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Hiroshi Kawava: Studies on Humus Form of Forest Soil  Part 1
{Un the examination of analytical method for the determination
of humus form and a proposed improved method
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Table 1. 4 #  ®  #

Analysed sample {On dry basis)
2 g ; o | R -l Exch, | Rate of |
4 BB CEC il | M3 08 | & )
Name of Type of Hori- L’O/ I“L/ }%3 g\ CaQ lMgQisatumtm; Parent material
] T 6 B HOy T . 2
sample 801 ZOEL {mef100g) el
5 Ay 16,2 o. 981 5,50] 46.9] 6,76 1.68] 14,4 3.6
Daimon | E14 1 B 1Bt 1500 4s 530 50,6 0.84 0,15 2.7| 0,49 "0l ash
Foo R lpy | omp | A 7 135 435 78.724.1 8.29 30.6 4.2 Wléjug??ya”d
9110.13 4, O, 5 0,1 -
Niimi B 1,910, 13 4, 10‘ 20,5 0,14 0,247 0.7/ 1.2 r;orpbyry
. - . - . Yole. ash and
o =] A 5.400. 28] 5.90 25.5| 9.25 4.57 38.6/17.9
Fopia: o P10 (BDs 1 e e o e M : Quartz
_ Niimi By 1.250.28) 5,30 14,uy 0.37) 1.420 2.610.0 porphyry
& nps B Ay 5.710.39] 6,40 37.2024.5 | 5,08 65.313.7 | pun-clayslate
Fukuyaraa ph-i ; By 1.4200. 13 6. 65 29,5/17,5 | 4.62] 59,315, 8 and shale
7 i : |
k] 53] T : 2 = I ; N e
Pukuyama 7 % Bp A 3.500. 170 &, 4, 33.2 8.1 Granite
v Quiis | P6 Bo(@ | A 2.440.10 4. 20,1 5.2 Granite
B oy : i i ;
i % Bo(d) | } . Quartz
" saiio Pie | 2%V Am gaots}o.,w] 4, 6.9 62| orohyty
MNawamoty | P4 | Bv  (D-Aji1.2 0.3 4.2 2.6 3.5|  Granite
J N n. | Ay ]9.140,42 5.C .3 2 ey}
Kawamoto | 10 Bo 1B {0012 s .5 | Granite
- ¥ opy Bo Ay | 5.780.40 4 1|  Granite-
Kumano 12,790,210 4 e ‘ porphyry
i £ N 4 g . N Diluviam-clay
Kano P1 Rs 11 4.65 9,74 0.43 0.26] 4.4] 2 i and (Vole. ash)
& b P1 | dRo(d) A 9. 881@. 68 5.80137.7 129.9 | 0.85 79,3 2.3 | Limestone and
Kinshézan b + R 3.060. 21 5,4023.0 1 1.000 0.09 4.3 0.4 | (Volc. ash)
. e H-A 34,1 11,67 3.5066.5 | 2,120 0.78 3.2 | 1.2 .
= Otaki | PUOPw(@-1! Ay | 2.930.18 3.9015.7 | 0.26 0,09 1.7 0.6 }fffdét:i,
B,  3.250.17 4.1021.8 | 0.28 0.07 1.3 0.3 | POrPAYIY
s | P4 ?»):HVCE%D} B | 4.600.31 5.0534.9 | 0.18 0.06 0.5 0.2 Basalt
e j
- \ ‘ i .
moBE A R Peaty FU M U e . o Yolc. ash and
Midagahara P1 soil AP 12304 11,25 f-:,db%a&é 0.80 0. 32! 1.4 10,4 peat
K1 P1 Ay 18.5 |1.85 7.0085.7 [70.0 | 9.0081.7 110.5 | Limestone
Mt Ibuki ‘ Ay L0 oo £ 0080, 40 . 1.7 110, AT
il ) . Rend- 1 b
" Okinawa P82 sina-likel A 8.700, 79 7.4051.8 62,0 | 5,2812.0 {10.2 Limestong
s0il |

Remarks : *1 Type of soil is as follows:
Bip : Moderately moist black soil.
(B : Moderately moist black soil (Degraded type).
Bp : Moderately moist brown forest soil
Bo(d)~Ba : Intermediate type between Bp(d)- and Ba-soil.
Bop(d) : Bo soil that has well developed granular or nutty structure in A horizon.
Ba : Dry brown forest soil (Steep slope type).
Bs : Dry brown forest soil (Gentle slope type).
Rz : Dry red soil.
dRo(d) : dEp soil that has well developed granular or nutiy structure in A horizon.
dRp : Moderately moist dark red soil.
Pw(i)-1 : Wet podzol (Irem type).
Pw(h)-1i : Wet slighty podzolic soil (Humus type).
*2  Mt. Thuki: Its type of zoil is not yet determined. It may be rendsina-like soil.
*3  Okinawa p. 82 : Its data are cited from T, Kurorori and T. Konma’s unpublished data by their
courtesy.
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Table 2. 0.1N NaOH A% 24 B5ES 30°C Wilic B 1 2 OB EIc RI1E$ 418 Carbon
Petiihi ’

The effect of rate of sml organic carbon amount to extractant volume

B

on humus form in 0. IN NaOH extract for 24 hrs at 30°C of some soils

BoE o Mk Na-humate ik (h-1) D
FEBCIKE Humus compesztmn S E Optical property
ample Euoﬂ org. CLe)/ | IGHIEY - v K+ of Na-humate solution
Tj,%je of soil }L‘{tza(‘gant Humzr Fuiwc B CHlC (h-1)
Horizon, wd acid acid | Total] YA~ Tor
(h-1) D) 4log h1 4log K2 Rigon
& B 11 300 26.2 15.3 1415 171 | 0.526 | 0.585 | 0,580
Niimi P17 1 500 26.3 15,5 | 41.8 1. 70 0. 528 0. 585 0. 582
B, A4 1 1000 26. 4 15,6 | 42,0 1. 69 0, 529 0. 586 0. 586
B il e 300 17.1 14,3 | 31.4 1,20 0.668 | 0.859] 0,273
Fukuyama 1 500 17.3 14,4 1 31.7 1.20 { 0.669 0. 8621 0,275
pr-P3,Bo,Ay 101000 17.3 14.5 1 31.8 1.19 0. 668 0., 860 0,275
A He il 1 300 13,6 16.9 | 30.5 0. 80 0.720 0. 830 0, 243
Kmahomn 1 50O 13.8 17.1 1 30.9 0. 81 0.7283 1 0.827 | 0.240
dRs(d}, A 131000 13.8 17,1 1.30.9 0.81 | 0.721 ] 0.829] 0.238
=+ e 11 300 15.9 24,2 1 40,1 0, 66 G. 460 1,113 0. 451
@taki P1 1: 500 i6.1 24,5 1 40,6 0, 66 0. 461 1.119 0. 454
Pw()-1,A2 111000 16.1 24.6 | 40,7 1 0.65 | 0.463| 1.122 | 0.457
Y ¢ R, TARBBLIUHOCE J%J SOLHEBEC KHT LB TRLI,

o Cp/Cp BB ~C/ 7 v~

Remarks : Humus compositivn.

* Carbon of hurmus fractions is expressed as 4 of total seil organic carbon.
0y /Cr ¢ humic acid-carbon/fulvie acid-carben.
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T8 o Fo A i 0. 4N NagSOy dAMIC X B 3EEA Ly, B 0. 1N NaOH 73 < il
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Table 8. 0. IN NaOH 7¥ 18 «0°C 7

The humus form in repeated 0.1 NaOH extracts for overnight at 30°C of some soils

. 5 O N} (; -humate R O ¥
oI : i o Humus composition* Optical pr opertv of
Name of sample HExtrac- HEoEE ‘Na-humate solution

Type of soil H.orxzoni

tion Hmrm; acid Fulvic acid i‘(é} (h—1)
1) (f—1a-+f1) 29 aTog K 14 Tog Kyl R

o A A ist 26,2 | 4.9-410.81 419 0.533| 0.592] 0.590
Niimi P17 i 2l 3.5 1.2 4.7 0 0,610 0.543 | 0,401
Bin LIS SOOI, SUSNSUUN SN S SSSS

B st 7 17,54 5,3 | 40.31 0.490| 0.610] 0.954

e 2nd 1.8 4.8 1 0,441 | 0,702 | 0.974

W 1 A L8t L O4+11.7 33.3 6.839 | 0.280
Fukuyama 1 nd 2.8 7.5 0.616 1 0,298

pi-P3 Be

By 2nd 5

& A st 16.4 1 6.7-413.5 36,61 0.586| 0,785 0.343
de(xmﬁw Ps o 2nd i 3.1 3.3 6.4 1 0.607 1 0,880 0.36
Br -
B st | 1.7 1574 69 4.3 o 0.789
& ond 2.1 2.4 451 0 0.72
4z 5 1 A L ost 14,01 7.1410.4 0 35| D 0.835
Kinshozan P1 S Znd 3.0 Z 4 5,41 0 0. 496
dRp(d) : ¢ : ;
B tst 18.3 1118, 5+8.6 40,21 0.540 | 0,71
2nd 2.6 4.8 7.4 | 0.444 1 0,735 0.784
¥ ‘ A 1st 16,41 11141307 412 | 0,468 0. 442
Otaki P1 2 2nd 3.2 3.3 6.5 0,406 0,239
Pw(iy-g
1
B ist 10,4 31 47,70 0.600 | 1,135 | 0.371
ol ond 2.3 ] 0.362 | 0.856 | 0.355

AN DET I Y g O Carbon (X "5 % TR L
Remarks : Carbon of humus fractions is exprmseg as % of total soil organic carbon.
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Table 4. B0 &IE¢ Ethanol-benzol

The effect of ethanol-benzol extraction

et &/ %v‘ {\ oM oo Mok Humus
v S A ol < s e e |V — v HRI
iflmameﬁof sample | ™ O fithanol. | Ethanol- oM B Humic acid
Type of soil Horizon  benzol beln%oil :
extraction S0 é © h-1 h-(2+ 3) Tot a | f-ia f-1
sy B Niimi A unextr. - 26. 3 0.7 27.0 4,9 10,6
P17, Bl - extr, 5.3 25, 1 0.6 257 4,6 10,3
b4 5 Midaga- A unextr. | — 32,2 0.% 32.6 10.7 11.3
hara Peaty soil S extr. | 17.2 29, 1 0.3 29, 4 10.0 11.2
d il Fukuyama A unexty, | e 17.3 4,7 } 22,0 | 4.0 10, 4
pn P3, B 1 extr. | 3.1 16.0 4,20 20,20 4.1 10.1
A & Kawamoto (H)-A unextr. — | 23.8 | 1.1 24,9 | 4,4 10.0
P4, Ba ' extr. 13,6 ] 21,11 1,0 22,1 ! 3.7 9.2
i) & Sarjd A unextr, 19.4 tr. 19,4 9.5 13,7
P14, BD(CDNBA A extr, i1, 9 15,8 | tr. i5.8 1 9.3 13.4
3% % Kano Ry unextr. | — 8.2 0.4 8.6 14.8 1 10,2
P1, Re (A—B)  extr. | 6.9 7.3 0.4 7.7 14.5 9.0
¥ Otaki | Hop | unextr. | - 27.2 iy, 27.2 5.6 15,4
P1 Pw(z) 1 extr, | 10.6 24,4 tr. 24, 4 4.6 14.0
E % Otaki B unextr. | — 9.4 2.4 11.8| 44.7 4.3
Py, Pw(h) -Bo . oextr. i 2.9 8.8 2.3 11,1 48.3 4.0

[
=

Y ¥ BHK T2V e v O Carbon -4 Carbon W42 % TRUM, Remarks : ¥ Carbon

DIETHEHLTNTH -7
i3, ethanol-benzol BB OEROS TN LTS

GENTLS L EER

7

THOENZ LS,

Tyuriw il L 0¥ Povomsreva H:0HA121E, ethanol-benzol $HIIZHE (11) @ N HgS0, hydraly-
zable carbon OERE &Y T, LEhOEHH WCIBIE LD A
WELTEBRD LD, Lrl, FROEITREND DI, ethanol-benzol 12 L > CTHBIN Y
HisE, o9, Hhig
BRET7VEARO—EEEG TN LR
RHEETCIE,  BERERE fraction B ENS,

WEIIHTHAH BN, ethanol-benzol il Xk -

R K LT, 2Ok s 5

-His L UBE RS

SRR & e DR

A

BREDILRED 43T ICER LT ethanol-benzol #illi4 = & AN 2 BB, ]
AFEFOFE—ICE-T, BOoREBENAMETSHL I, LBPOBT VAT H
BRI & B LB A SRR T VR ST A, FoidE 9 ethanol-benzol 1003 4 T
LT, ethanol-benzol Ty (LaRd:E 2 J7IC L5
VBRI, FBRICEERR B KUY VR A RS TS i, ENENRIHEOELFICE - THIES NS
~EMETHEA D

T RO O RRICIT - T, —BRSEEOES S D4 o1t ethanol-benzol i 4 &1

BB X7 vRBO-HEETNE) AR

BB LT,
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on the humus form of some soils

X e Na-humate % B O % ity ey
composition Omlc«xl property of Na-humate solution
-
Fulvic acid | 0 4log Ky 4 log Ky Regoo
Extra- | o~ /Cy )
cted A he TP h-
h~1 L vl het s
humus PO A 243} | (0 424+3)
k! 47,8 71| 0.528 0. 556 0. 582 0. 608
3 5.8440.9 1,69 | 0.520 0. 555 0. 620 0, 634
7 57.3 1,32 | 0.524 0, L 743 0. 305 0. 295
2.7 17.2452,3 1,231 0.532 0. 743 0.339 0, 357
5,4 41,8 L11] 0,669 0. 785 | 0, 409
3.6 3.1+40,00  1.02 | 0.674 | 0, ), 785 | 0,417
2.2 ; .50 1 0,701 | 0. 0. 785 | 0.216
1.6 1,821 0,706 0. . 826 | 0. 245
tr 0,84 ] 0,657 o, 0. 626 0.198
ir. 0,70 | 0,646 0. 519 0. 264
5.9 0.831 0692 0. 0. 225
0.7 ; 0,32 0.706 0.5 0. 227
3.7 51.9 110 0.710 0 C. 246
3.2 10.6-46.2  1.12 1 0.700 o 0,278
15,5 76,3 0,18 1 0,469 0. 454 1 0 442
0 2.9--73.4 0,18 | 0,480 0,456 | 1,047 0. 447

humus fractions is expressed as % of toial soil organic carbon.
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Table 5. 0.1N NaOH 7% 24850 30°C Hiilids J 8 0.5 % NaCH Ik 1 BH
The humus form in 0. 1N NaOH extract for 24 hrs at 30°C and that
1hr in a boiling water bath of some socils
i i e sge . P
o AN ; I i [} . 'éﬁﬂ %
ﬁaﬁé%of éé%pi; B & ; il i Humus composition®*
P o Horizon Extraction |—z - . -
Lype of soil : [I’J 'F“ ]gr( 7w R & | C /G
; Humic acid | Fulvic acid| Total | “a/%7
# R A a %.5 5.5 418 | 1.70
Nitmi 1 | b 35.5 | 22,1 57.6 | 1.61
P17 B a 17.5 ¢ 22,6 40,1 0. 85
Bl | i0) 18.1 24,8 42,9 0.73
Fo B A a | 16.2 15.4 31,6 1,05
Niimi \ i b i 27,5 24, 4 51,9 1.13
Pio B a J 11.9 20.5 32,4 0. 58
(Bl 1 h 14,8 32,6 47,7 0. 45
B T A a 1773 ‘ 144 31,7 1.20
Fukuyama B h 31.5 | 29,1 60,6 1.08
pn-P3 B 2 6.2 16,7 22.9 0. 37
Bo -1 b 13, 4 33. 1 46.5 0, 40
4 Hz 1 a 13,8 | 17.1 30.9 0. 81
Kinshbzan b 25,5 | 29.5 55,0 0. 86
) i B : a 13.2 26,7 39.9 0. 49
dRp(d) : , b 19.6 36.7 56, 3 0. 53
E i # A a 16,1 24,5 0.6 0. 66
Otaki 2 | b 25.8 31.7 0.81
P_i ; B i a 6,1 37.2 0,25
Pw(i)-1 ; 1 b ‘ 15,3 4 0,33
0.5% NaOH 1BiHEah,
4 ATES Carbon KT % 9% TR L,
~~~~~ 0. 1N NaOH extract for 24hrs at 30°C.
Beereee 0.5% MNaQH extract for 1hr in a boiling water bath.
##Carbon of humus fractions is expressed as % of total soil organic carbon.
B - L BANE L, nl I, BERG, BHAR P vk, BAasRENb &b

)\%//3")/‘«-\/
2) ChfCr HHBREID L > TE IS HMEBE RS D - oo MBE/E 30°C DI F i

ENp i S, ghBicdkEoBEmRE SISk o,

3) BhBMOWI ARy PORIEH 2 MET TS TS TR TH A, MEE XU 30°C oy
nHAEML, BOBEAPY 2 HIGRULT O,

4 MR P v s R B 615, 570 B LT 450mp MHER BONA RO Pg BB OB A RT
WA, L 2 30°C Mk~ s L A A I S,

5) dlog Ky BEU 4log Ky RENTFNEBRINCHE DEM LAEERLBEEBEh o, 20
WP, ER RS MBI X > TR DD LA D i o, v
VD Ay B LU B, BOBREEO Ay, BER PV VD Ay BT By TR L,

AL Ay BB THBAL, 20MOEAIEMNLEERL, —Eo@mERomibicd

6y R
e
L (S

FER(ADOBEROEAT & CHICHET 5 MBOBH»BRY,
THDBUIRA ) P vOBIEART 6O LEZ BNTVZ90W, p) EOREH

OB LaE, EKKEHLECTEILDDAR VT EERLT VA

AR O (LI

EMR IO R B
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BphH BT B : 60+
in 0.5% NaOH extract for /b ! N/x\lml 5,; 17
boA I
5 2 ay Thid.
&5 b} Ihid
Na-humate : { Optical d N ‘,'tﬂé i;lb
property of Na-humate solution < a bid.
- 1 lby
4 K K X ’ ity
tog K i 4 log K. Rf?iﬁ e a Fukuyama pn-P3
0.5 5,585 / A By

/r/a i ”)a(

/ )
/‘] | Kinshozan P

,{,1 A dRow

0. 49&

0,763
0,708 |
0.698 |
TR
1015
10

. SO0 800 00 600 500 400 300
v Wave lengthCnud

01N NaOB

Wi kA Fig., 2

NaOH h?» ’,, b 0 ‘%0« NaOH m, b, Na~ hum~—

BT foy

The absorption spectra of Na-humate
solution (humic acid) in 0. 1IN NaON ex-
tract for 24hrs at 30°C and 0. 5% NaOH
extract for 1hr in a boiling water bath
{a: 0.IN NaOH extract, b 0.5% NaOH
extract. Concentrations of Na-humate
solution are arbitrarily chosen).
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8 0.1M Na P00 1N NaOH BEEHIC L 3BEOFEOCSHIES>WT

(KONONOVA %5 & 7F BELUCHIKOVA BEIOO el

&-1. H By

8

—BICTE AT DN TN AR T v Hh Y I & BB Mt ORI b B
QRSB oS, BRI E T, BEORENLENLD UBEEO A BN ARARTE
Wiz, BICHETH LD B,

ChcE LT, NaF g0 v =0 B & Mt SO EH L LHOONT B,

Bl Tip e o i U Y ABREHN ZEALELRON S, ORI ELOEAICE, ¥

B YLD EHEOMEENA B UL UADBOLCEBRELENTV S,
Kononova 35 & ¢ Ber'cnmoval®i980 14 0 1M NaPy0p-0. IN NaCH B AWK & 5o aa i
L, LA T Tyerm B0 L A0 Ca % 0. 1IN NaOH g THIM U iER s L O v Rk & FH

BEOREBREONSL L LT, Tyurw HEOEERE

ELUTHNTW S,

iy Ca Db

i

IROIEITILTRALT B 5 A,

i (Fraction 2) 28B4 2003

Table 6. 0.1M NaP0-01IN NaOH BAH 2410 80°C b BIEmO R
[Kowonova and Bevcmgova 7£16)
The humus formin 0.1M Na,Py0,-0.1IN NaOH extract for 24 hrs at 30°C

[Kononova and Bei’cmkova’s method®®) of some soils

& i 15 L % Na-humate 74K D ICSEH
wmeg.tmu | ir Humus composnmn* Y Optical property Na~
NE}@;@O{J; ilcl;li}fle Horizon | M B 0 3 e humate solution

I : : A it
acid acid Total dlog Kyl dlog Ky | Rigge
5= ER ;
N Daimon M Ay 27.5 18.0 45,51 1,53 0,536 0.606 | 0.606
%gf; B 20.9 25.1 ] 46,0 0.83 ] 0.493 0.599 | 0,765
i P;é“fsz?ﬂml Ay 22,1 14,81 36.9 1 1.49 | 0.541 0.611 | 0.600
o = $3 H T
e Pm%gz)rgﬂml Ay 16.1 16.5| 32.6| 0.98| 0.644| 0.75 | 0.413
& Pukuyama K Al 20.6 1271 38.31 116 0.59 0.786 | 0,892
p‘gf" B, 14.6 2671 39.81 0.59 0.522 0.701 | 0.545
Fa e { ]
@ Kin&;-}!@an = A 15,6 21,81 369 0.73| 0.632 0.851 | 0.267
deilfd) B 12.9 27.6 | 40,51 0.47 | 0.551 0.723 | 0.649
Y
T Otaki [ Ay 15,3 256 40.9| 0.60| 0.437 1.263 | 0.476
Pw(?ié—z | B 9.2 37.4 | 466 0.25| 0.576 1.290 | 0.366
iy i ‘;
prcih ?ﬁf‘ Ibuki Aq 7.1 2491 42,00 0.69 | 0.667 0.834 | 0.257
i 7H H
T P(g;‘ma""a A 16.9 14.2] 3.1 119 0.887 0.671 | 0.483
I

) * BHEOET I 7Y a0 Carbon i1

Remarks : * Carbon of humus f{ractions is expressed as % of total soil organic carbon.




I Table g

L {10) o Tabled

fraction W

e <’) ;}EE /])

CalCr,

z v, dlog Ky, dlog Ky &2
LG N Nagha,
% 0.1

RPINY
The augo?ptmn spectys ﬂ? Na-humats
solution (humic acid) in 0. IM Na P01
N NaOH mixturs extract for 24 hys at 30°C
of some soils (Concentrations of Na-hu-
mate solution are arbitrarily chaosen}.

B LT, L, N HS04

tion 2 + Fraction 3 4

3

LTS Fraction 3 9

e FRRO 4O L DI,

Eh)THEONALEOENZE LS, B0, Figh PL,
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P82, Hilipn-PIB 0L, EFAE LTS Fraction 2 BEE LT AEAREBERALER
TRETES D

ZoloBEfe T, BREN, Bttt (B) BlUEER PV AVSTR, BRREXT 7 vEBRDOY
iz 01N NaOH B cEERHN SN S f-1a + Fraction 1 L DEM /0. T, EEREEOBILR
7 b, dlog By, 4log K BLRU RE & b1 CEULUAEER UL, Cnb0lBHROITRE pH
BRUEREEEMTEREN D, TRRE0ERVLBOIETE . XCBBHEKLOBRSLE
T, AROEELET 2o 20 TER LS s G ), BEEEORRERE LI,

AL NaPoOy & Ca BRI ReOs & DHEAMIRDNE S LITE T, £SEH (Fraction 2
+ Fraction 3) OHBEMFLLY, BETSHREEShEb k. B0 £ LBICET 5 0.1IM
NaPy0-0. 1IN NaCH BABMTBORER, chEbiHEHoHRLED, BHOSFICHVE SRR
HrhisrlERTboLELNLS

9. Ca BEH (Fraction 2) OEBCHOWT

9 B &
ded T Ca & A U, 001N NaOH B X » Thili a3 iy Ca B (Fraction 2) oafk
2, WORDOHEERRBEESINTNA

0. 1M NayPe0,-0. IN NaOH BABRHMIT 20 TR TR & B0 THEH, FDOMRO XD EH
BT bt g

1) Smon® BB LSS LTS Ca B i, NaF #510 L (COONa)y HIIC & 5 IR Hit
BT T 5o ZNHOERIC S FHOME R, —#icfof kT Cat 0. 1N NaOH B TH
HAEFTIL - AR D, DRV LT, COFEREBHOMERELEENCET 220
43 LR OEED,

2)  Sexmered® A4 HE 5% HCL 20T 70~ 80°C T30 L, Ca B k7 Mg 2R 7 #
0.5 % NaOH s EnTEMImATY, 5% HOlBABEOBA L0, L Ca XU Mg g
HEEBL TV S,

3y Trore® {3 N NagSO JFHE MNT, %N Ca th, 0.1N NaOH JAid BnC BRI AT

v, BREOBA L OEDPD BEERELTO S,

4) Powomareva®®® {3 N NaSO, o Rb b 01N HS80 2T, Tyuem BEERRIITE -

‘E’“

T g,

Serancer TEOBAICE, 5% HOLFIMBIEPIREED Fe XU Al OEHBED OGN D, o,
OF AN EZOFTEOHED ¢, EEMNEBIC pH BB UA LIBLEEKS, BEH
HOBEESED SN, EHR OO fraction % Ca XU Mg ERELAEELT LEELROVDT,
EY (Ca, Mg, Fe BLU AL LEALLEEREE U T -T2,

fo 8T, Ca BB (Fraction 2) OEBOHHOM Ca iid, Trurmw B L Povomarsva 30
WENPERCEDPEETHAL I EERONLOT, WHEOLBRHE 2RSS C iU,

9-2. /M F &
SR HLENT N NagSOq %I L 0. 1IN HeS0 £ RV @ HI 9T, 2-3 EEBRICTIL 270
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5.5 Ve { 1 Kinshozan

-2 [P dRo
50r 5. yras

Daimon
Pl4As Blo

Nijmi
PIOA: (BDo

B
4 ’Fukuya'na
/2J pn-P3A, Bo

| Okinawa

LIbid [ PB2A,
[ B, ( ’
3
/',
%00 800 700 400 500 400 300 9(;(; 500700 A00 500 400 300
Wave length(m.) Wave length(ry/.)
Fig. 4-(1) Fig. 4~(2)

Fig. 4-{1)~{2) N NazS0; Ik E7213 0. 1IN HgS0, jc k5 i Ca % 0. 1N NaOH #9 1 % 30°Cih
Hic B v % Na-humate JRIEORILA 2 e (1 ATV, 2: N NagS0, JBRIEaim
B, §:0.1N HySO. BilLs, Na-humate 7RO BRI L1o)
The absorption spectra of Na-humate solution (humic acid) in 0. IN NaOH extract
for overnight at 30°C of some soils after decalcification with N NaySCO, solution
or 0.1N H,SO, pretreatment (1 : without pretreatment) (undecalcified soil), 2:
with N Na,S50,; pretreatment, 3 : with 0.1N NayS0, pretreatment. Concentrations
of Na-humate solution are arbitrarily chosen).

9-3. FERBIUH
LRI 10 ORI Table 7 BLU Fig. 4 KRTEBOTH o7z
BRSOy v EROILE, 4WAEH (Fraction 2 + Fraction 3) @ &7 D700 - fo ki
Pl4Ay DB &I HE B RON Bh-, 20MoB4R »Ihd, 01N S0, gimol s N

Nag80; WIREIE OB S X D Eh»lce FH Plas B By, s PIB T3 N NagSO, JHnTRLE
OEAE (2) BERY LN, -k, 01N HSO g BEOBAICIRIAL & S il bhi. chd
BTN S EREAGERZ L, BlnT, CaBBROESETRLUBOLETH - i,
GIREC T S P82 oA d, (-2) 1 01N HS0, MBSO B U3 LS o,
FHICOESTHEND, 01N HSO, sl oB AN Ca v & 5 Ca BEoRE & b, B

Ry0g 1T & B RyOg BATHE (Fraction 3) 055D OBAHOEMMBFEHI LD TRIZOLEHEELTY
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bo TEH BT P VR T Tyurny & Povomarsva Bk Bl U7k EE,

Ca O X8 THInE FNT &G,

Povomareva 3 13 Tyorm 3 L © Fraction 2 OHiH

Powomareva 7EIT 30 4

&
f’x“

fraction 2 OAWRHS, Ca LT B R BN &R

FLTNE
DT, BALA s bov, 4 log Ky, o log Ka B 208 BE 803,
(h-2)

FRETEP LTV, coAR0Tho LK s, Ca

D e @ Ca & 1T

10, B0, BENE (Fraction 3) LUV LE&EEEH (Fraction 2 +
Fraction 3) OEELDWT

w1, B By
}{g()g fid
1Y Pyor®® 12 C

NaOH 5 T4

Y (Fraction 8) oiE

§ % 005N HeS0, 825

[ (Fraction 2) & &

frio UF N 1{2(3()1 & ):Ij{l\ ‘,,- mtw{:

F4 Fraction 3 & L,

7 HaSOy hydrolyzable carbon & LT3

Pl 2 J o i”IzSQg fi{yu‘ WAV A

2 Ponomarsva®® 13 Tyuaiy e N HeSO, AT ET 2
BUEE, 001N NaOH B3 B4 077 - ¢ Fraction 3 AW E el NS0, 61K Carbon

Fef-d XL

CHL %, 0.4N NayS0,

WEoRd & 91,

TH OBl SN 5729,

Wir vy, hEOP
AW NR B L O b
DD,
@:MZM

DS T AR L eI LT, B LT

BN E LTINS, LikEaT,

Bty Bia A i Fraction 2 4

S A R

“

T Fraction 2 + Fraction 3 04

0-2. 9 W F &
BIIROSAEE LT
1 Tyuw HBiz BN HSO, 24 1
2y I kEBOIb N HaS0, 246

Ho30°C
36°C




Table 8§ &8 HSO: §TAMIC K » T Ca & S O KOs
The humus form io 0.1N NaOH extract for overnight at 30°C after

=% po! £, HfsS()@w 4 i i bt e
U T R AL W Humic ad
Name of saraple Horizzjn HgS0, B H  Humic acid
Type of soil prg;g?ﬁ Ht s he3 g I
vIEEN -1 1~Z 3 Totaj ~la
a 26,3 0.1 .5 26.9 4, &
- = ' b » P 0.6 27.0 49
D Npmi ¢ 26.3 16.3
P17 B
Bl a 17.5 tr. 12.1 29.6 15.9
B b ” 7” 12.4 28.9 17.5
o 28,8 22,1
a 17.3 3.2 1.4 21.9 .3
- " Ay b P P 15 22.0 4.0
Bl B8 - g - p
Fukuyama “ 2tz 16.2
~P3
pocP a 6.2 9.1 4.2 6.1
- By b ” #” 5.0 8,2
o 19,1
a 13.8 2.7 2.8 19.3 6.6
& i [U A b ” I 3.0 19,3 7.1
i o : o o
Kinshdzan c 19.1 20.8
P1
i 4 13.2 tr 4,8 17.2
dRDC‘d} R b 2 7 ’ 8.2 18.3
[ 26.3
a 16,1 tr, .9 0.3
- o Ay b ” ” 2,0 iy
- PO ? 21.9
Otaki ¢
P a 10. 4 tr 5.7 1 33.0
Pw{i)-1 By h » s 5.9 3 33.2
C 7 41,3
#h a 5.1 9.9 4,5 19.5 4.4
Ohinawa Ay b # i 4,7 19.7 1, 8
P82 [ 18.8 16,6
- x Ay b 32.6 tr. 32,6 10. 8
A 3
Baﬂn%i Fia B b 22.9 2.1 25,0 17.2
g !
e L B’
Nilmi Ay b 16.2 1.4 1.8 19,4 5.3
Pio(Bho
e o pH As b 9.5 8.9 1.3 19.8 7.6

) ¥ HaS0s B

a) 0.5N HgS0, 24 HE 30°C,
by N HpSO4 24 K5 30°C,
&) N H3S0, 2IERISICE,

D fraction @ Carbon [ERBEOAER Carbon KT8 % TRL

Remarks ¢ * Pretreatment a)

with 0,58 HeB04 for 24 hrs at 30°0.,
by with N HgB0, for 24 hrs at 30°C.
oy with N HeS04 for 2 hre on a boiling water bath.

¥ The carbon of humus fractions is cxpressed as % of total soll organic carbon.
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LEE B Glm -

% 0.1N NaOH % 1% 30°C #iflin ki A B 0%

removal of Ca and RyOy by various Hy50¢ treatments of some soils

Humus composition®* Na-hamate ¥ oy
- Optical property of Na
7o R Falvic acid A mate solution (h~(14 21
7 Extracted | CufCr : ‘
£1 \ B humus 4log Ky R
1.1 | 0.3 tr. 15.8 42.7 L70 | 0.522 |
10.6 | o ” 16.8 42.8 171 0,822
35 19,8 46, 1 1.3 0. 481
! .
6.7 | 4.9 i 1.08 0,4 0,619 1,071
501 801 .6 1. Q7 0. 0,594 1,082
L4 0, 84 AN {.583 1. 206
11.4 3.8 0,9 19,4 41,3 5 (., 788 0, 400
16, 4 7 .48 19.8 41,8 i 0., 788 0. 409
8.2 24,4 45, 4 6 0,651 0,451
- ]
10,8 4.9 23,3 0, 84 0. 688
5.5 # 3, ¢ 24.9 0. 82 0. 661
15.0 | 34,1 0. 56 0,619
i
0.5 2.8 40,86 0.91 G. 640G G, 782 0.298
10,01 4 41,0 0.91 (. 638 1, 789 0. 303
0.1 51,7 0.62 (. 860 Q. 690 0. G44
| .
9.4 c.2 6.8 3301 1 0. 700 G, 701
8.4 ” 6.6 33.5 .9 0,702 0, 695
9, d 35. 6 L2 0. 666 G, 78C
14.2 0.2 1.9 26.6 44, 6 0. 68 C. 467 0, 457
13. 4 “” 2.2 26.9 45,0 87 0, 454 0,
Q.2 31.1 48, 7 357 0, 454 Q.
4.2 tr. 9.8 47.0 63.1 0,541 0,500 1.110 0. 367
4. C ir. 9.6 46. 8 63,1 0,35 0. 508 1. 084 G, 356
2.3 50. 6 66, 3 0, 31 O, 481 0, 989 0. 394
N 1.1 3.7 85,9 0, 502
4, 8 #” 5.9 36.3 0. 499
7.6 43,0 0.820
8.3 0.2 19,3 51.9 1,69 0. 538 0,577 0. 634
7.9 1.4 26, 4 5l.4 0,95 G, 508 Q. 600 G, 787
10,1 0.2 1.4 17,0 6.4 .14 0. 606 0,428
10. 4 3.9 6.3 28,2 6.0 0. 70 0. 617 0,722 0. 261
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o (-1
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Fig. 5-(1) Fig. 5~

Fig, B-{1)~~(2) @SB X oF 258 HaS0, iM% 01N NaOH ik 1% 30°C

Na~-humate PO RIL 2 ~¢ 27 b v (1 EETLE, 2 10,5N HeSO 241§

b N HS0, 24850 30°C i, o N S0, 2 ST Ly, Na~humate 5O R

SEERI U,

The absorption spectra of Na-humate solution Chumic acid) in 0, IN NaOH extract for

overnight at 30°C without or with various HyS0, pretreatments of some soils (1

without pretreatment, a:0.5N HgS0y for 24hrs at 30°C, b N H,SO, for 24hrs at

30°C, ¢ N H50; for 2hrs on a water bath, Concentrations of Na-humate solution

are arbitrarily chosen).
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Table 9. W H,S0, 24 B 30°C it (B Ca BLU RO 0. 1IN NaOH BT 1%
30°C FE 1 7‘1’ TR Mo o O NSO, BT E 1 B, il
T QIR 3‘7C 01N NaOH 2R, 1 30°C L 2 DRl AR
15 1B S OBE @ﬂ v
The hurmus form in repeated 0. 1N NaOH extract for overnight at 30°C
with or without W HyS50, treatment for 1 hr on a water bath of some s0ils
those primarily extracted with 0, 1N NaOH solution for overnight at 30°C
after removed Ca and RyOy with N Hy50, pmtreatment for 24 hrs at 30°C

* o B ORCHICEE OB M oo W Na-humate (RO 6
ke 4 ;m Horizon Method Humus composition™®* 1S T Optical property
Name of sampie of NHEH of Na-humate solution
Type of soil extrac- B 3904
tion® aydmiy- )
] Aﬁé}}.e Total 14 iog K]_ 4 Jog Kg Rfsoo
oy B A a 3.7 1.2 4.5 9.4 | 0.485 1 0,458
Niimi M b 4.2 1.7 - 5.9 1 0,630 ] 0.549
P17 B a | a2 1.3 2.0 6.5 ] 0.430 0 0.554
Bin 5 1 4.5 2,1 5.6 1 0.459 | 0.570
& th A F 4,1 537 4.6 1401 0.5 0. 628
Fukuyama o b 4.5 5.6 | - 161 0. 0.652
po-P3 B a 24 7.3 | 1.9 i1.6 | O. 0. 586
B 1B 2.7 7.9 | - 0.2 | O 0. 635
. T A a 4.3 f 3.3 ] 7.7 15,31 0.5 0. 537
Kinshdzan * b 4.5 | 4,6 l 9.1 0. 0. 506
P1 B a 3. .8 | 3. 8.6 0. 0.648 |
dRo(d) - b 1.9 | 5.6 1 0,49 0.641 |
O e A a 5.2 4 1.7 ] 0.396 | 0.547
Otaki 2 b 6.4 9.0 1 0,438 | 0.461
1 R a 1.1 2 5.4 ] 0,389 | 0,628
Pw{i}-1 * b | 1.4 3.6 | 0.427 | 0.445

B O* BRI a) N HaSO4 1 fobi
B N He80, NELEE 43I 0,18 NaQH
ORA T S 7Y g D Carbon 12 Carbon 1039 3 % TR,
Remarks : ¥ Method of repeated extraction:
a} Repeated 0. 1N NaOH extraction with N Hg50: treatment for 1hr on a beiling water bath.
b Repeated §.IN NaQH extraction without N HgS0, treatment.
¥ The carbon of humus fractions is expresed as 9 of total soil organic carbon.
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Table 10,

The effect of various Héb()d ires ﬁtmen‘u aon the vield and opiical
property of humic acid in 01N NaOH extract of various solls

oS, treatment i Humic acid
Name of sample|] } property of
Type of soil solution
4 log Kol
. . 0,260
2‘/;1 ﬁ‘ 0.5 )N
MNiimi A e
P17 & N
Bip N
N
i . ¥
N i a water bath
iab, temp.
Ay on & water bath
N in a water bath
(BZ}rz .
¥y on
in 3
{i;g 1i
Fukuyama
ph- yP% A N
R N on
N in a water bath !
0,28 lab. temp.
By ™ on a water bath
N in o water bath
" 1ab. temp.
B K
S
Fukuyama A 200 ¢
£
B on 2 water bath
in a water barh
74 & fab. tomp
i A
PeBnld) in a water hath
i 5 0, 26N labs. temp. !
Kumano Ay N on a water bath |
P . ] .
Tip D in a water bath |
O lab. temp. o, 81
B il on a water bath 0,780 ¢ 0,694
N in a water bath
4 i 0,261 lab. temp. thr
Kinshdzan A i on a waler bath | Zhrs
(iRi;}i a N in & water bath | Zhrs
0,26 lab. temp. thr 100 0. 708
B N on a water bath | Zhrs 81,7 0. 657
N in a water bath | Zhrs 741 0,507 0,846 | 0.798
i 1
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~§ o HyS0, i H.O8, treatment B o B Humic acid
Al = 2]
O™ m oA " Na-humate RIEOIEER
Name of &ample Horizon Concens | Tk B PEE Optical property ot
Type of soil fration Temperature Time Na-humate solution
4 log Kqld log Kyl Rieg
& 0.26N lab. temp. thr 100 0,461 1 1,119 0,454
@t;ki Ag N on a water bath | 2hrs 77.6 1 4,443 1,060 | 0.549
1 M 5 {4 - 7 GE =4
Pw(i)-1 N in a water bath | Zhrs 75,40 0,481 1 0.954 | 0.564
0. 26N lab, temp. ihr 100 0.592 1 1.14% L 342
0.5 N 30°¢ 24hrs 102.8 | 0.602 1 1.139 , 338
By N 30°C Z4hrs 102.6 | 0,605 1,128 1 0.339
N on a water bath 2hrs 78,1 0.572 1. Q8% 0. 441
N in a water bath | Zhrs 76,8 1 0.540 1 0.985 1 0,462
i Q. 26N lab. temp. ithe 100 Q. 560 . 659 0, 491
Okmawa Ay N on a water bath | Zhrs TB4.0 ] 0.543 1 ©.6291 0,591
a2 N in a water bath 2hrs 81,6 0, 539 0,613 0. 625
) 0F FIREERIEGL 0. 26N HaS0y IRETEAY) S R

N HeS04 L,
Remarks : ¥ The humic acid yield with wvarious HgB04 treatroents is expressed as % of that with §. 26N
Hg80y treatment for 1 hr at Isboratory temperatare.
N HeB0, pretreated soil.
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Table 11. EHLS0, i XA BTIREEOWE
Yield of acid soluble humus (f-1a) with various H;50, extracts

N e il o K DI E Yield of acid soluble humus*®

Iy dé‘[;% eof; ?a%rcz?iﬁ Horizon |0, ¢ Tor |0, 5N Hpb0, for | ( N Hﬂb()4 for 241N HzSO . for
24 hrs at 30°C | 24hrs at 30°C hrs at 30°C | hrat 7545°C

T i Ay 8.3 4.4 4.9 6.0

g}; B 9.6 15.9 17.7 22.3

T MmO M 8.0 4.9 5.3 7.9

B Bs 7.8 12.7 13.7 18.2

" Fukuyama . Ba 1.8 3.3 4.0 5.6

p%'fs B, 2.1 6.1 8.2 10, 4

kady ma P7 !EEIL A 4.3 5.2 6.6 6.9

" ?6%})@;&:30 A 6.3 g6 | 9.4 9.0

@ Kms%@zan i A 4.3 6.4 7.1 8.7

dRﬁéd} B 13.0 17.2 18.3 21,7

* Otalki e Ag 7.6 9.3 S 13.2

Pém By 10. 1 33.0 38.3

] o Carbon 13-484AE Carbon T2 # TRLI,
Remarks : ¥ The carbon of acid soluble humus is expressed as 9 of total soil organic carbon.
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Studies on Humus Form of Forest Seil Part 1

On the examination of analytical method for the determination

of humus form and 2 propesed improved method

Hiroshi Kawapa®

Summary

1. Introduction

Previously a work on the correlation between the ty of soil of the brown forest soils,

podzolic soils, and black scils (Ando soils) and thelr humus forms and chemical properties
from ihe pedological point of view was done by the author™ to make clear the mutual rela-
tions of the taxonomic position of each type of soil, and the following results were obtained:

The effects of the environmental factors, especially ithe topographical factor, cause clear
differences of the humus forms and chemical properties among the fvpes of soil of the brown
forest soils and podzolic soils. But these of black soils are unaffectad by the environwmental
influsnces,

Bemarks ¢ The type of soil is a unit type of every great soil group in the forest soil classification

system of forest soil survey in cur country.

After that time the pedological studies on the red-yellow soll group and wet podzolic soll

under forest advanced, and some soils whe genetical processes and faxonomic positions

became an issue were discoverad, The humus forms of these solls were left blank, Sowme

agricultural researchers pointed to differences of humus form of the humic aliophans goils

(hlack soils, Ando soils) in dependence of thelr geographical distribution. However, these

problems on the forest soll were still left for future ol
The re

promptesd

ot advances of the pedological studles of the forest soil and those of humus form

author to supplement his previous information. At the beginning of these
g

studies, the author wished to establish the most suitable analytical method for our forest soil

by the examination of the varicus methods proposed up to the present.

This paper deals with the results of the examination and a propos of a newly im-

proved method.

2. The analytical methed for the determination of bumus form proposed by the suthoy

2-%.  The fractionation of luumus

The author adopted the fractionation of humus after Tronint®. It was zs follows:

13 f-la: So-called the acid soluble humus, the fulvic acid-like substances extracted with
dilute mineval acid.

2) Fraction 1 Bo-called the free humus, the humic acid (b-1) and fulvic acid 1)

exiracted with dilute NaOH solution without any pretreatment,

Received January 28, 1972
(1} Kansal Branch Station
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3) Fraction 2: So-called the humus combined with Ca, the humic acid (h-2) and fulvic
acid ({-2) extracted with dilute NaDH solution after decalcification of soil.

4) Fraction 3: So-called the humus combined with R;0; in stable silicate form, humic
acid (h-3) and fulvic acid (f~3) extracted with dilute NaOH solution after the removal of
Ra05 of soil,

2-2. The determination of humus form extracied with dilute NaOH selution (f-la and
Fraction 1)

2-2-1.  The extraction of humus.

The ground, Imm sieved, air-dried soil containing about 200 mg of organic carbon is
placed in a 200 m/ Erienmever flask and the freshly prepared 100mf of 0.1 N NaOH solution
is added. The flask is tightly stoppered and kept for 24 hrs at 30°C with occasional stirrings.
The next morning 25m! of 2N Nag80, solution is added and well mixed. The mixture iz
centrifuged at 8,000 rpm for I5min. The clear supernatant, the humus extract, is collected
by decantation and the precipitate Is discarded.

If the supernatant is cloudy, it is put back into the original flask, supplemented with
25 mi of NapS0, solution and centrifuged again at 12, 000~15, 000 rpm for 15 min.

2-2-2. The separation of humic acid.

An aliquot of humus extract is pipetted into a beaker and 1: 100 volume of Hyb0, is
added drop by drop, stirring the solution with a glass rod. After the humic acid gel precipi-
tated, more than 1 hr later, the content of beaker is centrifuged and the supernatant, the
fulvic acid, is discarded by decantation. If the amount of humic acid is very scanty or its
coagulation is slow, the beaker is left overnight at laboratory temperature. As the humic
acid gel is floatable, it should be necessary to filter the supernatant before discarding or the
loss of humic acid may occur. The precipitate, humic acid, is washed with 1: 100 H.80,
several times until the supernatant becomes colorless.

2-2-3, The determination of optical property of Na-humate solution.

The humic acid gel in the centrifuge bottle and on the filter paper is dissclved into a
100 m! or 50 m! volume flask depending on its amount with 0.1 N NaOH solution. Na-humate
solution is diluted with the same solution, if necessary, and its optical densities in the wave
length region from 900 to 250 mp are determined within 2 hrs after solution. The results are
expressed as follows:

13 The absorption curve (logk—a curve).

2) The color quotients (or color ratios) ex.presséd by dlog ky=log kype—log ke and dlog ky=
log kgso—l0g kego where Rypg, £oo0, oxe and ey, are absorption coefficients at 400, 600, 650 and 850 myp.
They represent the inclinations of the absorption curve against the wave length axis.

3) RS is expressed with the absorption coefficient at 600 mp of the Na-humate solution
containing carbon 100myg per litter. It reflects the relative intensity of color depth of Na-
humate solution.

Remarks : dlog &y is the same as Jlog % after Koso and Ousa®l and Komapa?h)2®

2-2-4. The carbon determination of humus extract and Na-humate solution.

An aliguot of the humus extract and Na-humate solution, respectively, is pipetted into a
100 mi Erienuryer flask, neutralized with N HyS0, and evaporated to drvness on a water bath.
Its carbon content is determined by K,Cry0, oxidometiryi®,

The carbon of humus fractions is calculated as follows:
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humus extract C—humic acid C= (f-1a) + (-1 = (A)
humic acid C=(h-1)
(A)—(f-1a)=(f-1)
The determination of f~1a is described hereafter in 2-4.
The carbon of humus fractions is expressed as carbon per cent of the total original soil

organic carbon.

2-3. 'The determination of humus form extracted with 0.1 N NaOH solution after decaleifi-
eation of soil with N NaS80, selution (f-1a, Fraction 1 and Fraction 2)

The same amount of sample as that described in 2-2 is placed in a 200 m/ Erresmevex
flask and 100 mi of N NagS0, solution is added. The flask is tightly stoppered and kept for
24 hrs, 30°C with occasional stivvings, The next morning the content of flask is centrifuged
at 8,000 rpm for 15 min. The clear supernatant is collected by decantation for the determi-
nation of N NagS0, soluble carbon. The residue is added with the same solution, stirred with
a glass rod, left for 30 min. and centrifuged. The supernatant this time is discarded. The
washing of residue is repeated until Ca ion reaction in the supernatant disappears. More
than ten times of washing are necessary for Ca rich soil but four or five times are sufficient
for odr usual forest soil.

After that, the residue in the centrifuge bottle is returned into the original flask with
100 ml of 0.1 N NaOH sclution. The extraction of humus is performed in the same way as
that described in 2-2. The next morning 25mi of 2N Nas50, solution is added and the
mixture is centrifuged as described in 2-2. The residue is added with 0.4 N Na 80, solution,
stirring with a glass rod and centrifuged. The washing is repeated until the 250 m/ volumetric
flask where the humus extract and washing solution are collected is filled up.

Remarks : The anthor usually used a 50 m/ centrifuge bottle and the last washing solution of mest

soils was almost colorless but that of the black soils was still faintly colored.

The subsequent procedures are the same as those described in 2-2.

An aliguot of NagSQy extract is pipetted into a 100 mi Eruenurvir flask and evaporated to
dryness on a water bath. Its carbon content is determined by KyCryO; oxidometry.

The carbon of humus fractions is caleulated as follows:

humus extract C+N NagS0, soluble C=f-la+TFraction 1+ Fraction 2==(8)
humic acid C= (-1 + (h-2) = () (O~ (h-1) = (h-2)
(B — (Cy=(f-1a) + {1 + {(~2) = (D) (D) — (A= (£-2)

It is expressed as carbon per cent of the total original soil organic carbon.

2-4.  The determination of humus form extracted with 0.1 N Na(OHl solution after pretreat-
ment with N H,80, (f-1a, Fraction 1, Fraction 2 and Fraction 3)

The pretreatment is carried out in the same manner as that described in 2-3 with N Hy50,
in place of N NapSO, solution. The next morning the content of flask is centrifuged at 8,000
rpm for 15 min. The clear supernatant is collected by decantation for the determination of
acid soluble humus ({-1a).

The washing of residue in the centrifuge bottle is repeated with 0.4 N Na,SO, solution
several tlmes as described in 2-3 until the washing solution becomes colorless. After that,
the residue is returned inte the original flask with 100m/ of 0.1 N NaOH sclution. The
subsequent procedures are the same as those described in 2-3.

An aliquot of N HgS0, extract is pipetted into 100 m/ Errewuevsr flask, neutralized with



N NaOH solution and evaporated to dryness on a water bath. Its carbon content is deter-
rined by KgCrO, oxidometry. It expresses the acid soluble humus (f~1a).
The carbon of humus fractions is calculated as follows:

humus extract C=Fraction 1+Fraction 2+Fraction 3=(E)

Ey - =D+ -2+ E-3D =G (G) — ({-1-4-1-2) = (£~3)
- N HS0, soluble C==(f-18)

It is expressed as carbon per cent of the total original soil vrganic carboa,

2-5,  Miscellancous

The complete extraction of humus fraction with the repesated washing of the 0. 1N NaQH
extracted soil residue with 0.02 N NaOH solution until the washing solution became colorless
had been carried out after Tyurw's method®, The author esxamined his method and found
that it involved a great deal of work and tock rouch time; so he adopted the washing of
the soll residue with 0.4 N NagSQ, sclution. The yleld of extracted humus with the author’s
method is limited to 80~-90% of that of the complete extraction as described hereafter in 5.

In the author’s opinion, to compare the humus forms of various soils and to get the
information on their characteristics would be beneficial; however, he had to abandon the suc-
cessive extraction of humus fractions,

The author suggested that Fraction 1 was dominant and Fraction 2 and 3 were little on
the humus compositions of our forest soil in his previous report™, A few forest soils con-
taining abundant Fraction ¢ as described later in 9 have been found up to the present time,
but their distribution was very limited and they belonged to the specific case in our country.
in the author’s opinion, the determination of the sum of Fraction 2 and 3 by the method
described in 2-4 would be sufficient for the humus form determination of our usual forest
soil. The determination of Fraction 2 should be necessary only on the forest soil rich in
exchangeable Ca (their rates of saturation are more than about 50%) and with high pH

valae (more than about 6.0).
3. The analysed sample

The type of soil and chemical property of analysed soils were expressed in Table 1

Their detailed information will appear in the following reports.

4. The effect of rate of humus amount of sell to extractant volume on the
homus form in 0.1 N NaOH extract

4-1.  The obiective
© The following examinations were carried out to make clear the effect of the rate of

humus amount (organic carbon) of soil to the extractant volume on the humus form in 0.1 N
NaOH extract for 24 hrs at 30°C,

4-2.  The analytical method

Four surface soils of various soil groups were analysed.

The volume of 0.1 N NaGH solution fixed on 100 m! and the humus amount of soil (organic
carbon) were variable as 330, 200 and 100 myg, rvespectively. Thus the rates of carbon to
extractant were 1:300, 1500 and 1 1,000,



The analytical procedures were the same as ¢ described in 2-2

4-3.  The result and discussion
The results were expressed in Table 2.
The yield of humic (b-1) and fulvic ({-la and £-1) acids was slightly increased in the

following order as 1: 800<71: B0 1L, 000, The Co/C; (the ratio of humic acid Cffulvic acid

), color quotients and Rf were almost the same in all extracts of every soil.

Considering these results, the author adopted 1: 500 as the standard rate for the homus

extraction.

5. The effect of repeated exiraction with 0.1 K NaOH selution on the humus form

5-1. The objective

The repeated washing of the residue sxirvacted with 0.1 N Na{¥H solution until the washing

solution became colorless with .02 N NaOH solution was adopted by Tvosme in his analytical
methodf, It was said that from six to twenty times of washing should be necessary for the

resuits on some forest soils,

complete extraction of humust®. The author obtained simils

ton, The great deal of work snd time lnvolved for the complete extraction would be a cumber-

some point for the determination of humus form.

The author carried out the following examinations to make clear the effect of repesated

extraction with (0, 1 N NaQH solution on the humus fornn

5-2. The analytical method

Ten surface and lower soils of various soll groups were ana
The first extraction with 0.1 N NaOH solution was the same as that described in 2-2. In

the present instance the cenirifuged residue was washed with 0.4 N NagSQ, scolution as de-

& owith

sceribed in 2-3. Afier the washing, the residue was returned into the original
100mi of 1IN

first one using 0. 1N NaOH-0.4 N NapSO, mixed solution for the wash. The last washing

a0H solution. The second extraction was done in the same manner as the

solution was colorless in every soill The subsequent procedures were the same as those
ed in -2

5-3. The result and discussion

des

The results were expressed in Table % and Fig. 1

The vield of extracted humus and humic acid in the second extract was about 10--20%
and 15~20% of that in the first extract, respectively, on the analysed soils except Ay and B
of Fukuyvama pn-P 3, especially the latter. Their higher vield than that of other soils might
be on account of their abundant Fraction 2 content as expressed in Table 7. Their partial

decaicification by the washing with Nay=R(0, solution in the first extraction might bring the

partial sclution of Fraction 2 in the sscond NaOH exiraction.

Comparing the optical property of humic acids in both exiracts, dlogky, Jlog ke and Rf
were fairly different with some exceptions. However, no certain trend was found on their
alteration among the examined soils, Similar results were obtained on the humus forms of
the repeated 0.1 N NaOH extracts after N S0 pretrestment as described later in 11

These facts were easily comprehensible by the following opinion that the humus would
be a complex mixture of polymers different from the solubility in MNaOH solution and the
optical property of humic acid.

To lessen work procedures and to save time, the author abandoned the complete extraction
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of humus with repeated washing of dilute alkaline solution. In his opinion, there may be no
difficulty to compare the humus form of various soils with their first 0.1 N NaOH extract
as since it contains BO~909% of total extractable humus. However, as stated, he abandoned

the successive extraction of the remaining fractions.
6. The effect of ethanol-benzol extraction on the humus form

6-1. The objective

The humus extraction with 0.1 N NaOH solution followed after ethanol-henzol extraction
of soil after Tyurw*® and Ponomareva®® in their analytical methods. Tyusiv pointed out that
a faulty result would be obtained without this extraction on the soils whose ethanci-benzol
gsoluble carbon was more than 5% of their total organic carbon. However, Koxoxova and
Brei’cumoval® omitted this extraction except the organic soils, such as peat. They saild that
the increase of vield of acid soluble humus would occur but the yield of bumic acid and
fulvic acid was unaffectable on the mineral soils without this extraction,

The author wished to examine the effect of ethanol-benzol extraction on the humus form.

6-2. 'The snalytical method

The soils of varicus soil groups with widely different ethanol-benzol soluble carbon content
were analysed.

The samples were extracted with ethanol-benzol mixture (1:1) in a Soxmier apparatus
for 12~20 hrs on a water bath as usual. The ethanol-benzol soluble carbon was calculated
by multiplying the dry weight of ethanol-benzol soluble matter by 0,724 and it was ex-
pressed as carbon per cent of the total eriginal organic carbon of the soil.

The extracted soils were dried at laboratory temperature until the smell of the solvent
disappeared. The humus forms of ethanol-benzol extracted or unextracted soils were deter-
mined by such methods as those described in 2-2 and 2-4. The humus composition of ethanol-
benzol extracted soil was converted into the original soil basis.

6-3. The result and discussien

The results were expressed in Table 4.

The effects of ethanol-benzol extraction on the humus form were divided into the following
three types:

1) On Ay of Fukuyama pn-p 3, B of Otaki P 4 and R; (A-B) of Kano belonging to the
so-called mineral soil, their ethanol-benzol soluble carbon was from 2.9 to 6.9% of their total
organic carbon. Their yield of total humic acid (h~1, 2 and 3) and fulvic acid (f~1a, 1, 2 and
3) decreased about 6~10% and 0~7%, respectively, by this extraction. Their absorption
spectra, flogky, dlog &y and Rf of Na-humate solution were unaffected.

2y On Ay of Niimi P 17, (H)-A of Kawamoto P 4, A; of Midagahara and H-A of Otaki
P 1 belonging to the so-called organic soil, they were rich in organic matter and their ethanol-
benzol soluble carbon was from 10.3 to 17.2% of their total organic carbon except A; of Niimi
that was §.3%.

Their yield of total humic acid and fulvic acid decreased about 10% and 3~13%, respec-
tively, by this extraction. Their absorption spectra, Jlog b and log by were unaffected but
their Rf values were fairly increased.

3y On Ax of Saijo P 14 that contained the mycellial substances and belonged to a rather

specific soil, its ethanol-benzol soluble carbon was 11.9% of the total organic carbon. The



B 1R Qo) v 59 —

effect of this extraction on the humus form showed the same trend as the so-called organic
soil. But its decrease of total humic acid yield was very distinguished (about 20%) and its
increase of Rf value was very remarkable, too.

As a general trend, the decrease of the visld of humic acid by this extraction was more
pronounced than that of fulvic acid, and the decrease of acid soluble humus (f-1a) was little
except (H)-A of Kawamoto P 4 and H-A of Otaki P 1L

The following facts were suggested from the above-mentioned results:

1) The ethanol-benzol mixture extracted not only the wax, fat and resin but also a part
of humic acld and fulvic acid,

2}  The humic acid fractions of the so-called organic soils and the soil containing mycel-
{ial substances contained the colorless or faintly colored substances extractable with ethanol-
benzol mixture,

In the author’s opinion, the determination of ethanol-benzol soluble C and the N HyS8(,
hydrolyzable C after Tvort? ag described in 11 would be profitable to get the information
on the whole humus status in detail. However, the humic acid and fulvic acid fractions are
the heterogeneous mixtures of the polymers, thus it becomes a matter of every researcher’s
own definition of them whether the solubility in alkaline solution and the precipitability with
acid are accorded great importance or that the solubility in ethanol-benzol mixture is regarded
as vital and the ethanol-benzol soluble substances are separated from the humic acid and
fulvic acid fractions,

The author omitted the ethanol-benzol extraction in the routine analytical procedures.

7. The effect of temperature on the humus form in dilute NaOH extract

7~1. The objective

Some researchers exiracted the humus with dilute alkaline solution at temperate condition,
but others in a boiling water bath. The author wished to get information on the effect of
the temperature of extraction on the humus form.

7-2.  The analytical method

The analytical method for the extraction at 30°C was the same as that described in 2-2.
The extraction in a boiling water bath was carried out as follows, and it was the same as
the method of the author’s previous worki®:

The soil containing about 330 mg organic carbon was placed in a 200 mi Eripwmzver flask,
100 ml of 0.5% solution was added and connected with a condenser. It was kept for 1hr in
a bolling water bath. After it cooled, the flask was stoppered tightly and left overnight at
30°C. The subsequent procedures were the same as those described in 2-2.

Ten soils of various soil groups were analysed.

7-3. 'The result and discussion

The resulis were expressed in Table & and Fig. 2.

Comparing both extractions of each soil, the following results were obtained:

1) The vield of humic acid (h-1) and fulvic acid (f~la and f-1) in hot extraction was
higher than that in temperate extraction. Their rates of increase of vield by hot extraction
to those by the temperate one were similar, and they were from several per cent to two
times. They increased in the following order as black soil, especially ite B horizon< degraded

black soil, dark red soil, wet podzol<brown forest soil.
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2) The difference of Cp/Cr ratio between both extractions was rather small.

3} The form of absorption spectra of MNa-humate solutions of both extracts was similar.
But the absorption bands at about 615, 570 and 450 mp of the specira of Ay and By of Otaki
P 1 (wet podzol) weakened by hot extraction.

4) The dlogh, dlogky, and Rf were usually similar in both extractions. But some soils
expressed decreases either of dlogky and dlog &y or both of them and Ri,

The chemical structure of humic acid is supposed to be composed of the highly condensed
arvomatic carbon nets and the side-chains attached to them!®®, The optical property of Na-
humate solution is supposed to be dependent on the status of aromatic carbon net structure.
Considering the above-mentioned results, it may safely be said that the aromatic carbon net
structure would be unaffected substantially with the hot dilute alkaline extraction.

The increments of the yield of the exiracted humus by hot dilute alkaline extraction is
dependent on the partial solution of humin that iz unextractable with temperate alkaline
solution,

Though the more abundant yield of humus extracted with hot dilute alkaline extraction
than that with temperate one may he convenient on the soils poor in extractable humus, the
differences of the absorption spectra of Na-humate solution among the soils are expressed
more clearly and the possibility of alteration of humic acid may increase with hot extraction
in comparison with those with temperate one. Considering these results, the author adopted

the temperate extraction for the routine analysis.

8, The humus form in 0.1 M Na-pyrophosphate-0.1 N NaOH mizture extract

3-1. 'The ehjective

A number of researchers criticized the humus extraction with alkaline solution, asserting
that it brought about an alteration of the humus. The humus extraction with NaF or Na-
oxalate solution in temperate condition had been used by some authors. The neutral NaPyO,
solution has often been wsed for the same purpose in recent times, However, the yield of
extracted humus with these solutions is clearly less than that with alkaline solution.

Recently Kowovova and Bai’cmxoval® proposed a method of humus extraction with 0.1 M
NaPyOp-0. 1 N NaOH mixture. They said that the vield of humic acid and fulvic acid ex-
tracted with this mixture was equivalent to that with 0.1 N NaQOH solution after decalcification
of soil by Tvyurin's method®®. They recommended it as a simplified Tvurnin’s method,

The USSR researchers used to attach great importance to the humus combined with Ca
(Fraction 2). However, as the soils, especially forest soils, in our country are usually acidic
and poor in Ca, the author wished to try their method on our forest soils.

8-2. The analytical method

Twelve soils of wvarious soil groups, including the neutral or slightly alkaline soils of
limestone origin, were analysed.

The analytical procedures were the same as those described in 2-2 with the freshly pre-
pared 0.1 M Na;Py0y-0. 1 N NaOH mixture (pH value was about 13) in place of 0.1 N NaGH
solution,

8-3. The result and discussion

The results wese expressed in Table 6 and Fig. 3.

Comparing with the whole humus composition expressed in Table 8 and the absorption



spectra of the fractionated humic acids in Fig. 4 and 5, the following results were obtained:

On the solls very rich in exchangeable Ca and with high pH value, A4 of Mt Ihuki P 1
and Okipawa P 82 and A o

{ Kinshozan F 1 of limestone origin, and Ay and By of Fukuyarma

po-P 9 of paeleozole rock origin, thelr humus composition and op

cal property of humic acid

were similar to those in 001N NaOH extract after heing decaleified with N Nay50, solution,
These results agreed well with those by Korowovs and Ber’cumova!®. However, the vield of
tc acid and fulvic acid was less, fogky and dloghy were incressed and Rf value was

fothose in 0.1 N NaOH ex

ed as compared wit

N HyB0, pretreatment on these

facts sug

o

that the Fraction 3 (strongly combi
th 0.3 M MNaPeGe-0, TN Naldil mixture,

solls in our country being usually acidic and poc

I owith Ry,Cy in silicate form)

actable w

sy in e distris

bution of these soils
On the other

1 oin Ca and Fraction 2 is limited and rather exc eYe,

fs, Ay and B of Daimor, Ay of WNilmi P 17 and P 10, B of Kinshozan P 1,
acid in 0.1 M NaBhy0,-0.1 N NaOH
extract was less than that in §. 1N NaQOH extract without pretreatment, But the optical

As and By of Oiaki P 1, the vield of humic acid and ful

properiy of humic acid in both extracts was similar. These were acidic and poor in

exchangeable Ca. Furthermore, the author confirmed similar re s on various soils belong-
ing to the same type {(unpublished),
The extraction of the free and all combined humus fractions (Fraction 1,2 and 3) with

author

this mixture was expected; howevey, in view of the above-mentioned results,

abandoned thelr extraction with this mixture for the routine a

alvsis of the humus form

our forest soil,

9, The delermination of Fractlon 2 (humus combined with Ca)

9-1, The chiestive

Methods for the determination of humus combined with Ca were proposed. Some authors

used NaF or Na-oxalate extraction, However, the vield of extracted humus in thess sxtracts

was less than that o 0.1 N NaOH extrsct after the decalcification of the soil. These extrac-

tions are rather qualitative and insufficient for the guantitative determination of Fraction 2.

The other methods determined this fraction by the difference between the amounts of

humus 1o dilute NaOW exiracts with or without decalcification of soll, Berineus®®37 used 545
HCH for 30 min. at 70~80°C, Tyurmt® N Nagh(, solution for 24 hrs at laberatory temperature,
and Povomareva®® (.1 N HL50, for 24 hrs at laboratory temperature for the decalcification of
the soil.

The author had used Seriverr’s pretreatment in his previous work™, but he interpreted
that it removed not only Ca and Mg but also R0y combined with humus. In his opinion,
either of the pretreatments after Tyore and Povomarnva would be useful for the decalcification
of soil, He wished to corapare the two pretreatments.

$-2.  The analytical methoed

Ten soils of wvarious soil groups were analysed,

The analytical procedures were the same as those desc

0,1 N HoS0, pretreatment.

3 with N Nap,%0, solution
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9-3. The result and discussion

The results were expressed in Table 7 and Fig. 4.

More abundant humic acid and fulvic acid were obtained in 0.1 N NaOH extract after
0.1 N HpSO¢ pretreatment than that after N NaySO, pretreatment except A; of Daimon that
was very poor in humus combined with Ca and R,0; (Fraction Z and 3).

The Fraction 2 was undetectahle after N NagS0,; pretreatment but an appreciable amount
of it was found after 0.1 N H,50, pretreatment on Ay and B; of Otaki P 1 and B of Kinshozan
P1 Otaki P 1 belonged to the wet podzol and Kinshézan P 1 to dark red soil. As they
were acidic and very poor in exchangeable Ca, the occurrence of Fraction 2 was not antici-
pated, Furthermore, on Ay of Okinawa P 82 of limestone origin, the vield of Fraction 2 was
fairly much increased after 0.1 N H,80, pretreatment comparing with that after N NasSO,
pretreatment. In the author’s opinion, the inconsistency between the Ca status and the vield
of Fraction 2 after 0.1 N H,S0, pretreatment suggested that a part of Fraction 3 (humus
combined with R,0s in silicate form) was added to Fraction 2 after this pretreatment. Some
researchers of our country®®1® ¢btained similar result on the humic allophane soils.

The optical property of humic acid after both pretreatments was similar on most soils.
The fact suggested the similarity of the optical property of humic acid in Fraction 2 and 3
(h~2 and h-3).

Considering the above-mentioned results, the author adopted the N Na,50; pretreatment
for the determination of Fraction 2.

10. The determination of Fraction & (humus combined with R0, in silicate form)

10-1. The objective

The analytical method for Fraction 3 (humus combined with R,0y in silicate form) was
proposed by Tvurmv®® and his method was simplified by Powomareva®®. It was successively
extracted from the residue that Fraction 1 and 2 were extracted in these methods. The author
adopted the washing of the residue with 0.4 N Na,S0, solution in the extraction of Fraction
1 and 2. In this case 10~20% of extractable humus would remain in the residue and it would
be extracted in the successive 0.1 N NaOH extract at the following isolation of Fraction 3
as above-mentioned in 5 and described later inm 11, Therefore, the author had to adopt the
separate extraction of Fraction 3. If the removal of Ca and Ry0y in silicate form combined
with humus with any pretreatment and the following extraction of Fraction 1, 2 and 3 with
0.1 N NaOH solution is possible, the yield of Fraction 3 is easily determined by subtracting
the sum of Fraction 1 and 2.

The author pointed out in his previcus work® that the amount of humus combined with
minerals was usually little in our forest soil. Some agricultural researchers contend that the
amount of Fraction 2 was usually little in the scils of our country, too. In the author's
opinion, as above-mentioned in 2-5, the determination of the sum of Fraction 2 and 3 would
be sufficient for the humus forms of our usual forest soill. With this in mind, an examination
of the effect of various pretreatments was undertaken.

10-2. The analytical methoed

The author selected the following pretreatments:

1) 0.5 N HzS0, for 24 hrs at 30°C, 2) N H,S50, for 24 hrs at 30°C and 3) N Hy50, for
2 hrs on a water bath. ’
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1) was adopted by Tvorwv?® and 3) by Povomareva®® as the pretreatment for the deter-
mination of Fraction 3 on the residue after the extraction of Fraction 1 and 2. 2) was added
by the author.

Nine soils of various soil groups were analysed.

10-3. The result and discussion

The results were expressed in Table § and Fig. 4.

The yield of humic acid and fulvic acid was slightly increased with N Hp5() pretreatment
at 30°C in comparison with that with 0.5 N H,S0; pretreatment at 30°C on every soil.

Comparing the humus composition with N HySQ, pretreatment on a water bath with that
with N H,50, pretreatment at 30°C, the increased yield of acid soluble humus (f-1a), the
approzimate or slightly decreased yield of humic acid (h-1+h-2+4h-3) and the decreased yield
of fulvic acid (f~141-241-3) were obtained on all s0ils examined. However, the sum of acid
soluble humus (f-1a) and fulvic acid ({-1-4-F-2-4-1-3) were increased.

In Tvyurww’s opinion, the humus status in the soil is the complex of humic acid and fulvic
acid and it separates inte both fractions in alkaline solution by hyvdrolization. On the basis
of the same opinion and the following assumption that the combination of humic acid and
fulvic acid is partially decomposed by hot N Hp50; treatment and a part of fulvic acid dis-
solved into N HyS0,, the above-mentioned increase of acid soluble humus and the decrease of
fulvic acid by this treatment is easily acceptable. The addition of the hydrolyzed fraction of
a part of humic acid and the N H,80, hydrolyzable carbon as described in 11 and 12 would help
the Increase of the sum of acid soluble humus {f~1a) and the total fulvic acid (f~1+4+£-2-+£-3).

The following agencies would have an effect on the humic acid by hot N HpS0, treatment:

1) The partial decomposition of humic acid as described later in 12. The rate of decom-
position would be somewhat less than that expressed in Table 10 as the acidity of HeS0, would
be decreased by the soil minerals.

2y The occurrence of the humic acid afresh extractable with 0.1 N NaOH solution as
described later in 11,

3) Presumably the increase of solubility of humic acid in 0.1 N NaQH solution by the
decrease of fulvic acid.

Though the yield of humic acid of every soil with hot HeS0, pretreatment was somewhat
less than that with temperate N Hy80, pretreatment, the alteration of the humic acid was
forecasted. It was ascertained by its optical property.

Comparing the effect of these three Hy50, pretreatments on the optical property of humic
acid, the following facts were confirmed:

13 The forms of absorption spectra were similar,

2y dloghky, dloghks and B by 0.5 N Ho80; and N HoSOy treatment at 30°C were almost
the same.

3) The decrease of either of dlogky and dlog &y or both of them and the increase of Rf with
hotHyS0, treatment in most soils in comparison with those with temperate N Hy50, treatment.

The heterogenuity of the optical property of humic acid with both N H.S0, treatments
would be on account of the alteration of the humic acid with hot N H80, treatment as
described later in 12,

Considering the above-mentioned results, the author adopted N H,SQ, treatment for 24 hrs
at 80°C for the determination of Fraction 3.
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11, The supplement of the determination of Fraction 3 (the effect of the slternately
repeated treatment of N H,80, and 8.1 N NaOH solution after TYURING)

11-1. The objective

Thea uthor wished to examine the effect of the alternately repeated treatment of HyS0, '
and NaOH sélution after Tyorin® on the determination of Fraction 3.

11-2, The anzlytical method

Two couples of soll extracted with 0.1 N NaOH solution after temperate H50, pretreat-
ment as described in 2-4 were provided. One of them was repeatedly exiracted with 0.1 N
NaQOH solution after N HySOy treatment for 1 hr on a water bath, and the other without any
HyS0, treatment. The analvtical procedures were the same as those described in 2-4 but 0.1
N NaOH-0.4 N NagS0 mixture was used for the washing solution in the secondary 0.1 N
MNaOH extraction. As the last washing solution of every soil was colorless, the extraction of
humus was deemed complete.

Fight samples of various soil groups were analysed.

11-3. The resnli and discussion

The analytical results were expressed in Table 9 and Fig. 5.

Comparing the humus composition and optical property of humic acid in repeated 0.1 N
NaOH extract without secondary hot N Hz50, treatment with those in the first NaOH extract,
the following results were obtained:

1) The yield of humic acid of every scil was about 10~20%.

2) On the optical property of humic acid of A, and By of Otaki P 1, the decrease of
dlog %y and Aiog ke was very distinct and their form of absorption spectra was fairly different,
though the characteristic absorption bands of Pg type humic acid at about 615, 570 and 450 mpu
were still observed.

3y dlogky and 4dlogky of lower horizon of other soils were decreased but their alterations
of upper horizoen did not indicate any certain trend.

4) The fact that dloghk; was increased comparing with Jloghks in the secondary 0.1 N
NaOH extract of surface horizon of every soil except Gtaki P 1 was specific. 1t was never
found by the suthor in other cases up to the present.

5) Rf was clearly decreased in every soil.

The above-mentioned facts suggested that the humus would be the heterogeneous mixture
of polymers different from their solubility in NaOH solution and the optical property of humic
acid as described in 5-3.

The following results were obtained on the humus composition and the optical properties
of humic acid in the secondary 0.1 N NaOH extract with repeated hot N H.S0; treatment
comparing with those without HgS80, treatment:

1) The vield of humic acid and fulvic acid was decreased but the vield of total humus
extract including the N HySQphydrolyzable carbon was increased in every soil, The decreased
vield and the altered optical property of humic acid with hot N 80, treatment would he
on account of the partial decomposition of humic acid as described later in 12 However, the
fact that the rate of decrease of humic acid yield in this case was less than that on the
humus extract as described in 12 was on account of the existence of humus fraction altered
to 0.1 N NaQOH extractable status with hot H,S0s treatment, and the rate of partial decom-

position of humic acid in this case was less than in the humic acid (h-1) in 0.1 N NaOH
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exiraction. Taking either of these asswmptions or both of them, it would be supposed that

2OH extractable status by the secondary hot N H,50,

the amount of humus altered to 0.1 N

treatment would be scanty.
2y The N Hp80hvdrolyzable carbon content of surface soill was more abundant than

that of the lower soil in svery profile.

3y dlog by decreased and RI increased in every soll. But the alteration of dlogk, of every

il was different and it was of no certain trensd

Considering the above-mentioned regults, the author abandoned the alternately repeated

hot Hy80, and 0.1 W NaOH treatment for the determination of Fraction 5.
12, ‘The effect of fempersiure and acidity of Ho80, frestment on humic acid

12-1. The objective

The results described in 11 sugges sl decomposition of humic acld and the

alteration of iis

ing further, the suthor

wished to clarifv the effect of temperature and 1,80, treatment on the humic acid
as hasic information for the determination of the huwmrus form.
12-2. The analyiical method

Fourte

a1 soils of various soil groups were analysed.
Adequate 0.1 N MNaOH exiract of most soils without any prefreatment and that of a part
of soils with N HgS0, pretreatment were prepared by the same procedures as described in 2-2

and Z-4, respectively., 100 mi of each extract was pipeited into 200 m! Exipsureexr

and
its acidity was adjusted with adding the necessary volume of 118 FH50,.

The following four freatments were sxamined:

1y 0,26 N 5,50 acidic for 1 hr at laboratory temperature. It is the same as the ordinary
procedure for the separation of hwmic acid described in 2-2-2,

2) 0.5 W LS80, acidic for overnight at 30°C,

3 NH

4y N HS0, acidic for 2 hrs on a water bath.

Oy acidic for overnight at 30°C,

The follow

nrocedures for the determination of vield and optical property of humic

acid were the same zs those described in 2-2-3 and 2-2-4.
2-3. The result and discussion
The resuits were expressed in Table 10

At the beginning of this examination the above-mer

wed four treatments were carried
out on four soils, Ay of Nilmi P 17, Ay of Fukuyama po-P 3, A of Fukuyama P 7 and By of
Otaki P 1. The author chose soils th

e humus forms of which were widely difs

i as

expressed

in Table 10, MNo clear difference was found on the vield and optical property of

humic acid of every soil except By of Otaki P 1 with §.26 N, 0.5 N and N H,50, acidic
temperate treatments. The yield of humic acid was slightly increased and its glogky and

dlog ky were slightly altered by 0.5 N and N Hy80, acidic treatments for 24 hrs compari

with that by 0,28 N H,S50y acidic for 1 hr treatment. It suggested that the acidity of HySO,

and the time of reaction slightly affected the coagulation of humic acid gel of some soils

However, as its difference was very slight, 0. 26 N HgB0, acidic treatment for more than 1 br
as described in 2-2-2 would be practically sufficient for the separation of humic acid from

humus extract.
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The decrease of the solubility in 0.1 N NaOH solution and the yield of humic acid, and
its alteration of optical property were observed with hot HySO, acidic treatment in comparison
with those with temperate N H,50, acidic treatment. The degree of decrease and alteration
was different in every soil.

The author supplemented Investigation on these points with other soils and he found the
following facts on the humic acid with the hot N H,80, acidic treatment comparing with that
with the temperate Hp,S0,; acidic treatment:

1)  The solubility of humic acid in 0.1 N NaOH solution decreased except that of A; and
B of Niimi P 17, which seemed to be unaffected. The hot 0.1 N NaOH solution had to be
used for the complete solution of humic acid in 100 mi volume flask.

2) The yield of humic acid was decreased. The rate of decrease was from 11 to 27%.
it was more distinct in lower soil than that in surface soll on every profile. '

3) Comparing the surface and lower soil, respectively, the sclubility and yield of humic
acid decreased with the decreasing of their Rf except the humic acids of Ay and By of Otaki
P 1, which expressed a unique absorption spectra from other soils.

4y The decrease of dlogky and dlog ky and the increase of Rf of the humic acid were
found, but their form of absorption spectra expressed no clear difference with hot HySO,
treatment. Assuming that the optical property of humic acid would he dependent upon its
aromatic carbon net structure as described in 7, it suggested that hot N H,S0, acidic treat-
ment would not affect its aromatic carbon net structure, but would partially decompose the

side-chains attached to it
13. The determination of f-la (acid soluble humus)

13-1, The objective

In Tvyurin's opinion®®, the humic acid and fulvic acid compose a complex in the soil. They
are free from minerals, weakly combined with Ry0s or strongly combined with Ca or Rg0g
in silicate form. There is ancther hwwus fraction, the so-called acid soluble humus (f-1a) in
the soil. Its property is similar to that of the fulvic acid and it dissolves into dilute mineral
acid as it does not compose a complex with humic acid.

The proposals for the determination of acid soluble humus were as follows:

1) 5% M5S0, extraction for 30 min. at 70~80°C after Serineer®®30),

2y 0.5 N Hy80, extraciion for 24 hrs at laboratory temperature after Tyurint®,

3y 0.1 N HyS0, extraction for 24 hrs at laboratory temperature after Powomarevad®,

4) 'The author added N H,S0, extraction for 24 hrs at 30°C. If it is possible, the deter-
mination of acid soluble humus could be conducted simultanecusly with the pretreatment for
the determination of Fraction 3.

The author wished to compare these four methods.

13-2. The analytical method

Twelve solls of various soil groups were analysed.

Sample containing about 200 mg organic carbon was placed in 200 m/ Eriesmsyer flask
and 100mi of HyS0, with desired acidity was added. It was kept for 24 hrs at 30°C with
occasional stivrings or for 30 min, at 7545°C in a water bath, and after that it was left for

overnight at 30°C. The following procedures were the same as those described in 2-4.
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13-8. The result and discussion

The vield of acid soluble humus of every soil increased in the following order as 0.1 N
HeS0u<0.5 N H S0, <N HgS0, at 80°CON HpS0, at 75
between 0.5 N Hy80, and N HyS0, temuperate extraction was little on all soils analysed. The

difference between 0.1 N He80; and 0.5 N Hy80, extraciion and that between N HgSO4 ex-

'C. The difference of the yield

3

tractions at 30°C and 75:45°C were increased fairly much on most soils.
Considering the above-mentioned results, the author chose the N HpSOy extraction for 24
hrg at 30°C for the determination of acid scluble humus, as it was able 1o be done simultane-

ously with determination of Fraction 3.

14, ‘The basal opinion of the avthor om the humus form and the analyfical

method for its determination

14-1. Om the humus form

The study of scil hwmus has drawa the active attention of agricultural researchers in
our couniry since the end of World War IL  Until that time the studies of the German School,
Simox®, Sermerr®¥ and Hoex®?, on the humus had infused an important effect on their
early works. The German researchers attached importance to the optical property, the color
tone of humus, especially that of humic acid. o their basal opinion, the color tone of the

humic acid altered, increasing the blackish tone, in the following order as vellow—veddish

brown—+brown-+blackish brown with the progress of humification as expressed in the following
order as lignin—+humic substance—brown humic acid—»gray humic acid—humin. They applied
this fundamental concept to the humus form of varions soil groups and clarified their char-
acteristic and thelr mutual relation. The characteristic of thelr work should be expressed s
the gualitative grasp of the humus form.

The introduction of the studies of the USSR School into our country was since the latter

method for the determination of humus com-

half of 1950, Tvyurn's work® on the analyti
position of various soil groups in the USSR and its geographical principle, was very stimulative,
The works of the USSR School that atiached an imporiance to the humus composition should
be characterized as the guantitative grasp of the humus form.
The author’s basal opinion is as follows, and it is the same as that of his previous work:
The effects of the environmental factors on the genetic process of forest soils would be
reflected on the difference of their humus form, especially the humus composition and the

ween the humus form, e, g

optical property of humic acid, He pointed out the correlation bet
the content of humic acid, Cy/Cy ratio, the color quotient and Rf of humic acid, of the various
types of soil of the brown forest soil and podzoelic soil group, respectively, where their genetic
processes advanced under the effect of the prevailing environmental factors,

The main object of the studies on humus form by the German and the USSR Schools
was the various great soil groups., However, in the author’s opinion, it should be necessary
to clarify the characteristic of humus form of not only the various great soil groups under
forest but alse the types of soil of each great soll group in our country.

The transition of the forest vegetational zone in our country is as follows:

The warm-temperate broad-leaved evergreen forest in southwest Honshl, Shikoku and
Kyfishtt including the subtropical forest in the Southwest Islands, the cool-temperate deciduous

forest in northwest Honshl and southwest of Hokkaid8, and the subboreal coniferous forest
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in the north of Hokkaidd are found in horizontal distribution. On mountains, the similar
transition to the subalpine coniferous forest is found in accordance with their elevation in the
vertical distribution.

The clarification of the effect of these envirommental factors, climate, forest vegetation,
topography, etc., on the humus form of our forest scil is the problem to which our forest

soil researchers have to direct their efforts. Allowing this, detailed information on the humus

form with the combination of humus composition and optical property of humic acid would
be necessary, and in fact essential,

14-2. On the analytical method for the delermination of humus form

The author set his mind to modifying his previous method on the determination of humus
form accepting the information gained up to the present time.

The Koro and Ousa’s?™ and Kowmapa’s?™ methods for the determination of the humus form
were fairly prevalent in our country. In the author’s opinion they were excellent on the
determination of the optical property of the humic acid. However, he was dissatisfied with
the following points; hot NaOH extraction, the lack of the determination of the humus fraction
strongly combined with soil minerals, and the XMnO, oxidometry for the determination of the
humus fractions,

The Tyoriv’s method®® was excellent on the determination of the humus composition,
Nevertheless, as the determination of the optical property of humic acid was insufficiently
dealt with for the author’s requirements, the author designed a newly improved method with
the combination of Tyuriw’s method for the determination of the humus composition and Koso
and Ousa’s and Kuwans’s methods for the determination of the optical property of humic acid.

However, the consumption of a great deal of work and time was an obstacle to Tyuriv's
method, and the combination of the optical determination of every huwmic acid with his method
remarkably increased the difficulty. The propositions of the modification (simplification) of
his method by the researchers of his country*®® were on accouni of the same reason. The
author wished to simplify his method, too.

The results of the examination of the various methods for the determination of humus
were described in 3-13.

The author modified the optical determination of humic acid afier Koso and Ouss, and
Kouwmapa as follows:

1) He extended the wave length region from 700 mp to 900 mp. It would be useful for
the clarification of the characteristic of the humic acid of various soil groups and the soil
types. The differences among them will be expressed in the following reports.

2) The Rf of humic acid is expressed with the absorption coefficient at 600 my of the
Na-humate sclution containing carbon 100 mg per liter. Tt was the same as that of the author’s
previous work®,

The new method for the determination of humus form proposed by the author was
described in 2.
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