - 4920 5060 -
HEHaAE - 5960 5250 4780 -
B Jolbk 4 AL - 6290 5760 5520 -
RS AR - 6680 6200 5800 -
HBiE - 5750 5960 5160 -
EHEAR — 4350 5780 5500 5710
EREekuEr  BIE - 4580 5620 5700 6050
R HEfAR 7563 5300 5750 6060 5870
HRe - 4500 5700 5750 5730
* : BiREY 7 AR E 12 3561 FE M
ST, BEIEOIE 72i395% L L oINEAE S LB TH b,
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DiEELTHEnREEEE | 95%UEE Lo nikiE
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O IFRAKILME L TIRERENI0~405 & UH0~60mg
/100g. Bkttt Tid20~308 & U40~50mg/100g
Thot:, BBEGALELTIEENLNI05 X U30ng
J100g A EEMED EIRME L BE SNz, LA L, S
&M TT7VANo.2) Y EEDRCEBICE T 5 INE
BTHARDENLho DT, HEEOTRILHETE
droll, BB, BEEFEEEL ) HEVIGEIZR12
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EINEDIN~5%B DIREH R OIS T LIX(X5-10h 58

#£59 MEEEROBEEH T RAENEOHBONL T LIN2Y) V&8

DEKILEEDTLAN2) v EREBED) Y EHE
WL -SRI FoMERTh L L2 EELTY
HBDT, TITHRETH) v OTEBUEEMEE ZHUC
EOC) rREEE, REE»D TR, s K
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BELIBEEDLAORER) v EFRLOBRLH
EL1. B, —MORBRK TRRAEFNEDLZORED
fThhi7-0, £ENE L KEF) Y EFEORESE
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/100g DI IZH UL, EERLLN TRESE) &/
I FNFN0.71+0.03% 5 £ U°0.68£0.03% (V31
LbBREFEXE) DExFL, FLEOFBPICLEE S
NABPOsE LTOT%=P % EITMRE L T, — A, I
BEDMGFTIIIEBMEEBOTRERETE 2d o
HEBREAKUMAIICOWT, YL MNo.2) YERE]
EEIEMSEOORERY) y EAEOBMGEEH6-1212
RL7, ShUCEBE, TLANo2Y Yy EEDETIS
) k) Y EREEOKTIR, SERESRETIED
NG h o7z, B Tid10me/100gE T TR/
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[@5-12 EBEEAUIELIZ BT 571 A N2l ¥ & & HE) ¥ SHH
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SRR
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HEX TECEZRTHENE o7, LD Ehs,
VYBREDORWERTIE, e EL3EMITY Y0
BIEATRe L E 2 bhiz,
3. EE

MEHOFR/RIIESNT, 2§, S bicdgmis
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e E AR DR S T . v AR E DR A
BEHERLOD, THRIGEB LUBRERY Y EFEN

RECK LT+ Bkttt BEEEEKUMHL -
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BoNAIEPDOTLANo2) YERTHAEER T2,
19824F 7> & 19874 F T v I A FE 3 70 I3 BB
b7z, BE33, EXRTIOEHTTONLY Y ORE
HEBOFEREN S, BN CILEFRBNE £ 7230
FERICBIT BB T LA N0.2Y ¥ &R A20~50mg
/100g DR & FUiZ . BEHERE LA T90 ~ 95 0 4 E IR
BIEHE0T%RIEOKER) Y EHEROBORLZ L
B E R olz, THIZEY, BRAIERIIBITS
) D IES RS % 20~50mg/100g L FRE L 72, O
OfEIXFE URE XKLL O4LM TRE S NIKH - iR
DFEFDETT—HKT D RIS, REALELOLIE
T HEMEI330~60mg/100gATE Y & £ 2 bhiz, —A,
EREAXMSLORE., SEREREROER, S, 1
WL HEME O FRMEIZ30mg/100gA5 %Y & Bz, L
L. EEEREFICBITE TV ANo2) Y EROK
T IWRET AW R . NEORELHIETIR
HORENTE Lo, £2T, KRBROBWRLEMT
7L 4No.2) »&EH10mg/100g L T DA 1B E K
D UERRMETLAZE, BLU, MOLPIILoT,
) aES.6mg/100gDEH THENRE B L ) Y TIX
BICHS PR BIRICYERINTWSE I L, TR
i % 10mg/100g ISR B TSR ETH A ) LHIITL
72 29 LT, EBEf AU EZREIEMII0
~30mg/100g & B S N7z,

PED X Sz, ZXUELICHIE L72) » DEB R
e HEE ISR LM 30 ~60mg/100g , & K L1420
~50mg/100g., EBEME K LPEL10~30mg/100g & FKE
T&7, FIEITIE, RAKLELOTRISUEEELE
BEAXUELLYIEF(RETHIEMFGENTH L
L OREREREY, FORKRELE OBHBRAREBLT
BoONFRBERIZL > TRIFICERENI,

Kz, HEBWHCED BRSOV THERS, L
BhOTLANo2) Y ERFLUEREAICHHEEC
. BiRoHESWEEMORERE,CE LT, L
R EET | 2 S T B 4E 18~ 10kg/10a V) ~ ML &
PEUTHD, T, PIEIYEEEL ) SEVEE
(2. 12~16kg/10am ") ~ HEREE A590~ 950 A BN &
FEHARRT LDV ETH o1, —H. BUIENE
HE L Y S BEVIHEICI34~5kg/10aD ) ¥ FERETI0~
BOEENBRIEH R TE . TOBHEDOBIETEE
BR& MRS L -85, dkg/10afiEX ONE, < AREE
RAESIES I UREER) Y EFFE, Dk L BIFEH,
8kg/10afEflX & A& MR S i, Lich o T, U ¥
B L CIRSECIRBEDO BB TV, TBOY ¥
FEREE S HG LR AT ) S L2k ). REREOE

EMGERVTREE LS I,

BB, ) rOEMETEOBMEILE L LITETTAS
LIS LT B, AR T pHAT T B U kit
EDTH 55.5~6.50HBEICH B LEBELTV S,
o, ThEERTAEMICH L Td, AIKREEMN
DEDRERIZ & o THBY R %17 o 72 £ T LR ORI
JBEATH 2 EAHRTH 5,
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FE ETBRNUMELICHETZ DY T LIBXE
- OFHE

B ORI Y T AL FHET 2 B E LT,
SARMEN ) Y LB RS — R EA SR TV, KET
i KU DA Y 7 MR % M 1) 9 A CEET
THIEORYUEEHEL . EHRROMAT LT 120
DIEPERIR % 1T - 7259,
. EBBE

BRI L L. Sk R ITI R, Bk
it b BT b 2R, VR B L o U R T 1
DEFHA H0~15ecmDIEL R L 720 F6-1LITId
REEOEM LR L, )
INSDOKLELEA SEEFKECELRLOT, &
BN —EE 25 L5 12a,/50007 74 Vo NS L
72 2Dz, Ry bYhoitERiTREALET

®6-1 A LEOIbEM

JeHEE N B RS

#3905

BVE HVILERECRELEZD ) D LR

T2.8kg, BEAILETT22kg, EBEMALMEL T
1.8kgThHotze # DT LAMRE IR L100gH 72 ) KO
& L0, 2.5, 5, 10, 15, 25mgtAUED 6 BRI & L,
Ry MITELFTET 2BLBISRA L /2, 19854581
4B, BIECER LB FEY— [/ 9 7] %
BTEMOMY . MAORBRFEIH-THY F %7
WA C & L7tk SGEREEE LTREB LU VEBEE
N, POE L TRy b &0 05gFORMMBE L7z, %
B, BHRFIBENRY %S SRR BEL 72,
2. RRER
DAY ABREEE FE—OEWHEB LU Y v o0%
I

Re-tizh ) T aREEFEY—DEMEL LU
U ARINEOBBRER Lz, WTROH ) v AKEIRE
CBNTLENEREBECA LML TRLEC . 26

A E(mg/100g)

+ & NESEE  pH CEC" ﬁmﬁ%&
(o)  (HO) (me/100)) KO CaD MgO  Po,myioog
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BB~ DOFERK,0HAE R ke/10a-0~5cm
[06-10 $EA~DERMH 1) 7 AHHER L BB T AREEN Y T b ANTTABITRT AT T AGHEEOMRE

(1983~1985% E&klttt)

Ecd BE FEY— o=
A H) L y =0.0357 2 +1.544 r =0.637"° y =0.0939 z +0.931 r=0.771""
O Ny b y =-0.00523 z +0.527 y =-0.473** y =-0.0303 z +2.76 r=-0.701*"*
[ ] TRV TA y =-0.00422 z +0.342 y =-0.682*"* y =-0.00478 z +0.803 r=-0.562*"*
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Mi25ke/10aTRRED 7 ) 7 ARILROAHETIX, 0~5em
BT ) v AR &S U AR R IR
BELWES LB DL, REBE L TIHIER LSS
W= Tt & STV B0~5emTh A 1 7 AJRKEE % 5F
McE2EER LN,

2 ¢, BRI HTOFEKUM L TH B RBAILMEL,
2okl 5 L OEEREAUSEI L FE S — -
TAHZO—=N - vasu—ERREREFNRIZ, 0~5
cmD B DORIES ) T ABGRIHIE LIS ) T A
MR DREE LR A D,

475 0 BAZIUR & RENIHEAR T 5 72012 11 25kg
/0aDEM B ) 7 ABREDNLETH o7z, $70. %
DT EE, BHFEO~5cmD TR ICFEAET D3RS )
Y ADREEM D ) AHEREDEF THLERA Y Y
LR % 30kg/10at $H I LICL o TERTE D &
b, —F, BIFR AR IRA SIS % S
BIOOERA Y o I ZNE ) b 4% (. 0k
/10l b L HEF S NI, H Y ARBRSARET S &
I9. BYIEFET L. DWW T ARERAESSO
WBAHE U TERRATEAL L, BROFREIE b0
ERBESND, TO1DH, AV TLADRRIZL HNED
ETHBCEBHRE LT, 30ke/10adEM A Y &
LR E HART UL, < ABMREIRA SIA b BITICHE
Fr& NBZEHPTHTED, LA >T, FRICLEL
7 7 SRR, 0~5cm LA I 3513 B M A
Uy ARPEL, HESEELHVTI0aN ) OfICH
L, 30kgAbERC I LN Lo THIBT AL EL
720 :
HAE, R OREHIIH TS 7 U 7 AOKLELE
BEVIKO L LT20~22kg/10aTH DT, il EHENE
IS H DV 2 RSO &M THEAD A 1) % AL
B %30kg/10ak ¥ 5720121, 0~5cmd F3EH128~10
kg/10a0%HtEn ) T AN BEL BB, IO, *
BekltEt, Btaklittt s X OEBEEKLETOF
W% P SEEE0.9, 0.78 £ U0.6g/cid THUE, 21
2 #115~25mg/100g . 20~30mg/100g . 25~ 35mg/100g |
WL B, Licdto T, JLHpRmAEEEE 25 > C B &
IR & AT B0 101, TR O S )
Y AERY CORECHRT ALENSH S LI T LM
T& b,

BESA . D ) Y ABERE AN AB LD
YR LAEHREIERBERICH D D LA S
NS FDZ EIXRE-10T bR S NIz, FET
D AERENIKE LT3%ERADEAFDOT T F 5
TARNENMET 200, HERIZBITLEH) YLD

BELERIISIAT V= —FED—RHE SR TVE™,
I, HEFABRBEEV BT AWAFOR TRV I LE
REGEREYFIMgE LT0.23%THY, FEV— i
PrOT LIKRERY I AV Y ASEREOBWERTY
W EFAMLNTWEY, Th6DIExEETHE,
EEA Y 7 AMBEEE LC30kg/10a% EMAMEER
AT T &id, EWREORIIIN L TEETH S /51T
T HERREDOERT L5 ZRITZENEHIC
BETES, £/, SHoAkLELRERZDOI AT
BEILZLL, MBERHERROULEWIEN LA
WENTVE®, LizASo T, 30kg/10anEM A Y
TAMREICEDETERICA Y Y L2 BT 2546 T
b, BEFDANY T AR T ALY AER T HIERDS
IZHEREL . BEOR 7 A DT ARREEY % + 512175
ZENEETHD,

PLEofER, BYIHAO KWLM L 7B 8B
WTHBREZRTEMICHERL, v ARHME+ BIFICHE
150103, BH0~5emdD HEAII BT 533 HmE
AN L EEEONY) T AR %A L T30kg/10a
KB EHICHEERELITHY 2 L. £, dbimBkmE
HEPW IR E N ERM20~22kg/10aD A1 ) Y A FEER T
LEOBMEERT S0, wTFholLuEtLics
WTh, BHEDO~S5emd L1 (28~ 10kg/10a DA HLtE
W)Y AFLETHEIENHLPII T,

| -
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BVIE

HIET WA

RYBA I BT 2 REBOREEEIIOVTL, Z
N T, SBM L EREH IR 5 ifspees s |
B OAHERSEROFMIZE T 5 HffLPam 00805
ﬁﬁ%tﬁbﬂfét#‘_ha%ﬁ%ﬁ\iﬁ¢®%

EEICHNE L BN LR BRI 2T 5121
iofw&#otozwfb EBRICHEBH A RED
MR EHEH T 57201043, THIBBNHE RS S FOR
FHETHDRMLRE L RET 7O OH - R REHFLE
Tdhol, BiFEIZ., TOL I ERICKTE, HiEFR
DS ERICED HERIEE BAEMICEREL ., b
THEDREEEY TEOMET LIl TH 2 LilLo
T, LVBHFES LKW OLET LI L2 EN
ELTiThbhn/,

1. 8%
BECRTEMET) I Ll . EHOBEERED,
LEFEMKELFMT A ELEA L, $TTICKILH
FOENLE®IIBWC, EHOERERELFFML .
BEHERTIRET S VAT ANZAN L » THERIE
ENTVD, ZAVEZOMAOHF T, HBEHHTIZLD
B OBEMEKEFMOFEE L CHAMEEERECE

TERIZL D FEEFRK P, WTHLLEBEH 2D

EREBHIIVHERIIRIITEENKRE oz, TOT2
B, HESTELY L LAEBOERREL HEFEX
ExFMT 2 HAEDENMEZER/L Tnb, 2T, X
BTk, ZXYDEZHEEAL, Rl F o8BS
B G REMITHIE LT A - #FEELI I E L
Thbhbb, EHENASOEEHRFELLT, £, UT
DADDEREBFOME E L7,
QEBEHEHFORMA D L URBEREAEDY
@EHFE L UHERRE R O i EEE
@IRIE~ AR X 5 BEEE
OMEFFER IS I BT 5 SRR D& T BY

TEBW LI BN ER )b DL BRI LI LD
Zu, FEREILL > THRORKEEFFML. Th
CEDCHEMEZIRRT S L V) BIRTEEREL I
TS OV EODHETH L EER H, L4ERD
I HE@IIDW T, BREHFIZHENT, $TIIRE - %
WOh v ARSI S T E O EEREROFRE S
ITvs, JtiEEMAEEEY E L TRT-1O L ) ICRRICER

u\ = nﬂﬂ% j:D cl: U‘ﬁit
#7-1 BRI S LA EEGEE
TERS ERAR FRERBER
(%) (kg/10s)
1 30~50 4
2 15~30 6
3 5~15 10
4 5% 16

(db#EEREARAZ L™, 1989)
* : SEMAE LR A.5t/10a% BHEE § 5,
* % IHFBNHHOERNERYISIZL D, TOB, FE2—550%
b, s BEDOARHENNGRBOELFRE T 5D,

LTwb, 22 TARE TR, MMM SR

B(@)1ELLOBHEMBE(OBLU@)ZHLAIC

L., EHOBEEKEICHIG L-ERZBEE4HET S
Z & & Lf:o

AFFEOR BRIV THRE SN ERA L OEF

SR A RT-UR L. TNET, EIROBAIIIERRE

#72a T ERATNAIRIZ L A2BEOBILTAER (ke/t)
FK WRBEQER) 3B 4R
BAEFTRES 1.0 0.5 0.3

#7900 REMAINAEEC LA EEORIETEER  (k/t)
(34 i TS 248 34 R

WA FRE A 1.0 0.5 0.3
CIROBE L. BMOREItS: ) 0BROBET R

DIEFHDFHAFEEE N TEL*NI O bbb LT, £
DIEZIDZE LI 3D  FER G AR AR ShTirwv
Lotz AFRETIE, BRIZOWT, R, LIERS
NTOEEMROEREEERIL L L IZERY
$b, HESHAEEDSOERESEOSFMIGET.

TERAADBEIERBENS, /o, REAKADOEE
R AE (KR OBAIIRE) 2O BEEY1ItYE -
D lkg., BAE305kg, S HIZFOBFZIX0.3kgk . F
ROBEBIZHE - TUTITFRR L7z BEEOF ZALFERIC
DVTid, KELGRTBEBOMEORL B RBALTEL,
Bttt s L OER RS ALE LR RS TR
DRERIHEREINT VD, L7z o T, RIBEAIZHT
HHEMZIREBBEDBEVICE T, BE, S DERALS
BOFMAREL ARSI S EHIT SN, T
oL, EROKBHAFEICE - T L2 ERELORESR
BomEvid, FEV-OIFELFEIINTHERDL
WREBOEIMPLEEY S, Tabb, YR
B B 25 AR O EERINA W EEICKRECHFS
FTAHIFENBWTIE, CORBOMETEDREH
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HOREL D SHOT, REMAOHHTEAALY
SEILR DM LRI TH > 72

| BRI ERE S N A A b O BRI
oqu‘%@ﬁéé%&bfm%fsféwm AR,
B CAKM L HMIETREE L LCRGET A2 LIRTE
&#otoEEE@AmﬁimgﬁmﬁmE#%ﬂAm
PEOZnED bSVERIE. WEOEECEMS N,
HFRYOELHIGERTI0DEZZ N, BENE
FEREOERET I L, EREEALEL IS5
HEDILRAHE IS RAKWIEL S D S Bve OB,
SEIA I + T 1 T B O pHR I P CECA N 8 L D T,
ﬂ—wﬁ%mﬂ%ﬁorméﬂAuuﬁﬂi§®MH>

ERAIEBBEAWELL ) VETFLPT, 20

u%‘?XﬂWEWE@Eﬁ#ﬁi%&ﬂﬁéﬂfw
B9, 20 3 2 IURAR D ST AR E MO R
HEDBEE, IR SN D ARIORSH %
FTHLDLEbRE, 70, WREREEL LA
VA ST EBIC & o THRICHHE & h 2 3L BTG
Eﬁkﬂﬁimﬁﬁﬂw:kﬁ$ﬁ*#%%%én%m
TL RAKIEH I BT EROBLEEOM £ 18
L. pHSHAE B OMIE L MR & o THERKE B
BFICHERF LT b IR OB A BT b 5 5.
LR S N ARY D > OBEROHREE . SADIE L,
BT H B ISk o720 & 5 1o, YU, SR,
ERHEOEBEM, ZOMOEHEE Lo TRE (L
1t 2, KRFETIEINSOLLEERMIIEL 31
B ofTIT, SO E KIS KBS BT L
£IRE U |
PAEOREERIC LY | LREERIHT IS T 5 E
EkmﬁiViﬁLtam R B EM SRR E Fy
KA lbﬁm?é LTz,

: = N, - Ns, (7.1)
::Tzvﬁ%HLTLtﬁﬁﬁm SR L7 B
mgwymwfébz%uﬁmwgmgfﬁ Gt (kg/
10a)TH Y, RI20RICERKAREZELZLDTH
Bo ‘s

2. )

)y CIRBAKUELICBIT A RBREREOIC KT X,
Bray No.2#kiC & 2 HEEZ M EMEPHP0:L L T20mg
/100gll EEBREINT VS, KBFFE T I % kil
eI L, e TEREEHHRTAILICLY,
K130 L H I HIBEBWH D CHEERIT % B0 5%
FETET, Vv ORGSR b 8 fh LR #2125\ T
BEORMEL N LBEEMILEEERTWE, F0
) owT, BEOTREL TRESEROBEMEFHS
MICTELEDERITAE VY,

KWL T &) YO LIES IR RE L8
LEHRIANE) OFEECETLL0TH L, BB
BE BRI BIT5) YIERIERBAUEL L) D
ELDTEHV, TOXHIZ) VRGOV LBERDY
~3Bray No.2#: TR S Ul WIEREIZBILT 20T,
Bray No.2#El X 2ERMENFE U4, ERE® LMY
Toey yERPEREY LERIIEBRKDETOFR
IDLBHLIMIELL D, THIIH L, FEY—TIE
Bray' No 2B T SN WHED) Y L —HHE T &

WHEMABO BRI, TDH, FEZ—DFLY »
INE % RIS DBray No. 2B Il X 2 HMEEY) v 48
3, EREGAUMELOHHRBUEL L) KL &
%o

KL T L) YO TIES MR EEEFELAD D
UCEonfBE LT, EREAXLIELICBT 2HEA
D) ¥ DRAERIFAKIA LI B T REM DD 5,
FE—DFEL) VEREFZIEERZRTZOICE
RAKLNET ORPEBEENLIEL L D B L DR
B CERYTEPICELALZ L, RBKLELIC BT
B5FEL-D) YEFEOLANERBEG XU LY
SEYEOWINHE T >E I WHHIIZRLAZELRE
BEDORPTH L, B0 ) ORI HERIZ BT S
) Y DOYHEETP L RROBEESVEIKRE (B
END, LEPIZBIT2ESOWBIIHE OHEEIKE
WIEEEL, RRERENSCIZEHHETT EY, B
Kb, WEBEOMAVEEIRAMICE A, B—pFiz

%7 3 E%A&ﬁikbh‘é )y OLIEDUAEEM E 2 HIHED ) L ERE

Kiutktofliga MR EREERN AHEEDILE

?ON&mdﬂ§¢d)

ARk L+
Bray No.2 PO, & R kilfit
me/19% R Bk L £

30K 30~60 60LL
207K 20~50 50LL &
1047 10~30 30LL E

TEER Y o HalE B \
P,0, kg/10a i@

12~16 8~10 4~5°

* LA & L MERIBES T B,

o
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B A BRHEREOELSKENDT, W7 v 72D
KEL B EVHIEENH N, KRBT L RAEED/D
SV A A v CIREBORR TSR, Ll BE
DHMAVERBEALETE. A, 2boTilny
VIREREE LTV, SO7®, F—pFilBit 214k
e kEREREEALMELOHREbDTRENICY
Db S F, IEBIRBIE R X ) bR s
LEHiS T, KB E LT, LERICBT A Y L Ok
CHEEICL T, HEADY L OMRICHT A EREEK
W OAFMEE ST A ERTELRD o7,
SHOBEE LTIk, HNEORROREICHET 2118
MEOBRMIBENS, IRE T, HEOMKEFMEL
AWERGF ORI L > TIFPNTER, Ll
S5, X OIHICRIE U 7 IEHE 2 MR R RE SFA % 0 &
THEAICE, ST TR LA-L D0, FHEOESH
EMORICBEIT A E S ICOV T EET L LENDH A
S

3. AUTL
#) 7LD TIE, BFRO~Sem TR ICTFET 5K
WthH ) A LERY Y Y AREROATHEAS0ke /102
Wb L H T I ARIEEERETAZ EFBELETH
77e Thbb. ERH ) v AREE F, (K:Okg/10a) i,
Fy =30-K, (7.2)
T, K EREEFEIZO~Sem I BHIIHFAT LIRS
) ADE(KO kg/10a) TH 5o
CoBBRXIELTOFBBEII L o TEbT A LT
Polht, HEXWELOPSIBEENKE(ERZLIED
5, K, AR L THo T HEI00gH /- h OK.OmgD il
BRI TR R o, LEEBEZEENIBITS
#) 7 AREALE $20~22kg/10aTH 5 DT, TDHGE
D K, 138~10kg/10a& % %, 0~5cmt & 128~10kg/
10ak W H ML ) v AERIE, KAKLELDOH S
HWEEA0.9g/cnt. BEKLMEL0Tg/aib X UVERBER K
IWtE+0.6g/cit 5 &, FNREFNIS~25, 20~30B X
1°25~35mg/100g 2 #H24§ 5 o JbiE i RAEHED 1R &
N HiE R TRER 7 BAZINE & BIT 72 SRR A HERE
WEE T b7 dDTEEDH 1) 7 AERE V) FIRTH,
rROMEE B EREERETE S, 2L, 2O
RRRHS A Thh 254, BEITER25+6kg/10aD
) o A RN B S &SI SN OT, BEXIRY %
IR A S S ) T A DRI TFH5ke/10aR £
ERFOLBIENTED, Tbbh, TIEBUEEMEAN
HLHERICHREEROS ) T AR BR LSS, T
DHEMERRIIRETE B, EPOIRES ) T 4

ERIFITEDHREBE L THELTHEENEV, bbb
B, (T2)RERONE, BEDOLEPIZEIT BB
WAV AEEFHETAILICLD, XBFOHY Y
LERIIPPDOOLTLELBERZHETE S, LAL,
(12)REWMELZRET, HEPOTERMES )Y A&
RSB RDRHEREFRI S VL) 2R & 8
FOHY TAERDONT V AXHALMIITEE, L8
ZWOEIIZ ORI B, FOL ) LEKRTIE, 0~5em
TSRS ) 7 58~ 10kg/10ak ) TIEBHTHE
HEMIIIRF ORISR I N TS,

4, HEOBEREICHIE L RS %

WEINR 3 72 RIS Dk, LB L SN AT
B. HESWREHEOIFIE, 22 % EEHC
HY, EOVEDRBRETHHEIIE . MO RE
ENTWLLEND L, C0H) b, NEKECHTLEE
BAEM72T TR, BER, HEHRREICEL > TE
1T 2 HMEA LTS, LA > T, KR THRE
SO BT (2350 < MR o BRI e 3
i, SROBEEBIL>TEHLI b DTHB,

AR T, B O AR 12 #5 AN % 3
BN, OBENR REOICHET I8,
B Y UQEMBRE . 50~ AR & BATICMERT 5 2
L0 EEST I ERBIRE LTRH 21T 070 20
BR,.EE. DV UyBIUN)VLAONTHOERIZBW
Th, BENEZTEOICHRT S L5 ICRESNLIE
BRIZE 0T, T ARKEREEE S £ RIFICHERES
no I EhmRINI,

—% ., EEHIRL AL TOREMEsEE SN, HR
hEERR RGP OREICHAT ABAL S, KA
BRI S 2 VI BOE RS R BTN A HRANEE -
Twb, ZORALSEROMLERE R L/HE,
REE %S L, IWEAEERPHETFT S TH, v A%
B R S M\ HER T B IR AR A L &
LY BHENER OGNS, B ARRESECRERS
HEE OB ED LMROIEZ ORI RETHE.
UToL) RSN EICRbEEbNS,

BETITTTIC, EFEER G L-AEN L EEK
JEEATEE S, T ABMERESE OB VERITEE
PRS2 RET A EIC L o T, BVEELOR
R E v X RHERAE S A DR FIIC & B HERDER
BELNT VD, Frz, RBFZETH S I S 7 B
FRCHE S SEALRHIE 4 18 A0, RIB I L Tk
FHERAIFEACLEL LEVWEBRL TR TH S, £
DEE T, BHOIEER, BEHRE D EE AR
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EBRILEVWRMOMI I O0HEZL VI E, L1
L. BSRSMRBEA TR L, BRSSO e 5
NAEERERICEE SNEEREGRVNBTHY .
1) D60% D EEOITHIGABE IS AN TE Ao
Fro E 7o, HEAERIRSC BUBE K4 & 2k 1o 7o B ML T BT EE
CREA S HE SN BERBYER TS, RIS
BB 52~ 3E DRI IZ BT B HIED S READEFULS
ik, BEOIERHERI LT BIH L TA% D BFEIC
o TwA AN, HEP TERE LIS 2%
bOTHEICRINSNG 2 &% HBEERE LTRE
LT EEDRHERT 52 Lid, BEReHEES
ERTAROCRRCRI A LEE T AHEL LTRE
nTwd,

) G EE R ST B BAESUS b < A B MR

R B REIREUS b EERH U T LB L TEbDT
REBLEETH o/, ik T2H Y7 LRABIC, w2
FHE DM RERLE L ) 2R ORIR % B L
PATROMR L 0 b7 B BTREEI T, LA
T, ZOREWHICEET A2 L, L) REMOER
DRFALETH D, T12, ) ¥ RIEHOFEE SR
FURIELTH Y, FRZ &0 B & DMBIGICH
BCEMHTERVI EDS, FEHOMBEREH X
BHEII, BRICEE SN Y OFBMANE b
TEELBEE LS,

20 Y ADHE, < ARCEERAERISITER A Y Y A
B AR20/10a % T H & 72\ & BB 2 K FH I 20
biaBors, $hbb. < AR R RIFICHERT 2
OO T AR, BEINEE EENICHERT 5
O LELREE D b0k <, £ M20~30kg/10a00
CHLUDLER LMD, RICERH ) 7 AR %20
kg/10ab B LR, WHESRAFEL—DHY Y
AERIRLIBBEIET LT, ANV T ART S Ay
Y AGRIIRRMET S AW SN, WAFICL
ELFHBON Y v AGREKOL LTHLO% THB™
DT, ZOBREOKEMHS )T AEROETEA VLY
AR IR LAGREOMEL LB, FRKSE LT
I LVWEThA EELONE, —F, HHINEEH
%@ﬁ@ﬁﬁ?ﬁﬁéhti@lb%%%ﬁTL\%%
WROB~BUREI 25 EHFTRENG, SF, F
EY— |THI/O-NBLUY O O-NIBTEH
Y ADERREENEAFLPIIL, SALERIELE
BEDETWI T I LIk o T, BT BIFIC
MR L R AR R CET S22 8% MY A
BHRREERT D L AT ELLND, K612, 7
Uy ATIREER R 5 Y — 7% &0 IR O B A A %

LOT, BEEENICB T2 ENLBRIMFTE S,
PEDXHiz, BEREDHVIZEHEH o BECH
REMGE2EEIELGEITIE, SR, RIERIED LK
LREMEIIENT 5, MR THELNAEELMAG.
HiRoE BHEICE S W BARM 2 i IS o $fE 721 )
Tlk% . TEORKE LEIEES L UIE (F 2%
i) O3BEOHEMBFELHO, LA EIZHB, It -
HEERII F OXKLELICBNT, FEV—FERET
LI ARMEL ORBREBATHT LMY | widoM
HRFRIE, ZORAOER LD AVIIEHTE OB
RARRAIRHE L SRS 2 (kT 2 56 0 &R
B bDEEZ LN D AW TII 4 MR INE 00
kg/10af2BED BN & & BAT 2 BEAEM AL % R E A I A
FHIHILEHitReE LTHEMNGERE L, Lizdo
T, HHEENIG I REMEABOZEMRZ KT R N TIT
ITELHFETEDOLR S,

SB2E  AhEm

e ERIN A OIS L F 'Y — v R
ET BT ARKE L ORBREDL T MR, FHEHIX
#I00kg/10at2E D HEFINE & RIFA SRR+ LEMN
IR T 2720, BF. VrBXUH ) oADK
EIOCHEEERDL I IHREL,

1. EX
FRMEEBEIEE K, (N kg/102) 2 1R L bk 5,
Fy= N, - Mz
N, GEERRICHIE L FRERBERETH Y, £KT-1
PHRDDB, N, IEEOKER IS ERBRIBTERT
Hh, KT-2Hho6kKD A,
2. V>

B +HE0~5emiZ DWW T, Bray No.2#ll X 5+
DHEITV, SHEICESHTERT-3N SER ) iR
B2 RODL, B, SEIEEEL D LED oA,
D7 ELEMOBIEDMEEHTEETH D,

3. AUGL

i HIEO~Eemil OV TRMBE L ) T A X PEL .
AP ETCTRAUS L Y EM A ) 7 AR Fy
(K0 kg/10a) %3k 5,

Fy =30-K,
ZIT, K, REFICO~S5emEBHRICHFET -G
o ADEKO kg/10a)Th 5,

P EORERGIC L), RERSBORERRE LK

ANTIT) e HIFETE B,
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G

AP, AL E R A A R AL LI
T LT EY—RERE T ARNE L ORERE
HWEMRIS, TBORKEICHIGLCEE, )V rB8LU
AT AREEDORELITI T L), REHERD
KA MEEEEICHFSTLZ L2 BNE LTITHR,

RN F AT 5 FE L iEE RS+
BEAEEIREC IR ALEL, Ba kLt Ls
JUERBEAALUELICRGING, Bt ESHIC
LT, KA RIREEHERR 7 L~ ERBEHE
HERs+, BKUELTEIRBSEMERR 7+ ~E
REMEE R+, 7. EBECXLIETIERERE
MEERs LIIBBORESE TS, $72. Soil Taxon-
omyTix, REALM L 2 Thaptic Udivitrand, 2
X1+ 13 Acrudoxic Vitric Melanudand, EEE &
K+ it Pachic MelanudandiZ# ST 5, EF#KIL
HLRFEZOBAEICSA L, RESH RS EIC

ZLV, IO, BAKMEIZE Y, ) EERIRER 1

* URBERIIS SV, EBEAALME I I E R
DEILFEHHE LA L. BT IITEO R HT %
HEERT, RYIHFIIBITE5HH» 590 F TORER
{7122000~2300CTH ) . M TE ARN TR RE
Vo BRI O REAKEIX600~T700mmTa 1), Hikz=E X
v, EHELOpFIZ2.0~25THB T %0 o
Foo TOXD LUMEMICERINDIERERICBVT,
1900k /10aF2E D BAZINE & BT % HAEME AL % M+
THIEXBERE L, BB BKEISHE L AR
BOREZUTOLITH I ENTEL,

1. B%

ENEERERITEMTETI L, HERE
POLIBOERRKETFMT LI LICL>TEET S,
BHBEREL L TERLAORLUTOAEETH 5,
QEMEFHORIMAES L CRBLERARY
@E G & UHERBRE o 3t BEAE
QORB< AMBEICL 2 EXREE
OHEFEPE I BT 2 ERRNORTTERY
ZDH b, @irv ARMUEIREE S IIHIG LA EF L
BELTTTIRERICERLTWA D, AL TIIE
B@)B LULE(Q. @)h6DEHRMAEEIIOVTR
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Fertilizer Application Corresponding to Fertility of Grassland

in Andosols Popular in Eastern Hokkaido
Toshiya SAIGUSA
Summary
Little definite .information on andosols in 1. Nitrogen
|

Hokkaido was available for grassland for deciding
the amount of fertilizer application adapted soil
fertility. Therefore, nitrogen, phosphorus and
pofassiﬁm applications on timothy-legume mixed
grassland corresponding to the soil fertility in
andosolis in Konsen district were indicated for high
and stable production of grass at low cost.
The main andosols in this district are
regosoli@, ordinary, and cumulic andosol. They
have been classified in Soil Taxonomy as Thaptic
Udivitrénd, Acrudoxic Vitric Melanudand and
Pachic Melanudand, respectively. Regosolic
so that

its altitude was higher than that of the others.

andosol :jwas distributed close to craters,

The teixture in this soil was coarse and humus
content ;;,was low. Therefore, water retentivity,
cation r:fatention power and the phosphate retention
coefficient were less in regosolic andosol. The
characte}isticé of the physical and chemical
properties of cumulic andosol which was displaced
far from the crater were completely contrary to
those oﬁ properties in regosolic andosol. Ordinary
andosol ,which was distributed between regosolic
and cumulic andosol had properties intermediate
between the physical and chemical characteristics
of regosolic and cumulic andosols. The normal
accumulated temperatures from May to September
in this district were 2000-2300 degrees centigrade.
They wére relatively.higher in the inland areas
than t}éat in the coastal areas. Normal
precipitation for that period was 600-700mm.
The pF of topsoil in the grassland was 2.0-2.5.

In tthese grasslands, the amount of nitrogen,
phosphoﬁps and potassium application corresponding
to fertility was estimated at 8000-10000kg. ha
of annual dry matter yiela and stable botanical

composition.
I

Nitrogen sources - for grasses in continuous
use withouﬁ fertilizer already has been classified as
follows:

a. Nitrogen released after renovation from grass and

organic residues in previous surface of grassland.

_b. Nitrogen from barnyard manure plowed under

grassland and topdressed
c. Fixed nitrogen produced by legumes
d. Nitrogen released from returned organic residues

Among those sources, the fixed nitrogen by
légume (¢) has already been estimated in the Konsen
district, and nitrogen application corresponding to
the legume ratio was recommended. Therefore,
this study tried to estimate the nitrogen supply
from barnyard manure (b) and soil organic matter
(a and d).

1) Nitrogen supply from barnyard manure

In pure timothy grasslands on each andosol,
annual nitrogen supply from barnyard manure
plowed under was lkg as N for 1t of barnyard
manure in the first year after renovation, but
this effect decreased to 0.5kgt, and 0.3kg. 't in
the second and third years, respectively.

In pure timothy grasslands receiving a single
topdressing of barnyard manure, annual nitrogen
supply from barnyard manure application did not
vary very much with the season of application,
whether it was autumn or spring. Their amounts
were estimated at lkg,t as N in the first year
(next year for the autumn application) , 0.5kg./t
in the second year and 0.3kg,t in the third
year. The barnyard manure roles could also be
adapted to the condition of annual topdressing.
2) Nitrogen from the soil

The amount of nitrogen mineralization from
cumulic andosol in the incubation experiment was

more than that from regosolic andosol. The

o
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reason seemed to be the difference of accumulated
organic residue in the surface of grassland.
The amount and quality of accumulated organic
residues depend on soil characteristics, the
botanical composition of the grassland, and other
Although

the amounts of nitrogen supply from the organic

maintenance methods of grassland.
residues were large, those could not be estimated
exactly from the factors mentioned above.

From the results of 1) and 2), the annual
amount of nitrogen application Fy (kg,/ha) should
be calculated as follows;

Fy = Ns, - Ns, (1)
where, N;, is the amount of annual nitrogen
application with N corresponding to the legume
ratio; 40kg/ha for 30-50% of legume ratio
60kgha for 15-30%, 100kg
160kg. ha for less than

i1s annual nitrogen supply from the

at fresh weight,
/ha for 5-15% and
5%. N,
barnyard manure described above.

In timothy and white clover mixed grasslands
on which various amounts of barnyard manure
were épplied, nitrogen application from equation
(1) was sufficient to maintain good yields and
botanical composition compared with the standard
fertilizer plot without barnyard manure.
Consequently, the effectiveness of the results of
pure timothy grassland could be adapted to the

condition of timothy-legume mixtures.

2 . Phosphorus

It has been recommended that soil phosphorus
required more than 20mg100g as P:0s with Bray
No.2 in andosol for sufficient grass growth from
the experiment in ordinary andosol. Regosolic
andosol and cumulic andosol differ greatly in
phosphorus retentivity.  Therefore, in this study,
the requirement of soil phosphorus for sufficient
grass yield in each andosol was estimated first.
After that, the amount of phosphorus application
corresponding to soil phosphofus level wés
recommended.

Phosphorus added to volcanic ash which has
large phosphorus retentivity changed to slightly

soluble not only for water but also for the solution

of Bray No.2.

uptake by timothy was equal to the decrease of

In the pot experiment, phosphorus

phosphorus with Bray No.2 from regosolic andosols.
the former was much
On the other hand, the

former was equal to the decrease of inorganic

But in cumulic andosols,
grater than the latter.
phosphorus in any andosol. Timothy seemed to
absorb phosphorus even from the fraction which
was not extracted with Bray No.2.

In the field survey, when 1inorganic
phosphorus for certain areas in cumulic andosols
was as great as that in regosolic andosols, the
amount of phosphorus uptake by timothy in the
former was much more than that in the latter.
Dry matter‘ yield of timothy in cumulic andosol
was higher than that in regosolic andosol,
although phosphorus content in timothy was equal
in both andosols. From these results,
phosphorus movement to the roots in cumulic
andosol seemed to be smoother than that in
Although the diffusion

coefficient of regosolic andosol was larger than

regosolic andosol.

that of cumulic andosol in the same pF level.
Thus, the root condition seemed to differ with
each andosol.

Consequently, the amount of soil
phosphorus with Bray No.2 for sufficient
production of grasses in cumulic andosol would be
lower than that in regosolic andosol.

From the results of phosphorus application
test in 33 timothy-legume mixed grasslands, the
amounts of soil phosphorus as P:0s with Bray No.2
needed to maintain high yield and phosphorus
content of the grasses with a fertilizer standard
in Hokkaido (8000-10000kg.~ha) were as follows:

Regosolic andosols: 30-60mg./100g

Ordinary andosols: 20-50mg,/100g
andosols: 10-30mg.”100g
adapted to the

Cumulic
These results were successfully
prediction mentioned above.

When phosphorus with Bray No.2 was higher
40-50kg.~ha of phosphorus
application as P.0s allowed a high vyield,

than these values,

phosphorus éontgnt of the grasses , and a legume

ratio to be maintain for at least 3 years.




76 4 JbdE 7 REREG

When the amount of phosphorus with Bray No.2
was lower, 120-160kg.ha of fertilizer was
requireq.

;
3 . Potassium

It has been recommended that exchangeable
potassium is required to be 18-30mg,100g as K.O
n andoj‘sol for grassland. - Regosolic andosol,
ordinary andosol and cumulic andosol differ largely
n bulk density.

In the pot experiment, potassium uptake by

timothy was as same as the exchangeable potassium

) reduced from any of the andosols. The same

amounts of the exchangeable potassium per pot
were needed for timothy in any andosol to get
certain amounts of potassium uptake.

In the field survey, 250kg.ha of annual
potassium uptake as K:O was needed to maintain
sufficient dry matter yield (8000-10000kg,ha) in
each andosol. In order to satisfy this requirement,
300kg/ha of potassium fertilizer as K.O along
with exchangeable potassium in the 0-bcm layer of
soil was necessary in each andosol. These potassium
amounts were enough to maintain a stable legume
ratio.

From the results, the amount of potassium
application Fy (kg ha ) should be calculated as
follows;

Fe =300- K, (2)
where, . K, is exchangeable potassium as K:O (kg
/ha) :in  0-5cm soil before application in the
spring. “ '

According to the fertilizer standard in
Hokkaido, 200-220kg,”ha of potassium will be
applied to meadows as fertilizer. Hence, in the
0-5cm soil layer, 80kg out of the 300kgha of
exchang%aable potassium were required. This value
of pota%sium 1s expressed as K:O by changing kg
ha to mg./100g with bulk density of each andosol
as fol“lows;

Regosolic andosols: 15-256mg ./ 100g

Ordinary andosols: 20-30mg./100g

Cumulic  andosols: 25-30mg,”100g






