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iz e~ fHE g T H - 7,

—7, WEHEC Y L EEBREROERAER Y25
b, NHs WL R b Brs 8L 0 BHEH L~
ATHB L, pHOBEGZ X AERITIL, 272, NON
DERE AREE b B s REL D&V REET HB
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BREFCH - 2T B, R DEFAN L 50
bhalse, v oo FdEH, Bk ARENEL
S THBFECRBHRIL S0 X » Thin b DERN
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Eph TS, RFRMACE S EE B E L R E {H
LL7chDEE L BIA,, Lucas b9 HEOpH & +18
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PEosESEnb, RRERARSEINT 520 T, )
v SR OETENRIFC - Bl s LT, AKEDG
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EBTRETEELERLLL A, KoL 3 hERY
e .

Q) AR—FVvFFIY+ A, T=AFrFry A
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FEHEHAC X A RROBHSTOERXWLrLTL L
i, VAT - RUBESRTE LIDRIIEH, &
FAEFAL-AROEAER, BHEREASELFIRL
BRI 2> THRE Ui

1. ARREHOEEHER

(1) #ABF&E
1) AR 347 »AEOHEE

HERIL19T6 A B 1970 TR L 7oy, it
WEHRETOXEY v {5 B e Aol L
B, WELE, gSRERsE L, B, gERE
BUOLHEOESYEBLCESHo Lk b 8 LR 5
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FEEOSEER (FENEY) BRUHER (FEI/IREMR
#) i, &b et T 5 R TH Do
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W FKE, 10a i 0 2,400k L EBTHRE L. i

At S Tk, HEEY 5 enBEH 5 A L THELR




Kbitfd g
(I

l)r—

O isme
Sk

ol

Myl
B

(32

R

(RPEED

v v AR AR B OB R O B EB Ik B B B

o5 HRE O L EWE

Bt i,

WL ¢ KLt T 3Lk
{47k BT EY) HEKFHED = (REE)
0 ] 0
B I 85
CLlg % |co|® & [Ty ox
o8 B K ggh--
WHE 40
SL ~—
BT
(G B yS Wt
60 Bibi$E | CL b
wop ™ : (&%)
(WA c | EERATT
(FENE)
ks v /\/\f\"‘l
| iR bR L 5K 3§05
[Bg=¢:4)] [ o0l {KiEEED
0 oy )
c |EHE (OO ¢ leme
20[--- -- 18[--- -+ i
24~
C [k#E
Rt
C | & C ghi‘?
’ 76 (B R
Wk KK
AN FEPNY /wa

51

D L, RERERETNSEE L, BOhlse
5 2 mEER AR IE80em, PEX 150cmd 1 1Z80E
HE2< b, Eflo kel iR (E2
)l F) HER0en LBz, |ESTEYR
iz,
2) ARGABEEOREE

SEL1967E S AR Lic 8%, 13FH#HD
19804E I R Lo

FEHIIAE 1) OELRELESHEO 5 Y,
Sliit LD Hek R B & R B O R O R
A BAL, EeEomiict 5, BBRE
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HeE HEEOLENTE
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LicaRiEkE, 10a M b R, FIRERED L

PEE, BLROTEAEL, MEE 1) OHEEFED

£ OHOERL FoF T D AT

L ‘Fﬁﬂ%%ﬁ L. jf‘zﬁfﬁ Y o ]

BROBEBITRNET 15 oH OB AT 3487 (2) s
MABCIT, NI, BLERKE LHIERE»BESL 1) SETHRHRCRT D GRO BEBTRY
enZ Lkt Lo T RER S Lic b D%, Bk +EpHog b

CalypH7 O-N-F:E 7 v & = 7 RN & TR LR HER P AROBERTCCTC, WEEIET 1A
I h, pHEA S ABEECHIE L, R LT & ¥ OFHRIECay BE LI SRY H SRR

BEABORLLELEE L L BERLS T IR Lize Fio, BROBEBTIE SpHEAORE L L
#}e®E - ERNCRRERCH D BIRECaDE (m-e/F+1008)

_ KL LB | XL EE KL ETE BE=8E L&
LEOTEE R & Gk BEED lCZ N2 (B B W
Cw) |46i6M | & B |wER| m B [®EA W R EWA N R
0 ~ 10 6.1 226 (16.5) 9.4 22.4 (13.0) 4.8 21.8 (17.0) | - 10.7 22.6 (11.9)
20 4.3 6.3 ( 2.0) 6.4 10.4 { 4.0) 4.9 6.5 ( 2.5) 10.2 1.2 ( 1.0
30 2.7 3.9 ( 1.2) 4.8 3.6 (-1.2) 3.9 3.6 (-0.3) 11.7 12.0 ( 0.3)
40 2.7 3.2 { 0.5) 3.7 4.2 ( 0.5) 2.7 2.9 (0.2) 13.0 13.2 { 0.2)
W & £ B W B+ B W R+ BB = B + ®
LR @ B O o om T (AR D) G § I
Cr) (86| %6 M MEA| ® B |EWA K A |ENA| K A
0 ~ 10 16.0 ' 31.4 (15.4) 16.5 26.2 ( 9.7) 20.3 33.4 (13.1) | 10.2 23.1 (12.9)
20 17.5 19.9 ( 2.4) 18.0 | 21.7 ( 3.7) 15.5 19.9 ( 4.4) 5.0 5.6 (~0.4)
30 15.0f 17.2 ( 2.2 18.0 17.8 (-0.2) 15.8 15.2 (-0.6) 5.5 5.2 (-0.3)
40 12.5! 14.5 ( 2.0) 19.0 18.3 (-0.7) 16.5 17.0 € 0.5) 5.0 50
50 18.8 13.8 (-1.0) 18.5 19.0 { 0.5) 17.3 17.5 ( 0.2) }
() AOMIBEEAT Lieh Dy
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Ex KUE SRR, RULTF LRk B
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{em) pHSIU 60 7.0 B8O pH50 &0 7.9

pHE 0 60 7.0
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THE CREE Can#ins B b, W@l
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LELIBEL - T3, BEEETE L herd
ORERMOLEOHHVHEERNO L O L b ECEALZRL
fA

BRFEACHE 5 pH OB Ca O8N @35

L. PHO FA4 i LHOR LB Ca 0L

PRI EBIE-F LT 8 HEROFTRLTE- &
CHETPHD ERFZEDL v LT LEa G b
AR E 5 0B KL E: BRI R oRER
T, EORBIIHFET 400 B A TY 7S, Hi3E T 200m
& D HCERAD CrpH LA ES 0. 4LF O L 0Th -
FA

—77, ¥ v BB s 2R R0 07n: LER X
> CELWIEN S 2, ¥, BEBECERRHIE
ORFTHL, BEEACES00T F0EFLBIET s
MBEAI0% Y B 1 5+ BORLECE ¥ ¢4 LB
BLTak, 8IBBOHCHEEOR - KUEFERE

BEH=RBEHEATH - TL ZEEEOE X 125

FEO0emTH b, B b IR B E R T3 150 cravi
SUET A DEZCR ATV,

ZOXEREOES & FRERACES pHO FR LI
TEOEE ettt s L, 102 Mich 2,400k DEATF
REBRAL TR AREE LT B banb b,
pPH FASFORD b TEOEX L £ -HR & 45
ERA ORIk~ TR, @0 pH LR

RESTLLLBEEERETh -, bbb, Bl

OB E T pH © ERAR Ui KLU ERER &4
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B6E  ERMABSHRCHKS 5B FOBRACS, MeS R
koW # o+ m ¥ ® + 5
B rmmm o | wme | W-® | BREE W | EXE ® | -6

(om) Ca Mg | Ca Mg Ca

Mg Ca Mg Ca Mg Ca Mg

0~10 57.6 4.6 13.8 4.6 43.8
~20 13.2 2.8 4.0 1.4 9.2
~30 10.4 2.2 2.4 0.7 8.0
~40) 8.0 2.1 2.8 1.3 16.2
~50 15.2 2.1 3.2 1.0 12.0
~60 | . 14.0 2.1 3.2 1.0 11.8

0 40.8 2.8 5.0 2.9].26.8| —0.1
1.4 18.4 5.0 15.0 2.7 3.4 2.3

- 1.5 17.8 5.4 15.6 2.8 2.2 1.6

0.8 18.6 7.3 13.8 2.9 4.8 4.4
1.1 16.2 7.3 120 " 2.8 4.0 4.5
1.1 16.2 7.3 12.2 3.0 4.0 4.3
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ko, EEREOBR50enicH L, pHO EF LTz

TR EVIHFE T A0 ATz Do, pHHO.5LL Lo
ik LI B LAl S F20em & G B ¥ s
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2) DBEECEILLRO BB TRUFHEpH
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oI
SRk Bk, 3 F60om & CO&FCRT BB
Ca, Mg& R, WL LEREAROCHEMERER
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e TR CIRB U TpHMN 4.4~4.6 TH o128, R
KHERRK T 0 ~10enTpH7.1, 10~40cr ECORED
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B, ZAULO0 ~40cm ¥ TORZOBINRE L b beed
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BETH6.8~7.60E# R L, WHEARIZH~TO ~40
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R ORI 5 B AMCa DRIMB D pHER SRS
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K, SHEEOLEND, FHRENOEENIECED
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BRI LR Lo TORR, FIREA L THEI13EE
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EEGE) TH2.4m, WREIEEEY SEEAX—F
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T 555, FREHMTLERD Mn O ¥ 21338
T5C HIXEARBEOSES, FEHRN L SR
BEARE S Z EASh, KUEHEITRAD
i HBoE 7 18, MR R ORER
Hiup B SERIRE SRR BT RA L TR 1T -
oo :
ABL, 1969F AT » 7o’ By 18, Wil
8- L AR BN Ui 15 & #mmo 8
W, FRTEHHEEL®m, BI80mdas 2z ) —1
Hoy FEEEDIAL, EASEY BRI Ho kK
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Wl6E  HEE ) BERBAC L BEEROEE o
2)  1969RME D
B A ;T H £ i} b H R
-+ B | 1967 1968 1969 1967 1968 1969 +EEL k0 RIS 8 [HH
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T, MBEHKRRED 2FEKERT2REE 1 ndich Rzl

DR AE REE) COTICHEANBE, £E

OEAMBE, FOEAXE bAROABEAC X -
BEFED DI Iy, BERERSER LT\ g O
R CHEABHK  ERRAR Y IS THRE L, F
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ER| N P (%)
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+ £

J7 5 | 19684 | 19694F | 19684F | 19694 | 19684 | 19694 | 19684E | 19694 | 19684F | 19694F | 19684 | 19694

gre—ga gy (¥EA| 3.14| 3.23| 0.19| 0.19| 1.49| 1.93| 1.45| 1.28| 0.24 | 0.24 | 550 | 348
=) 2| 298] 2.880 0.23| 024 1.54| 1.86| 1.23| 0.93] 0.25| 0.24| 68| 554
sr=gafap WA | 3.00| 3.6 0.21f 0.20| 1.68| 1.98( 1.26| 1.25| 0.29 | 0.33 | 443 | 3%
UK #8) |%m| 293 262 0.21] 0.2 1.72| 2.00| 1.18| 1.16| 0.28| 0.30| 659 588
gognpgs (EA| 3.10( 3.19| 015 0.21] 1.38] 1.04| 1.14| 1.22] 0.26) 0.26 | 552 435
& #) 1%w| 2.89| 2.80| 0.19| 0.20] 1.52] 1.89| 1.19! 1.15| 0.28 | 0.28 710 | 691
sogorE [EA| 293 3.8 019 0.20) 169 1.62 | 1.33| 1.34 | 0.31| 0.36, 516 499
- W |£®W| 284 280 9.19| 019 1.591 1.69{ 1.23| 1.02| 0.20| 0.29| 597 | 551
sl [BEA [ 3.00| 3.16| 0181 0.20| 1.74| 1.56 | 1.22| 1.37| 0.26| 0.33 610 | 499
Q8 M) |z 3.12) 3.00] 0.17] 021 1.58] 1.63] 1.18| 1.33]| 0.27| 0.35| 634 551
b4 (A 278 2.68| 0.7 ©.23| 1.30| 1.56| 1.23| 1.18| ©.24 | 0.20| 620| 641
(F#BR Is=m) 2.81| 254 0.19] 0.27| 1.33| 1.401 1.24] 1.16| 0.27| ¢.29| 671| 689
¥hig 4@ [FEA| 3.10| 3.23| 0.29| 0.22 1.69| 1.91| 1.20| 1.44| 0.27| 0.28| 51| 420
(B W) || 2.94| 2.8¢| 0.19| 0.21| 1.63| 1.83| 1.39| 1.38| 0.25| 0.27| 534 | 487
i B |BEA| 2.72| 270 0.20] 0.27| 139 1.30] 1.24] 1.24| 0.30| 0.31| 620| 616
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TR ACRBRESE F18E

<, WTMgO, NagO, N, KeOD HCH D, &Fisr
L BERBEOSFT EMTESE ALY T L,

HED I L BB DR BY S D L, B

& DI T - THNAH B DTHT L b—RE T,
N, CaO, MgO T E#EMczE»H Y, KO, NasO ¢

WFEAEEREN o T Tiehs, NOTr-E

& %" 8 IndE
WA | EEENEER
_ 1972 | 1973 | 1974 ! 1975 | 1976 | 1977 [ 1978.‘ 1979 | E i
B OE ¥ OB (N10ks)| 2.675 2,188 3,001 8,643 2,742 3,280 2,601 2,999 2,80
B% s OH vh B (Nwokgy| 1,992 1,926 2,407 3,087l 2,1101 2,774] 2,179 2,480 2,369
o ﬁﬂ%mifff (N10kg)| 2,078 1,812] 2,713 3,308 2,018 2,5%| 1,013 2,408] 2,016
(O EAIUFREAS 2 (N1Okg)| 2,505 2,034] 2,803 3.6100 2,641 2,964 2,255 =2,728] 2,680
w o w (N30kg)| 2,503 2,050 2,600 3,207 2,294 2,806] 2,139 2,638 2.531
W OB W R (Nokg)| 859 473 548 9760 879 13960 2.61 100100 7.00
L B ow B N0k 7.5 389 2220 9.45  7.56  9.83 245 8.00 6.3
o AP (Niokg)| 7,18 428 540 1053 7.51 2014 3.48 1155 8.7
g N Aw 7 N
BALRER 2 (N1Okg)|  9.84 5.96| 4.64 12.41 8.41] 22.300  3.88 16.05] 10.44
wow o (N3Okg) 10.95  6.04 5.41 1479 30.84 33.23 3.46] 31.36 17.01°
BB @ & (Nkp) 108 816 9.40] 1159 11.11]  9.41] 622 740 928
o i B w Bt (N10kg)| 9.190  7.80 7.99 13.96 9.17| 8.3 7.00] 7.40] 8.8
Ko = . N
. JHE AT (Niokg) 7.62  6.260  6.29) 930 150 5.8 3.8 6.16 7.09
g T LA
SRIREA, (N10k)| 8.91 6.95| 7.46] 16.59 7.520 6.52) 4.87 - 8.47 8.4l
v n  (N30kg)| 13.990 11.78| 12.13] 17.54 1156 12.00| 7.37] 10.¢2] 12.15
B OB # %% (Ni0kg)| 58.18] 45.420 50.42) 84.40) 54.53) 48.11) 37.86 44.16] 53.02
oo §O® ¥ B (N10kg)| 47.03]  38.090  40.94] 104.06 50.71| 47.37 37.22] 44.160 51,19
a . .
. mﬁ%\fﬁéﬁfﬁf (N10kg) 42.39) 49.92 55.200 121.19 54.11) 56.44 31.68 50.00 57.62
g N AW -7 . .
EARIRER 7 (N10kg)| 61.67] 51.84 50.92) 115.20] 53.66) 54.80 33.37) 45.69 58.41
w o w (N30kg)| 69,590 66.54 64.62] 183.42 71.06] 79.60 39.17| 76.16 81.%7
B OE W % (N1k)| 15.390 1147 11500 29.28) 14.81] 10,25 9.83 10.17 14.09
o WO W B (N1Okg) 8.57 - 6.02] 6.25| 17.64] 8.13) 559 5,59 10.17] 8.50
Mg . ) :
(g _uiﬁ%.ﬂ;]%’\f*f (N10kg)| 11.78] 11.63] 11.68] 31.95 10.78] 9.48) 6.28  7.65 12.65
BARUREA 7 (NiOkg)| 18.16 17.14] 16.75) 43.76; 17.91 15.95] 11.37 5,46 20.15
cww (N30kg) 18.05 17.24| 16.08| 55.91 16.58| 15.96| 9.500 16.75 20.76
W OE #h OB (N10kg)| 18.54) 12.24] 14700 2133 15.83 11.0¢ 8.80 9.3 13.93
o ¥ OB O 8% (N10kg)| 11.33) 8.9l 15.78 20.96 13.88 11.57] 8.4l 9.01] 12.48
Nag .
o m@mgﬂff (N10kg)| 15.66] 11.800 19.19 21510 12.06) 9.9l 7.1 8.57] 13.23
. 2 B K _
FALFREA s (NIOk)] 19.000 13.96| * 18.33 20.33 12.45 10,17 7.4l  8.30 13.74
v (N30kg) 21.220 14530 20270 24.22 1461 12.41 8.32 10.64 15.78
I REHE.IADIA v A - —pbOEREY10a Yic himiE L,
“‘
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T
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Ca [Mg| K

BrERIRHCEE L, 102 i 2 |Me| & Na ﬁﬁ*ﬂg Ca|Mg| K [Na ﬁ‘ﬂfﬂg

_-— . 3 glm . e/m.e/m.elm.¢| %|m.elm.ejm.eim.e %

h OEMEREERD TR L Z WEMEE®E| (545 25 1108 1033111 2.2 07 0.8 8079

. N-80kg HEAREDBWIREL239 55 50 5 L | 10016.0] 2.8/ 1.1 0.4] 100.0013.3 2.8 0.8 0.5 5.7
kyT, N-10kg JERE O Fhiclh

FRIE AR - "

T 1.3 DTS o & F 7 4 g | 10017.03.000.4 0.3 103.312.0) 1.5 0.6 0.2 7L.5

(2) THEEESZOEIL &k Wy & | 1017.0[ 3.4/ 0.4 0.3 78.1111.5( 1.8 0.7, 0,3 53.0

fgﬁﬁ%%ﬂibmﬁ’ 8 7 B ¥ 7 + ) 20171300404 77.410.1 1.2 1.2 0.3 47.4
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+EOB - BER SRR UEEATEO T e %%
L, RERBRIARE ORMRIC I~ T B EEH O T HIL, BVER
BHHETBEES R, Im . o, HERIFEEH 229 OfE
TRaELEEHELIECEFhFN2.0m. e L 14BDE
T, HE ARFRIURERA 7 TE IR EhER6.4m. e
1329 DIET  BARURBER 7 HETIITNENG. 8m. e
EBUBDETFTCHoToe TOISHHESEVETY L
fob Lc&HEO RB% 2.5 &, B T Bk
Ca OESBETHEETH O, SEMC DEMELET
3.4m. e, JABHELHEC2. Tm. e D{E FER Lo o AT
Pt TR o LB B EECa & Mg & BOET
PMEET, TR - AFHLUFRRF 7 LT BRKECa
7%5.0m. e, MgAsl.5m.e, BEAUREE 7 +EECHER
{#Ca’5.5m. e, Mg2il.6m.e OEBETTH -0

T, WEROSAECELE BT T THE
2B L, NEBROSWECEESEOETIEETSH
2o Tigdoh, BRIUREAR 7 LG N-30kg S FK
st B LR 8 ER OIS BT, RURBHIARFIC L 3R
ERSE TR KAHIE S his 2 Lokt o THRIEE KO0
WhnL7o0C8. Im. e DETICE & ¥ » 7o, BEEEECa
©7.0m.e, BE#EMeil 1.8m. e, EEMFEITI0BD

BFEA L, COFRETEIN-10RRE L Y, B

HCaT1.5m.e, BEMgT0.2m. e, HESFETS
%Qi@f)ﬂ'ﬁ‘dﬁ - 7‘:-'-0

(3) EHHOETEE
pH (kel) 6.08iHEETE L1 JobT 5 1888 pHOIE
TR Lo R S5 T L,

8.5

6.0

2
e

T T T TT1 LT TTTT

(9H)Hd

[ e BRIV — 10)
[~ ==~ BTG (N8 —10) .

5.0 |- o0 JHE ARUREEZ (N -10) X
Pe =~ 0 BARLIFRBRZ (N~10) \
it S u (N—30)

4.5~

-1 . _é | !
- B & &£ H-
CE6E HERCHINEDR & LEpHOE(L

BRMEZ T - THERBE L, F4, 1027
b 10kgDEF R R L L Eo4E pH OE T, &L

»
~|
I

p
ol
b
)
[t

LMW 2FEF CRAEREETR SR 20240
D, FOEIITED LWpHDETHBETH -7,
MR 5 pH OF Lll, WHEEE LU 24
i RbEEE S I D M <, JELIERC IR o T
PHAMET Lizht, BYEME LB CRE « 280 Tk
B¢, SAEBFEREER L b 1.690 pHIE T
R L, Fhict~, EEHE Bl o igen
I FRERIBARL, 84EHICIN0.860 pHIEF TH - 1,
—, SILESFA 2 £330 pH Fba 25 &, Wy
b ALEL 2 R F IR E A PHIE F CH - 1odd, T
RED L TRER T, §EEEAE - AFELR
BAs #0910 pH ET2RL, HRUREREE 24
BTk #5500 TRERER SR L7z h D dD, 0.680
PHAETFTH » 70

Ff, BEARLURES 7 B R L C EXRERAEN
4+ pHe BE T8y iz b & A, HEpHOE T
EREREPRDL, T, N-10iE BRI RS
o 3 F0.680 pHETIR E ¥ % ol <, N~

- 30kgHEFAE T 8 FEFIC 152 & B A pHIE T2 Lo,

cO ki, LEEOE-, BREOEE X » T
Pl DET OREHILE A -» T fe s, BT L5
{e+8 pH 1L, FRFhoLEBOR- 5 HEOEE
BEREECHT 2 EEEDREC L TH D ITEANE &
FERBRCH - 1

) {FE ihiE) (f0H ~ ARBEWLFEKZ)
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3. * Z®

BHE CHBKEN S Fotd, TEOBIEbLNRE
o b HECchy, Tofflkciy, AFIERO iEH
%, Fa, HEENCEETAHEBLSHD L IR T D,
L L, LOXr HEoEE, E%%ﬂtakief
BicBZ 2%\ g

ZOREE, HEEOBE OB, FRON
Hibrr 4SO HEA L, £EPH (kel) % 6.0
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B BIE e, LEoM, BTEOE-CID, A
FEOHEE & HEOBIELRE R ERENCITE L L
oTHBHE, &Y, 102 b NEREIOMOESFT T
Fidoh o HEOR I L Ao, ﬂ%mkr?

LHRDEHTHD,

EEA P T N A EEOBEHAETIERALREF 7+
ErELE L, KeT, THE- ARFELURESRsL
#, WHEMELECIRT, HEFELENR L Pk
¥, Fifo, HABABEAE 8 B ki B LR OERERED
ET, MEOBEBE - EEEOBREYT L Tt
Linl, +EpHOETHEE:, EHOBHEROHE
EOEESRET OME LRy, BERELE R
ZHTH Y, KT, THE - APELURRFR 7 15,
RN TEONET, EALGRERS 7 L8O pHIE T
% %%f%fé - 7e

FHEdRi A ARERARPHSE KO ED, RO KEY
r D r, HEPRLIENESOBHEEHS S ER 2
h3, ZOEERCERT DR, TEONE,
Tk, EIHREELOBE, EHMEME, BEERE
BEotil, HEORIE, BERKCHEL TOERERC L -
THEIRLE ZHPREL,

SEROBRA 4 VRSN, F & LR L
THHH, LHchoCa, Mg io SIEROFHIMEY, M
ita e TAHBELEL Y, B (BERL 7R
x/)%%%&?bﬁﬁgkmmi$®ﬁﬁk%bté
RTwh, ZORBCEVWTEL, BEER0 R -BE
W LR IR OB E Lo, T -
APEILIFREE 7 £ LSRR ER R s TEROEEEK
WK Y b EEOBERE, +HhoEEEsE0ET L
LA RSB LRI, LL, BHEEKUREED
i EARILRER 7 SHE8, HRE - ARBELRESR
sAEL Y, HEOEHE, +EFOEEEEOETH
K, FEEECERPENELEONY, EEPRL
EOLR L b RE ot JOENE, BEKERVE
EREEOERNDMAESIRS L5k, HEOEKE,
BEAOHECEEEN LD L ELLR D,

B, HEo@ - 1F pH OETHREY 25k, i
BAELRIER 7 T bR RL,
KINNERSE 7 Ao, SRURES 78X v -HfH
< AREURER 7 1D pH ETHEEGERICSH
B, B LY, BEOBBE, PRBOEXEED

ETFEIE—FELih ot LA, WEEE, kil

B4, RECEEARNEOETRAAE IR
T pHETHAEECH -1 Tithd, EEMTECE
FrofE S i pH OETIE, EEERSENTFRERE

' OWRSECE, BDENELE A L D

SEOET & FH, EREMECETAXE L, pHiE
THAWTH»Too —H, KIUERRy LB, -HM

A« ARHURERR 7 HEOCHEEOERER UV LEFD
AR TS, AARLUREF 7 LEE b Piehs o 1k
L n, EEBREEINECOREIENEOET
PokE {, HERTH pHE T A ImE X i, ¥,
FER A & kLB A o R TR AT O T R
B~ad, kUSSR 2 HROThAE Lo, &
# pH DETHERT LAMELEL v B8 th -1
w, BRIUREE 7 HEPHEA LT, NEAEOE
WX AT AR B L, N-SOkgMERE 815 i
B feR o E51230kg CN-10kg A K D1, 3%, &
AT O{E T A3 30% CN-10kg K L b 5 R E {,

PHYE F{EvE N-10kg D0 681~ T1.52% 77 L, FhT

REELELE R LT,
ORISR L LT, SREHE
aw%ﬁm~ﬁ%mﬁ6hrhb Mﬁaﬂ%<&%h
onfiﬁpHoﬁka%<téagh ZDREET
§, ORI B LRI, &3k, BIEERoEhTE

T BRI, BEEMCIRBEER Ly, 2B e

Pl s hines e ¥, TOARS LSRRI
T B HERHFORME, HA 4 v ENO # Vi
BEL, HA 4+ MBED LR E L LT TaehC LB
BEfECarMa BB L, EERBH L CatMgidHE .
B RTNOg s o ¥ EMBMCBETFLTW5LDEEL
DR, Ok 5ICRIBTREACRT AN HDLE
FCa Mg DB I DIt 5, Lichi- T, EHAE
PEE EIEEOBHENE ), BRCEE{LRE)
BT 2IGBETORET 2 Thve ‘
BEDLdE, BEKE LSBT 2EEOE,
FEEOMEE, MAMSECL - T&Eesb00, BLTAH
FIER GEXRH ) BEETIE, 1 FEC150~200
wmm%gﬁﬁmﬁf%oto:Oﬁ%ﬁmﬁﬁﬁbA
agnv iz ﬁi@%ﬂ%&bi@ﬁi&a%ﬁ%mow
CTHH LRE ES M) v TEoBHENR THE
it KPS ¥ h HEXOBESE N LR
&l EEFE-HT3EENEERI,
WIRELTS, ZhbOEENGTSHE, V¥R
iR, COBEHECES S BOARERYEAmE LY
VIR B, BREEET IR e At h el 2 E MR R R,

4. % g

1971~1979 1Ak C, BATHEEBE 3.3 D51 &

— 2 =¥ pH (kel) 6. ORTECBE LicE RILRRAK 2
F#, HRE - AFELRSS 7 L, SHBEIE
IHEE D 4 R i wiAL, ARKBEOBEHE: 58
DEEALEE LI Ui, i, BAUFREA 7 LH
12, NIEIOkE &30k A 0P L, IR & ORIk
DT HEF L,

HERIEKRO LS TH D,
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(1) SEMEERE LM L EEDBREYE
RiEkl (552 Ca0¥ LR » A IWHE L, &1 EEOaR
10a - b BEHEYRD D &L, DEMELEET 164 Xy,
BT 145k, +FIE - ABEILREA 2 +5
Tl6Tky, BARURER 7 HECILI82TH - 10

(2) BB 8 FR BT 5 HBEROEESEOEKET
W, WENELECEEADOBESY Im o, EREHFIE T
NYDETFHFL, WEHELETEZTAER2.9m ¢,
4% DET, +HAB - ARBILURER 7 HECR ALY
R6.4m.e, REDET, ARURBRL 7 LECIXERE
N6.8m.e, BHOETHR LI

(3) FBEBAM 8 ki Fovt 5+ pH D ETF ik, BE
WL CL. 69, MEHE L T0.86, +HRE - AFHA
WHREBA 7 1 BET0.91, FRIUFBES 7 +EC110.680
ETHETH 270 7o, TEPHOETE, HFELE,

Vo

19664 LUK, EELILY v TE+EoBE BRI ONT
EAEBF Ik A B & LicRR oA R E, U ER%
o\ TEHBR R EE L CE s, - 2T, AR
DAREY v THROLETE, LEBEORRFERELE
DEVE, AROWEARHIC L A EEHEOEEME TR
BB & B EEEC DT E D E L dd Lo

HEEEYBENTH RO LB I THS,

l. EROBEBLY »TYHROED

(0 BR7+H8E FELEE L AKEARS £z
¥, Thizt, L pH ROEEMTIES B R E A
—F Y, ToAFVOHROEFENRIFTH -

(2) A3 3 EENT Sl B BIR O BHEM RS R
T, FEEOARMCHAE pH RUMEAEMTEE O %4
L BERN R o fo D, B, R, SERO KR e E
PHEEZEMFEOR LBz &N, P, Ca, Mg&E
NEVCHEALRL, KEENMES i, i, N80
Bim, KEBOETFHEETH - L.,

2. BELROYRFELEODR

(0 B, mERE LEowNEsRirssEHE0L
HARE L L7102 %% 2,400 kg MR E L AR A3
EHEAL, ME3IET» ARCBROBERTIEU L
% pH OZFbEAE L E 0 A, DEREONUEHER
TR HEORRIFEE S HIE T40emiTE L Tlo 6 15
LA ED T L L, pHE0.5 5L -0 BEE 7w
P RER SR LB OE S, dolid 8, gk
B, BE=flHEof L8R - LR T20mBE B E
e 7’1:9

@) U EROBROR R R & R RO R A i

KIERF 2 T8k LIEEANEOE F ok i
FEETH -7,

@ BARWRZA 7 LR 5L, N-10ky HEFX »
N30kl X O EEDOERE - T E pHOETEE L |-
Blice 2, N-3Okgli R DTS, £k &
HEEROET &G, N-1OkFHRE L b X300 k.
BTHhoTloe Fi, SEROLEPHOETE, N-10ky
MR D0, 681 1~ T, N-30ky SERIE Gk 1.52 DIETF
T, BIECHE > TERORM LY EE Lo - 12

(5) EEALEENE LW ERLEEOST, +
HBoBE, REREO £ L -TRADH, BRIER
GELEH ) WRET S E, 1M 102 %40 150
~200kg THETRZETHY, COBCRESIETOR
BRI Ui\ R b, LEBoOEEL B LTy
Lo rHEREINT,

15

WL, W02 bh, 2,400k ORHAELLRE RS L,
1I3EFEREE, LEhOBHRMECa, Me2ER U +HHpH
FRELECS, HEEE LEETOmORS &6,
i h BEELREMENE DL I,

@ 7y T—wEHL, BEREENmELT, A
IR %AT » 7o & & OBREH RHRE, FEMCTIIbE
TA0~dSemi B UF, BRI RS R 5 enilEE
'C@ b 'f.:o

(4) JEH 100 & A PE240emcF 5 L TR R Ty,

MBI R T - o b  OBEYN AR, B

LOKEZ LIE—FK L, KU 260em,
180 DYmH, HE=40HEECITIE 2500w, HFT0nE
EoRAR o R A

(6) AR 7Y A 7 - OCRESFIH UfsE
B, RO WAECE 5 £ FAE A L L
ZA, FF VAT - OEEHE e 3 58S, ik
Wtk ER SRR TR 2.0m BERR
R WELE TS nBEER ST Hiud £
EE|FRE o LD &S R, )
) BEAAF Y FOENRFIH LI BROEAR
R thRIKRE, EAREYHRE Lzl oA, hi
REOTIIKIREE 7.5% € 1 L7 b 7 SO TEASLER
BEDLIDELEANTSH T £, EABESWOm
& LCELEOBERRBELIME Lic b 25, KT
Wik, HEEELLERISaEET T pH A LARL, EBE
ERCI LK IME LR OE =A HERA EE T 60 BETH
o Toh, RLEIS I D5 T

(1) WEEREEERS FIF Ui ARO B AR
W, AREAEAECEMCES LTy, 2 v o
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| EBHEORAB A - SRR, FELOmRIEN
B RERET L

AT A BAFIA L, BRI HiZE T 20eni 2 40
ST IR A X e & X OKERILEA D 22
5L, R FIE G ALY B AEROenfr, WIELE
CHRER T0enTH oo Fho, Ca DT HEENEY 2
B, TEHEE LA ERTITIBIR I 0 5 onfr,
IR 3 EETIIEEALRE & b 15~20mOEI T RATY:
too Licito T, MHATABREYFE LORIERL,
3 ~ 4 2200 B E IR R ORE ¥ ORI B 3]
el LA L 5 e

3. BROZAKBICI3BEFOREDR

() BH, RERE ORI 8 EE0L
EEoWTHR Lz oA, SRERCAREIAROE
HHEH X b LEARAONEETH »o L L, BHROR
BECHETR & AR EEEROEE MM - Ao

@) FROBEAMAC L 5HEEROEE,NFEECH
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&, HIENEGEOEMIEE ChH -1

4. BIIEOERBHFICHEOREGLERE
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BE LSRR LD L, BERKCSERTERLEE
DEBVLEOEESBOETE, MUMERS 7 £EH
MELEL v RE L, ARUGRES 7 8, THRhE A
FHEILGRES 7 HE BEHELE @AEELECHET
35 el 7‘\:0

(2) ki, LEEOBM(LEEN, SERCPBERFEL
BT1.60, NEEHEE-LEE-C0.86, HNIE - ARBURE
# 7 HEET0.91, BHRIUFRER 7 HET0.680ET 2R
L, REEE, SOUiERs s s &, HEOCEHEMT
BEOETAREVGEERFEETH- 1

(3) ERIURBAS HEAHER L, 102 27 HN-10kg
HEFR EN-30kg iRl LicB & o 38R0 BIE & BE(bE
EahiE Ll 2h, N-30ky B LT X OIEEOE
B & R OELSEOETAAY {, L5 pH O
FHN-10kgiiE O 0.68 @ <7, N-30kgliH 084t
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E L 7":0 '
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B (LA ) CBETE, TS 10a X2-0
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gl b0 rfEEIh,
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Studies on correction and prevention
of soil acidity in apple orchard.

Haruzo NARITA, Tadashi KATO, Hitoshi IWAYA,
Satoshi SAKURADA and Morio SOMA.

Aomori Apple Experiment Station,
Kuroishi, Aomori, 036-03, Jfapan.

Summary

In recent vears, it has been observed that soils of apple orchard in Aomori Prefecture
exhibited acidic properties due to application of physiological acidic fertilizers and over
application of nitrogen fertilizer without liming for a long time.

In such orchards, the physiological disorders of apple trees have observed due to this
so0il degradation.

Since 1966, the authors have carried out studies on the effects and methods of lime
applications in apple orchards.

This report deals with the resuits obtained during this study from 1966 to 1979, and the

results were summarized as [ollows,

1. The relationships between the growth of young apple trees and the amount of liming.

The experiments were carried out to investigate the growth of young apple trees (Starking

Delicious and Golden Delicious) under experimentary controlled pH values and percentages

- of base—saturation of the two soil types, namely, the hlack humus—volcanic ash soil and the

clayey alluvial soil.

(1) After three years from planring, the growth of young apple trees was proportxonal to
the percentage of base—saturation in the two soils, e. i. in the sequence of growth ; 80% (pH6.6)>
609 (pH6.0)>> 40% (pH5.4)> 20% (pH5.2)>> 10% (pH4.5) in the black humus-volcanic ash soil,
80% (pH6.6Y>60% (pH5.9) in the clayey alluvial soil.

{(2) The contents of nitrogen, phosphorous, calcium and magnesium in the leaves, the
small-roots and the severa! branches-barks were observed in higher with increasing the

percentage of base—~saturation.

2. On the methods of lime application to seil in apple orchard.
The effectiveness of four new different liming methods were compared with the surface
application of ordinally ‘method. ’
The four methods were
(i) Subsoiler~liming (:lime application with subsoiler}
(i) Dynamite-liming (:lime application in a hole dug by the explosion of dynamite)
(iii) Soil injection of liqqid~1ime { :soil injection of lime solution pressured by
injectioh—machine, commercial name “Soiler”. :
(iv) Soil injection of liquid-lime (: horizontally injection of lime-sclution in soil by
high pressure injection-machine, commercial name “Soil-Power”.
(1) In the ordinary method, i. e. the surface application, 24 metric ton of lime applied
per hectare to different soil types by mixing surface soil down to 5 cm.
An improvement of soil pH condition after 3 years and 7 month from liming was effective
to the depth of 20 em from surface, but after 13 vears from liming it was effective to depth

of 60 cm from surface. Improvement. of the scil characters in respect to pH and exchangeable
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calcium were easier in the sandy volcanogenous and the alluvial soil than in other soils.

(2 In the subsoiler-liming method, the soil was treated down to depth of 30 c¢m from
surface. To the vertial direction, improvement of soil acidic condition and enrichment of
exchangeable calcium were -observed to the depth of 40~45 ¢m from the surface. To the
horizontal direction, however, the extent of improvement was within 5 ¢cm from the drain
dug by the subsoiler. . ’ N

{3) In the dynamite-liming method, hollow dug by the dynamite was leveled off before
the liming. The contents of exchangeable calcium were increased considerably around a site
which was softened by the explosion.

(4} In the soil injection method of making use of the “Soiler”, liquid lime was injected
into the soil at intervals of 30 cm in four direction. Soil characters in respect to pH value

" and the eontents of exchangeable calcium were improved in the extent of the whole rootzone
by this method.

{8) In the soil injection method of making use of “Soil-Power”, liquid lime was horizontally
injected into soil at the depth of 20 cm and 40 cm below surface.

The enrichment of exchangeable calcium were observed at the depth of 20 em and 40 em
at initial, but it was obvious that the whole extent of the rootzone was improved by downward
movement of applied lime after 3 years.

() The method of soil injection of liquid-lime was found to be the most effective than
that of surface application to correct soil acidity of apple orchard. -

3. The recovery of the rough bark disease by using the soil injection of liquid-lime.

The effect of the soil injection of liquid-lime to recover the rough bark disease which
was cause by excess absorption of manganese *were investigated by using “Soiler” machine
on several soil series of apple orchard.

(1) This method was found to be very effective to recover the rough bark disease except
on poorly or temporarily water logged soils. )

{2) The vigorous growth of shoots and enrichment of nitrogen contents in leaves were
observed on the trees' which recovered from the disease, but the contents of manganese in
the leaves were decrease.

This was supposed to be due to the fact of increase of nitrogen and decrese of manganese
in soils of the recovered plots.

4. The percolation and reaching losses of base of soil, and the rate of slowing—down of
soil acidity.

This experiments were practiced during 1971 to 1979 to learn.the percolation and reaching
losses of base of soils and the rate of slowing—down of soil acidity with lysimeters.

(i) The percolation and reaching losses of base and the rate of slwing—down of soil

acidity in different soils were as follows ;

Table 1. The percolation and reaching losses of base in different soils for a year.

base (kg/ha/year)
soils
KoO ) CaO MgO NasO
black humus—volcanic ash soil (I)
(erupted from IWAKD 84.1 584.1 201.5 137.4
blach humus-voleanic ash soil (I :
(efupted from HAKKODA) 70.9 576.2 126.5 132.3
clavey alluvial seil ’ 88.6 511.9 85.0 124.8
“sandy alluvial soil 92.8 530.2 140.9 | 139.3
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Table 2. The rate of slowing—down of soil acidity after 8§ years from liming in

different soils.

. pH value
soils * {&) initial B after (A-B)
soil pH 8 vears
from liming

black humus—volcanic ash soil (I) ] g ’
(erupted from IWAKD) 5.91 5.23 0.68
black humus—volcanic ash soil (IID ]
(erupted from HAKKODA) 6.12 5.21 0.91
clayey alluvial seil : | 6.20 5.34 0.86
Sandy alluvial soil | 6.30 4.61 1.69

* 100kg N/ ha

(2} The percolation and reaching losses of base and the rate of siowing—down of soil
acidity in different nitrogen fertilizers with black humus—volcanic ash soil- (1) were as

follows.
It was greater in the plot of 300 kg per hectare than that of 100 kg of nitrogen fertilizer

element per hectare were applied.

Table 3. The percolation and reaching losses of base in different nitrogen

fertilizers for a vyear.

nitrogen fertilizer . base (kg/ha/year)

element per hectare -
D kg/ha K:0 Ca0 MgO NasO
100 kg 84.1 584.1 201.5 137.7
300 ke 121.5 812.7 207 .6 157 .8

Table 4. The rate of slowing—down of secil acidity after 8 years from liming in

different nitrogen fertilizers.

nitrogen_fertilizer ‘ pH value AR
elem((a[r\llt.pkegr/l];l:)ctare (A) initial (B) after & years (A-B)
) ‘ ) soil pH from liming
100 ke 5.91 5.23 0.68
300 kg ' 6.10 4.58 1.52

(3) These facts were recognized that annual losses of lime material (enclose 55% CQO)
by percolation were 1500~2000kg per hectare in apple orchard in Aomori prefecture.




