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LR E 50 B L L, EHRIERIR & 3% - 0 &4 4
WE WETF, 474 E%RE (Truoe WWTHIGED
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1< s [ (g/“') M”lt R (8/“‘) 0z &It R (g”"l“) 0 5 1t
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BRI 0 3 5\ o LT, SRk
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WD & S GAR IR D IS 4 42 T/ R O SERERR K
RN U TREET g, Wi+ 5 LG o
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Thdo
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BRI, Kbe TruoG #E R TEREG O K {t ¢
15mg/100g TH Y, AlEBEFEOKIkE 200mg/
100glithTHhd LiEESN D,

— s, JEhOBRROLT R R L -
Tdid SN TR, T4bb, FHHERN
DN AERPOBRE S ORI S N RT & 2
LT RETHDHEEIAOND, AL, T
DOREVLHEEPE AL T, T (&
4100g) Y72: VOBEGESEAE—TH > Th, N
P HEARRT (51100 md) 47: VDB IE B R 7
B0 LA T, KDL 100g H7-D mg, %
DR TIEARELRTH Y, M2, &1 100ml 4
2 mg B TRRTREITHBLEEDbDNS, 2
NDEIRRREY, KLEOBBOMRBRIE S I
PLARTY 7 ¥ CXRT B &, Truoc FATEGRED
AKiftiz 10 mg/fg:: 100 ml (it o&bitTiL 0.7 i
#) THY, Al RERED KA 140 mg/iz 1 100
mliiffE S Z e B,

MWH oy, PPT, ZAREMREHE LT
ZFOATIEEG ORI OWTHR A L 7 £
4, oMoV A EEIHT, FEkiieL 1
BLUKUNE L E 12 TruoG BB HERERE O K
A S 10 mg/100 mi it IRILBIE A B B
TERVIGBMIL, Fi NASIYLH 0
BHUTKIE AR BT, KOS E (T
RRNT 40kg/a) & BE(R 3 5 723124, K5 AR
0% 70 mg/100 g LA LD(FERNBLETH B L
HLTW3B,

%k, Hbo Al RUEE OB ILEIE O B A4

HEWAS DML TRUDHIRE, 3R
7o &5, BERIE o KON & 4 b o AL
BB EEROMIN &M Qiksiz, B
Y, WU 1ML T v T 1 ISRk L,
TeF LS LKL 7 v e v Tk 0.5 ki
{7 v v ¢ 30 M) DA L DL DL
HAbNDo ,

BAKER 5% i, HHULTA DS VLB
i, LSRR OB A Y L <Ev T E A
WTHBEHLTB, WTFNIZLTY, --Hid
DA EO A AN E WS T Eid, KEL
RIBEATT 5064 & 0 b IRBONS LR L
T =, ZOMBERAREV DL b3,

LA EDFEL, EREEIE I & b Ui, H%
TEERE I D Z LW iR T, (o rsfd: ie i
T 7002, AHEhofi MBS G ORI
MEE L Tid, Al BIg%RE T 140 mg/100ml, % 7,
TruoG Wi i%f% T 10 mg/100 m! jif A Z KT
HHEMDbOND,

0) $RLBMSEOMFRE L UEOHEE

D FIZ, 1964 42 & V9 3 MEMICPHA Y, Ehd
ERMIRMIRT, BHBOMWS Grigh FED &8
MEHOBAREAA LS, W-LoL R IR
P& ZOFEHEIZOW TN L 221235050
ZH39BNIRL 20

Thbb, %l 15cm & PEH 30 cm g
AFNH LT, BREYCHE L TBmEE Ay, *
S OBEREVIURE D 0%, 5%, 10%, 20%, 30
2 MM OB 2 M e ichi, WaamLys:
5 BIRY %3 Pzo cl: D BEREM I R %01 2,400,
BRULMA 0.6 THENS, T ORKABMGINL,
WEPTIEENFN, 0, 10.8, 21.6, 43.2, 64.8
kg/a THY, wHTE, 0, 21.6, 43.2, 86.4,
120.6 kg/a TH Do, {LifEtp e LT, 1 Mt
IGHM 1), M2 MMI AL Qni), H 3¢
BFYE2=V (o4t Fria=-) 2,
PR SBE TN TMIO BB S c it o 2o T 72,
TR E LToBREREIILE L FHDAT, &
2B LU (RN Yl b, PERRFIE b2y
—REE & T 2720
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YR BINEL HDNRE HDEGE R
(HEREMYIN 17 %)
i #om b
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O GIERR)
KH, BB, mHELzhEN1.0kg/ar, 2z
AFCIIEH 0.4, #7£0.6, A 0.5kg/a %,
¥/, Fvba— v rdgE#H0.8, BEAE0.8, fm
HO.5kg/a %z Fh, BE, BFA, HmCRH
L f:o
ZOHE, BlIEAOEHE T, BHBAHO
BEE ST MO M ZOPNAETRRE S L,
AFER DAL 7205, BRI T, BERERIR
D5 ZAHYME NS 30 BB OB AKX
B TIXHR - DR BB NI 5720 —H,
EHRFIOTEFH BN SEARN L VS
D, ETERETIIMITE I BERL 720, MBI
WiZhvTi, HRESEOHERZTNEIER» S

Ny, ERIIO 30 ZRULIZ X L T 5~8 %
BORIERE R LIIBE L,

DE, AAREIRMDE L2 AN
WO TADBE, FOEHFREIELIEH LR
i, AR LTRSS RIX 0:ERRIFICHEE
Lo =05, BEIRFIOETIWERLERLY,
BRI DV EIMIBIRT, LIIER
DRIMBRNE h oleo FHRIEEHTLHBEL K
DHEDEXE T, WA AT T317~22%, %
BT TLE 25~30 ORI R %2 5 L, BHRS
DB RFEAPARA & D LBl % 7’ L
7:0

HIFEHOIMIOWTLD E, %EHRAT
E, MBEZHEERLY, LEWICERBSIEIC
DTN I EAERDEN 2 K 2
7ro =0, BEHRFIOLFIIMMAEELTEDLHT
BOWRTHY, WHHRYEERRI EDLH
MLIZITKE (R 70 WEETY, HWRESK
DI R KTBHRTN TR L 72T/ E R 5T,
A~10 ZORULRE R LA E 200, TR
FITIE, b, 15 BHiHEOECRURRERL Ty
FA

DX S, WEH T, BEEEODRE N
MOER TEH LT b o728, FEREBEE D
W, LRV ZORENRKT T 2800%5R L 720
—Ji, BT, MCBBAKIC LA WERDY
Wi s W, 2ok LrEviime,
PV AKEERERF SN X 5B o N,

WL LT, %A SS X OEBRRIIE b,
BEMBRIR EREL D 10 ZHIM B BEREWERIX (et
Tid 21.6kg/a, PEHTIX43.2kg/a) ARSI EL % T
Liso F7:, BEREHME L UBAROATZHLY:
BOER L, BEREVLULER B 20 1IN o0 BEfE % M
KEAETWR, WERZHERERL, FHosun
POMEMEHY R L7, Lo T, BEEHRY
LTS, SERIE VLBLEBEHOESDE
EHIL, 3610, HHNEMOIRYEGH 302
3, R, W, FERR, HERRODRM & oK
NEVGHMTHAZ &1, BEOBEIIHEWT
b, BHhOKUKAEERRETHS,

37z, RSSO T > - i o /)
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RWIITIEEbLDHTEL, LEEREOS VNI
BEDHBRLEVWIOEBHLNENT, HBORM
R LEh O FYESEROKIES, 2O
EBLTRETRETHY, BN LRIHY
1dh-ThH, EMORINES X FEORIBHIN
EHHTERNLDOEHEESIND,

e d, SIMPSON'™4E, Z A & Hlv THERETRIL
& LMK S UM L EERE & DBIFRIZOWTH
L, (P KRG B E & FITEIRRHBEGRO
WAL, FIREAARIML, Sk by B
DML ERET B LHEL Tnd. L1 5 T,
IR & N BERE O BIE M IUE, Ko
WHTREDE E LI, (FHOBEREMIN b - BER%
BOWEDIEI M, LHK, HHEE, 1K
B EDHIEINI L s ThRIELEND LD
LlBhh s,

6 B #

YR LR OIS B ST E LT,
AR STPE A /T TANN I ML PE v 7R i e T
T, BilBe3BRBmERH L TR L& RE
PHTRLEDEDEBY Th DB,

(1) IR T ARES RO TS E R
L, FORUEHET LR LM SR
THAERGE b L THESRE D K HE 2 5, &
W EOWMINEEARR £ BHRED L HIRITE
L, (FHOBRERILE DI TH B,

2) B-HMAAT I B LEEERE O IRILE £ Bk
THREEE LT, TBIEAN e 8% ik o «p
T, Al s, Truoc FwIWESENE A M4 & DY
FRTHRLAYUNTH D,

(3) BEETEEE LT, BAHRE Y LR
BGOREY QD OFH, LIEHERBIIM,
A8 pH, HISRIRE S X OEBIERIKE L0
MEROWEDATY, FVHAYTHB,

(1) BERELKE & LITHEMEIIRTS Ll
T, ALETIX, ZOHRIRAES TS
60

(5) YEAMATZ BT B MEY O A % TR
F 370143, Rho RGO Ridg &
LT, Al BBRE< 140mg/ i+ 100 m!, 7=,
TrUOG WI%E %% T 3 10 mg/4% - 100 m! i #%

BELETHD, Lo, LEEHOIRKELY
OB HOMBERANRL IOREE HE & L
T, LR oKEE, 1IBOBE, SRR E
AEEL TRETRETH D,

2 IBMRETHBHR

BB EROEbHTEHWLET, 208
b THMLEEL, Lrd, ZHulpliffl
TWAHREXR L BTEETHD L& T TIC
WG Mz L7ze

AP OKH Ao GBS RO R B *
LS h%ELT, @ Bxanzi @
iR LRGSR, @ LEBICEBONE, @ i
MBOMBPAE 4 20ThE ST U 5.—80T,
AIED & 5 MM & » TEBLT 22 KILED
POREARY E B DL, FOKRUT,
Whp B TyuriN oW 9 Kt - BB SHAEE LT
FELTHNBL0EEbNS, LEzRLT, 20D
BEBCIOEERIIVTR Y, BREEGHORINIC
HEGRNEBHORETEENERNCTS
n BB, G- ST L -0V
WEDHWTHDEMRTE B,

G 4 SOEEBERIES RO T, KHE LS
HOERE ML TEK L, HEORIEE HS
M UHET AN VLT IRV R TR K
WL, #nZhdflic B LT L THL<
L, LHOTBESHEO—BRBEM L - TE
lesh, 7vEe=27REML T, T0&H
R & LR BUCE RS R LR, KB
MOMBHY L BT e M8TH 3,

BRAIBHOZBIFE L T B HIIBRH GRS
V&R, LB O KT 5 (2o 60~T0 %)
NHBIEBEROBIETHEL ThB, L7485 T,
WAL B E D T & » TR OB & R
MSHHI e, HEAFEERHOERLLL LY
AR ESRO I E LB TES LD LI
bhd,

AT, oL RMHL, BEIIHLT
WO F R LT, —@EsEk L2, BUn
K TIRIEEBIE LS &0 LIS E RS FII>
W, FERBRE IR A O L TR L7
x5,
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BUER HRANAO incubation (2L Z9ES X USRI SR (4igd:100g)

W18 5

i % _#
1 . NHe-N  (mg)
L “% A (B 7. €| c/A
B o) K Rg
= I mgy W l@mlfl
EMMSHOM | 8125 1 44 | 231 28
G R | 1,083.1 | 25 | 157 | 15

KCl i P:0s
LA L (mg)
C/B | &= 1% A% B C C/A | C/B
_(mg) R A | WP
5.2 | 427.6 | 11.0 ‘ 29.8 | 6.9 : 2.7
|
63 | 3761 | 17.0 2.2 | 61 | 14

1) ERABCIIARERES SUCHRESR
BoTR(L

TP, EHIEPIIL T, FEARNI XD L
DEXRE & CHERED FIAL AR T B0 A m1l
DWTERHL 220

(a1 e U, il SR i & D ERI L
7oH8 1 (Fekdmsioo & Mk &V, 3 ZHIRE
T30 spiRMERE L, cl-free 2223 F T A%
L2:bDE, ZOEBHIAMEII DN 2L D
LW, FREN, WCEHYBEED L
#e L, ik 30 °C, 28 15 incubate #, i
WLA7ve=7THREHMEBINGE L ] T
W, ME L2828 7 LiZas L7
NS D E, MELERIRL TS EFGIEHIM
BEUHREHUN & 4, AFUANI & - THIS His
WHEGHEO BB A Y 2D, HifE M 15
EAMLEDS~6 (G T ve=TIEE NI
k& 2~3 (St DR B % L 72.
F7, EBBILRT AT E, KUK T, &
FEIIHTHRHEOBBILRIE3 Y, &FREA
T HHBEO BRI 6 KR TH S,
D&, EELINCTUSERE L
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B H10gi< | 4.72 | 150 127 { 831 | 5.2 | 498 163 | 6.3 | 108 1 4.8 | 2,630
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pH 7.0 HIEX | 36.0 26 | 92,5 27.2 30t 94.3| 76.4 103{ 0.93: 197 2.52| 63.8
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EDHTRERIZOWTABDE, 43 X Y B) 5
M E I, HEOMIZRENCHINA RS SN,
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7N E #
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eEEIRE s EEG R EORIEINREL LN S,
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7/ﬁ/mma 60.0 20.4 | 77
n :f‘ b@. ’ﬂ L. ! 65.2 38.6 : 102
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I gl By
LRIEEX XS (/.,>
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Ht, @ WMOKME - TIEE 24T, A
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BEANC & » T, LA IGHE & BID M EERBEA AL N,
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L —FH LT3,
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e g 6 %

e
neoo ey
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fi’ia)lﬁ'ﬁlﬂ{‘ﬁ’&i\‘ Lf:o
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F7 HHIPOBENREIII W, B
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DERS 2 HDINR, —5, LHETRESERITE
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fEREHE 6~9 %, 7 ¥ vIERNHE 12~14 Ziith
ThDHN, HEIEE L URIEKTRK T EARRII
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2 LEARIBAREO SO B ENRAR Il T
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Hif 0.6, InHL0.dkg/a %, v F a2 — VIZIE%
%OB,ﬁm0£.wm05kwaE%ﬂ%n.ﬁ

ME,%w?mer

NG DR & T 86~87 #izac L 7z,

T, iiEHLa)ﬁam IR Y Y N PELE - i P IO
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DE, 2EF ORI OWT G, ERELT,
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& —C"i, %601[2{:% L‘x" e A Y m.&')bi’ltiil\of:o

L L, HEEKRIEIfE LT, miEmEI
Ut%/mmwwwMW% AL T,
IO EHRAEOUICALEIIE VLT Y,
WHMEPLF v b a—vDk 54 HIEEMT
SHERCERI O REIHI RSN, THLED
TIVEFEEEAMETIEHTIE, HEBELE
DEMN IR~ A S AELDZ ERPn
ntie LEzBoT, ARBOMNLE VEZT, i
A0 B ) MAE D TR Y D KB 2 DG I%)

DB EBHANDRTHZ LHE SN, L
b, TOHYLINER 400 kg/a B DL kAT
2> THDLWEL IS 3,

7o, SROMNE, WITHR 300 2 {8k
RZhYz 2Tl L, 100 kg/a Ki)ijiz X D))
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WL P CRIET, REMITIR D0 %y
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VAREI M558 Tl, U6 Ml b o o
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WL ERMK EIIEAERE LD 1,
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TR AT & 22D, OGO HL L wah -
f:o

JEHoRA T, o BINOL YT, 1)
WA U2V E ), WY, 16~17 Y%
Hif ORI 2R L o

—fil, flib SRR L o TAMO0 K
W& 2, FLV B, HER Re0pb LT
HEHUI BT B b 5 OGN M L 512
Rzoh, Fi:, ZEADKRDTHID S @R
MARERT I EEVEZT, fiibS ek
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WTh Y, 24EHLBROBUNE 3T HEI (b2t LD F BT OWTARD &, {il
ne X TIMEHR L TOHIDH ﬁ:l‘! (E TR )
T {’ mW&VT% ?ﬁdﬂ W)k u @EID T Fvra-y @)
X I T R T B ) TR S TR U T I (TR
T " RG] Taaie™ M Rl
-3 I I Y 180 | 100 | 16.4 100 { 378 | 100
M B 200kg/a [ 202 12 2.1 130 | 6 s
M fP 400kg/a X 207 115 2.6 152 an 125
St 6B 800kg/a IX 219 122 21.9 109 80 | 127
fi b & 100kg/a [£ 196 109 18.2 109 38| e
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T ® AR RE (2BRED

« g " N/5-HCI W5y

o o o auoy [ MR H AR R G @[
(%) (%) ' (me) (mg) (mg)

m m B X 5.8 23.3 0.73 2,403 58.1 32 13
i fE 200kg/a X 5.7 24.7 0.76 2,371 60.3 34 15
i @ 400kg/a [X 5.6 25.4 0.80 2,271 61.4 36 19
HE AR 800kgfa [X 5.6 26.8 0.92 2,214 62.9 37 24
fit H & 100kg/fa X 5.6 23.8 0.81 2,211 59.0 4 15
i H & 200kg/a X 5.4 24.1 0.82 2,135 60.0 49 21
fii $ & 400kg/a [X 5.3 24.6 0.88 2,016 60.8 51 23

HoOERROMME - T, L5 pH, BRI WERIIZ LT Y, HERE & OMKATERMp D A

DIHEEE L, I, AN, HOLRHRALE, W)
BIERGES XML gAML TEY,
B DRI W] & A i S HOIL R EE D KK
RS LTV eI bbb, $7:, fib
& ERFRFIO N HPEREMRIRL L T L8 pH
ARIEC, THRABHEERAS VI L RHEMNTH
60

Ik 5T, T 245 IR AL,
LY, BHKBAIOTMALRNTHSH, K
M7 & L THMHLF 0o EL 5D
LEREFMEEND, LA T, BHROAE
HORERI X » TN S N7 LR
AEE, (FHOETE LRIV EE SR
We LT, s mozizs Y, HEEFE
OB FEOF» S b, 1IRHOWAE X TH
MULET By ZEERADY, I/ ThICE
S TRERLGEAMGETEI LD LBDN S,

py e xA¥E xKk M
1401 o WHE s Frra-v
i
[ . %
R 1304 b X
E .
o 120 *
’g . a &
m nor HEE °
[ ]
11 SRR S U,
L ]
20 + + +
100 200 300kg/a

0B s oM R
FAOE MLz BIRIRERS

RS OmE Y b, WO TE LA L
D1 2L Bbh 3,

DEIT, RO 0 B RETE Dk
ME R R G2, HOBILRT &
S, £iFE b, BERARKOWMHAEZMOLT, i
IBER OB CEY19 Zonmei) RUIS IR
HENTWHDe

H E #

WAAH BT A EENMEA R DL S L L
T E S U A RpRA OS2 & Y LW,
SN, KR, B 3 kAL T,
LB 2 ERHOFFERK, TR
5 - AT BB HAROTL s L U TR R
12 & DA TE IR OV T B L 2o RS %
BTHEDENDLEBY THD,

(1) bt L THRD O RHR
§§<, b0, BRMENIHEME A RRIET R,
FOWIL LT E OREEBIEN S FHENFEL <IN
ShaffimEml, 612, KD OBHE AT
B4 0 43 R LTI S < o

@ V{FHWIR T £ T (ke nRID @
LHUPIZ BT B E RO SR 8 A, HERE A 62
%, Fvra—vBRR4A9Y, ZALPNL 44 R0
BTHY, 7, EBHEOBRGERY, R TIED
DYHLLD 60 BB WP T EH, Fv b =2 —
vENME 1.5 1%, AAZERNE 2 gL

(3) A SBROEBCLO LV BNGTEYO
SFRHIEDXNIEREN, L, TOFBYE
AT DR BROEMIT, HIRHOMRGHR,



At 354 DA OIRA, B PTHE & & DA REMR L BYT 2 TG

KIPERDIMIE »TRESNB LD E bR
%0

(1) —ic, REROEATRIIZ Y, %72,
FHRUDE L DI EMFHORE, SFHYUE R
vl o, LTS EER L T BES
FHED S S, Tvre=T¢7 : FIESH#H, 73
JIEBFEOHESRRNL, AL AFRHOKHL
Y3 e MBS RO, SHMMBAL D
RO THIETE 5,

(B) —77, BHEBOEE ALK S,
TR ORBEEHE WML, (FHIREB XUE
FEBLEOE T = 1 7 AT B H, TR
VTS, HERCRR AT E B,

6) HWIIxT 5 HEDRMROMMEE LT
12, 1Y, &5 Quogsl) AN Rm A LAY
THh->T, LEREEEOSIRBTIIEKRNL Y
DTHBEHEEN S,

(@) WAD L SR L T 2HHEGR
NENLETY, TEPORANE, ST 400
kg/a fih DM EHATRALAETE iz,
37, fiib 6 Tix 200 keg/a ik o it % WA RO
TRHRIEILE S TRERDENMIFTE S,

M REARME & 240E 0L

TTIS, WAOMmAEYRT & 34 s
W& LT, IS %4, REHS XA A
EREHLOTHY LI BRRTHETHE L%,

105

RTHBZ 2L,

1) 8Bo%AMNE

DEL, 1965 & 0 2 hdEIh i T, U
ST ORAIRY, AIEY, KA PINY, _REEET, W
my, REFHT, NS, EMETTO 8 AT ITN O
T, TS ML RBIED S b,
WG R, B BUREALRZEONmBYE Zh
S OO HUT DOV TR 21T 5729

8 LWt D NP OB L ORI TR Y 40~
0cm M THY, ZTOIHELIIBOREIL ¥
DEBVTHbB,

ARSI BRI ET A, MBREOFEEMNE <,
2RI AGEA T D,

WA PR AT, B AR AR S L,
HAESREA A 2me/iE - 100g LT CTE by
Thie &, PHEYERMRE L, MR LHTH D,

ARt TH 208, BHEISEATES
3, AENORCLETH B,

EE-EBEIE AR E A EPET, BRETRIK
GRMNS0me i TEOLHTEL, HBEROR
WIS T E L E DR R E

L - HEHR AR A S {, AL
LR NBERENRCLETH S,

KIF-- RIS 5 X O 4T R TEIERE &5 ik
{, RBEERTFMLLETHS,

-t E D E L THRBISh, SRy
A EEDOGOEBTHY, FRIIBENA

izl

37, WA bFssic X A hm bk HARIEbDTRIFTH D,
LT, iMoo £, HAOREE, MmBEEL LT BRAH- - DASRIE R LR WA, Blii{b A T
DODOKER, HEBEI S & HLRAT B o038 A 3% WL T S,
%uﬁixMHmNWoNW%tmw
- “\ ¥ (19654 WO M (1966%)
X P mwl ** kefa) Iy po|opr gp!  EAR_Gefa) _fy gy
— . (cm) * & | W R l M| (kg/a) | (em) ! a_* ‘ " = ‘ W egra
xt i K 20 1.1 1.5 1.0 | 200 | 20 1.0 1.3 1.2 —
# & 3cm & A X 20 | 1.1 1.5 | 1.0 | 200 20 | 10! 13! 12 —
v B K| 40| 16 1 28 | 15| 200 2 | 1.0 1.3 | 12 —
WA 20kg/a MK 20 | 11 1.5 1.0 | 200 20 | 1.0 | 1.3 | 1.2 —
B A % % A K, 40 16 28 15 400 20 | 10! 1.3 1.2 —
¥ 6 U & B K mi 1.1 1.5 1.0 1 40 20, 1.0 1.3 1.2 —

RAUHAK: B, if20kg/a, $IE 400 kg/a BEAIIK,

ROUXBIK: W 3cm R A, HEAE 400 kg/a HHAIX,




106 dtsgtiar BBy v 18 %

80 FEATEAGULE T OREE (ZBRED)
20 1 Hl4ER (19654F)

p - m ’ < A # iz I (kg/a) 8 TliHy et
e — BT F . S - i 1 1

K 5 -~-_J!.',‘J: fj Bow e WAk B ok BB MR gl%g/j;% ﬂ%/ﬁ gb

po m % | 65 | 817 | 247 | 158 | 360 | 230 | 437 | 285 | 300 | 100

# W 3em % A K| 39 318 294 219 430 264 475 129 352 117
0cm FE B K| 360 310 229 165 424 {- 305 480 | 334 325 108
% B 20kg/a X | 367 333 322 176 405 240 457 34 331 110
& 4% % A K} W7 375 254 171 479 263 438 362 337 112
& & % % B [K| 368 347 246 198 407 316 455 352 336 12
2

D2 R24EH (1966 4E)
i w | m % % M R Ga/a) 8 AT KTy
O H g e [ | ook oe | e RS | T
* 4] X 174 132 261 309 314 163 343 330 253 100

# W 3cm % A K| 214 | 155 | 272 | 310 | 334 | 222 | 359 | 332 | 25 | 109
40cm P M X | 12| 133 | 257 | 279 | 360 | 173 | 344 | 331 | 260 | 1038
% [ 20kg/a x| 184 | 166 | 304 | 36 | 391 | 178 | 372 | 326 | 280 | 1
@ & & % A K| 193 | 172 | 307 | 328 | 379 | 176 | 368 | 331 | 282 | 11
@ &4 &% % B K| 179 | 154 | 289 | 314 | 354 [ 195 { 351 | 330 | 271 | 107

pER e & LT, M LAEE 0 1965 4ET TA ¥ TAK (S 19RM)
(ami2E) %, M2ERCBAYN (Lol & 2l —

v, #RBz, @ SR @, @ Wb

EAE GSmfaskA) ® WHE WREO |

cm), @ HEEA KX (5% 20 kg/a {1 A5 B - :jﬁ 1M

pEoRAH TN, © RAUWAR GFH K £ 100

sl EREROID, ® BAZEBE (Y w

HAEHRIERON O 6 MK 23T, H14

Hoz B BRAEN 285 L, 2EAEA TN, . 55a% (2R
ST T — RS & T2 » 700 A RBE ORI . 1%

BT OWTIE 88 R L 7o 4t 110

2, PRl TR AT BB Rk S
fo i, WEHOBRMEIEN A2z ERBE bTh
Enfi—Lio Tabb, TAEDLAEITH, BE

i

ES
&

W50 cm, HMI25cm, RRHAK 800 & /a, %73, &k
BSOS, BEM 75em, #RI30cm ¢ &l f; i i
bo |E4 E4 1X 1< £ [ES
ARBIOBRTH RSN EH, 2EADT g JUpkkaske/s ) MRS/
AL IUESEORRESINIG 892, 450K HO0E iR DS RN E
WRTEBYTHDe = Okl (TN

8 REMUDIRFARNIZONWTADZ L, TAXED METTH Y, MR S B2 OW KR T 5720
JUEEME b, MO IEAN - ORMEN), 5 9, BREHBLEMIEADTAINRES



Ao 351 S oKE, BILENIFE & T Odimikm i 5 81% 107

RSB Tl L TA B L, HVEAKR>
BAEEE ARX=Rad0% BIX>HRE & KIX>H
MHESRHBREDOHTSH D, IWHAMAR O T,
HiE % ARX ORI EIA A 20 BlijtE TR b <,
2WTE, HEBAKK, EHXOMT H - 70 &
7oy BAYEA, BHEoORMMEeG E I212 Yy
T, WEMIZIZEAEEREDSNUEI 570
DF, FIEAORYDDONHBRE T, 8
HGURAR=MREPEE>HD L ARSE S
% B E>HEBE>ARIKONT, AR ohT
2, BELEEORMRYIGRIELTL, WK
WLUER EFBRTELEN o720 7, BETH
BEORMZBRIBEAHRARDZN LV H20H
- Ttze

—Ji, SHBILD TAHE L UMEMBOIE K
HULRBH S L > THhADERDH Y, TAETR
160~440 kg/a, IE 5% % T 130~340 kg/a oG
I2H Do LKMo T, —It, IOWEfEHoEK
iz 300kg/a bl -& #NLLTF D 220 group 42
KL T, 208 BGIUO>WTHRHLCAB L,
BOORUIRT & 51, IUKICE - TH B M
CRURDEDORE S AR A2 ), 300 kg/a LUTF i dit
At group OIFREDIEGRKRE L, »h-o, Hilh
Ao T, BT AR>S R > B
DOETC, &I EAOKEREIHDHTHL,
Wie M, EFESIOMEN A0 Tt LB (L5
g Foy I QURTE 2T EFe p Y FAY % v IR 5
o X sSicBbhbh 3, %7, 30kg/al ko
Iz hbk it group T Y, HUAABL KD SIS R i
WEAR=HERELBESHEREOM T H 3 5, 3
AMMOEI EM NS &, BRNDOF WL
W LR RE VT LA, (b
B R O B ELT 5 MO & 5 TBbh
%0

WU LT H, Ao 3o ¢
%) SN D 2 7o DIV E AL TH »
720 ZORUBIEIZOWTIL, T TS, FI, §
IMTHARIzE S, T EAE - THENE
ML, MmRMERREFE Y, RKEABENT,
LHES O 3 BRAEV F S BB R HER L
itz b, ZOE S, fOE AL

BB A ZBIDHT, B0 oD b MR TR

ELTRELHDUFETH oo L LN,
TR O R T £ & UMl & o RAFFIEIFYIE &
D, IO E LT, it (sl
OUREEHD & MBLAUK @Gy i d KKy D% A
BUUIOWT, AR, EMTRBIG TN L
o8R0 ML OBFEAITHEDEA L IHZFARIED%)
PERLEA, MR XUKDOE A EHOLTT,
PRI L L LA A F R E ol 2D
&, RS THE LT, EMDLE
WSRO BARE WV FATHB Z L ZRgEL
THY, SHOME-A B 20k 4 ik
RBYPHOMHEHIFLF LY 92 DL Bbh 3,

T/, HRLREEOBELELH NI
A, NAEMTAES E, & IZPISUEROH- 12
PHYEHUERO EDLHTI LWL TIEED
BRMBURHETH 728, LT, A
{LDHEA T DIZS L RESERG S h A S\ i
DL, TOHRRETNITENAh ot
L7225 T, oS REsi-Lholfiein
RLIEWORIEE AW L TRETRETH S,

DEW, RO, oW L o TR
ZHELEILNDN, WA 5 Ha%)
R TH O MUREIAREL, &<, KA,
AMNGRABIE T 2 nEE D, RAHIXME LY
YIEM o7z HBHIE 5T, (EHIROEF T
EaiikL, REROEBTRNAEHHTEH ST
2% o7, WTFHORKS XIS EBRT S
TR R B AL /N & <, BifG, M X
CHERR 2L & 2 B L 2t ha, oAy rse
fMahiznwbnEBbh3,

2 = #

Mo 8 hilTEF NI 6T 204
Nk LT, #RoOLEEY., W, #n
KA EDHEEILE Zn s 0 GINIONWT
N LE R, FnFhoddiiiv-h
LHDUFETHY, ZOHGEEXRIEL .

(1) 8 Tl kiiuy, TAFETIL 160~440
kg/a, 1083 iz 130~340 kg/a ORI 5 B 2%,
Z OEEIR AR TR A A K AL 21 10~17 %,
RS 2 [ %D A% 10~12 5 i oo v IR 34



108 JEHET A S AR LY 418 52

ERL, TORUUDUAL, & A RBED S
WABETI B THHTH - 720 —Ji, HBHL
DRULLIE I~8 B Thi b/ NE M 720

(2) B ORITUHIE & U7 & DFRAI I
PRI E VAT, B2 RBTHE LTIz
FOOKRE VBRI G N Th 2,

(3) ERED P W42 MO hOBERE S RIS
DPEL BB LT, TORMNERETRETH
%,

() HEBHR o YT RN 8 &, g
NEB XU DR 7 & (PP B A T % ORI L
AT, FoGNRFES BIE AL,

(B) —BEIZ, VEVEJIONS IR0 Tl
PG E XA, X720, 7o DOy Tl
FHAESRO NI TN NG T DM SRS
b DA, Il TY, BEotE
N L7 VAL Ji D FL#i 0h 3 % H I HLA
GO THEETI AN LW SHNTH D,

VI BE&LUER

1 HROBHG S VUEDRE

WAL b A0, defEEic Vv T,
W< D KIK A, PR Tl & & Lisdssk
THEDOLI2ELTHY LN THY, HHEMII
POLEIHEL TP, 5% %56,000ha &
HEINT BN, ZO04RIMMNINS, Liry,
A, HEMAOEME & LI, B %
DEERBMIZHFEL THDZENRHUB LoD
60

S 6L, AT E O O£ o8 B 22
WE &I RRIEDIFRYE GENTIREE Y WA
BRRG<, BEINTY 1o M, ik L Fo%bi
BEOWBL ST G IR Ts2) & H
T, ZORENNEHLHTEL, Jediifiiis
D RER ISR D L D& 2 T B,
ek, WA (o3 231254, 30cem i)
EDBHMBOMES 2586, Loy, §E5% 724K,
BEIZL LRI RT R THD ) L0 D EEMEY
PTEHEEINTESY, M, BEOFMAmLY
A5 ERULENTHIN, FO5EKLIEIIARY
HTHY, 2o, AhOFFE ML T, 5

a2 Bt & Y DIMPREI o fi oo BLIUE, -4
DVER & BEE B X O F DFE G5 < EpE IR
W7 EWONT DB LRI & A &5
HVCRIETH 572,

L7 T, Mg, Cdeddii 2N < i 248
LA 2 MR L T3 L08R E 4% LT,
W EONERTRS, B, RAUR 2 BFRT D 2 &
2R EGEIC L, T2, R Lo
2BV TY, ICHfiDSWF - 2252240
ELTAUMBICET L7

AR XOWPEEEE LT, LRGN 8
DL OUMNIZ T DR O HER R, IBTiTEIE,
ALK, WAL, BEERUL S & OO L3
VAU & WL U, 2 MBS 1 0 LI,
REEE, N & EERDE DA B DV THM L 726

B, PEREEEA Lo LN S, D
YNE L ToM ORI A5 e > v TR
L. ZOHMWE DEM S 78840008 i ks
DT BT 5720
2 HBEOEBHNH
YWkl & LT SHNOIERS TR i B e di
i, AT OB R, A4 k- 2 Iz
s 5 RAMRRSHF ML T Y, SOl
SEE KIDEE T U 2 AT E N2 ) B
N, HIBMAIFHL S L Skt
VRIS BRI i L TvD, LAY, Mt
2 EOHBIR I BT EORIMA L, HE -
D AiE L UEBIIE R E & LISIB & DNz
Ly b TEHEELEGENREDON .

3 B ORH L HETMRR

WA KUK E 2 kil e b6 e LT
HHLL7: b D THY, ZORMTH B KINIKIES
ADUIZ & » TR DM, FoHR L, W
NLADBLEZEE L T3 FUO: B XK
EZOTFRUIHERIE 2 B W KK X O
(e — AR E BRI HERE L 22 88 HER U &)
EEDIK T D,

—8512, W2 Wb B I R DG
2L ARINGE & 4T DR BN & 3 Nk
W RIS E X VIKY, Zhoix, »
TG 2 B B KIUKRE R & 02 B



Jeifdstie s 354 B0 L oREUd, BUEF IR & Otk BT S0 109

i TH b0

7z, MEHIEOUE R W GER s X O
GRBRE &L NHDERRRALY, LA
BAiafi <, LHENEE b RE L THitE 2V,

4 ig+otimERk

1) 34 pH 2 5.6~6.0 jij# T, BRETH
0, MKRBEREL SV E T -» T3,
S B AL 3 LT & o TR 2 %R
N, RO MR L DI L T,
FERE, LS R RIS A3, #E, Tamm
ol ERE & BRI R R H L <5<,
L b, ZOBIINIEXKBEHINE D S MBI
D HBE, &GOSR 1.8 LT T
PEL BHAOEHUTILL THAEN & DY TR
Vo 7, BLEEILEDHTAO0.THIHE K
WIS HBEDOEEBMAOHEHEO 1 2TH D,
2) BAREHORKNAS L, TOEMD 20
BULETEDLDTGL, o, BEOKLE, &
B, IR D B EHBOME R HEL <E <,
FOCh/CEHNR 20 ETH Do

WG & RS & DR EINEIZ DV TAB L,
A OBEAD KBS EHEAR 72 a0 =20
R E 0 LTV BIETHEL, 2o 60
~10% %L THY, ARELERFETLTND
B L UCZTREC & TN & BE RS
LTWaIgHIZ, Wiy R iesgny bz n
Y Al

2F, BALOEHBOBH I >WTAD L,
END LI L UMD BRLER L <&
<o HMEMBRMRMV, T/, FHEKE G, MM
FHEREIBWURIE L T, WiommilE, PQ (s
Wisgsie), RF Guxt@pe) 2355 <, Z0BMEoIl
AW L (dlogk 4 3o LA LIEAS,
AR X 5T, MEFARED BRI IE O L 5HRER
(EHILBED 18R AL N, MAERKOMM 4 T,
AL D E¥HE Jlogk (i OIETF 23 &
KTHY, WU T RF O LA EREL
THbhbn T,

3) Hi-LoWERARE, IR X UREEERS
SO0 RhikE Ho, HLAhki 15~20 %8
T, SN ARE Th D,

SH AR X DR ORI L IR & k0 BIE )
BRI BRIV IS D K K LT o5 Bk, ik
Mtk oT, T, WMEEMERL TS EHICE
STWHEMIRLD, THhbb, FHEEL, &
BIBHME Y BB O R EhD TLEET
B LIZLWT L —r— F B%EL, Ehi,
AR OYE Tl aM - 7 2= THER £
7ry NS X OBER, i DM £ T3 ROA R -
AT VIEREROBLERRERLT WHEOL
WL OMENEM IR D ZEPHEEEN T

40 3 HAM IO LI LT, Z0R
RIS 20~30 ZhihTELHTPEL, L,
HIR AN ILR O P TRHED LD S EIG A E
HhHTECEEEH L T 5%, MR T, Mk
HMIBOWE L OBBENREL <L, iittozh
VIR L 2ot % R L 2o

¥R AR 0.5~0.7 it TE b T
<, BETHIHIN, @O »OM
O LI L TERILTRAEMIKE V. 20
B, BHENZOLTFTTCELLUNEN T
—fiz, ARG LEEARE, 7, TULRE
—k B bR &R e O 2 5 » -

4) Y84 ORLES O — R BRI 5F AT &
STHELL R - TWD, Thbb, Mkt
B TEREH, KUy ARKEy 2L, |’
P ERA L TRES GRAEHM SV, B
G T, FORMEMBRIZE A ERET N
Kz 2 ATHDH, SBREBHI KN F A,
FER, MBAE AUABIUCHESREaS, £
DM ERIL 30~40 B ik TH Do MWLy
O 2RO Lo LT, L3, AN
4, REPERAELLHN 70

—J7, Mo —&KEHMR LU & W, &
BRSO FOMBN B THIE R R AR
e, EEDE LI RE > O S
RO LOBTHY, 3612, ZodEPpHil
BIZDWTASE, LM T, GAEHoOPBT
FRAHO G R %L, 50 Ziithedin ThH
Y, Org T, MEMA40 %, MNAEAR20
BB THY, HEME TIREEEL R, A



110 JEHEt 1 FAYR S 2 18 55

PIR AR 00 ZHisi L T b,

5) EAL DKL WARUK D £ 72, F O itk
P2k TS MY, o5 1395
HoGhndbo Ty, Hisni Kao-
line % Tihe LT 20 —J, Wik kX8
Lt o 133 o Gl b T % <,
a8 LT MAEmAERTHY,
FWI M, HidhE o€y Kaoline %4% & Gibb-
site # VLA T3,

&5, 3okt F omim RLE,
HEEAORRME S b b b, f8EHK O+
D WAL, RIFRAIN, SR & -
WX NS X OIENIRM O 1o 20 £ 1386 A
(2972 5 T teo

F 72, YRR WL T B RS & i e
A T EO R OMIL LIS TP S
2, Heads ORI O PE I, 2o
IR ADN, BRI, —R BB U TRk
ADOH L VAT, W6, KEKBHINE Y
LA, TROe — 2Pk gl L 7
i 4 oTd, LA, ZOuiMEomi
WHRIE A N T2 TR e — 2B kA
DEHL LR INE KT 2300 E R
W LR Ebhh TR E W,

S HMtoREA

B JaUK E 7 kaliiein e 1 E LTt
HAL L7 b DTH BN, WLod iz, 208
e LT KIWKOKE LA T H % Allophane
DIFEE & B2 HIARBRELD CRIK-EEE A D A
P2 A+ FHCADKIA) B OIERBLE 12 Y% K
ELUYLTEBY, 20/ BRIE NS L0 A
RUEH & DIRMINER & Y AT, KIBISHIkH 2 BP
2,000 ‘ELABRICHERT L 2 IR IR TH 0, sty
WSR2 R S0 (BP6,0004E) & 0 #lSC [ JBI(BP
4,000%) AT LZAEBXNKTHY, Zh
GKINKDE, BEL D LA LE LR FT
WEHUEIEM 22, 2o BNEE 7 L <81 &
VWONSREERER LD EiE s D,

6 BtO&EA

YR AT TRET S N D EPE, 2RI, 20
PEERARTHY, »o, Lfik s 2

PESCA, BHRIED 28, FOUMIWS Ml
Wl E VIR, &<, FHUEREE AN
ETDIEHMBLUOGRIIB TR0 g1 2 i
Vo

IDE 9T, YA R B R oIS &
BB B AR @k, FomBEoSRNdR%
fxY b LA, HEABMUIIERT Z2HEFEOMIR
lﬁm Gt & LA o R A R

H LT3,

ih,ﬁ+rﬁ1%:¥¥®MWW36,wm
NHMAE AL THY, DT, BEOWLH RS
N, MEDIENIE LD TNEh 1,

7 HtOEENERLE LTORESEHKE

D E1oem#Hmiit0.7~1.0 Bii%cx
ML bAA, ErOKINK-EIZE LTS
DHDOTEWIZ O nrb ST, 1 HEaHEXKOH
NIIEEE T B ok R #, BURahHi M #
BIUBEMBLE R TRL MR L vy b2
<o HIs Az, HRSKEOMBEARL D, 71,
YL OREOBERRESRSEE L UINB RO
R L DR TH - 720

BAEDHBESHALD S b, 2EHIH4TS
FENTIAERHE 7 ¢/ ERHDOEIGHN, & 12
MM L TS 5720

2) W08k BIRER S eRSET3iIENO

umkwiﬁ~mmemﬁ?”ﬁimnmLf
EbhH TGV, FORGEIFIRTI, B
L TEHY, F75, HEIEMTE AR 35~40 % i
HRTHLTE<, ZOHMEEIKIE o-charge #
EhTHD, L7:MBoT, 81 OBRGEIEO RN
BREL, BWAERMRERIL Y RT U,

3 WEAOBEHIE Z @I & DRI OWT
AhE, BHOKBIPELELETLTEY, L
My, ZOBUANIFEEHIN L Y b MYSTHFRO
FIE il 1z, BERIEOMEFTIZ PRV, IR
Hlg LEETHHLEIIRIRD LN 2,
Py U, HIKERRIINT 2 M2 ES S
FR AR

4) MR- 4MEEA 0.3 YT, Wil
HUZH L TE QB iz B2 b hnigunm, 4
4% 0> 60~80 % A A B IESERE DIBIE T {7 7 L,



ALtz 550 DRCLOKHA, BRICFOHE & T odiltm 2T S 00 11

Mo, f7 % TE %} (Truoc i afiiNRg) R 2
mg/ 100 g AT TH L <8<, BEREZIN IR
4 2,400~3,000 i T F b Tl 2 & AL
DHEREEHEOBMN 1 2 THh D,

%75 Lo BEIREREAE 0> )M r A3 K B NT i
fraction tZ, T7:, {ibSERGARMIL v — Fa7iE
fraction {Z{A7EL T, UL d, EBEBEERO
60 % i e s S A BEMOIBIE T D Bo

A6, AT, LRSI G W & BEREIL
DEORITTED MRS S, WD T 78505
WGBS L T D 2 WS A TH B,

5) LMLy — 0 X 5 LIRS

TR T BT E DO TUPE D, LR
THLA LT, HAEERLT D E, W6AIT,

WioBME S L UEMLIER SL <L, &
<u,_®mwukmmmme,W%KMEm
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STUDIES ON THE GENESIS, THE CHARACTERISTICS AND
THE IMPROVEMENT OF THE PRODUCTIVITY OF THE
SO-CALLED “RODO SOIL” IN HOKKAIDO

by
Matsuo MinaMI

Summary

1. The purpose of the studies

In Hokkaido, the special soils such as peat soils, volcanic ash soils, heavy clay soils and
Rodo soils occupy 73 % of the total agricultural land which amounts to 3,310,000 ha.

The so-called “Rodo soil” is distributed in Hokkaido widely and the area of the soils is
estimated to be about 56,000 ha. The area of this soil is small in comparison to another
soils, but the area where these soils are located is typically low in productivity because of
the characteristics of soils and of climate. .

Rodo soils have been defined as black soils which are light, rich in humus, and possess
humic layer of more than30cm in depth. It seems that the above definition is adequate in
the view of agricultural utilization.  But the standard of classification of this soil is not
clear. Furthermore, systematical studies on the genesis, classification and characteristics of
Rodo soils in Hokkaido have been fragmentary or not been conducted.

Therefore, the author conducted studies on the Rodo soils from the stand point of gene-
sis, pedogenetic classification, properties such as factors affecting the soil productivity, and

the improvement of agricultural productivity.
2. The geographical distribution of Rodo soils

Rodo soils are distributed in three district of Hokkaido; they are the south coast area of
the Oshima peninsula, the east coast area in Hidaka District, and the coast area in Abashiri
District which faces the Okhotsk Sea. Rodo soils are distributgd generally in the area of old
volcanic deposits with the topography of flat tableland or undulating coastal terrace. The
layer of this type of soils also tends to be thicker in depressed areas where drainage is poor.
It has been made clear that the distribution and the genesis of Rodo soils are closely relat-
ed to the parent material and the topography.

3. The parent material and the type of deposition of Rodo soils

The parent material of Rodo soils is volcanic ash or volcanogeneous parent rocks. It is
different in the distributed areas. But the type of deposition of Rodo soils region consists
of four layers. That is, (1) the new volcanic ash layer which is discovered on the surface
of the earth, (2) the old volcanic ash layer of the sublayer, (3) the brown loamy volcano-
geneous layer formed tableland, (4) the pumice falling deposit layer.

Generally, it is certain that the so-called “Rodo soil” consist of both the surface humic
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horizon with dark brown color and floury structure, and the buried humic horizon with dark
black color and floury block structure. Furthermore, these horizon are the complex soils
composed of some kind of weathered volcanic ash stratums.

Rodo soils distributed in Abashiri District are more compact, brownish color andhave
higher viscosity than those distributed in southern Hokkaido (in Hidaka District and Oshima
District). The soil structure of the former is more developed than that of the latter.

4. The soil composition of Rodo soils

(1) The soil reaction (pH) of Rodo soils is from5.6to 6.0, and the hydrolytic acidity
is very high. The chemical compositions of Rodo soils are very different depending upon the
region. Rodo soils in Hidaka and Oshima Districts contain smaller amount of silica and
base which can be dissolved in hot hydrochrolic acid than that in Abashiri District. But the
former are richer in alumina, material that dissolved in the Tawmm’'s reagent, and higher
in phosphorus absorption coefficient than the latter. The buried humic horizon shows these
tendencys more remarkably than the surface humic horizon in every district.

Generally, the chemical composition of Rodo soils in Hokkaido is characterized by a value
of silica-sesquioxide ratio below 1.8 and lower, and the molecule ratio of alumina to base is
about 0.5 and lower when compared with other soils.

(2) The humus content of Rodo soils is as high as 20 % or above and these soils are
extremely black in color. The proportion of humic acid occupied on the basis of humus is
about 70 % and higher in comparison with other sails, it's Ch/Cf value is above 2.0.

From humus compositions of Rodo soils which were examined by PonoMaRrREVA’s method,
it was revealed that from 60 to 70 % of humus is combined with free or movable sesquioxde.
The percentage of the humus which is combined with both calcium and clay in total humus
is rather low. The degree of humification of humic acid in Rodo soils is higher than that
of other soils. The buried humic horizons constituted Rodo soils show clearly a higher PQ
value, RF value and degree of humification of humic acid than the surface humic horizon in
their respective profiles.

(3) The composition of the soil particle size is completely of granulated texture; the
fine sand and silt content is about 70 % and the clay content is from 15 to 20 %.

The degree of breakdown of clay aggregates by means of ultrasonic wave treatment
and the dispersion of clay parts by means of a variety of dispersing reagents are very differ-
ent among the Rodo soils in various districts and also among the respective profiles. That
is, the buried humic borizons have a higher proportion of stable aggregates as compared
with the surface humic horizons. The clay contained in Rodo soils of Abashiri District dis-
persed well with ammonia after hydrochloric acid treatment. The soils of Hidaka and
Oshima Districts show the highest degree of clay content dispersed by use of calgon after
ultrasonic wave treatment.

(4) The solid phase of Rodo soils is from 20 to 30 %. This value is lower than that
of other soils. Furthermore, the liquid phase occupies most of the pore space. However,
the solid phase of Rodo soils in Abashiri District is higher when compared with that of an-
other district. This value is almost the same as those of alluvial soils.



122

The volume specific weight of Rodo soils is from 0.5 to 0.7. This value is smaller than
that of other soils. However, the Rodo soil in Abashiri District is higher in the volume spe-
cific weight and lower in the actual specific weight than those of another district. Gener-
ally, the volume specific weight of soil is correlated with the solid phase and the actual spe-
cific weight is correlated with the content of heavy minerals in the primary mineral of soil.

(8) The components of the primary minerals in the coares sand of Rodo soils are re-
markably different depending upon the location.

The greater part of the coarse sand contained in Rodo soils of Abashiri District is com-
posed of volcanic glass and plagioclase, and the content of the heavy minerals is very low
in comparison with that of the light minerals. In Hidaka District, the greater part of the
primary minerals in the surface humic horizon constituted Rodo soils is volcanic glass. How-
ever, the primary minerals in the buried humic horizon is composed of volcanic glass, plagi-
oclase, pyroxene, hornblende and iron minerals. The content of the heavy minerals is from
30 to 40 %. The Rodo soils in Oshima District are richer in quartz, hornblende and the
heavy minerals when compared with those in other districts.

Also, the components of the primary minerals in the fine sand of Rodo soils are remark-
ably different depending upon the area as well as that of coarse sand. That is, the content
of pyroxene in the heavy minerals is 50 % in Abashiri District, 40 % in Hidaka District and
152 in Oshima District. On the contrary, the content of hornblende in the heavy minerals
is very little in Abashiri District and 20 % in Hidaka District, but reaches about 50 % in
Oshima District.

(6) The components of the clay mineral in Rodo soils is clearly different depending on
the location. That is, the principal component part of the clay mineral in Abashiri District
is the high crystalized kaoline mineral and almost no amorphous matter is containd. On the
contrary, the Rodo soils in Hidaka and Oshima District contain a large quantity of amor-
phous matter. Among the crystalline clay mineral, the 14 A minerals (probably vermiculite)
are dominant, and followed by kaoline minerals and Gibsite existing in smaller quantities.

As mentioned above, in spite of the similarity of both the formation type of deposit and
the soil profile of the Rodo soil in various districts; the inorganic components, the particle
size components and the mineral components in Rodo soils of Abashiri District are clearly
different from these of other districts (Hidaka and Oshima District).

Both the surface humic horizon and the buried humic horizon of the Rodo soil in Aba-
shiri District are similar in their inorganic components, particle size components and mineral
components, and they are considered to have originated from the same parent materials.
But judging from the soil composition, the parent material of the buried humic horizon in
Hidaka and Oshima District is very similar to the loamy volcanogenous soils of the under-
layer rather than the surface humic horizon. Therefore, it is probable that the buried humic
horizon of the Rodo soil in both districts is the soil composed of the weathered mixture of
the parent material of the loamy volcanogenous soils formed tableland and similar parent
materials.

§. The genesis of Rodo soils
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The parent material of Rodo soils is volcanic ash or volcanogeneous broken rock. But
both the existence of Allophane that is the weathered material of volcanic ash and the natu-
ral environment, such as excessive moisture on the basis of the water holding capacity of
volcanic ash and the growth condition, are concerned remarkably in the genesis of Rodo soil
(especially, the accumulating phenomena of humus). On the other hand, judging from the
archaeological point of view, the surface humic horizon is considered to be the volcanic ash
which was deposited after 2,000 years B. P. and the buried humic horizon is the volcanic
ash which was deposited from the early period of Jomon (6,000 B. P.) to the middle
period of Jomon (4,000 B. P.), and had been subjected to humification in the mild, humid
climate.

6. The productivity of Rodo soils

The reasons for the low productivity of the Rodo soil regions are given below:

(1) The growth rate of crops at early stages is poor because of the slower rising of
soil temperature in early spring.

(2) The stunted growth and the delay in maturity at later stages of growth is due to
the excessive humidity and the poor sunshine.

(3) The physical and chemical properties of Rodo soils on the basis of the soil com-
position are inferior to that of other soils.

As a result, the yield of crops in the Rodo soil region is lower than that in alluvial soil
regions. This is especially true in wheat and bean crop yield.

Furthermore, the manurial effect of phosphoric acid for Rodo soil was the highest,
followed by nitrogen, with the effect of potassium the lowest.

7. The physical and chemical properties as factors affecting productivity of Rodo soils

(1) The total content of nitrogen in the form of humus of Rodo soils is about from
0.7 to 1.0 % and higher in comparison with other soils. However, the nitrogen obtained by
the washing incubation method, and by extracting with hot water, and the rapidity of nitri-
fication are lower than in alluvial soil.. This indicates that the nitrogen supplying power of
Rodo soils is inferior to that of alluvial soils. The rate of ammoniumfication of soil nitrogen
in the surface humic horizon is about twice the rate of that in the buried humic horizon.

The rising of the soil temperature is very effective in promoting the mineralization of
soil nitrogen in both horizons.

The content of the acid soluble nitrogen and the amino nitrogen in the components of
soil organic nitrogen of Rodo soils is higher than that of alluvial soil. However, the rate
of total soil nitrogen is reversely low.

(2) The cation exchange capacity of Rodo soils is as high as from 45 to 70 me.

However, the exchange sites are dependent upon the amount of humus and the radical
of base adsorption is mainly o-charge. Moreover, the degree of base saturation is low.

Therefore, the degree of dissociation of the adsorped base is large and the bases tend
to be released.

(3) The majority of the humus in Rodo soils is combined with alumina. This is more
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evident in the buried humic horizon than the surface humic horizon. With the advancement
of humification, the content of iron which combines with unit weight of carbon decreases,
that of calcium increases, and that of alumina is kept constant.

(4) The content of total phosphoric acid in Rodo soils is about 0.3 %. This value is
not low in comparison with alluvial soil. However, the content of available phosphoric acid
(TruocG P,0;) is below 2mg/100 g dry soil, the organic phosphoric acid occupies from 60 to
80 % of the total phosphoric acid and the phosphorus fixing powers is very high.

The majority of inorganic phosphoric acid in Rodo soils belongs to the hydrochloric acid
soluble part and the organic phosphoric acid exists in the NaF soluble parts.

Furthermore, there is a very close correlation between the content of humus and the
phosphorus fixing powers. This illustrates that one of major problems in the productivity
of Rodo soils is phosphorus.

(5) Only a small fraction of the humus of Rodo soils dissolves in the calcium precipt-
itating reagents such NaF. But when iron and alumina are removed by the acid treatment,
he solubility of humus with NaF increases remarkably. This tendency is more evident in the
buried humic horizon than the surface humic horizon.

With successive cultivation, both the amount of humus dissolved in alkali solution and
PQ value increase.

(6) The majority of fulvic acid is loosely held by the sesquioxide in Rodo soils. The
content of total fulvic acid and that of the each of the fraction fractionated by ForsyTH’s
method are higher in the buried humic horizon than in the surface humic horizon.

In uncultivated Rodo soils, the content of the ForsyTn's fraction A (water soluble com-
pounds such as sugars and amino acids) and fraction C (colorless compounds such as poly-
uronide) is high. In cultivated Rodo soils, these fractions became smaller and the ForsyTu’s
fraction B (colored compounds such as polyphenolic glycosides or tannins) and fraction D
(colored compounds such as humic acid) increased remarkably.

(7) The amount of the gravity water (from PF 0 to PF 1.5) in Rodo soils is very small
and that of the capillary water (from PF 2.8 to PF4.2) is very large. The amount of
available moisture in Rodo soils as one index of the soil's water holding power is from 38 to
44 % by volume. The amount is correlated with the humus content. However, the amount
of moisture which can be readily utilized by crops is only from 12 to 18 %. Furthermore, the
moisture content at lower PF zone (from PF 1.8 to PF 2.8) in the available moisture is in-
fluenced by the content of the fine sand in this soil and that at higher PF zone (from PF
2.8 to PF 4.2) it is influenced by the content of humus. The amount of the whole pore
space is from 70 to 80 % but the amount of the loose pore space is below 5%. This indi-
cates that permeability of Rodo soils is poor.

Therefore, it is helpful to adjust both the humus content and the particle size composi-
tion as a method of improving the physical properties of Rodo soil. Because, these changes
bring about an increase in the rate of the pore space, the air permeability and the decrease

of the water holding power.

8. Measures for improving the productivity of Rodo soil



125
A. The improvement of soil physical properties

(1) Deep plowing is one of the effective methods for increasing the loose pore space
and improving the air permeability.

The increase of the pore space by means of deep plowing of Rodo soils is due mainly
to the increase of non-capillary pore space. The independent action of deep plowing has
only a small effect on the crop yields. But the deep plowing is effective when carried out
in addition to combinations of phosphorus, base and manure.

(2) The mixed plowing of the horizon and the soil dressing are the effective methods
for improving the water holding powers and the lightness of Rodo soils. But these effects
are different depending upon the climate, the manurial conditions and the kind of crops, and
are affected by the dry weather. The effect of these methods is significant when growing
crops of oats and sugar beets, but is insignificant in bean crops.

As the independent effect of deep plowing, the mixed plowing of the horizon and the
soil dressing is generally small, these improving measures should be used along with the
method to improve the soil chemical properties at the same time.

(3) The increase in the solid ratio by pressing the soil brings about the decrease of the
loose pore space and the increase of the water holding capacity. This treatment has an
unfavorable effect on the productivity of crops in Rodo soils.

On the other hand, the sea sand dressing on Rodo soils causes an increase of the loose
pore space and a decrease of the liquid ratio. Thus, the physical properties of Rodo soils,
such as air permeability, water holding powers and lightness, are improved remarkably. In
view of chemical properties, the sea sand dressing brings about a decrease of phosphorus
fixing power and also an increase of both the amount of humus dissolved in NaF and that
of formation of mineralized nitrogen. As a result, the growth of crops at early stages be-
came better and the yield of crops increases remarkably.

Furthermore, it is recognized that the sea sand should be scattered well in the cultivated
soil layer and not accumulated at the under layer by plowing. Thus, the durability of its ef-
fect is expected. The optimum rate of sea sand to be dressed is one to three by volume,
that is about 3 m?® per are. Regarding the fertilization in the field after sea sand dressing,
it is desirable to decrease a little the application of nitrogenous fertilizer in the 1lst year
after dressing and to increase the amount after the 3rd year.

From these observations, the author found that the sea sand dressing is the most effective
method not only for the improvement of physical properties in Rodo soils, but also for the
improvement of chemical properties.

B. The improvement of soil chemical properties

(1) The effect of a large application of phosphorus fertilizer to Rodo soils is remark-
able. This effect is due to the increase of available phosphorus in the cultivated soil and
the increased growth rate of crops. As an index of available phosphorus in soil, Al-P;O;
was the most suitable, followed by phosphate extracted by Truoc’s method. Judging from
the relation between the level of soil phosphorus and the high yield of crops, it is necessary
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to increase the content of available phosphorus in Rodo soils to more than 140 mg per 100cc
on dry soil as Al-P,O, or to 10 mg as TruoG-P,0,.

(2) Though the soil reaction of Rodo soils is weakly acidic and the degree of base-satu-
ration is relatively low, the effect of neutralization by calcium carbonate is small.

However, the conversion effect of the soil reaction that is neutralized by calcium carbon-
ate after acidifying the soil by sulphur applications is remarkable. This may be due to the
fact that nitrogen and phosphorus combined with humus are changed into the available
from by conversion of the soil reaction. However, it is not clear whether the effect is con-
tinuous or not.

(3) The effect of copper or iron application is positive, especially for wheat.

(4) The organic matter in Rodo soils is more dificult to decompose than that in allu-
vial soil. The moisture in Rodo soils is excessive for the decomposition of organic matter.

Generally, the rate of decomposition of organic matter is influeuced by the C/N ratio,
the content of nitrogen and the content of water of organic matter. The applications of
organic matter that the C'N ratio is low or the content of nitrogen is much are positive to
the increase of available nitrogen in soil and the high yield of crops. On the other hand,
organic matter that the C/N ratio is high, such as the straw of wheat, consumed the in-
organic nitrogen in soil directly after applied and is negative to the yield of crops. But that
effect is similar to compost after next year.

Thus, it seemed that the profitable effect of organic matter application in Redo soils is
due to the supply of the nutrients but not due to the improvement of soil physical pro-
perties.

As mentioned above, in order to increase the productivity of Rodo soil, it seems that
improvements in the physical properties as well as in the chemical properties are necessary.
That is the physical measures such as increasing the solid space, the decreasing of the water
holding capacity, the promotion of solubility of the humus, and chemical measures such as
the elevation of available phosphorus and the support of base.

In any case, the joint use of both physical and chemical measures is more effective than

when the two were used independently.





