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Hiroshi Kawapa : Studies on the Humus Form
of Forest Soil Part 2. Humus form of 'the

brown forest soil
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Table 1. & 6 8 W B Bt © L & &
Site conditions of sampling plot
o = R e - 111 M & A M E s b A &
Sample Type of| Parent [Altitudel . . Incli- .
name | soil material | (m) Direction nation Topography Vegetation
) A U
Kawamoto | Bs 500 | s30°w | goc | Upper part of
P4 . mountain slope|
— Granite
1 o o | Lower part of
Ibid. Pé6 Bo 460 N60"W 12 mountain slope]
N Bs 200 | SE 30° | Ridge of Hinoki
’ Quartz mountain (Chamaecyparis
— hyr obtusa)
- porpayry o - | Lower part of
Ibid. P14 Bo 200 S20°E 30 mountari)n slope forest
[ il
Pgaukuyama (Im_) 440 S40°E 150 | Gentle slope of
pn-P2 B Inalaeozoic mountain top
s ) lay slate
A E clay o o | Lower part of
Ibid. pn-P3 Be 460 S20°W 25 mountain slope
TRt o o | Ridge of
Ibid. G111 | BA 500 | S60°W | 25 mountain
I T Granite
] m ° - | Lower part of
Ibid. G-7 -Bp 450 N20"E 25 mountain slope
Akamatsu
% ° - | Ridge of . .
Saijo P Ba Quartz 480 | N20°W 18 mountain | (Pinus densiflora)
— hyry] forest
R E porp o o | Lower part of
Ibid. P8 Ba 420 N40"W 15 mountain slope
E (Im) . . B o | Lower part of
Ibid. Pé6 -Bp(d) Granite 340 S30°W 15 mountain slope
= . Warm-temperate
Tkishima Bo |Rhyolite | 15 | Nsocw | 250 |Middleof o liroad-leaved
P2 P evergreen forest
N A : Hinoki
HE B Granite o | Middle of .
Kumano Bo | porphyry] #%° E % hill slope gl?tﬁi%aefcgfé‘srtzs
s Kuromatsu
H & tirtiary - | Lower part of ; ..
Hikigawa Bo sandstone| 40 S ‘ 25 mountain slope| @ musf(z)‘lljpgs;ibergzz)
= F 1 i
Mitoyama Bs ) 300 | N20°E 30° R‘dgiu"rft ain Sugi
P1 mesozoic (Cryptomeria
— hale japonica)
| s o o | Lower part of
Ibid. P3 Bo 180 S20°W 10 mountain slope forest
7F Remarks) :

Ba-soil : Dry brown forest soil (steep slope type)
Be-soil : Ibid. (gentle slope type)
(Im)-Bs-soil : Immature Bs-soil.
(Im)-Bp(d)-soil : Immature Bp(d)-soil.
Bp(d)-soil : Subtype of Bp-soil that has well developed granular or nutty structures in A or Ay

horizons.

Bp-soil : Moderately moist brown forest soil.
(Im)-Bp-soil : Immature Bp-soil.
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%l pn-P3 Bo M, TRICE#HME Ca 510 Mg OfMENT k5B EMERSN
oo % LED Ca fARIEEIX 59~65%, Ca+Mg #FIEEIE 75~80% IC% L, PH & 6.40~6.80 27l 7c,
cnbDERbAEOIM TS LTI, MR, HsLARANCERICED TELRELTINTSD
590

ZOMOBER L Bo B hiclE, IR BESTE, ERAMESETICENSOMBEINTY
Too B, FEE, EﬁJllf;&“@éiﬁiﬁCWC%ﬁ% L, JUA P6 b ZNITIENENZ B, Ei2, TNHD
Bo L1 TIE, MEFLAIEELO C/N 2 20~22 4R L, Bo BAHE LTRALOENEEZRL
Fro Fio, @ILG-PTHIUTS P6 OXMAN Bo 5L U Bo(d) BtiEd, RELO C/N kid
EREOBEINET Lico 2N S DOEROFFITAHRICPTE LI Lz,

Table 2. - % ® b 2% 0t B

Chemical properties of soil

N Exch N E

HoB & | 1ER BA|FE X : Rate of H

. Type . | Thick- ¢ N CEC saturation | P
Sample of Hori- ness C/N Ca0 | MgO % | (1,0

name i 200 | (o) % % 9 2

sot ° 17 (m. e./100g) | CaO | MgO
i N (H)-A| 4 11.2] 0.36l 31,1 28.7| 0.76] 1.01] 2.6 | 3.5 4.20
Kawamoto Bs B 26 3.170 0.10031.7110.3| 0.24 0.29 2.3| 2.8| 4.75
P4 B 204 | 2.27] 0.09/25.2| 5.08 0.13] 0.31] 2.6 | 6.1 | 4.90
W A1 6 9.14| 0.42/21.8|25.1] 2.82 1.08/ 11.2| 4.3 | 5.00
[IIbid Bo As 12 6.98 0.34 20.5|21.9| 1.65 0.60 7.5| 2.7 | 5.05
P6 A-B| 20 5.02| 0.26/19.3}17.4| 1.76 0.59/10.1| 3.4 | 5.55
B 20+ | 1.790 0.12 14,9 | 8.80 0.70 0.46 8.0 | 5.2| 5.70
m E A 12 6.60 0.260 25.4 | 20.6 | 1.44 0.58 7.0| 2.8| 4.35
Ibid. Bs B: 17 3.83l 0.16| 23.9 | 13.8| 0.70, 0.16 5.1 | 1.2 | 4.80
P9 Bs 40 1.94 0.08/ 24.3| 8.40, 0.65 0.16, 7.7 | 1.9| 5.05
Aok A: 18 3.58 0.30| 11.9 | 16,5} 5.27 1.53 31.9| 9.3 5.30
Thid B Ao 20 1.88 0.18/ 10.4 [ 12.1 | 4.87 1.5140.2 | 12.5| 5.65
P4 " 1A-B| 22 1,49 0.14) 10.6 | 10.9| 3.15 1.08/ 28.9 | 9.9| 5.60
B 204+ | 0.98] 0.070 14.0| 9.04f 2.220 0.79| 24.6 | 8.7 | 5.60
& i (Im) A 6 2.80| 0.10 28.0120.0! 0.31] 0.44 1.6 | 2.2| 4.25
Fukuyama "Bs| B 24 0.88 0.05/17.6 | 16.2| 0.38 0.44 2.3| 2.7| 4.80
pn-P2 C 10+ — —_ = — — — = - —
A - Ay 18 5.71 0.39 14.6 | 37.2 | 24.5 | 5.08 653 |13.7 | 6.40
Thid. Bo Ag 12 2.63 0.22012.0|31.1 | 194 4.13 62.4 |13.3| 6.50
o Ps B: 20 1,42 0.1310.9 | 29.5 [ 17.5 | 4.62 59.3 | 15.7 | 6.65
p Ba 204 | 1.24| 0.1210.3|29.8 |18.2| 5.57] 61.1 | 18.7 | 6.80
G Am 6 4,25 0.08 53.1|16.3] 1.00- 0.04 6.1 | 0.2 4.40
Ihid. Ba Bi1 14 1.55 0.04[38.7 | 11.3] 1.42/-0.04[ 12.6| 0.4| 4.90
G-P1l B 30 1.12 0.04/ 28.0| 9.89 1.6l 0.10,16.3| 1.0| 5.00
i A 8 3.50 0.17| 20.5 | 13.9 | 4.62 1.12/33.2| 8.1 5.40
; (Im)

Ibid. 5y | _B1 20 0.86 0.06{ 14.3| 8.32] 1.45 0.23 17.4| 2.8 5.15
G-P7 BoCl 25+ | 0.29 0.02 14.5| 7.12] 1.31] 0.29 18.4 | 4.1 | 5.40
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o [ =S

[ j%%i@ = Tgh . E c N CEC Exch. Rate of pH

ype i 1ck- saturation

Sam;ﬁzme Of-l Ho;‘é . ne)ss _ i C/N CaO | MgO % | (1,0
SO1 cm

_ ( % | % (m. e./100g) | CaO |MgO
i Am 3 6.09 0.18/33.8|17.0| 1.15 0.53 68| 3.1 | 3.85
Saijd Ba B1 16 1.62| 0.06 27.0 | 7.22 0.20, 0.20 2.8| 2.8| 3.90
P9 B: 304+ | 0.76| 0.0325.3| 5.98 0.17] 0.14 2.8 | 2.3| 4.25
G Am 5 5.690 0.15/ 37.9 | 18.3 | 0.46 0.26) 2.5| 1.4| 3.90
Ibid. Ba B: 16 2.02) 0.07| 28.9 | 8.71] 0.200 0.11] 2.3| 1.3| 4.30
P8 B: 304 | 1.750 0.06 29.2| 8.270 0.21 0.19 2.5| 2.3 | 4.40
T (Im) A 3 2.24/ 0.10/ 24,4 | 5.58 1.12 0.29/20.1| 5.2 4.70
Ibid. “Bo(d)| B1 17 1.07| 0.05| 21.4 | 4.24 0.90 0.18/21.2| 3.5| 5.05
Pé P BsC | 204+ | 0.57] 0.02 28.5| 3.88] 0.57] 0.2214.7 | 5.7 | 5.05
& = Ay 18 5.79] 0.2920.0|17.2| 0.37| 0.24 2.2| 1.4| 3.95
 chim e B Ag 20 2,41 0.12]20.1[15.4| 0.20] 0.08 1.3| 0.5| 4.10
1521ma P B: 22 0.86] 0.04 21.5| 9.02 0.12 0.15 1.3| 1.7] 4.10
P B: 20+ | 0.46| 0.03 15.3] 7.97 0.13 0.17 1.6 2.1| 4.15
4t Aq 12 5,78/ 0.40{ 14.5 | 24.8 | 2,08 0.51] 8.4 | 2.1 | 4.10
= T Bo As 30 3.58 0.27/13.3]19.8| 1.79 0.45 9.0| 2.3| 4.70
umano B 30+ | 2.79 0.21|13.3]17.7 | 2.16/ 0.17| 12. .0 | 4.95
H & B A 20 4,27 0.20/21.4 | 15.4 | 1.26] 0.66| 8. 4.3 | 4.30
Hikigawa ° B 30 1.56) 0.08 19.5|14.3| 0.38 0.17| 2.7} 1.2] 4.30
= = 4 H 3 1320 1.11]288| — —  — —| =1 4.00
= F W B H-A 7 22.1| 0.80]27.6|63.2| 1.85 0.97] 29| 1.5| 4.20
Mitoyama B By | 27 | 387 0.2217.6|28.1| 0.31] 0.33 1.1] 1.2 4.45
Pl Ba 19 1.78 0.06/ 29.7 | 18.5| 0.24] 0.29 1.3| 16| 4.65
L Ay 5 6.86| 0.5312.9130.7 | 11.8| 2.19/38.4| 7.1} 5.80
Wk B As | 15 | 489 o0.44 11.1|22.6| 1.19 0.56| 5.3| 2.5| 5.25
Ibid. D B 28 3.02] 0.23 131 |17.5| 0.30 0.32] 1.7 1.8 4.70
P3 B 20+ | 1.23 o0.13 9.5|12.8| 0.45 0.42 3.5| 3.3| 5.15

5. BHEEE O

B OSEICOVTIR, TTCIREHOSRHAEIPBMREIN TV 5,
%%Dﬁ}ﬁﬁﬁsmmm%ﬁ—, KT 57 a VOERFE, BXUCNICEELT Rf OFRFEHAER
HRLETZ, X5, EHD 30°C il ErEEEOMAMBEEL~S &, BEROBNZ <7 bvOFIR
EMLTO 308, 615, 570 3 XU 450 mp LI BIUE KB T 25413, 30°C ok s Sich
D £ SIREANT, 4log Ki (log Kio—log Kew) X RE IGELMNIEEZRTHSG L0, »ED
OEENRLNZBEE LB EREE, TTREIRYTHLRICLAELBD TH S,
LT, AH0ELOFHBROSBICERIELEAT 2 C L3, WBHENRINTHE LB
503, ?"@&C%{i’é‘?érh“Cb\Z»ﬁEEﬂf‘%%Fﬁb\f:’ﬁ@E@E}P%BE%;E®§(3‘th%%[§m7\n’c, FEICHEE L TX S

?—5 &I l/fCo

Rf 0T, AFPIC Ldi-T, BEMME®D 0.1N KMnO, /2 E 1ml 4% carbon 0.4mg 1Z4H
W2 e LTHEL, MBEED RE40 45550 RE0.300ICHNT 25D & LT -7,
DEFERROELDTH B0, LD Rf OFA»ZUSMIHOLTEYPZ5A LD TH 2,
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Classification diagram of humic
_acid (after Kumapa ef al.®7)
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Absorption spectra of representative
humic acid of examined soils.
(Concentrations of humic acid are
arbitrarily chosen.)

Fig. 1IToRLz & Sic, dlog Ky Z#EsL, R Zitahic
LR EOBREHEED dlog K1 BX U Rf OAIEICE -
T, A, B, Re BLUPEICRSHT 5o

PRIFERERRIC DT, 615, 570 5K U 450 mp AL DI
EOERICK - T, ROBEEHT 5 (Fig. 28MR),

P 615 B LU 570 mp AHSEICTEOE RO B AR
5N3dDo

P+-615, 570 & U8 450 mp FI5EICER ORI HE b
£HEBHOEND Do

Pieeee- 615 my FRTICBPED E— 78 Bd 54, 570 B
X U450 mp [HEICERO BRI BSTED 5N 5 Do

Poe+615 BL U570 my fHEIC RO €~ 27 MW 5
N, 450 mp FEICEROBICEHTED 5N B Do

PHEOMBICET 2 EHR T, LRoKaRnRIGExHhTh
HREDONIENHD%E PR L L, A, BBLU ReBHOMHEEK
KRBT 3EHET, P:~P# HEEBOBIEEZRT SO
13, PRIGEM LEBRDOESE DD T, & Zid, Ret, Re+, -
3EET 5,

A BT U7c B BIERR OB 2 =7 v OIEIRIZ Fig. 2
IR EBDTH S,

6. HtE IO EEOHERK

PR LB B0 BEOMAKIT Table 3 iIK/R3&8D
Th-7
Be MiEO—icR ol H-A BXLU HEBOEHED
Mk, SEELBEIIVB LS LOEESR ONDT,
ZRENIECRT 5 Lk Lk,
6-1. MELBOBHENEE
6-1-1. JEAEOH MK _
HLEDFHDORIHMFHIZ < DEH 40~50% TH - 72
25, Bo B AEO—IBTII 50~60% 1032, Ba Ht1,
KA Bs BXT Bo(d) BLHEDOBETIZZ < i 30~40
%, TL—Bi3 0% LUTIBERNEEBR N,
6-1-2.  JEHEEE
ABEBEOMHERE, WINbEBLBD - EbEL,
B\ pn-P3 (Bo #:L38) LULRVWIh TREEEDE
FUto ZORAORE, Ba, HE/ BB LU Bo(d)
MAEENE LB REL, DVT By, Bo B-EHOIEIC
WBRMNTH -1

* IMEIEBAK T 57 ¥ a YO carbon & DA% carbon
Biowd 5 % TRl



Remark) * Humus composition is expressed by the carbon amount of humus fraction as % of

soil organic carbon.
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Table 3. & AR} b BR*
Humus composition*
sp g | o & it} 3 7 v
EE L :,tr;%% E{fi B Humic acid Fulvic acid
Sample of Hori- [Extract l Cn/Cy
name . NagSO.
soil | Zom hmflzl: h-1 |h-(2+3) |Total| f-1a | f-1 |f-(243)'solubie| Total
_ C
P Am | 43.7 | 19.6 0.1 19.7 | 9.8 14.2] tr. — [ 24.0]0.82
Fukuyama| Ba Bi | 331]11.9 tr. 11.9112.1] 9.1 tr. — | 21.2]0.56
G-P1! Bs | 38.4}11.9 tr. 11.9 | 14.7 | 10.0| 1.8 — | 26.5]0.45"
A Am | 44.7 | 21.3 0.6 [21.9] 8.6]13.9| 0.3 —122.8]0.96
Saijo Ba B1 37.0 | 14.2 tr. 14,2 12.3] 9.6 0.9 — | 22.8]0.62
P9 Bz | 29.8]| 5.6 0.4 6.0115.7 7.1 1.0 — | 23.810.25
Bk Am'| 40.1|19.4 tr. 19.4] 8.9 11.8[ tr. — [20.7]0.94
Ibid. Ba | Bi| 26.1| 9.4 0.8 10.21 8.3| 6.0 1.6 — | 15.9{ 0.64
P8 By | 27.6| 7.6 0.6 8.2 9.7] 7.3| 2.4 — | 19.4]0.42
JI A (H)-A| 41.5]23.8 1.1 24,9 4.41]10.0 2.2 — [ 16.6 | 1.50
Kawamoto | Bs Bi | 42.6|16.2 1.6 17.8 112.8| 8.3 3.7 — | 24.810.72
P4 Bz | 43.016.2 tr. 16.2 | 14,0} 89| 3.9 — | 26.8 ] 0.60
i A | 42.9]20.8 0.8 [21.6] 87121 0.5 — 213 1.01
Ibid. Bs | By | 41.214.9 1.7 16.6 | 12.6 | 10.9 1.1 — | 24.6 ] 0.67
, P9 = By | 39.7|12.0 1.2 13.216.1| 6.5| 3.9 — | 26.5 | 0.50
fa (Im) | A | 43.1|21.4 tr. [21.4] 9.9]10.4| 1.4 — | 21.7 | 0.99
F “plil‘%azma -Bs B | 35.3| 6.9 tr 6.9(163| 97| 2.4 | —|28.4/0.24
=5 H 43.227.0 = 27.0 16.2 S 162 1.67
itoyama | Bs |H-A| 46.0|23.0 0.6 |236] 5.7116.0] 0.7 —|22.4]1.05
Pl B: | 43.7 | 11.9 2.9 |14.8]14.2|13.2 1.5 — | 28.9]0.51
. f Bs | 4l.6] 7.6 1.3 8.9]17.4|12.3| 3.0 — 327027
nook ﬁl 2}12 12.2 2.; 13.2 1?.7 15.5 | . é.l — 23.3 0.73
2 .5 | 16. 1. 18. L8111 L 4 — | 26.310.6
Kav;‘;m"m Bo | ATB| 425|164 1.1 |17.5]139] 9.5| 1.6 — | 25.0]0.70
B 43.6 | 11.7 1.8 13.5 | 15.7 | 8.9| 5.5 — | 30.1]0.49
A - A1 | 47.9]22.6|0.2+1.0|23.8| 7.2 |13.7 [0.5+2.7] (1.2)] 24.1 | 0.99
Ibid By, | As | 47.3|16.0 3.5 19.5 {10.2 ] 11.1 6.5 —"| 27.8 | 0.70
P14 A-B| 48,1141 47 188 11.9]11.8| 5.6 — | 29.3] 0. 64
B 41.6 | 11.8 2.9 14.7 112,31 7.4 7.2 — | 26.9] 0.55
T A1 | 41.6|17.3|3.241.3|21.8| 4.0 10.4 [4.3+1.1] (1.7)] 19.8 | 1.10
Fukuyama | Bo | As | 42|17 166428211 | 6.2112.7 4.542.7 (1.3)] 25.1 | 0.84
P3 Bi| 44.2| 6.219.1+4.0{19.3| 82| 8.5 |4.3+3.9 (0.5)] 24.9 | 0.78
p Ba | 49.6| 4.610.14+46.8|21.5| 9.3 8.9 |6.24+3.7 (0.8)] 28.1 | 0.77
Ellbid.'t (Im) | A 40.6 | 16.5 | 0.4+2.0118.9| 6.6 | 11.3 |1.34+2.5| (1.3)] 21.7 | 0.87
Gop7 -Bo| Bi | 45.3|12.6 3.8 16.413.3]10.9| 4.7 —"|28.9]0.57
BEN | g | A 42.0116.7 2.1 18.8] 9.3|11.5| 2.4 — | 23.2]0.81
Hikigawa B 40.9 | 12.2 1.3 13.5 [ 13.8 | 11.4 | 2.2 — | 27.410.49
E S (m) | A 40.4 | 17.0 0.2 |17.2] 9.4|11.9] 1.7 —[23.0]0.75
Saijd _g})(d) By 33.4| 6.4 tr. 6.4|13.8111.9] 1.3 — | 27.0|0.24
P6 B-C| 33.1| 5.7 1.9 7.615.3| 8.8 1.4 — | 25.5]0.30
£ B Ai | 43.6] 21.7 0.7 |22.4]| 85115 1.2 —121.2]1.06
Ikishima | Bo | Ag | 49.4|18.4 tr. 18.4 | 15.4 | 14.2 1.4 — | 31.0]|0.59
P2 By | 47.7 |13.1 tr. 13.1120.3]11.4| 2.9 — | 34.6 ] 0.38
P A: | 52.3]19.0. 3.1 22.1 | 12.1]13.4| 4.7 —130.2]0.73
Kumano | B° | As| 55.615.3 2.2 17.5 [ 19.2 ] 1220 6.9 — 138.1/0.46
B 61.4 | 12.1 2.2 14.3 | 22.1 | 14.7 | 10.3 — 147.1]0.30
=5 Ai | 47.8719.8]0.34+1.1]21,2]10.0|13.0 3.6 | (1.2)] 26.6 | 0.80
= Ag | 54.8|12.5 3.4 15.9 [ 21.1 | 16.4 1.4 —138.90.41
Mitoyama | Bo | B, | 557 | 86| 41 |[12.7|223| 13| 64 | —|40.0|0.82
Bs | 53.5] 8.5 3.9 12.4 | 21.7 | 11.9| 7.5 — | 41.1]0.30
&)+ BHOMRIIE T F 7 ¥ a D carbon DFIEAEKE carbon K394 3 % T/RUK.
total

f-1a: acid soluble humus, h-1 and f-1: humic acid and fulvic acid in Fraction 1 (free
humus), h-2 and f-2: humic acid and fulvic acid in Fraction 2 (humus combined with
Ca), h-3 and f-3: humic acid and fulvic acid in Fraction 3 (humus combined with RgO3)
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BT OBEE b > & bR ZY 24 LEORBLICH Y LBEROMEEE, Ba BEHI 19
~22%, Be M3 21%, Bo(d) #XT Bo M A8 17~24% 2R L, SLBRMICE MY &
BREERD DD - Teo $f2, ELOBMEBIIAS -7 Bo(d) BEU By BEBICHELTH,
E D (L O BB 15 & & QBRI & T b > oo e

S EOBEROMAR, L pn-P3 (Bo HEH) DAL TR SBIEREL (1) 6 G
TW e, AR (h-2+3)) OABHIICHT 5 haiE, Ba MAMTI trace~10% LIF, Bs M
EETH trace~20% Hi%, Bo(d) % KU Bo WALHTIH trace~i 35% I L, A UHHINICET 5
LHRT, 7500 LR CEEOARMET b5 0 DL LAR It hs, 2MHICHEE £y 0 I Lo
FAEAE S I ilbiies %72, Bo(d) $ET Bo BMASTR, SARMBEOLESNA LT A
BE D 1o '

cnmﬁbf,EMPWN(&”i%)@%éi,m@;vcwmbﬁiﬁb Bonik., THDB,
SREOTR S LERHROMBENE T, 19~2FICE L, HABIROLBIERICTT 3 LK bR
T T, 20~80% i, FEBIEERMAER LI, S50, Mol Dh Ca Mighifg (b-2) 04
WBRMNEL, AHESBEBOK 60~T0% ICEL TV EMNEEI N, TS ORHARMOLET
BRSNS - 7B TH B0, COLEMHIE (4) 0k HIC, & CKEOMMES KT pH 2505
L3 LSENC & LB EYT 2 b0 EBbNs,

Z DA DR LI R DS LRI 5 o 72 )1 P L4, mmexn,gpmp3@@f»¢iﬁ
DEBETHE, Vb Ca BBHEOMLERIIEST, 1920% WRICT 07, LT, £
DD+ EOBAICIE, AR ROs 2 (h-3) MLAAERT bDEEDNG,

Ca MBS A R AIGHERA S SIERE S0, i, SBHEDNED OWRE 5H20E, Bl
pn-P3 & EEES O LUl EORMTES XU pH IKELTO 2 LEOBATHS > LBbN S,

6-1-3. 7 IEEE

ST VEROMBEE, £ OBARBELEL~S ETBLEZHAER L,

AT (f-12) OHNEERIRE EO 90 b FAC FRELIE S MAER L s, BELTE 4~12%,
FIBETI 8~22% 038 Lico Hat-LiehiEIl pn-P3 (Bo 5D OABAIZ 4~9% T, Motk
D ARRIICIED 57088, C DA R4 DIEIIE & BB AT 5 b0 L Bbhi, LbL, 20
WOBAIE, HHE N LR & TSRO & OB Y & hTHb -1,

6-1-4. Cn/Cy I

CniCy th (&JEHEHE carbon/4& 7 VAR carbon) I, WINOLBEICHNTE BBLEH~<EET

B ERDER U,

ZHBOEFICE T 2 Cal/Cr Hhid, Ba B +HTI20.82~0.96, BsH+HT 3 0.99~1.01, Bo(d)
% &0 Bo HABITH 0.73~1.10 27 Lico Bo(d) X0 Bo T-LHEOBAICHAE Y BOENE(LE
TRUJeds, FEOEEMEEI URAE S OB S hTHb 7o 37, ARICEHHETMO
ColCr DRI E KHY & 5 CRIEMd T ‘

6-2. HBLUH-AJE

—#o Bs WEMTRONA H B KU H-A B, KOLIICHELEE Z Bz BRESR SN

7o
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THbL, 2BEBROMERIT H-A BT 23--24%, HBTR27% 27~ L, Cu/Cr HiZZNEN
1.05~1.50 B XU 1.671CEL, WIFhd A LEOHA LV Elr /e T, BURBHO iR
4~6%ICT XY, SRICHELBEVENP >, TS DOHAEFBRTERNS R FY/ vO5EbREKEO
HHBEDSNEDT, CNHDOIEICIE LIE-THS D Bbhi,

7. BHERRONFHHEE

B L e B RO BB OB 2 <7 Povid, WIS HEFREHBICE O TERRAI D - TERG
BEEDQRRER Lichs, 615, 570 B & U5 450 mp (5D RIH O AWB IV Z DR, 4log Ky BLU
dlog Ky IT/RENDB ARY MO {H &, Rf W/REND carbon —E&H7cH DEDORENEDHET,
B WD & S AR DT,

L U e S 1B O IR HEEE Dt 9 E 13, Table 41IC7RTEB D TH »7c0

7-1. EHEREOR

A OBEROINT, KOLSICELEM T LICENENEROH 2 HESR G0/, Ba BI18
(DT ER O—HI3 Re M, ChoOkis s &EHERIE Po 1, Bs B-AEo BMREREIEE LT
Re+ B Px M, SEHKRE P+ AT, ZofloFhicd Re BabFhiciBnoh, Bo(d) b&
O Bo M8 Rew 5T Po Wb g8y She i, wind Pe~Py o PREIANIC
BLTWO,

REF S0P OB O AIEIC D0 T, BafkktOBEROR RS, LBRICX-TR
720, B A40m AETE B M Re, B $721d Po 2, Be B44i3 BHEDED AR, Bo il
THTEABIBREEILEDO AN, BHEISCEBR P HTH-kEWVI,

5 L URENOREHRIET 2O TR LS & L CRESREICET 245, BHREROBICHIED
OHEMSR SN C &1, WIRIEIC X 2 D, BROMBEHFICES bDOPRIHSPTEN,

BEM 59713 P MBHEREELEOR ¥V vk JORBELE, BRUEs JOBLHoBReRKL, R
B DR 1 & IO W BT B 4, BRI ORI & MBS ¢ L EHEH LT Bo
X5z, PHMEABEHORMSE, ZoficadEhs Pg (green humic acid) 0L X5 DT, P~
Py TOMICHENE Pe OAERIZEAT 559, BHEZLELOUBNOFPEEDOLDLID S Py
CEGBRERASH NG CEBENT EDD, CNEOLIE Pg OABICIFEEEZ 505 &0 507,

RO b s L EEICEY 3 PETMOREE, & EEE b EREOBEAERLTOS EVA B

7-2. dlog Ky, 4log Ky 5 XU Rf v

BEHETFORSEE b - L bTAD (KKK L TV RBLICOVTHRT 5 &, FHROMBERS LU
LRI 4log Ky 137 hEH, Ba B8 TR 0.66~0.72 % X0 0.62~0.69, Bs EILHTIZ0.65
~0.74 3 £ T 0.60~0.69, Bo(d) LU Bo M4 T 0.50~0.71 B LT 0.49~0.64 2R LTco T
SOMIZE BIEERE LTS mICE LI & 5 LRNABWA, SN Ba 5&U Bs B3
BREEEOMAERL, Bo(d) BXU B BHETRISIKETEZRLTNE LN %,

HE L 0L X CLIBERO 4log Ky 132 NZEH, Ba BT 0.58~0.70 B XU 0.52~0.63,
Bs M- HiTH 0.86~0.99 35 X8 0.76~0.99, Bo(d) # & Bo BALHETIL0.79~0.94 LT 0.70~
0.86 %% Lico Ba BEBOBAIC, 4log Ky H3& QIKBEWEERLALC L, COLED Py BXT
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Table 4. J& i B © e = W % H
Optical properties of humic acid
S £ |tEm E h-1 h-(142+3) h-(1+2)
Sample Tgfpe Hori- T(S)’fpe Tgfpe T ype
name soil zon|dlog Ky|dlog Ky Rf humicAIOgK1410ng Rf humicdlogKldlogKg Rf huméc
acid | - acid aci
b il Am | 0.668] 0.577[0.249] P, 0.654] 0.519[0.238] Pg
Fukuyama| Ba Bi | 0.682 0.6750,228 P, 0.643 0.654[0.215 P,
G-P11 Be 0.758] 0.715/0.230] Re 0.650] 0.6620.238 P,
i Am | 0.723) 0.6960.151] Re | 0.691] 0.5860.165 P
Saijd Ba: B: 0.704, 0.679/0.175] Rep 0.643] 0.6850.172] Py
PO B 0.576| 0.6420.216] P, 0.534| 0.631[0,223] P,
[a . + Am 0. 657| 0.6790.201] P, 0. 622 0.626[0.198] P,
Ibid. Ba Bi1 0.519] 0. 464(0.384| P, 0.505 0.504(0.369 P,
P8 Ba 0.490 0.463)0.483] P, 0.509] 0.533)0. 454[ P,
Ji N (H)-A| 0.701] 0.8930. 212 Re+ 0. 669 0.7850.216] P+
Kawamoto| Bs B1 0.584| 0.710[0.300 P+ 0.567| 0.6650.306] P+
P4 Ba 0. 609 0.804/0. 296 P+ 0.598] 0.8120.279 P+
[&] . - A 0. 649; 0. 856/|0. 259 P4 0.598] 0.756/0.271| P+
Ibid. Bs | B; | 0.588 0.721)0.291] P+ | 0.556| 0.6620.273| P+
P9’ Bz | 0.570] 0.675/0.312) P+ | 0.560| 0.644/0.296] P+
Fflakuyaga (Im) A 0.736] 0.9200. 216/ Rp+ 0. 626 0.9870.210, P+
P2 ~Br B 0.818 0.8030.154| Rrp 0.856| 0.813/0.167] Re
=F 1 H 0.730| 0.9130. 220 Re+ — — — —
Mitorams | Bs |H-A| 0.711 0.9940. 280 Re% | 0.688| 0.8740.270 P+
PYI Bi1 | 0.645 0.9530.250| P+ | 0.638 0.8670.253 P+
B 0.635] 0, 8410217 P+ 0.594] 0.836{0. 248 P+
i & Ai 0.586| 0.7850.343 P+ 0. 565! 0.695/|0.333] P+
Kawamoto| Bp Aa 0.528 0.733[0.400, P+ 0. 505 0.657|0. 398 P+
P6 A-B 0.5100 0.674/0.418] P+ 0. 494 0.632)0. 438 P +
B 0.494] 0.7390. 460 P+ 0. 444 0.6940. 439 P+
= _|'_‘_ A1 0.603| 0.8330.300 P+ 0.562] 0.802.317) P# 0.570; 0.794)0.327| P#
Ibid Bo As 0.545| 0.755(0.333| P+ 0.477{ 0.743)0.409 P+#
P 14' A-B| 0.507] 0.7370.450 P+ 0.442| 0.7310.521| P4
) B 0.497] 0.748)0, 496] P + 0. 44Z] 0.7430.52C] P# -
W& i Al 0.669| 0.8620.275 P+ 0.579] 0.7850. 409 P+ 0.588 0.7730.406| P+
inakuyama Bp | Az | 0.654 0.7840.355 P+ | 0.493 0.6330.525 P& | 0.519 0.667/0.532 P+
pn-P3 B 0. 671} 0.740[0. 251 P+ 0.525] 0.6610.553] P+ 0.527) 0.667|0.535 P+
Ba 0. 644 0.6500.172] P, 0.531] 0.6490.500] P+ 0.538| 0.737)0.477] P+
IEJIbidJ: (Im) A 0. 679 0.842/0,189 P+ 0. 636/ 0,7550. 239 P+ 0.623] 0.7220. 245 P+
G _7' ~Bp| Bi 0.600| 0.8860.227] P+ 0.588/ 0.6580.253] P+
Ei E Jil Bo A 0. 602 0.7900. 300 P+ 0. 586/ 0.7090., 344| P+
Hikigawa B 0.618 0.691/0.303] P+ | 0.561| 0.6720.296 P+
Fiic) . (Im) A 0. 680/ 0.854/0.176] P+ 0.611] 0.7130.198] P+
Saijo “Bo{d) B1 0. 591] 0. 844/0. 207| P + 0.532] 0.7330.203] P#
v Pé Ba 0.580] 0.8110.227] P+ 0.556] 0.718[0.236, P+
_t_{-:. . A1 0. 499 0.9420, 334| P 0. 488 0.855/0.352| P
Ikishima | Bbp As 0.455| 1.038|0.466| P # 0.417] 0.9280. 430 P #
P2 B 0. 445 0.959)0. 405 P 4 0.418] 0.931{0.413] P4
B g Aq 0.571} 0.906(0.334] P4 0. 554 0.811/0.338] P
Kumano Bp As 0.505| 0.861/0.390; P 0.433; 0.768(0.402] P
B 0.490| 0.811)0.394| P4 0. 446 0,733/0.429] P#
=5 A1 0.713] 0.9100, 273] Rr+ 0. 638 0.845]0, 300] P + 0. 646] 0.836/0.312| P+
1\7I;toyama Bo Ag 0.479 0.957(0.361| P4 0. 464} 0.845/0, 351} P4
P3 Bi1 0.442z] 1.104/0,432 P4 0.392| 0.7790. 434 P #
Ba| 0.584] 0.974[2.335 P# 0.519| 0.887(0.376| P #
4 log K]_ : log K4oo—log Ksoo
4log Kg : log Keso—log Kgso

Rf : Koo of Na-humate solution containing carbon 100 mg per liter
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Re BEHBEORIR A 27 P, SREEEFHRICE DT EHMICHER L, 4log K, 12 4log K
LVZDEND, H5OERABEDEAER LD LT, Bs, Bo(d) 5X0 Bo MLHED Ret 5108
Pt~Py ZEMEHRTIE, 615mp T2 LT, EREMIEEEMNED BRsaLih, dlog Ky
t dlog Ky LOWY & SWBERERT LK HDOTHS (Fig. 28M), BeB+tid Bo(d) Bk
U Bo MAEAHKT 5L, dlog Ky DA b dlog K1 EEBOERMED N,

KELOHHS XCLRERO Rf 32nen, Ba BLHTIZ0.15~0.25 5 105 0.17~0.27, B 7l
+HTIZ0.21~0.28 B XU 0.22~0.27, Bntd) BXU Bo BT 0.18~0.34 35 LT 0. 20~0. 41 %
RUTco Bo(d) BXT Bo BAHTH, RALFESR P6 BXCEL G-P7 13 Ba B30 1312 BEE
DEAERUIH, Z0 o Bo BHETIZZNEHN0.27~0.34 BIT0.30~0.41 % ;RL, Ba HLU
Bs LB X DIID & 5 WHAERL T, | |

7 CHFTRIC 5 3 S B OBHES X CARIEBO 4log Ky, 4log Ky 510 RE OZLRKDE 5
DTHoTco Ba BERTRTN S OEMR—EDBAEROH LD 700 UL, WEAIEFHICH
B9 505 P8 TR, FTHELO dlog Ky BXU 4log Ky OIETE R DBEARSHHTHASL 2 TH
st COTOTELICE TS dlog Ky BXU Rf 2 Bo Bl-Lisd REFOEAR LA, O
COLEORELIT, MIKEEERO Ba MAHs FAROEMO KSBBECEMNTVEE LTS,
TRIIHWENHNFOZSBCL T, »iE0 BHELKIREO $BE2TIACEERETEEDENVL
Bo Be WAMTIZ dlog Ky $X0 4log Ky 13, FREhAs Re BTk - 72igils pn-P2 2RI, 28
MICFBLTRBLER LSS, RE —EOBEEBRONE)» -7, Bo(d) 8K Bo HAHETIR, £
{OBATELTIE 4log Ky BLU dlog Ky Db E R OWADED bt

i UERHT B 1 2 B LU O 4log Ki, 4log Ky 38 XU Rf OELRBRDEBDTH -7z,
L OWADERD bt BARRINCATE IR WIEER LD 4log K1 8XU 4log K 1/h&<L, K
WART PVOEEIZPEODTH 700 Tz, PREEICENTIE Pg OEBIC X 5 MG ORI,
KRR DT EEFER L VY £ SIBL oM BENE P o7 TNODORIRE 1P ORR &
BRTHo-To

Rf B#E L pn-P3 (Bo #448) DIAREQ KRS EMERAONEL -0, 2BMEER Ca TEEHE
(h-2) OEDDZEEME LICKS -7/ pn-P3, L IKZDOFRELICEBWTIE, #EEE+Ca B ER
(h-(1+2)) +2BHEBRRIIEHEED EE2RL, BHEEBICEN2E0BLL L BRBA OGN,
Fr, COLRBEOLEEHRD RE 2D Bo ZEMIc B EEICREVTENER SN, TOD
Al Ca HEHREO Rf SREVCEIKKEEDTH A Ho IDIC, COXEIEBY S EICHER
Ca OFELEE PIGEO G HSE L DT AL, FSCEHLOETLILY 727 v avd, Ca &
DAL D Ca WBHOERBST LN T LEZRTSDEEDLNS,

8. BESMIICHITIEHEEERICIOWVWT

SEEO R (LABTR O T BRI B U 5 BEDBIMORAEEIET 5 & L, RO 4log K (log
Ko log Kep) OIETE RE ORIKIC L - TRINEE LTV 50 AEEEHORER (A, B, Rel)
D alog K & REASWIY & 5 BAOHBEBKRERTE & BIC, CNODTEEEL, BCFHIEES &7,
CO XS IBBIGEROEFICE 15> T, FANEELERT CEEWSPILTO S,



—100 — WEARBIETERE #2705

LI PIFTOHED IC BT, LLBOBMLBREOET I, BEMETOZ®EL-LbUABSIC
Fied 5 B OBEOMEOHBICR SN, BEROCFHEEOHETI, Rf ORMAEGEL (K470
K610, Smon® @ T. F. LEL) ORI, BHOMKOETRABEROMMEL LT Co/Cr* I
Dk L BAREHEORAICRENS & U, Bafklicko T, BE~-EERNOEIZHHT 015
Ko tOETSROND CEEY BT L,

AEORER, &1HEOFBLELET &, BREOMERKOTTTRIRO & 5 ickhEikE L TRTE
SO, #X0 Cu/Cr ROV TE, SEEBMEICHY &5 BHESRONT, AL FEkO
B S NIE o Foo C D AILHIR E A E OGO b SeF OHLE— R TGN, 4EE30°C §if
M X BOTEROPEBbNS . EHEBRONEZNEEOETE, Bo(d) &&U Bo BLHIIRR
LOBAEKR L, Bs MWAEICHAT dlog Ky OIETE RE OWAERLIC S, Bk AR,
MR T R D GRS LT CEERLTOEE VA D, Fio, BT{LBED
L LTR, dlog Ky XU RE OVWFNLHNS 85, 4log K kb Rf OW & H OB ELE
BOWHEE, SOIKHY £ HIRLIBBDEVA D,

CEFBRMHOIC BT, BEEREOSIEBEICR SN 3 RELBROMER, &I oOKI RS
B EOLEHINE OMBIC & » TET 5 L EBEMOEES LU EERYOSREBOMRES, WY «
5B E AT 2 C EABD TS . — R LIER I RIE~ FHICHES 2 Bo(d) % &U Bo B4
T, HEMRTOEBICE - Thiz b SN2 MO /KS B & REOER O cwIc, R L2
LRANCHE L, BHOKNBEEEEED BAEZT 5 Ba BLU Be kL e, THEARY
DA, JEREPE DR, B O TS SICR S B EHAER R LTO 2 LEEEME, BELS
<, TOEBABOD LD L EBTHDEELBND, LichioT, LiBOATHIICED 2ERHILE
ROMED, CNOOHMEALEENEET 5 EEAOND.

R RIAEMOMRTIICE Y 2R LBEOMHEE S SKED £ SICT 2nic, FIEMIL ORE
BMIcDNT, 4log Ky 75\ L dlog Ky & Rf OMBHEDKEZRA 73, KO XS 75 Bbkb 2 RERH
BoNtc, COBS Ba A >0TE, IWEAT TBICHIT 28R P83, HIR(3)D X IIC Ba
FAEOHBHIEE LTREDD TRRINCET 2L %2 5N DTHRAL, T OMOURTE Ba 24
BT OV THRENET 8 - 720

%iﬁﬂé&@ﬁﬁﬁ%%ﬁ%i@@%ﬁm,T@mS%&UI%;Bm%f&g@fggko

4log Ky & Rf 13 Bs F-L3E Bo(d) &0 Bo W HEOMMES LU LFERICONTE, WIh
LEhWT HELRAO EHERSED SN, Ba BMEHoBARNTNE G D Shish -
7o

Ba BILEOBEE, BHES X UHRARIKS EONRIC & 2 IMBEDOER, X SIEHLOETE
VBRI T B 1 B— RIS O A BB O3 ic, Am EATER LTV BRI L MRREE
BORBICHS LT ARAK, BXCZOBKBESRICHNENG, HIROLIIC, COIBUOEME
B DM B, Bo(d) 3L Bo WAL 3D » SICERLIBENEZEFETLCEEHBEHELT, dlog K

* COBED Cp/Cr WidZ, 7NFBRE UTRABBEEZEHRV IS, $0bs, 4E0 (f-(1+2+3)) 20T
Z)O
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~Table 5. JEHEM®D dlog Ky BLU dlog Ky & RE L OEHHEBRE
Linear correlation between log Kj and log K;

‘and Rf of humic acid

B e LB SO M &S > o L%ﬁrﬁo%eﬁt?gn
Humic acid Type of soil - No. of sample coofficient
dlog Ky 8XU Rf [ff Between 4log K; and Rf
h-1 6 —0. 243
Ba
h-(1+2+3) 6 —0. 366
h-1 B 11 -0, 854%%*
h-(1+2+3) B 1 —0.814%F
h-1 - Bo(d) aB 29 —0, 794%%k
h-(142+3) pid) and o 29 F—0.629%%
4log Ky XU Rf [§] Between 4log K, and Rf
h-1 6 —0.516
Ba
h-(14+2+43) - : . 6 e —0..229
h-i 11 - —0.386
Bs : S R v
h-(1+2+3) 11 ~0.555
h-1 ) : 29 ) 400112
Bo(d d B
h-(1+2+3) o(d) and Bo 29 —0.061"
¥) 1% BXU5% HFEAERCETS 7
Remark : HHEE : Freedom 5 10 28
Significant » at 1% level 0.874 0.708 0.463
at 5 % level - 0.754 0.576 0. 361
Re i J R ///
Qb m==m== mrmmm s mmsescsseceecooooooeoas ¥ 82 B 7 .

Roldiand Bysoils
V=03 +0.865
. 7 ==0.629%*

osp S 0.5¢ Y

Bold)-and Be-soif

® ye-0924+0856
¢ r=-0.794%* 04f

o fg-s0il

©Ba-soif R o Ba(d-and By-soii

® Bold)-and Bo- soils

02F

i Be-soils o]
- zails ! : ¥=-0391X+0500 |
Y=-0550X4 065 | : 7=-0814%*
Cir 7=-0.854¢ H o !
i !
] 1
! 1
! 1
| !

. . } . : . . . | . .
09 08 Q7 [e1) 05 04 alog K 09 08 27 0b 05 0.4 Alog £

Fig. 3-1 Bs #4383 K0 Bo(d) 5XLT Bo & Fig. 3-2 [@.L (2) &/gE#E (h-(1+2+3)]
TEOEEBO dlog Ky BEUREOD Ibid. (2) Total humic acid (h-(14+2-+3))
HE—Q) EEEER (-1
Correlation between 4log K; and Rf of
humic acid from Bs-soil and Bo(d)- and
Bo-so0il.—(1) Free humic acid (h-1)
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L Rf & ORICEERERIANE D NS0 L, C0XHBEEAR XS 6OTRITNDE bl
5o )

| Fig. 319 X 51c, Bo MM Bo(d) BT Bo WAMTE, LINOBE blES XU AR
B 4log Ky %10 RE OEBRIZEMLTO2A, HESHHTERROLS ICENENLE LS LY
MEDSE BN, b5, Bo(d) HE0 Bo ki dlog Ky OETFICHIET 5 RE OHAL,
B BIHHICHAS E 0D BB L kE <, BHEREIRTRI LT 15 AMHEETIRE 2.5 fIGE LT,
1B DR B D F B A1 L2 DIE B DMk e SEELT, MESRics 3 EH(LER
H S EE TR T 5 b0 & BbNi,

dlog Ky & RE ATHMOTRS HEE ERERER NS -7, COHR 4log Ky (3R
SR AR OUOERE AR R E LTV 3010, REROBHEEEE ICHD & 5 2BHEER LI
WicH TRV E DN,

9. B b b

1) CoOWEE, bPROTERLHERLED, BHEOLEEHLHICT 20D D—_OWEO—IRE L
T, b & bEERHMN A LD ZBAEHRKLICOVT, DELEBEDTHS,
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Studies on the Humus Form of Forest Soil Part 2

‘Humus form of the brown forest soil

Hiroshi Kawapa®

1. Introduction

The writer wished to get information on the humus form of representative Japanese forest

soils by his newly proposed method in Part 1®." He dealt with the brown forest soil as a first ’
step. '
He had reported the following facts on the chemical properties and humus of the types
of soil that belonged to the brown forest soil in his previ(_)us paper?, When they were ar-
ranged according to their moisture regime of soil from dry to wet types, their transitions
were in the regular way and the difference of humus form between dry and moderately
moist~wet types of soil was more distinguished than that between the latter types of soil.
The humus form of Ba-soil (dry brown forest soil, steep slope type) was unique and different
from that of Be-soil (Ibid.,, gentle slope type) due to the mycelial materials in Am horizon
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(mycelial layer) or those in loose granular structure well developed in its upper horizons.
In the writer’s opinion, his previous analytical method was rather insufficient for the
humus composition and the optical properties of humic acid in detail ; hence his wish to re-
examine the effect of moisture regime of soil on the humus form by comparing that of Bs-
and Bo-soils (moderately moist brown forest soil) and the specificity of that of Ba-soil from

a fresh point of view.
2. Examined soils

The site conditions of sixteen soils examined are briefly stated in Table 1.

Those of Saijo P8 (Ba-soil) were unique. This soil lé_cates 6n the lower part of mountain
slope where could be commonly expected the occurrence of Bo-soil, whereas its morphological
features in profile and chemical properbties were quite similar to those of normal Ba-soil
commonly occurring on the ridge of steep mountain slope (see Table 2).

Such unusual distribution of Ba-soil was noticeably common in Saijé district. In the writer’s
opinion, it locates in the coastal area of the Inland Sea. There the climate is comparatively
warm and is one of the most arid climates in this ‘country, i. e.15°C in ann. aver. temp. and
only about 1,000 mm in ann. aver. precipitation all of which may have an effect on the unusual
distribution of Ba-soil.

Saijo P6, Fukuyama G-P7 and Fukuyama pn—PZ were somewhat immature as expressed

by their poor development of A and B horizons and poor humus contents (see Table 2).
3. Analytical method

The humus form was determined by the writer’s method proposed in Part 19,

Carbon and nitrogen were determined by dry combustion method with C-N Corder (Ya-
nagimoto Co.) or by the chromic acid titration method and Kjeipant’s method. Cation ex-
change capacity was by Preci’s method and exchangeable Ca and Mg were by EDTA method ;

the pH value was by glass electrode with 1: 2.5 suspension

4. Chemical property of soil

The chemical properties of examined soils are expressed in Table 2,

Among the examined soils, those of Ba- and Be-soils, i. e. low pH values, poor exch. base
saturations and wide C-N ratios, well agreed with those confirmed by many researchers,
whereas those of Bp-soils were rather variable.

The writer noted in particular the extraordinary high rates of Ca and Mg saturatons, i
e. 59~65% and 13~19%, respectively, and high pH values, i. e. 6.40~6.80, in every horizon
of Fukuyama pn-P3 (Bp-soil). In his opinion, such extraordinary base rich forest soil seemed
to be one of the exceptional cases in this country. On the other hand, some Bbp-soils, i. e.
Kawamoto P6, Hikigawa, Ikishima and Kumano, were very low in the rate of exch. base
saturation, i. e. less than 10% in Ca, and their surface horizons except Kawamoto P 6 were very
acidic, i. e. 4.0~4.3 in pH value. Those except Kumano showed unusually wide C-N ratios,
i e. 20~22, as those of the usual Bo-soils. Similar trend was found on the surface horizons
of rather immature soils, i. e. Fukuyama G-P7 and Saijo P6.
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These facts pose problems awaiting solution in future study.
5. Classification of humic acid

The humic acids of examined soils were classified according to the method proposed by
Kumapa ef al.®? Their method was as described hereunder.

In this case Rf value is re-calculated on the assumption that 1ml of consumed 0.1N
KMnOy for the determination of amount of humic.acid is equivallent to 0.4 mg of carbon.
Their Rf 40 is converted to-the writer’s. Rf 0.300. . :

Humic acid is grouped into four types, i. e. A, B, Re and P, according to their position
on the diagram expressed in Fig. 1. P type humic acid is subdivided into the following
subtypes according to the shape of absorption bands near 615, 570 and 450 mp as expressed
in Fig. 2. P+ is that having weak shoulder bands mear 615 and 570 mp ; P+ having fairly
distinct shoulder bands near 615, 570 and 450 mp ; P4 having an absorption maximum near
615 mp and distinct shoulder bands near 570 and 450 mp ; Py having absorption. maxima. near
615 and 570 mp and distinct shoulder band near 450 mp.

P type humic acid expressing no absorption band over the whole wavelength region is
designated as Po. Some humic acids belonging to A, B and Rr types and expressing the same
absorption bands as P+~Py types are designated as.in the case of P type, i. e. Re+, B+. etc.

The representative absorption spectra of humic acid in .examined soils are expressed in

Fig. 2.

6. Humus composition

The humus composition of examined soils are given in Table 3.

Tt is expressed with carbon amount of humus fraction as a percentage of total soil or-
ganic carbon. )

That of H-A and H layers are separately described due to their differences from that of
mineral horizons.

6-1. Humus composition of mineral horizon

6-1-1. Extractable humus

The extractable humus usually ranged about 40~50%. It increased to 50~60% in some
Bo-soils and it decreased to 30~40% or less than 309 in Ba- and immature Bs- and Bo(d)-
soils. '

6-1-2. Humic acid

The total humic acid (h-(14+243)) decreased from surface horizon downwards in every
soil except Fukuyama pn-P3 (Bp-soil). The rate of decrease downward was more distinguished
in the order as Ba- and immature Bs- and Bpo(d)-soils>Bs-soils>>Bp-soils. The total humic
acid in surface horizon of every soil where the effect of environmental factors on soil forma-
tion is reflected most distinctly ranged 19~22% in Ba-soils, 21% in Bs-soils and 17~24% in
Bo(d)-and Bo-soils and no remarkable difference was found among the types of soil.

On the humic acid composition, the free humic acid (h-1) was most dominant in every
horizon of examined soils except that of Fukuyama pn-P3. The rate of combined humic acid
(h-(2+3)) to the total humic acid was variable among the corresponding horizons of examined

soils belonging to the same type of soil and every horizon of same soil. It ranged trace~less



— 106 — HERBREHETHRE HE 2705

than 10% in Ba-soils, trace~about 209 in Bs-soils and trace~about 35% in Bo(d)- and Bo-soils.
It seemed to be higher in moderately moist soil, i. e. Bo(d)-and Bp-soils, than in dry soil, i.
e. Ba- and Be-soils, as a general trend. It increased from surface horizon downwards in the
majority of moderately moist soils.

The humic acid composition of every horizon of Fukuyama pn-P3 was unique. Its total
humic acid ranged 19~22%. Its rate of combined humic acid to total one ranged about 20~
80%, increasing from surface horizon downwards, and it was very much higher that of cor-
responding horizon of other Bp-soils. Besides, the rate of Ca type humic acid (h-2) to the
combined humic acid was very significant, and it ranged about 60~70% in its every horizon.
In the writer’s opinion, its outstanding high rate of exchangeable base saturation and high pH
value seemed to have an influence on its peculiar humic acid composition. Similar trend was
not found in the surface horizons of Kawamoto P14, Fukuyama G-P7 and Mitoyama P3 which
were fairly high in the rate of base saturation and pH value among the examined soils. These
results suggested that Ca type humic acid would be dominant in the combined humic acid
and rather abundant in total humic acid only in the soils as basic and sufficient in Ca as
Fukuyama pn-P3.

6-1-3. Fulvic acid

The total fulvic acid (f-(la+1+2+3)] increased from surface horizon downwards in every
soil. Acid soluble humus (f-la) expressed a similar trend and it ranged 4~12% in surface
horizons and 8~22% in lower horizons. Among the examined soils with the only exception
of Fukuyama ﬁn—PB, no clear correlation was found between the acid soluble humus and
chemical properties and types of soil as a general trend. The less acid soluble humus rang-
ing 4~9% in every horizon of Fukuyama pn-P3 than that of other soils seemed t be due
to the effect of its above-mentioned outstanding chemical properties. )

6-1-4. C,/Cy ratio

The C;/Cy ratio (total humic acid carbon/total fulvic acid carbon) decreased from surface
horizon downwards in every soil. That of surface horizon ranged 0.82~0. 96 in Ba-soils, 0. 99~
1.01 in Bs-soils and 0.73~1.10 in Bo(d)- and Bo-soils. No clear correlation was found between
Cn/Cy ratioé and chemical properties and types of soil.

6-2. Humus composition of H and H-A layers

The humus composition of H and H-A layers in some Bs-soils was fairly different from
that of mineral horizon of every soil. Their total humic acid ranged 23~24% in H-A layers
and 27% in H layer, and their C,/Cy ratios 1.05~1.50 and 1. 67, respectively. Their acid solu-
ble humus ranged only 4~6%. These higher total humic acid and C,/C;, ratio and lower acid
soluble humus than those of mineral horizons seemed to be the common characteristic of these

layers.
7. Optical properties of humic acid

The distinct characteristics of optical property of humic acid of examined soils were ex-
pressed by the existence and shapes of absorption bands near 615, 570 and 450 m p, the inclina-
tion of spectrum expressed as 4log K; and 4log Ky and Kgo of a certain concentration of
humic acid expressed as Rf.

The optical properties of humic acid of examined soils are set forth in Table 4.

7-1. The type of humic acid
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The variation of humic acid type among the types of soil was very characteristic. In
Ba-soils, free humic acid was Rp and P, types, whereas total humic acid was P, type. In
Bs-soils, the free humic acid belonged to Rp+ and P+ with few Rp types, whereas total humic
acid to P+ with few Ry types. In Bo(d)- and Bp-soils, free humic acid was subtypes of P
type, P+~Py#, with few P, and Rp types, whereas total humic acid was P+~Py types.

Kumapa et al.®” reported the following facts on the humic acid types of some forest soils
in central Japan : Those in brown forest soil seemed to vary with altitude and type of soil.
At low altitude, about 400 m, those of Bs-soil were Ry, B and P, types ; those of Bc-soil were
B with a small amount of A types; those of Bo-soil were B type in A horizon and P type
in B and C horizons. At high altitude, about 900 m or higher than that, humic acids were all
of P type irrespective of the kind of soil. The sampling forest of the writer and those of
Kumapa ef al. at low altitude belonged to the same vegetational zone, i. e. warm-temperate broad-
leaved evergreen forest zone, yet the type of humic acid expressed significant difference.
Here is a problem awaiting solution in future study. v

Kumapa ef al. also pointed out the following facts on P type humic acid : Its widespread
common occurrence was found in any soil from alpine to hilly lowland area, i. e. alpine grass
land and meadow soils, podzol, brown forest soil and red-yellow soil ; The frequency of its
occurrence increased according to the increase of altitude and that of moisture regime of soil
in the order as Bs-, Bc- and Bp-soils in a certain district. The subdivision of P type humic
acid corresponds to the relative amount of P (green humic acid)® and it increases from P+
to Py ; The occurrence of P type humic acid abundant in Pg content was found more fre-
quently in moist soil or horizon. ‘

The writer's result suggested the favourable effect of moistened regime of soil on the
occurrence of Pg, and it agreed with that of Kumapa ef al., whereas he found no clear correla-
tion between the subdivision of P type humic acid in Bo(d)- and Bp-soils and their chemical
properties, site conditions, and localities of sampling forests.

The significant difference of humic acid type in Ba-soils from that in other types of soil
was characteristic and noteworthy. In the writer’s opinion, the peculiarity of humic acid
type in Ba-soils is closely related to their mycelial materials and their residues forming their
Am layer (mycelial layer) or well developed loose granular structures in their upper horizons.

7-2. 4dlog K;, 4log Ky and Rf

Comparing with the surface horizon of every soil, the following variations were found
on the optical properties of humic acid : 4log K of free and total humic acid ranged 0.66~
0.72 and 0.62~0.69 in Ba-soils, 0.65~0.74 and 0.60~0.69 in Bs-soils and 0.50~0.71 and 0. 49
~0.64 in Bpo(d)- and Bo-soils, respectively. Though their ranges were divergent to some
extent, as a general trend they seemed to be quite equal in Ba- and Bs-soils and to be decreased
in Bo(d)- and Bo-soils. Their ranges of 4log Kz were 0.58~0.70 and 0. 52~0. 63 in Ba-soils,
0.86~0.99 and 0.76~0.99 in Be-soils and 0.79~0.94 and 0.70~0.86 in Bp(d)- and Bo-soils,
respectively. Their remarkable decrease in Ba-soils was due to the difference of humic acid
type. The absorption spectra of Py and Rp type humic acids in Ba-soils are almost linear over
whole wavelength, whereas those of Rp+ and P+~Py type humic acids in other types of soil
are more steep in the long wavelength region from the shoulder band near 615mp than in
the short wavelength region. The similar trends as the case of 4log K; was found on 4 log K,
_in Bs- and Bo(d)- and Bo-soils.
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The Rf values of free and total humic acids ranged 0.15~0. 25 and 0. 17~0. 27 in Ba-soils,
0.21~0.28 and 0.22~0.27 in Bs-soils and 0.18~0.34 and 0.20~0.41 in Bp(d)- and Bb-soils,
respectively. Those of immature Bp(d)- and Bp-soils, i. e. Saijo P 6 and Fukuyama G-P7, were
quite equal to those of Ba-soils, whereas those of other mature Bp-soils ranged 0.27~0. 34 and
0.30~0. 41 and were distinctly higher than those of Ba- and Bs-soils. ' )

The variations of 4 log Ki, 4 log K; and Rf value of free and total humic acids in every
horizon of examined soils were as follows : In Ba-soils, they showed no certain trend, whereas
in Saijo P8 (Ba-soil, on the lower part of mountain slope), its B; and B, horizons showd dis-
tinctly lower 4 log K; and 4 log K; and higher Rf value than those of jits A horizon. Those
values of its B horizons were quite equal to those of mature Bp-soils. The writer holds the
view that these facts seemed to suggest that its surface horizon was affected by.the arid
regime similar to the normal Ba-soils on the ridge of steep mountain slope, whereas its lower
horizons were affected by the fairly moist regime due to the effect of the topographical factor.
In Bs-soils, 4 log K; and 4 log K, decreased from surface horizon downwards except those of
Fukuyama P 2 which had Rp type humic acid in its lower horizon. The variation of Rf showed
no certain trend. In Bp(d)- and Bo-soils, 4 log K; and 4 log K; were lower and Rf were higher
in their lower horizons than those of their surface horizons.

Comparing with the free and total humic acids in every horizon of examined soils, the
decrease of 4log K; and 4 log Ky and in the case of Rp+ and subtypes of P type the more dis-
tinct absorption bands near 615, 570 and 450 mp were found in total humic acid than those in
free humic acid with few exceptions. These trends well agreed with the result described in
Part 1®. However, the difference of Rf was indistinct in every horizon of examined soils
except that of Fukuyama pn-P 3. In the latter soil, Rf value of its total humic acid was quite
equal to that of free plus Ca type humic acid (h—(1+2)), and it was remarkably larger than
that of free humic acid. Besides, the extraordinary-large Rf value of total humic acid in every
horizon of that soil than that in corresponding horizon of other Bp-soils was noteworthy, and
it would be due to the significantly large Rf value of Ca type humic acid. In the writer’s
opinion, the remarkably rich exch. Ca and high pH value of this soil affected the progress
of humification and the significantly humified fractions formed the humus tightly combined
with Ca.

8. The humification in the brown forest soil

Kumapa® concluded that the degree of humification meant the increase of blackish hue of
humic acid and it was expressed by the decrease of 4 log K (log Kyo—log Kgy) and the increase
of Rf value of humic acid. He also pointed out the regular transition of some chemical and
physical properties of humic acid according to the degree of humification.

The writer stated in his previous paper® that the progress of humification of every type
of soil was most distinctly expressed in its humus form of surface horizon. It was there that
the effect of environmental factors on soil formation and the increase of Rf value and the
decrease of color quotient (Kyyo/Ks1o, Smon's T. F.9) on the optical property of humic acid was
remarkably reflected. So, also, were the increase of total humic acid and C,/C ¢ and the decrease
of acid soluble humus on the humus composition favorable indexes of humification. He also
commented on the more advanced progress of humification in moderately moist~wet types of
soil than in dry type of soil of the brown forest soil.
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The similar trend was not found on the humus composition of examined soils in this study
as mentioned above. It would be due to the difference of temperature of humus extraction,
i. e. 30°C in this study and in boiling water bath in his previous work. The decrease of
4log K; and the increase of Rf value in Bp(d)- and Bo-soils except their immature types be-
ing more pronounced than in Ba- and Bg-soils expressed the advanced progress of humifica-
tion in the former soils than in the latter soils. These facts well agreed with the writer’s
previous result. In his opinion, the Rf value would be more favorable than 4log K; as an
index of progress of humification due to its more distinct expression of differences among
the soils than that of the latter.

The writer concluded in his previous paper® that the significant difference of moisture
regime and chemical properties of soil among the types of the brown forest soil induced the
decomposing activity of éoil microorganisms on litter and soil organic matter, and. that the
latter related to the difference of the progress of humification.

Generally speaking, the topographical factor on the mountain slope induces the accumula-
tion of soil bhase and moist moisture regime of soil in Bo(d)- and Bo-soils on the middle and
lower part of mountain slope, and vice versa in Ba- and Bs-soils on the ridge and upper part
of mountain slope. The soil microorganisms have a great influence on the decomposition of
soil organic matter, the production of humic substances, and the progress of humification.
They were more numerous and their activities were more vigorous in the former soils than
in the latter soils, and these facts related to the remarkable difference of humus form among
the types of soil.

The writer examined the correlation between 4log K; and 4log K, and Rf value of free
" and total humic acids of every type of soil to get the more detailed information on the progress
of humification of examined soils. In this case, on Ba-soils he examined only the normal one
on the ridge of steep mountain slope, except Saijo P8, due to its abnormal topographical factor.

The linear correlation coefficient and the regression curve of every type of soil are given
in Table 5 and Fig. 3.

Free and total humic acids in Bs- and Bo(d)- and Bo-soils, respectively, expressed a very

significant negative linear correlation between 4log K; and Rf value, whereas no significant
correlation between them was found in Ba-soils.
’ The writer’s contention is that the latter is due to the addition of abundant mycelial
materials and their residue in their Am layer (mycelial layer) or well developed loose granular
structure in their upper horizons to the usual humus formation from litter and herbaceous
residues. The significant difference of humic acid type in Ba-soil from that in other types
of soil as above mentioned would support such interpretation.

Though the regression curves of free and total humic acids, respectively, were similar in
the same type of soil, they showed a significant difference between both types of soil as can
be seen in Fig. 3.

The increase of Rf value corresponds to the decrease of 4log K; and was remarkably
larger in Bp(d)- and Bp-soils than in Bs-soils. It was about 1. 7-fold in free humic acid and about
2.5-fold in total humic acid. In the writer’s opinion, these significant differences of regression
curve between both types of soil suggest the qualitative difference of progress of humification
between them.

No significant correlation was found between 4 log K; and Rf value in every type of soil.
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The writer attributes this to the wavelength region of 4 log Ky being from red to far red (650

~850 mu) and expressing no close relation to the hue of humic acid.

9. Summary

The humus form of types of soil belonging to the brown forest soil was examined and the
results obtained were as follows : )

1) On the humus composition, the rates of extraction of total humic acid, fulvic acid and
acid soluble humus and Cp/Cy ratios of surface horizons of examined soils expressed no signi-
ficant difference.

2) On the humic acid composition, the greater part of total humic acid was free humic
acid and that of combined humic acid was RsO; type in most of the examined soils. The
combined humic acid was rather dominant in total humic acid, and Ca type humic acid was
sufficient in combined humic acid in only extraordinary Ca rich and basic soil.

3) The humic acid types in Ba-soils were Rp and Po; those in Bs-soils were Rp+ and
P+ with few Rp; those in Bo(d)- and Bo-soils P+~P4 with few Rp and Po.

4) As a general trend, lower 4 log K; and higher Rf value of humic acid in Bp(d)- and
Bp-soils than in Ba- and Bs-soils were found.

5) A very significant negative linear correlation was found between 4 log K; and Rf value
of humic acid in Bs~ and Bo(d)- and Bp-soils, respectively. The remarkable difference of
their regression curves of free and total humic acids between both types of soil suggested
the qualitative difference of progress of humification.

6) The decrease of 4log Ky and increase of Rf value, especially the latter, would be the

index of progress of humification.
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