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Table 1.

Site conditions of selected soils
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SLOHL &

K % %t“?&f 4.[.‘55’”5 Jfg ¥ ?ﬁ Aﬁrt tﬁg D.}‘f i 1@1( i $i 5 Wi i
L |Sample| Type arent AltitudeDirec- |[Incli- i A
Location no, of goil | material | (m) tion) nationTQp()graphy Vegctatwn
REEEE R e e (Soil group @ Red and vellow soils)
1. -REEEERE JRf-l (Soil subgroup; Red soils)
AR B, IHEHH, 22 ] | Broaltdv B
Kunigami an P L Ao 73 .o Flat hill top eave
Village, P»}S 437 Ra Diluvium 120 | S30°E 5 (Terrace) | evergreen
Okinawa Island ‘ forest
e ye . . s
{?6{‘{& fe. | 'Ki b Pa2-34 Rs | Ibid. 100 W 50| Ibid. Thid.
[k SRS HT, R T Pinus
Itoman Town P42-85| Ro»o gﬂ}g{éﬁ? 40 g 10° | Upland Inchuensis
1bid, | Hoomit . forest
2. EEEEE ¥l (Soil subgroup; Yellow soils)
L, HEER, B | Upper part | Broad-
R E oy etk R I — ~o | of gentle leaved
Klli’ilgdlnl Vil, Paz-2z) Yo po-slate 455 N3OTW 10 mountain | evergreen
b d ) slope forest
TR, B . . ] Pinus
P42-36| Ye-Im ?&a"g‘ v 30 | N70°E| 10° %ﬁ?tilco o | tuchuensis
Orma Vil,, Ihid, porphyry 1 S0Pe | forest
ik, ;_wl‘lﬂﬂ . H Upper part | Broad-
il R T N o c=o | of gentle leaved
Kumgaml Vil., | P42-37| Yo(d) | poslate 9201 820°E Lo mountain | evergreen
Ibid. slope forest
R, KE . Lo .
Chtomi, P43-10| Yo{d) | pn-slate 160 | S30°E 12° | Ibid, Ibid.
Iriomote Island ) _
[k, BAILER - Lower part
Urauchi River, | P43~16] Yp gan&q‘mn‘ 180 | N75°W 33°  lof mountain; Ibid.
Ibid, ] stane slope
TR, AEER !
Mt, Omoto, P 43-24 Yo Granite 390 | 875°E | 10° | Ibid, Ihid,
Is}xiga 7i Island I
I{\ m?h AR, Casuaring
Kasm Vil P43-4 [ (R)~Yo! Diluvium 80 [ N20°W 22° | Ibid, equisetifolia
Okinawa Island forest
AT VN
Y . - ) S/ Ek
Kunigami Vil,, P43-42| Ye | po-slate 220 | NIO°E 5¢ Walley floor | Alnus
Thid. | formosa
forest




i [
b L Type :P arent A:;‘l"ituu EDireri lif;ch- e e 3 i &k
Location o ‘ of soil | material () } tion - nation lopographv[ Vegetation
4. REN
{Soit zgubgnmp, Surface glﬁ\ved wd and yellow solls)
a1, 3 "G A4 b e B (Burface gley red and yellow soils)
i Grass
Diluvium | 160 | — Flat hill top (Felled
| ! area)
B {Surface gley bleached red and vellow soils)
i i Loncaved S
‘ gentle slope {;gl‘gé
il Thid, 150 W 8° | contiguous evercreen
thid., Ibid. i to flat hiy | SYergreen
. forest
’ [ top
(Soil group : Dark red soils)
O TP S &
{Soil subgroup: de red 3{)11“ from Hmestone)
| Broad-
PR pu . BT i .| Gentle hill | leaved
47307 O N G0 AT Ve 10¢
Ueno Town, P 4332 DRo-ca| Limestone 9 507W 10 slope evergreen
Miyako l“idnd { forest
/\ Y !
. - . ~o | Gentle hill .
ifa g ey ey o 0 -
Nakijin Vil., P43-7 | DRo-ca| Thid 30 2 fop 1bid,
Okinawa Island ! )
P i i N
Zj E/7 5 TR | ] Pinus
Shirod §i Town P43-30| DRp-ca | Ibid, P40 - Upland lschuensis
Mivako Island | forest
2. WEE: IR REBMEC sk A0
{Soil subgroup; Dark red soils from non-calcareous parent materials)
Ve
P42-64 | DRp(d) | Anldequg 5 Terrace Thid,
Ishigaki Island [pagiomer ate
¥ -l (Soll group : Black soils)
irﬂi‘ "‘1141 4065 - Diluvi 120 3 OOOYAT 50 lat hi - Sraaals
’l‘summh Thid. Paz-68| Bl Jiluvium 120 | S30°W 5 Flat hill top Grassland
: K, ; Casuaring
é}hham P4 Bis | band 5 0 — Backmarsh | equisefifolin
Iriomote Island ! | forest
LH  BREICHRT B (LYY
[Soil group @ Soils from hme stone (Kendzina- hke soils))
! Broad-
" . . SR [ leaved
3480 o} oot o [ " [2Ra] i
P42-82 Renp | Limestons 145 B 5% iFlat hill top evergreen
forest
s % Podocarpus
Shithary, P42-691 Rene | Ibid. 30 B 3° { Upland macrophyiius
k:hlg’lkl forest
7 | . e
: ¥ ; Concaved | Pinus
'Heu’a City, P42-437 Renr | Thid, 25 — plot on tuchuensis
Miyako Tstand ‘ upland forest
) RO O S Q758 W L ehi o,
Rem’uk The classification of soils is based on the “Classification of forest soils in Japan (1975)716),
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4. iﬁmﬁ%%%ﬁ BREOERS L CEEROLRAEE R

A, PL2-BE, A, (h-1)
o Ay, PL2~5T, Ay, (he(162)]
-

F 3 Table 4

o7 B 942782, Ay, (h- (123}
Py, PA3~30, A1, (n=D)

&, BHEgOEIa

48r o PP, PA3 T, Ay (e t192+) KRTEBDTHD
Pe, D423 Ai, (R-1) )
0 b A 5T L OBERO 4 log Ky 1L 4log Ky
PPy, PAR-T, AgeBy, (- (14243))
X gs), & RE EoBEHEMEBERKE Table 5 KRTEEDT
o ) Py, P63-42, Az, (h-1)
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Abaorpuon spectm of representative
humic acid (Concentrations of humic — i I
acid are arbitrarily chosen).
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Table 2. (-3%) (Continued)

i & 7 E |
| s Exch, ﬁgaﬁ f%
SRR LB B M 4 B S CEC. e pH
Sample | Type Thick- | €| N j¢)N Ca0 | Mgo | SO |
no, of soil [Horizon Color o o PN 3 (H0)
(em) | (%) | (%) -
(m.e. /100 g) Ca0 | MgO
32 80 A REAL R otk (Su rface gley bleached red and yellow soils)
Ho 4 134,5| 1.68 20,5 67,0 | 11,8 | 6.39 17.6 9.5 4.20
A 1220 1,39 0,06 L2 4,49 0,62 0,21 13.8 4,7 4,00
42~147 1 gRYby B 810 0.52 0.05 L4 7,780 0,920 0,33 11.9 4,3 4,40
Ba 30 0.64; 0,06 L7 8,29 0,90, 0.29 10,9 3.5 4.5
Bs 204 0.46; 0,05 9. 21 10, 4 0, 647 0, 49 6. 2 4,70 4.70

- &+ (Soil group : Dark red soils}
s AR R ARREE (Soil subgroup; Dark red soils from limestone)

1.
: i @
As 5YR2/1.5, 5 | 13.2 11,0 73.8 | 68.9 12.6  94.6 17.1 7.15
13-32 |DRp-ca| Ay 5YR2/1.5 15 6,22 10,4 49.8 | 40,0 568 80,3 11.4 6.90
B 5YR3.5/6 304 | 1.76 2 8.0029.2| 20.9 3.3l 7.6 11.3 7.05
Aq 5YR3/3 5 110.0] 090 11,1514 5.3 9.54 88,1 18.6 6.50
43-7  DRop-cal Ay-B m'szm 18 4.61] 0.45 10.2 32,9 24.7/ 4.58 75.1 13.8 6.50
Be-C | 5YR4/6 254 | . 1.6l 0.18 8.9 28.3  20.4 3.82 72.1 18.5 6,45
A1 [8.75YR4/4 5 2,64 0,22 12,0147 | 4.97] 3.99 33.8] 27.1 6.00
3-30 |DRo-ca| Az [8.75YR4/4 13 1,55 0,17 9.1 12.7 | 8.67 2,17 28,9 17.1 5.90
B 5YR4/S 20+ | 1,87 0,17 8,1/ 15.3| 443 1.98 29.0 12.9 5.60
2. SR JEARERRIRHC R T Al RE L
(80il subgroup; Dark red soils from non-calcareous parent materials)
A SYR4/2 | LO 2.99] 0.230 13.0/14.9| 5.13 4.21 34,4 28.3 5.85
o N By 5YR4/6 | 118 0,12 9.8 13.31 129 2.72 9.7 20.7] 5.15
t2-6¢  DRo(d)| ; 5YR4/8 2 | oa oo S.8 11.6 | 1.22| 2.97 10.5 25.6 5.15
Bs 5YR4/8 20+ | 0.72 009 80 16.2| 115 394 8.7 29.8 520
. H
i B (Soil group : Black soils)

A |7.5YRL7/1| 15 | 49| 0.42 12 |30.5|11.0| 7.13 36.1 23,4

ire8 | Bl | A-B |7.5YR3/2 15 2.1 0.18 12 12401 7.09 4,08 29.5 17.0

B 10YR4j4 15 0.9] 0.12 8 20.3| 9.56 4.53 47.1 22.3

B-C |7.5YRS/6 20+ | 0.6 0,09 7 [ 19.5| 9.66 3.72 49.5 19.1
1(AY | 10YRL 7)1 20 6.01 0.36 17 |19.615.8 2.88 80.6/ 14.9 6.7
ars7 | B | DCAR | 2.8YRL7/1 20 2.4 0.18 14 |10.5|20.6]| 1,21 19 | 11,5 7.70
M{As | 10YR2/! 20 1.4] 0.09 15 | 9.26012.7 | 0.10 137 1.1 7,70
W{(C) | 10YR3/4 204 | 0.3 0.02 15 | 2.32 3.15 0.16] 136 6.9 7.70

L BLE (VY VTR
[Soil group : Seils from limestone (Rendzina-like soils))
As SYR3/1 12 8.70, 0.79 11.0, 5.5 62.0 | 5,25 120 | 10.2 7.40
42-82 | Renp | As |7.5YR3/2 20 3.88 0.43 9.0 48.3 53.4  2.58 123 6.0/ 7.50
B-C |7.5YR3/4 20+ | 3.00 0.3 9.1 359 66.0 1.40 184 3.9 7.70
As 10YR3/2 5 3.47 0.36 9.6 2211287 3.25 105 | 14.70 6.90
. 1 A 10YR3/2 25 1.41 0,18 7.8 13.7 13.0| 1.87 94.9 13.6 6,95
42-69 | Reme 4% | 10YR3/3 | 10~12 1 .30 0.16 8.1113.0 1 14.7 | 1.07] 113 | 8.2 7.30
B | 7.5YR4/3 20+ | 0.63 0.09 7.0 8.13 7.52| 1.35 92.5 16,6 7.20
A 10YR3/4 | 22~~26 | 2,40, 0.25| 9.6l 15,4 8.39 2,16 545 14.0 6.15
A-B | 10YR3/3 | 12~15| 1.84 0,18 10.2 140 813 1.32 581 9.4 6 10
PR R IOYR3/

42-43 | Renr | g o | ’2;%%2;2 20 o5 0138 8.]12.2] 626 171 8.3 140 610
Byg | 10YR4/2.5 35+ | 113 0.12) 9.4 13.0| 6.68 0.94 5.4 7.2 6.10




Table 3. Hi o bl i

Humus composition

o TR B

i Extract- ‘ ) ‘ ‘

able ! i . NazSQy

humus ! b-1  h-(2+3) [Total f-1a | f-1 £-(2+3)  soluble Total
: d o

% PR S |
acid Fulvic acid o
}iclzm:f

fis=at]

Sample | Type
no, of soil Horizon

by

itk (Soils subgroup; Red soils)

.8 0.4 1 1002 a9l aa a1

47-34 ks (CA)-By 359 8.9 0.6 9.5 0. 26,4 0,36
o ' Ba 40, 3 5,5 trace 5.5 2.7 34,8 0,16
4985 R A l 34,8 8.8 10,1 2.8 - 70,41
o By | 26,2 2.9 trace 2.9 2.6 | - 3 012

sups Yellow soils)

9.9 9.8 9,1 3.0 —
Ye 3.9 30.9, 7.8 4.6 -
3.9 0.7 8.3 4.4 -

- 8.8 0.9 7.4 — 24,20 0,28
Ye-Im 0.2 trace 6,9 — 87,4 0,008

2.7 14,

0.6
trace

,,,,,, 34,4 0,41

9.9

2-37 | Yo(d)

— O
~N o e

o

2]

trace 22

7.8 trace

2. 2
43-10 | Ye(d) B 6.9 trace 6,9 7
B 6, 3 trace 6,3 8.3 trace | -
A 16,5 3.2 L3 -
43-16 1 Yo A-B 8.8 1.8 Lo e
‘ B 6,2 trace 0,4 -
1
‘ P07 0.5 3.3 1.7 —{ 19.8
43-24 Yo 10, 8 2.0 1.9 26 - 30. 6
7.1 0.7 4 3,9 i 39,0
A 1oLois L0 N 401 ~— 28,3 0.49
434 (R)-Yo B 3 6.4 trace L4 6,4 39,90 0,16
By L9 28 trace .2 3.3 - 314 0,08
Ay 41,8 | 19,9 trace 9 82 -
A3t D - As 47,9 1 0.6 4 3.4 ; -
i3-42 1 Ye As | 459 0.6 9 48 | -
B 49,0 | 2.8 4 s -
i
3. [R5 775 4 Fao Wit
subgroup; Surface gleved red and vellow soils)
3-1. "F A AR e Hife o (Surface gley red and vellow soils)
vroe | aRY Ag ¢ 4u3 | 21,3 0.3 ] 8.8 50 0 =] 197
er L ERYL L B e o389 L 78 0.2 1890 0.2 - 84
3-2. 774K s "
{Surface gley bleached red and vellow soils)
. A 1,3 14,7 47 9.5 0.6 o~ 148 0,99
ERYbT) trace 3.9 9.8 13,7 21| - 456 0.09
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Table 3, (2-0%) (Continued)

oy ®_W EORNE N S
;‘; ;5 LREROE A Humic acid Fulvic acid )
Sample | Type o : CriCy
. . L able { NasS0, v
ne. of soil {Horizon humus | h-1 h-(243) |Total] f-1a | f-1 f~(243) |soluble Total
i [®
- Skt (Soil srmup : Dark red soils)
Ay | 40.8 { 0.7 6,644, 1 ‘ 20.9 D75 42416 (34| 19.9 1,05
43-32 IDRp-ca| As 46,8 | 5.9 9.54+3.0 ; 6.6 5.8+3.8 | (2.3) 25.4 0.84
B 36.0 1 1.7 2,041.7 LW 7,248,3 | (2.2) 30,6 0.18
‘ Aq 877 | 1L&l 6.1+41.4 19,1 6.0 (2.6)] 18.6 1,03
43-7 | DRp-ca| AgBjy| 45.3 L9 6.2+41.4 20.5 7,2 9 | (2,0) 24.8 0.83
By C 34,1 1 1,4 3.3+1.4 6.1 5 1,2 2,2) 28,0 0,22
Al 3.8 141 L1403 155 9.1 109 .7 24,3 0.64
43-30 |DRo-ca| Ag 44,0 | 16, 2trace+ 3. 1 19.80 12.6 9.2 7 24,7 0.78
B 42,9 0 9.5 0,1+3.4 13.0] 14,4 11,8 7 29.9 0,48
2. PR RRRHT sk B0 Rech
(Soil subgroup; DarL red ;a()liS from non-calcareous parent materials)
1 A | d0e 147 20 6.8 7.8 137 a1 | - 24.6 0.68
42-64 {DRo(d)| B, 44,0 3.7, trace 3.7 23.8 11,8 4,9 —| 40,3 0.09
By 33.6 2.4 trace 2,40 16,0 12,5 2.7 —~ 31.2 0,08
13 (Soil group : Black socils)
4.7 9.9 4,6 —| 19,2 1.86
. i 6,4 5,1 3.7 — 15,2/ 2,78
4D H B > . o >
12-68 .1 Ble 1.7, 3.9 7.0 — 2204 1.02
% 12,3 5.8 8.1 - 26,2 0.32
|
7.8 6,00 4.4+43 | (1.6) 22.5
8.0 1,2 1.8+6.2 {14y 17.2
42-57 | Ble 8.2 L1450 | (1.2)] 16,5
! 8.4 0.4 6.6+4.0 | (2.4) 19.4
(v F ikt
[Soil group : Soxls from hmwtwe (Rendzina-like soils)]
Az 36.3 4.8 4.8 1,1459 | {27 16,6 1,19
42-82 | Reno A 44,8 7.4 1,0 4,74+6.9 | (2.0)] 20,0 1,24
B-C | 30.0 9.3 0.8 9.1+44.2 |{2.0) 2.8 0.38
L As 39,0 5.5 8,0 L6 1 (3.4) 16,0 1,44
- . Ag 43,3 6.9 9.0 L9 L3 21,3 1083
42-69 | Rene | 0 | 405 74 15 3ol o2z e
B | 50.2 | 7.4 4.8 3 L0 268 0.87
A | 478 167 20430 ¢ 202 96 186 13421  (2.2) 26.6 0.80
42-43 | Repy | A°B | 479 | 151 27412 19,0 10,9 121 11442 | (1,8) 28.3 0.6
§ 240 eny ng 44,8 L 10,7 2.943.4 18,00 11,7 9.8l 2,.1-43.0 (1, 7) 26,8 0,68
Beg | 3.5 | 8.0 1,1+19 1,0 8.5 11.6 11,1463 (10}1 27,50 0,40
i | ;

Remarks @ Humus composition is expressed by the carbon of hurus fraction as per cent of total soil erganic
carbon.
f-1a : acid soluble humus, h-1 and £~1 : humic acid and fulvic acid in Fraction-1 (free humus),
h-2 and £-2: humic acid and fulvic acid in Fraction-2 (humus combined with Ca), h-3 and
£-3 : humic acid and fulvic acid in Praction-3 (humus combined with RaQs)
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Sample | Typ
10, of soil iHorizon

- 4T i g
Type off ™ L ‘_!_yp& of
humic by f e RE | humic
! 5] S i o
acid | & t o | acid
Lo i s

Type of = |

Rf | bhumic
[oacid | =
9

i

(Soil group : Red and yellow soils)

43-43 1 Ra |

[ -
L0, 185 R e~ R
i

42~34 Kg

| Ro

Y S ;A""(B‘):
4236 Skt AR
Ye fﬁll B

I

4237 1 Yul{d)

4510 | Yol(d}

Yo

0,972
. 937

pRel
30

D00

3

Bs(Ye)

<

Ag
42 Ye Ag

)

200

As
B

0, 950

L
<

<
’&ﬂ .
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5
3

3

31

42-26  ERY1 {;‘1‘“’;
Po-g

32, Bk { K
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N
i
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Table 4. (>-3%) (Continued)

s h-1 * B-(142+38) i b-(1+2)
' {%tl -l “’, /f:} ﬁl‘: ) o £ ) - £
Sample Ji‘ypc MO M Type off X | X 1I‘y pe of| Ko Type of
no. |of soil ‘Hanzon =2 @ | Rf | humic | % @ | Rf | humic } & tc:;o | Rf | humic
| il acid | &= | = [ acid | = | = | acid
i = ) 5 ) : S <t
AEEE  REREL (Soil group ¢ Dark red soils)
Lo CREERE APCH IRk T DR L
(=oil subgroup; Dark red soils from limestone)
As 0,7790,778 0.142 Re 0. 604 0. 678| 0,313 P, 0, 6650, 681] 0, 318 P,
43~32 DRbp-ca Ag 0.7520,760 0,209 Rep 0. 526] 0, 610 O, 543f Py 0,562/0,613 0, 521 R
B 0,773 = 0,058, Rr 0. 65010, 841 0, 220, Py 0, 66010, 8441 0,173 P
Ay 0.819.0,776] 0,162 Re 0, 65710, 889 0, 299 Po~P- 0. 689 0. 879} 0, 292 Py~P4
43-7 |DRp-ca Ag-B |0.746/0,808 0, 222Re~Rp+| 0,555 0,848] 0,397 P+ |0.624/0.825 0,392 Py~Pr
BaC 10,730 — 0,091 Re 0. 5870, 807} 0,285 P+ 0.567,0,748 0,199 P4
i ;
Ay |0.6360.680 0.391] B~P, 10,550 0,661 0.437] Py, 10.578/0,663 0,435 P,
43-30 DRo-ca Ag 0, 544] 0, 634 0. 551 B 0. 520i0, 633} 0, 610 A 0,542/ 0, 636, 0, 593 B
B 0, 54710, 649 0. 629 A 0, 5220, 622 0,655 A 0. 563/ 0. 639 0,645 A
2. AMEHEEY JEAPKEBMRHC T ARG L
(Soil subgroup; Dark red soils from non-calcareous parent materials)
i ]
| A 10,5810, 640, 0, 380 Pe~P | 0. 524/ 0, 649] 0, 460, Py-P- 1
47-64 DRp(d)l By 10.597.0,696 0,394 Pyu  10.5310.736 0,394, Py
Bg [0.6230.665 0,204 Py [0.677.0,695 0,210, Py
f: Bt (Soil group : Black soils)
T a
0, 5020, 597} 0. 755, A 0 30, 545 0, 821} A
4968 Bic A-B 10,5300, 637 0. 992 A 0.51710, 626] 0,980 A
< B 0.6090.682 0.311 Py |0.5120.631 0,727 A~ A4
B-C (0.677,0,723 0.120 Py 0.55110,782 0,310, P+
1 i
T (Aq) |0, 5260, 783 0. 486 Py~Pa 10, 443]0, 568 0. 741 A~Ax 0,448/0, 602 0, 741
4957 Blb H(Aa) |0.5980, 764 O, 263 Py~~P+ 10, 44110.614] 0,891 A~A+4 10,5000, 649 0,715 -
Sl Hi{ A [0.5490. 675 0,394 Pe~Px 10, 4320, 702| 0. 902] A~Ax | 0. 4600, 632 0. 728 ;
W(C) |0.587]0.594) 0.355 Py 10,4200, 680 1.085| A~Al | 0.523 0,679 1,070 A~AL
IR BRI BRT B (LY U
[Soil group : Soils from limestone (Rendzina-like soils)]
= [
As 0,7910.828 0,140 Re 0. 567, 0, 655| 0, 499 B 0,583 0,670 0, 494 B
42-82 Renn As 0, 73110, 587 0,167 R 0. 5010, 620] 0. 721 A 0,557, 0,623 0, 627, A
B~ 10,729 — 0, 110] Re 0. 604 0. 674| 0, 339 Py 0, 6160, 665, 0, 398 Py
Aq 0,810,755 0.150, R 0, 587] 0. 650 0, 302 Py 0,634 0,660 0,274 P,
4969 Rene As 0, 615{0, 684 0. 324 Po 0, 468/ 0, 602| 0, 681 A 0, 503 0, 607, 0. 632 A
e : - As 0, 6330, 637; 0, 230 Py 0, 4920, 607| 0, 634 A 0. 54110, 684} 0,674 A
B 0. 624] 0. 609} 0, 259 Py 0, 525/ 0, 634} 0,733 A 0,529,0, 678 0,763 A
A 0. 596|0. 663, 0, 547 B 0, 506 0, 651] 0, 679 A 0, 572/0.682 0, 631 A
43-43 Renr A-B 10.568/0, 643 0,561 B 0.49110. 648 0,772 A 0, 54110, 672 0,713 A
- Bi.g 10.6980.714/ 0,513 B 0, 5490, 637, 0,579 B 0, 568! 0, 689 0, 574} B
Be.g 10,5640, 660, 0, 597i B 0, 4960, 636 0, 828 A 0,520/ 0. 646 O, 800‘; A

Remarks : 4 log &y=log Kspo—log Keoo
4 log Kg=log Keso—1Ilog Kgso
Rf is Kgoo of Na-humate sclution containing carbon 100 mg per liter.
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Table 5.

Linear correlation coefficient between 4 log K; or 4 log &

and Rf value of humic acid

% % :i‘mz} Tgrou.p —% ;;igroup ) O 1 Linear (,()Y’le]d‘t](m
E b 3 s > Ny 0y ¥
Humic acid of type of soil No. of sample | coefficient
dlog Ky B0 RE ) (Between 4 log Ky and RE value)
he-i Yellow soils, g 0,
h-(1+2+3) Ye-soils =0,
fi-1 1hid,, 19
h-{i+4+2+4+3) Yo(d), Yo and Y soils
Dark red soils, g | -0, 935HF
from limestone i -0, §89¥*
ibid,, 5 p i

from non-calcareous
parent materials

h-1 Black aOllH 4 | -0, 809
(L +243) 42-68 | 0. 677

-1 ! 4 — 0, D46%
B (14240 3) | —0, BYZF
b1 11 (), 7 EREE
b1+ 243) (), BT TR
4 log i (Between 4 log Ky and Rf value)
bl Yellow soils, 4
he(14243 Ye-goils
Rl | Inid, 17
h-(14+24+3) | Yo(d), Yp and Ye soils
Dark red soils, 7
from limestone 9
R Ibid,, -
PRl i from non-calcareous v
Dl .
h-(1+2+3) parent materials _
h-1 l 4 -0, 846
h \\ 42 :;) i —(}, BEI#*
|
h~1 4
h~(1 +243)
hl Rendzina-like zolls 10
(424 3) 11
Remarks : Freedom 2 3 4 6 8 9 10 18 18

Significant ¥ at 1% level 0.990 0,959 0.817 0.834 0.765 0.735 0.70& 0.590 0.561
at 5% level 0.950 0.878 0.811 0.707 ©0.632 0.802 0.576 0.468 0.444
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Studies on the Humus Form of Forest Seil Part §

Humus form of the represeniative forest seils in Ryukyu Islands

Hiroshi Kawansa™ and the late Toshiro Kopma

1. Introduction

The Ryukyu Islands (Ckinawa) locate in the warm and humid subtropical zone. Their
climatic conditions, vegetation and distribution of soil are unigue and different from those of
the homeland (Honshu, Shikoku and Kyusyu)., Though some soil groups or subgroups are
common to those of the homeland, the wide distribution of the yellow soils and the relatively
wide distribution of the neutral or weakly basic soils from limestone are very interesting,

The writers wish to throw light on the bumus form of the representative forest soils

The gelected soils are the red soils, vellow soils, surface gleved red and vellow soils, dark
red soils, black soils and rendzina-like soils.

2. Selected soils

The selected soils are a part of the soils taken by the late Komma, one of the writers, and

Kurotor: aud their detziled data on their environmental factors, morphological characters and
distribution will soon appear®,

Received April 21, 1976
{1} Forest Soils Division
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The site conditions of the selected soils are briefly described in Table 1,
The (:lassiﬁca,tion of soil is based on the 1975 Report of the Forest Soil Division of our

Experimental Station®,

3, Analytical method and classification of humic acid

The analytical method and classification of humic acid are the same as those in Part 29,
But the carbon of soil is determined by the chromic acid titration method®,

The writers subdivided the A, P and Rr types of humic acid having a very broad and
weak shoulder band near 615 mp into A~A, Py~Ps+ and Re~Rr+ types to distinguish them ’

(See Fig. 1.

4, Chemical property of soil, humus composition and

optical property of humic acid (Result)

The chemical properties of the selected soils are set forth in Table 2, their humus com-
positions in Table 3, their optical properties of humic acid in Table 4 and the absorption
spectra of the representative type of humic acid in Fig. 1.

The linear correlation coefficients between 4 log Ky or 4 log Ky and Rf value of the free

and total humic acids of every soil group, subgroup or type are stated in Table 5.
5, Huomus form of the red and yellow soils greup (Discusion 1)

5-1, Soil subgroup : Red soils

The red soils in the Ryukyu Islands distribute on the diluvial terraces'®, Their genesis
is supposed to be very similar to that of the same soils in the homeland, namely, the relic
soil formed in the older diluvium under the warm climatic condition,

They are low in humus content, Their C/N ratios are relatively low and they are 14~16
in surface horizons and less than 10 in lower horizons.

They are acidic and poor in humus and exchangeable Ca and Mg, But the higher pH
value and rates of exchangeable Ca and Mg saturation of A horizon and higher exchangeable
Mg contents and their rates of saturations of By and By horizons in P 42-85 may be the effect
of the dolomitic parent materials®,

The ranges of extractable humus and total humic acid are low and they are less than
40% and 10%, respectively. Those of CpfCy ratios are low, i e, less than 0.41. Those of acid
soluble humus (f-1 a) are 10~23%5, The rates of combined humic acid (h-(2+8)) to the total

humic acid (h~(1+2+3)) are very low, i e. less than about 10%.

general,
The free and total humic acids express the high 4 log Ky, i e 0.71--0,82 and 0.61~0.74,
respectively, Besides, their Rf values are low, i e. only 0.14~0.22 and 013021, respeactively

* Kugoror: and Konuald), one of the writers, classified P 43-85 into terra rossa-like soil and distinguished
it from the true red soils. Though the writers include it into the red soil subgroup in their present
paper, the classification of the red soils from dolomitic parent material will be a problem awaiting
solution in the future,



. 2). Those values stated the upadvanced humifying process of humic acid,

Summarizing the features of humuos composition and optical properties of humic acid, the
humus form of the red soils in the Ryukyu Islands is very similar to that of the same soils in
the homeland in Part 3%,

5-2. Soil subgroup @ Yellow soils

Yelow soils in the Ryukyvu Islands widely distribute on the mountainous area except that
from the calcareous parent materials®™.  Against the yellow soils in the homeland supposed
to be the relic soil formed under the similar genetic process to the red soils, the yellow soils
in the Ryukyu Islands are presumed to be formed under the current environmental factorsi®,

The humus contents of surface horizons of the selected vellow solls are divergent by

profile, The ranges of their C

/N ratio are 12--20 and fairly different among the soils of same

type. Thelr exchangeable Ca and Mg contents, their rates of saturation and pH values are
low in general, Though the relation hetween the Lype of soil and thelr topographical distri-
hation 18 guite similar to that of the brown forest soils in the homeland, the differences of
the chemical properties among the types of soil are not clearly recognized in the yellow soils

as those of the brown forest soils,

The ranges of extractable humus in surface horizon are 41--48% except the immature

Be-soil (P 42-36). But the ranges of total humic acld of surface horizon are increased in the
wet yellow soils (Yo(d)-, Yrand Ye-soils) in comparison with the dry vellow soils (Yo-soils).
They are 14--23% and the greater part of them are about 20% in the former and only 10~

129% in the laiter. Their Cu/C, ratios show the similar trend, and they ave 0.41~~1.08 and

about 1.0 for the most part in the former and 0.28-0.59 in the latter. The total humic acid

es from surface downwards

and Cp/Cr ratio decrease and the acid soluble huwmus (£-1 a) incres
in every profile,

The rates of combined humic acid to the total humic acid are low, L ¢ trace—about 20%4.
Taking the pH values and rates of exchangeable Ca saturation into consideration, the most
part of the combined humic acid wonld be Ry type (h-3).

A part of the free and total humic acids is Rr and Re-~Rey types, bul the greater part
of them is the subtypes of P type humic acid, 1, e. Pe~Py, The effect of Pg incresses in the
vellow soils in comparison with that in the red soils,

The ranges of 4 log Ky of free and total bumic acids arve 0.44--0.85 and 0.41--0.79 and those

of their Rf value are 0.16~0.36 and 0.16~-0.48, respectively., The differences of those values

tween the dry and wet yellow solls ave wnot clearly recognized, Comparing those values
with those of the red soils, the lower limits of 4 log Ky and upper limite of Bf value are ex-
panded,

Very significant or significant negative linear correlations are expressed in the free and
total humic aclds of the wet yellow soils. The increases of Rf value corresponding te the
decreases of 4 log Ky in the regression curves ave low, However, no significant linear correla-
tion is observed in the dvy yellow soile (see Fig. 3 and 4).

Comparing the above-mentioned values of the yellow soils with those of the corresponding

types of the brown forest soils in the homeland in Part 29, the lower total humic acids and
CrfCy ratios in the dry yellow soils and larger 4 log &, lower Rf values and less increases of
RE value corresponding to the decreases of 4 log &y, 1. e, the unadvanced humifying process,

in the wet vellow soils are noticeable,
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5-3. Boil subgroup : Surface gleyed red and vellow soils

The soils of this subgroup are subdivided into the surface gley red and yellow soils, and
the surface gley bleached red and yellow soils.

5-3-1, Surface gley red and ‘yeHGW soils

The soil distributes on the flat or slightly concaved plots on the upland!®, Their surface
gleyed horizon by the stagnated water is characteristic.

The humus content of its surface horizon, A-g horizon, is low., Its large C/N ratio is
induced by the effect of the checked activity of soil microbes in its anaerobic condition, The
remarkably decreased humus contents of By-g and downward horizons are affected by the
utmost decreased water percolation due to their extreme compactness, Their C/N ratios are
low, Every horizon is poor in exchangeable Ca and Mg and low in pH values.

No clear difference is cbserved on the humus composition of this soil comparing with that
of the above-mentioned vellow soils.

Free and total humic acids are P+ type in A-g horizon and Py~P+ type in By-g horizon,
Their humifying process is unadvanced as expressed in its high 4 log Ky and low pH values
(see Fig. 2).

5-3-2. Surface gley bleached red and yellow soils

The distribution of this soil is contiguous to the surface gley red and vellow soils on the
wentle slopes of the hill top and upland. The genesis of this soil, that is, whether formed by
the surface gleyzation or by the podzolization is not still confirmed,

The chemical properties of this soil expressed a similar trend to those of the above-
mentioned surface gley red and vellow soils. But it is low in humus content in A horizon
and more acidic in the corresponding horizons. Its humus composition and optical properties
of humic acld are similar to those of the surface gley red and yellow soils (see Fig. 2), But
very low extractable humus of A horizon, i e. about 309, and relatively large acid scluble
humus in B; horizon, 1. e. 30%, are noticeable. The latter feature is similar to that of the

podzolic soils in Part 48,
6. Humus form of the dark red soil group (Discussion 2)

The newly proposed classification of forest soil (1975)19 divides the dark red soil group into
the eutric, dystric and volcanic dark red soils in its subgroups. The criteria to divide the eutric
and dystric subgroups are the rates of exchangeable Ca + Mg saturation of B horizon where
the border line is 50%. According to that classifying system, P43-32 and P 43-7 belong to
the eutric subgroup and P43-30 to the dystric subgroup among the selected soils, However,
as described hereunder, the humus form of the dark red soils from limestone express a me-
thodical change by their degrees of leaching of Ca, Therefore, the writers temporarily divide
the selected dark red solls into the following two subgroups; Dark red soil from limestone
and that from non-calcareous parent material,

6-1. Soil subgroup : Dark red soils from limestone

The humus content of A horizons of the selected soils are divergent by profile, But their
C/N ratios are very low, i. e 912 in A horizons and 8~8 in B horizons, The rates of ex-

“changeable Ca saturation and pH values are decreased according to the advances of leaching
of Ca and they are 72~95% and 69~7.2 in P 43-32, 72~88% and 6.5 in P 43-7 and 29~34%
and 5.6~86.0 in P43-30.
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The rates of extraction of total humic acid and Cu/C, ratios of their A horizons are 16~
219% and 0.64--1.05, respectively. Those values are nearly equal to the above-mentioned wet
vellow soils, The rates of combined huwmic acid to the total humic acid relate to the rates of
exchangeable Ca saturation and pH value. On F43-32 and P 43-7 which are nearly neutral
or slightly acidic, the rates are 35~75%5, but on P 43-30 which is low in pH value, they are
only 10~30%. Besides, the rates of Ca-humate to total humic acid are 30~-85% in the former
and trace~less than 10% in the latter,

The greater part of free humic acids of P43-32 and P 43-7 is Ry type and a part of them

is Re~Rrs type, Their low humifying proc

are expressed in their large 4 log &y, L e 073
ffff 0,82, and small Rf values, 1 e, 0.06~0.22, Against them, free humic acids of P43-32 are A,
B and Py types and their relatively small 4log Ky, L e, (.564~0.64, and relatively large Rf
values, 1 @ 0.39--0.63, express their advanced humifying process.

On the free humic acid + Ca-humate [h-(1+42)) and total humic acid, those of P43-32
and P 43-7 are B, Py, Py~Pi, Pt and Py types and those of P43-30 are A, B and Py types.

On the former, their 4 log Ky are 0.52068 and their Rf values are 0.17~0.54. On the
latter, its 4 log Ky are 0.52--0.58 and its RE walues are 0,440,686, The more advanced humify-
ing process are recognized in combined humic acid than in free humic acid in every case,

The remarkable differences of the optical properties of free humic acids of the selected
dark red soils are explained as follows: Humic acid is supposed to be an aggregate of the
fractions which are in various humifying processes, In the soil rich in Ca, its nearly neutral
reaction accelerates the soil microbial activities and humifying process, The fraction in ad-
vanced humifying process will combing with Ca and form Ca-humate, At that time immature
fraction will be remaining as free humic acid.  After that time, if the leaching of Ca in the
soil is advanced, Ca-humate would be changed into free humic acid and that induces the
decrease of Ca~humate and the increase of free humic acid that will be in an advanced stage
of humification. On the selected dark red soils, P43-32 and P 43-30 at the stage where the
leaching of Ca is not still advanced, but P 43-30 is at the stage strongly leached,

Summarizing those results, the soils abundant in Ca-humate, i, e. about 30~50% or more,
would be more than about 70% in exchangsable Ca saturation and more than 6.5 in pH value,

Significant negative linear correlations between 4 log Ky and Rf wvalue are expressed on
the free and total humic acids, The increases of Rf value corresponding to the decrease of
4 log Ky in the regression curves are large (see Fig. 5).

6-2. Soil subgroup : Dark ved soils from non-calcarecus parent materials

One of the selected dark red soils, P42-64, is from andestic agglomerate. Its humus con~
tents are low., Its C/N ratios are low and similar to those of the same solle from limestone,
The rates of exchangeable Ca and pH value are relatively high in its A horizon but they
remarkably decrease in its B horizon, FEven so, the rates of Mg saturation are relatively high
in its every horizon.

The total humic acid and Cp/Cy ratio of its A horizon are similar to those of the dark
red soils from limestone. But the rate of combined humic acid to the total humic acid in its
every horizon is low, 1 e. trace~about 10%.

Free and total humic acids are Py Py and Py types. The effect of Pg is strongly ex-
pressed in its B horizon. Their fairly advanced humifying process is expressed in their rela-
tively low 4 log Kj, i e 0.58~0,62, and 052058, and relatively high Rf values, i, e, 0,20~-0.39
and 0.21--046, respectively.
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Very significant negative linear correlation between 4 log K and Rf value is expressed
on the total humic acid but no significant correlation on the free humic acid. The increases
of Rf value corresponding to the decrease of 4 log Ky in the regression curves arve remarkably
large (see Fig. 6).

6-3, Summary

The humus form of two soil subgroups of the above-mentioned dark red solls ave very
similar except the rates of Ca-humate and the optical properties of their free humic acids,
They are aleo very similar to those of the dark red soils in the homeland in Part 49, But
they are very different from those of the red soils including those of the homeland,

The clarification of genesis of the dark red soils is one of the remaining important problems
for the classification of the forest soils, The form of free sesquioxides of the dark red soils is
very similar to that of the red solls in the homeland”., The similar trend is recognized on both
soils in the Ryukyu Islands, tool®, However, remarkable difference of the humus form between
both scils as above-mentioned is worthy of note, and it will provide an important suggestion
for the elucidation of the genesis of the dark red soils,

7. Humus form of the black soil group (Discussion 3)

The distribution of the black soil in the Ryukyu Islands is extremely limited, P 42-68 is
from the diluvian transported materials and it expresses no sign of allophane in its DTA
curves®, It locates on the gentle slope near mountain top, P 42-57 is formed by the drainage
of a backmarsh and it contains abundant fragments of shell. It is one of the hydrogenetical
soils and its humus will be from hydrophitic plant residues,

The writers discuss their humus separately for the difference of genesis,

7-1. P42-68

The humus content of this soil is low comparing with that of the black soils in the home-
fand, Its C/N ratios are low; but its contents and rates of saturation of exchangeable Ca and,
especially, Mg and pH values ave relatively high, On its A and A-B horizous, the charac-
teristic horizons of the black soll, the remarkably high total huwmic acid, 1 e, 36~45%5, and
ChlCy ratio, i e. 1.86~2.78, are noticeable. Those values are decreased in its lower horizons.

The rates of combined humic acid to the total humic acid ranged from 10 to 709 and
they increased from surface downwards., Taking the rates of saturation of exchangeable Ca
and pH value of every horizon into consideration, the greater part of combined humic acid
would be RyUg-type,

Free and total humic acids are A type in A and A-B horizons, Their humifying processes
are extremely advanced as expressed with their low 4 log K, 1 e, 0.50~-0.53 and 047052,
and their remarkably high Rf values, i e, 0.76--0.9% and 0.82~0.98, respectively,

‘Those characteristics of the humus form of A and A-B horizons are quite similar to those
of the black soils in the homeland in part 39,

On its B and B-C horizons, their free humic acids are Py type and their total humic acids
are A~A+ and P+ types

The 4 log Ky and Rf values of A~A+ type are similar to those of A type but other types
are larger in 4 log Ky and lower in Rf value than those of A type.

QOn the regression curves of the negative linear correlation between 4 log Ky and Rf value,
the increase of Rf value corresponding to the decrease of 4 log Ky is remarkably large (see
Fig. D,
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This soil is low in humus content and relatively high in C/N ratio. The extremely high
contents and rates of saturation of exchangeable Ca are noticeable. The rates of saturation
are over 100% and thelr pH values are 7.70 in Ay horizon and downwards,

Its extremely large total huwmic acid, L e 304195, and Cu/C, ratio, i e, 159211, are
worthy of note. The rates of combined humic acid to the total humic acid are remarkable

high, 1. e 52--84%, and, especially, the extremely high rates of Ca~humate, i e 35~94%, are

Free humic acid is Py and Pe~Pu types. Their 4 log K; are 0.53--0.60 and Rf values are
(0.26~0.49. Such values express the relatively advanced humifying process. Free humic acid
“+ Ca-humate and total humic acid are A~~As type. Their 4 log K are 043052 and Rf
values are 071100, Their fairly lower 4 log Ky and remarkably larger Rf values comparing
with those of free hwmic acid sxpress the extremely more advanced bumifyving process, The
above-mentioned facts suggest that the more humified fraction of humic acid combines with

R40q and, especially, Ca and forms Ca~ and Ry(Sp-humates, Against them, unadvanced humify-

ing fraction forms the free humic acid
!
the free and total humic acids, The increase of Rf value corresponding to the decrease of
RN

The above-mentionad humus form of this soil is very well agreed with that of P42-68

Significant negative linear correlations between 4 log Ky and Rf value are expressed on

dlog Ky in the regression curves are extremely large (see F

except its abundant Ca-humate.
73, Summary

Though the genesis of the selected two black soils seems to be different, thelr humus

formy is very resembling and, b of the black solls in the homeland,

des, well agrees with tha
An opinion that the volcanic ash (allophane) affects the genesis of the black soil is gener-

ally accepted by the soll scientists in our country, Against them, some soll researchers re-

ported non-volcanic (non-allophanic)®® and hydrogenous black solls®) though such cases are
certainly in the minority.

Both selected black soils are non-volcanic (nor-allophanic), P 42-57 from the backmarsh

is one of the hydrogenous soils. The source of its humus would be hydrophytic plant residues,

~They were decomposed under the anaercbic (water-logged) condition at first stage and then

their aerobic decomposing process would produce the current extremely humified humus form,

The effect of allophane would be helpful for the advance of humifying process as discussed

in Part 397, However, the very similar bumus form of the selected non-allophanic black soils

to that of the allophanic black soils in the homeland sugpest that the effect of allophane is

unnecessary for the genesiz of the black soil

8. Humus form of the rendsina-like seils from

Hmestone (Discusgion 4)

The rendzina-like soils in the Ryvpkyu Islands distribute in the area from raised coral
reef limestone (Ryukyu lmestone)®,

Their blackish-brown A horizon and yellowish-brown B horizon express no sign of the
similar forming process to the red soils or dark red soils. Their remarkably high exchangeable

{a contents and rates of saturation and pH values are due to the effects of their basic parent
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materials {(limestone),

‘The humus contents of the selected rendzina-like soils are divergent by profile, but their
C/N ratios are low, less than 11, in every horizon. Their exchangeable Ca contents, their
rates of saturation and pH values are also divergent by profile. The ranges of exchangeable
Ca saturation are from more than 100% to 530~60% and those of pH value from 7.4~7.7 to
about 6.1, Those differences are induced by the degree of eluviation of Ca under the warm
and humid climatic condition.

Their ranges of total humic acid are 19~25% and those of Cp/Cy ratio are 0.67~1.24 in
their A horigons. Those values decrease from surface downwards., The rates of combined
humic acid to total humic acid are divergent as follows by their rates of exchangeable Ca
saturation and pH values : The rates are 50~90% in P 42-82 and P 4269 where there are about
100% or more in the rate of exchangeable Ca saturation and about 7.0 or more in pH value,
But they decrease into 20~40% in P 42-43 which has about 50~60% in the rates of exchange-
able Ca saturation and about 6.1 in pH values. Besides, the rates of Ca-humate are about 50
~75% in the former but they decrease into 10~20% in the latter.

Taking the humus composition of rendzina-like soils, the above-mentioned dark red soils
from limestone and various soils in Part 2~49-8 into consideration, the abundance of Ca-
humate is affected by the rate of exchangeable Ca saturation and pH value and is as follows :
Relatively rich Ca-humate, 1, e. about 30~50% of the total humic acid, is in the soil having
about 70% in the rate of exchangeable Ca saturation and about 6.5 in pH value, Abundant
Ca-hurnate, i. e. more than about 509% is in the soil having about 100% or more in exchange-
able Ca saturation and 7.0 or more in pH value,

The free humic acids of P42-82 and P 42-69 are Re and Py types. Their 4 log Ky are 0.62
~0.81 and their Rf values are 0.11~0.32, Their humifying process is low, Against them, the
free humic acids of P42-43 are B type. Their humifying process are more advanced as ex-
pressed by their lower 4 log K, 1 e, 0.56~-0.70 and higher Rf value, i e 0.51~-0.60.

The greater part of free humic acid + Ca-humate and total humic acid is A type, and a
part of them is B and Py types. The remarkably advanced humifying process of A type is
expressed in its low 4 log Kj, 1 e, 0.47~0.56, and remarkably high Rf value, L e. 0.63~0.84.

Above-mentioned differences of the abundance of Ca-humate and the optical properties of
free humic acid of the selected rendzina-like soils are explained by the sarne opinion as those
of the above-mentioned dark red soils from limestone,

Very significant negative correlations between 4 log & and Rf value are expressed in the
free and total humic acids. The increases of Rf value corresponding to the decrease of 4 log
Ky in the regression curves are extremely large, especially in the total humic acid (see Fig. 8).

The extremely humified total humic acid of the rendzina-like soil is common to that of
the black soils, but its lesser rate of extraction of the total humic acid than that of the black

soils is helpful in distinguishing both soils,
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