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Toyoaki Nisuma and Toshiro Konma: On the Forms of
Free Iron Oxide in the Red, Yellow, Red-Yellow, Surface
Gleyed Red and Yellow, and Dark Red Soils in Okinawa
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P O g Table 1 i, {WEHHEIL Table 2 IWRTEEBDTH B,
Table 1. 3 B 2% B @ ¥ © L # & &

Site conditions of sampling plot

o gy WEEE L T AT - .
RO 55 E Al | Bl | A g Bk
Location PEN?SIQ Q,Jg y‘i@ﬂ forma- é;%;g?gi tude Dﬁi; rfﬁi-cil;n T opogmf)ily Vegetation
. e tion e L (m) e
it Red soil

KE, B B Gentle Evergreen
£ el IR LIS Re | Resid- | Dilavium 80 |8 50W] 15° | slope of broad leaved

€ ual soil hill top forest
A EL iy = -
A‘%fbf ) seea | Re | B (ff Ihid. 100 |[N60W| 20° | Ibid, Ihid.,
A ok Flat pa

-~ - ol ; y ; partof | Sasa and
some a | 7 Re | Tipyg. | Thid. 280 |S40W| 3° | Yij top | bush
e i - 1 | Limestone ; . | Pine (Pinus
’}F‘E"n VER 4285 Rop Ciggp and 40 |5 20W] 3¢ Flat p’ar;. lustchuensis)

Zaha Ibid, Diluvinm of upland forest
#mt Yellow soil

een o ‘ Clayslate Gentle
i%“” gz 44-10 | Ya %ﬁﬁgi f‘:‘;gSmmm 345 |S 60W 20° ?é%%it‘;i o E;?;f Teaved
Nagodake ual soil oelist top forest




PR B A, BERR S0l {b#ka QETEICIR ) B 31—
R o | B P
o g PEBTREN g | B g
O M Brosie | Tope Mode oft Tpo S8 LA W 0 ne W R W
oY ype [T Parent 3 irec Incli- | ,
Location Neo. of soil m.p&yrm material | tude tion mation ‘Topography Vegetation
ion P {m)
- Middle part
7“?’ “Z;ﬁ 4338 Ye hv*fbid Ihid. 250 [§50W  25° jof mountaln Ibid,
on : slope
LR 2% -
2 f S ‘ Mok Gentle slope,
RV (ﬁ;m a- 4227 Ye ]}biri -1 Clayslate 455 IN3OW! 15° | of moun~ | Ibid.
o dakc tain top
["J S F S
%Z di)ll - 43-18 Yo ,r?bi a’*h Sandstons | 320 E 2% Ihid. Ihid.
yama, o
A, R o o Gentle slopel Fin€ (Pinus
W 42-36 | Ye-lm I L) Quartz 300 N oo (ERNE SIOPE by huensis
" Tube ¢ ibid. | Porphyry of hill forest )
A '),’:ii Clava % o e e
’4‘” o A ;’;}? slate Middle part hv&rgffi@ﬁ ?
47-37 | Yo{d) S e 320 IN3SED 35° of mountain| broad leaved
U\h%(ﬂbi" if}fzz?mm stope forest
?\ Lower part )
Urauchi- 43~16 Yn Sandstone 180 INZEWT 33° | of moun- Ihid.
gawa tain slope
Red-Yellow soil
. - Hvergreen
=gz 7 - 2
7‘%”?_’ c ;?c B 4343 | YRa R CldM Diluvinm 120 {S60W,  5° g}a,;lgaa , | broad leaved
and ual soil * F 0P | forest
A, EiE ) Mokumao
ji;rf Fl] § Haeran | O.Id colu- ((L’a:‘nd:’mw
i 434 YRo ollu- | Ihid, 80 IN20W! 23° | vium of A
Minami 1 soil Wil slove equiselifolia)
meijiyama vial S0 | S0 forest
47" % 4 SRk« Bk Surface gleyed red and yellow soil

42-26 | gRY 1 | Resid- | Diluviwm | 160 [N45W] 2° Flat part | g,
T an of hill top
ual soil
- - Evergreen
ioial L . ok . . o [Gentle slope] 1) 0% !
Minami | 2714 | #RYDT) g " | E0id. 160 W8 oy | broad leaved
meijiyama e
frfd.  Dark red soil
.v,, rbs i
FRFE 4 - el Bvergreen
43-32 1 DRo(d) ?femdw Limestone 90 {8 50W] 107 Gentle slope 10 T leaved
N(}hdi'd." . of hill top
dake ual soil forest
Al BE| 5y pRo@ | B | b 30 N7ow  2° | Ibid Ihid
Shoshi - ()| ipid Aa. 30 Nvow 27 dbid, e
BB HE A7 | Limestone Lower part, Pine (Pinus
Huru~ 43-6 | DRe(d)| Creep | and 90 IN20E 18° | of gentle | lufchuensis)
shima $0ii Clayslate hill slope | forest
SR, A R . Gentle slope]
FE 42-64 | DRo(d) | Resid- | Andesite 75 ISTOR] s° of Lill ton Ibid,
Kuura ual soil - b

T RS BRHE LR

B O(1975) K ot

Remark @ Type of soil is hased on the forest classification in Japan (1975).
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Table 2. 4+ 3B O (L8 kHE

Chemical properties of soil (On dry basis)
Vi I 'f
Exch. L
R R | L g | B R Rate of
%Ei’ﬁ%f?lé j{ ﬁi éif‘ & AL Thick-| C N C/N CEC. Ca0 | MoO saturation | pH
No PP Horizon| mess| (%) | (%) S (%) |(H,0)
(em) (m. e,/100g soil) | Ca0 | MgO
i 2 Red soil
By 7 2,29 0.10 23 |11.5] 0,90 1.27, 7.8 11.0| 4.42
44-12 Re B 21 1,01 0,060 17 11,8 0.48 0.66 4,1 5.6/ 4,80
Bs 3z 0.68] 0.05] 14 |10.4 | 0.31] 0.43 3.0 4.1 4,97
(A)Y-Byl 15 1.28 0,08 16 4,34/ 0.5 0,26 12.9 6.0/ 4,56
42-34 Rs Ba 15 0.72] 0,070 10 | 5,10 0.72 0.08 14.1] 1,6/ 4. 45
Bs 404 | 0.38] 0,08 7 5.690 0,55 0,20 9.7 3.5 4,56
A 9 5,91 0.33 18 29,6 | 4.12 3.92 13.9 13.2 5.25
44t Re A-B 13 2,470 0,14 18 18,5 1.14 2.06] 6.2/ 11,1 5.00
B: 20 0.73] 0.03 24 | 15,81 0.67] 1.67| - 4.2 10.6 4.90
B 30+ | 0.89 0.01 39 |12.4] 0.39 1.200 3.1 9.7 4.80
A 9 4,210 0,30 14 | 20.5| 7,49 4.06 36,5 19.8 B5.28
4285 Ro Bil 8 0.75 011 7 | 12,3 0.59 1.87 A8 152 4.68
BiF 23 0.77] 0,18 & |12.3| 0.46] 1.43 3.7] 11,6 4.66
By 304+ | 0.61] 0.08] 8 |10.9| 0,31 1,68 2.8 154 4,72
Ffat Yellow soil
A 3 6.84 0,32 21 | 20,61 0.50 0.61 2.4 3.0 4.30
44-10 Ya A-B 13 1.31] 0,09 15 9.85 0.280 0,53 2.8 5.4 4.48
~C 40+ | 0.34] 0.08 7 8.390 0.20, 0.49 2.4 5.8 4.78
H-A 5 1232 0.87 27 |57.30115.01 6.12] 26,4 10,7 4, 41
23-38 v A 7 3.04/ 0.14 22 16,9 0.84 0.37] 50 2,2 437
B B 9 0.94/ 0.05 19 !150 0,50 0.21] 3.3 1.4 4,57
B 32 0,61 0.03 20 |14.8 % 0,400 0.19 2.7 1.3 4.60
A-B 10 64l 0,37 18 | 16,1 | 2.99 0,44 18.6] 2.7 4.74
4227 Ye B 20 1.720 0,19 9 9,01 1.00, 0.18 11.1} 2.0, 4.79
C 204 | 0,88 0,12 & 4,790 0.770 0.10] 16.1 2.1 4,91
A 10 5,81 0.8l 19 19,1 | 0.73 1.32 3.8 6.9 4.51
43-18 Ye B 10 1,75 0.11 16 | 12.4 | 0,47 0.58 3.8 4.7 4.81
B 35 0.68] 0.06] 11 |12.4| 0,42 0.48 3.4/ 3,9 4,84
A-(BYl 10 2,41 0,120 20 |11.2| 1.300 2,22 11.6] 19.8 4.37
. B 40 0.5 0,04 15 |12.2| 1,80 280 14.8 23.0 4.95
42-36 Yelm | g7 | 18 0,46 0,08 15 |19.1| 1.75 2.38 9.2 125 5. 10
Cs 304 | 0.14f 0,01 14 9.17| 1,10, 0,53 12.0 5.8 5.20
A 3 5,71 0.39 15 | 15,2 0.71) 0.37] 4.7 2.4 4.13
42--37 Yo(d) |A-(B) 9 2.99 0,25 12 9,81 0.500 0.32 1 3.3 470
B 13 0.76| 0.13 6 5,37| 0.40, 0.41 7.4 7.6 4,90
15 3.13 0.19 16 8.94| 1.43 0.76] 16,0 8.5 4.98
43-16 Vo A-B 13 1.04 0,08 13 5.85 0,52 0,12 8.9 2.1 5.10
B 22 0.59) 0,04 15 4,100 0,43 0,18 10.5 4.4 5.24
B-C 304 | 0.520 0,04 13 3.98] 0,46 0,21] 11.6 5.3 5,00
et Red-Yellow soil
B | 12 1,100 0.09 12 6,26 0,79 0,06 12,6 1.0] 4,70
43-43 Y-Ra By 18 0,49 0.06] 8 6,07\ 0.47] 0,17 7.7 2.8 4.72
By 254 | 0,25 0.03 8 5.14) 0.54 0.16] 10.5 3.1 4,98
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T o
- “ Rate of
N CEC ~ | . | saturation | pH

Exch,

ok Jii

Type of W

coil Horizon (\%) CIN Ca0O “ NEgO (f%a} (Hg{))

(m. e./100g soily | CaO | MgO
A 15 179 011 16 | 7.19 0.47 0.19 6.5 2.6 500
. g B 7 0.50 0.04 13 | 6.24 0.6l O 16 9.8 2.6 508
43-4 Y-Ro Bs 18 0.42 0.03 14 10,2 0.87] 0.09 8.5 09 492
0.21) 0.02 11 |13.3| 0.58 O 16 4.4 1.2 492

Pt Surface gleved red and vellow soil

3,92 0,18 80 | 114 1,350 0.70 6.1
o : Big 14 0.61 0.06 10 | 6,14 1.09 0 34 5,5
42-26 ERY Bz 0.53 0.05 11 | 5.36 0.67] 0,43 8.0
By 204 | 0.21 0,03 7 | 605 063 0.13 2.1
Ag 16 89 0,06 23 | 4.490 0.62 0.2 4,01
o - B; 9 0,52 0,08 10 | 7.75 0.92 0.3 1, 38
et eRYbr gl 30 | 064 006 11 8,29 0.90 0,29 4, 52
Bg 204 | 047 0.05 9 104 0,64 0.49 4. 70
Dark red soil
As 5 1182 120 11 73.8 | 68.9 | 12,6 946 17.1 7.
43-32 | eDRp(d) | A, 15 5300 0.57 9 |49.8|40.0| 568 80.3 11.4 6.90
B 304 | LY6 0.22 8 1 20.2120.9| 3.3l 7i.6 118 7.05
A, 5 1100 0.9 11 9.54 88.1 18.6 6.50
43-7 ¢DRo(d) | A, 18 461 0.45 10 4,55 75,1 13.8 6.52
B 25+ 1,61 0,18 9 3,82 72,11 13,5 6,458

A 4 3.890 0,300 13 331 15,8 6.2z

By 13 1,39 ¢ 10 14 | 27.8 15,3 5,70

436 dDRo(d) | Bol 20 .06 0,10, 11 | 252 17,2, 5.62

By F 1,04 0,100 10 | 24,4 16,1 5.70

BC 0,77, 0,06 13 |23.6 13,3 5.60

A 10 2,99 0.23 13 |14.9 4,21 34,4 3 5,85

. o, Bi 15 1,180 0120 10 118.3 2,720 9.7 L5 517
42 _ : : : a v

4a-64 dDRo(d) Be 25 0.88 0.09 10 |11.6 7.97) 105 6 5,17

Bg 2041 072 0,09 8 3.2 3,94 8.7 L8 5,20
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Table 3,
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Total and free iron oxides in analysed

ft 8

soils

(Per cent on dry basis)

M}LHRA“JACK" .
son FETITR Sk & &G M OB RSRIER
=R A B, Taww's acid- Merura-Jack-|  Total | Activity |Crystalli-
. TN ate BONS citrate-  Fe,0 rade inity ratio
Profile | 'Tybe Horizon| Soil color ‘Cfs(ﬁﬁﬁm dithionite e ) B Y
‘ FeQp | Sguble |1 (A (B)-(A)
(A) By © ® [ ©
Py caRe oA Red soil
Bi: 57V R5/8 0.25 3.74 5.78 0.07 0. 60
44-12 Rs By | 2.5YR4.5/8 0.16 7,36 10,9 0.02 0. 66
Bz | 2.5YR4.5/8 0.10 8. 62 1.2 0.0t 0.76
 (A)-By 10YRS6[6 0,23 2.21 2,89 0.1 0.69
42-34 Rs B 5YRS5.5/8 0.10 4,40 5,11 0.02 0. 84
Bs | 2.5YR4/8 0.10 8, 49 10, 1 0.01 0.83
A 7.5YR4.5/6 0.45 7.04 11.3 0.06 0,58
441 Re A-B [ 7.5YR5/8 0, 33 9.03 13.2 0. 04 0. 66
i By 5YR5.5/8 0.16 12,6 18,4 0.0t 0,68
By | 2.5YR5/8 0,20 13,2 17,9 0.02 0.73
A 10Y R3/4 0,12 9,71 11.8 0.01 0,81
42-85 | Ro Byl |7.5YRY/S 0.11 10,7 13.3 0. 01 0. 80
BiF | 7.5YR5/6 0.10 11.0 13.2 0.01 0,83
By | 7.5YRS5/6 0.13 10,8 18.1 0.01 0.81
A Yellow soil
A 10V R3[4 0.47 2.73 5, 01 0.17 0.45
44-10 Ya A-B | 10YRE/6 0.19 8.3 5,27 0.06 0. 60
B-C | 7.5YR5/6.5 0.08 5. 44 8.15 0.01 0. 66
H-A I0YR4/4 0, 40 1.22 1. 85 0.33 0, 44
4338 Vs A 10Y R6/8 0,35 2.37 3,30 0.15 0. 61
) ’ Bi 10Y R6/8 0,27 3.78 5,81 0,07 0, 60
Bz |7.5YR6/8 0.20 3.68 6.75 0,05 0.52
A-B | 10YR4/4 0.51 4,35 6.70 0.12 0.57
42-27 Yo B 7.5YR6/8 0, 64 4,69 7.89 0,14 0. 51
C 7.5YR6/8 0,40 5,01 8. 25 0.08 C. 56
_ A 10V R4/4 0.35 2.3t 3.74 .15 0.52
43-18 Ye Bi 10Y R5/6 0.32 2.89 4, 64 0.1t 0.55
Bq 10Y R5/8 0.22 3, 04 4,93 0.07 0.57
A-(B)| 10YR4/4 0. 26 1,07 1,08 0. 24 0.75
- B 10Y Ré/6 0.09 1, 45 2,42 0.06 0.56
42736 | Ye-lm | g6 1 1ovR7/6 0.07 0.96 1,67 0,07 0.53
o 10Y R8/3 0.02 0.41 1.83 0.05 0.21
A 10Y R4/4 Q.76 3.58 3. 66 0. 21 0,77
42-37 1 Yo(d) | A-(R)| 10YRS/6 0,83 4,11 4,47 0, 20 0.73
B 7,5YR6.5/8 0,56 4,47 5,11 0.13 0.77
A 10Y R3/3 0.15 0. 54 0.70 0.28 0.56
2316 Yo A-B | 10YR5/4 0.19 0. 68 0.80 0.28 0.61
: B 10Y R6/7 0,18 0. 80 1,07 0.23 0,58
B-C | 10YR7/7 0.18 0.96 1,35 0,19 0. 58
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SOK ,/2 ]

TR R L T . i
WrmE s, L B fr) - . Tamu’s acid- ML;HRA,"M‘«K” Total Crystalli-
) son's citrate-  we 3,

Profile | Type . . ic oxalate Do nity ratio
No. ofyslgﬂ Horizon| Soil color soluble dithionite

FegOs soluble (A (BY—(A)

@ o T©

Red-Yellow soil

o B* 0, 30 2,20 0,15 0,75
43-43 | Y~Ra By Y 0, 06 6,27 0.0 0,81
By 5Y ] 0,06 1.8 0,01 0. 88
A* I0Y R4.5/4 0, 34 2,16 0, 31
s - B* WY R6/6 0, 07 3, 01 0,03
Wed | YRl Bl s5yRe/s 0.05 4,07 0,02
B-C 5YRS/B 0. 06 5. 47 0,01

Surface gleved red and yellow soil

Ag I0YR4.5/2 G, 33 0,43 0.77 0,77 o,
. Big | 2.5YR7/4 015 1,88 2, 44 0,08 0
42-26 | gRY By 1I0Y R7/6 0. 08 3.39 22 0.02 0.7
Bs 10V R6/8 0,06 5,38 4 0.01 0.
Ag 10V RE. 5/2 0. 11 0.31 0. 52 0.4
ot | o By 10Y R6/8 0. 14 2,97 0,05 0.
4214 1gRYbr | gl 0y Re/s 0. 11 419 0,03 0.
Bs | 7.5YR5/8 0.08 5,49 0,02 0.
i Dark red soil
_ Ay 5YR2/1.5 0.36 6,13 8,37 0.06 0. 69
43-32 eDRp(d)|  As 5YR2/1.5 0, 49 7,95 9,87 0. 06 0.76
i 5YR3I.5/6 0,18 9.02 12, 4 0.02 0,71
Ay 7.BY R3S 0 5,02 8 0, 04 0.81
43-7 eDRo(d)  As W0Y R4/4 " 8,98 7 0,038 0,80
B 5YR4/6 0 8,11 0,02
A BYR4{3.5 0, 44 17,9 0. 61
By 5YR4/8 0,51 18,9 0, 64
43-¢  dDRo{d) Bai 5YRA/S 0. 54 20,1 0, 60
Ba 5Y R5/8 0. 46 20,2 0, 63
B-C | 2.5YR4/8 0,43 16,9 0,70
A 8YR4/2 .51 0. 67
o . By 5YR4/6 0,20 0.72
42-64 dDRo(d)  po EYR4/8 0. 14 0.76
B 5YR4/8 0.11 0.75

¢ Red-Yellow soil o » 238118, #hilk =]
Remark : In Red-Yellow soil, * denotes the yellow ctﬂomd horizon and the rest is the ved colored horizon.
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Relationship between Tamw’s acidic oxalate and

Merra-Jackson's citrate-dithionite soluble iron of

analysed soils

Fig. 1

& Red soil, Qe Vellow soil, Ao Surface gley
red-yellow soil (Ag horizon), & Thid. (B horizon),
[Jeennee Dark red soil]
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Fig. 2 18O Merra-Jackson {‘j:'ﬁ]’{ ”ﬁf;ﬁ Lol gk b

DMK (1 BEEKECED S
Relationship between Mrnra-Jackson's cxtmte»ci1thio~
nite soluble iron and total iron of analysed soils
(Significant » at 1% level=0, 311)

{2 Red soil, O Yellow soil, Ao Surface gley
red-vellow soil (Ag horizon), & Ibid. (B horizon),
[Theeeoes Dark red soil)
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PR B R BRP BRI SR

Zn ORI, B, R PRI SS 2 DBEIRC T 774 Mt

AT bSO THD L ENPLPICIN TS, T, I, B L O & Rk /i

B R

FES L ORI, Kbofiedo Fe-t 10.12~0.78%, Fe-qu-p A #IL 5. 13~10. 2%
THEDHE LTINS, AP EEE 0. 15~L 85% (—# O $, C BTR 2. 16~2.63%), #%H!
553 0. 644, 54, T 4. 84528 TH D
ELTW A, FHRORMLETE, Feer SR 0.10~0.45, Fe-gu-p £ 2THD, &
MRV

Eir, AREDHRELD S L UHEYE 0. 01~0.05 (—#D Am
0.18), FIFWI0L 0, 03~0. 24 (—IBD Cy, Co FTIR0.26~0.39) & LTW5, MO
i3, 0.01~0.10 OMIINZH D, RbofittE BZRBOHEERL TS,
DOFEE L FIBADIT0.32~0.93 & L, ABE R B EOESKE
3, KISR0 ETHEELTNA, BB, R OBHEOIEHER & HRIER DS
Fig. 30X B IR LTS, HEO frd 4 O 3 0.58~0. 84 DHIFHA R L,
DIEHIE &8
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On the Forms of Free Iron Oxide in the Red, YVellow, Red-Vellow,
Surface Gleyed Bed and Yellow, and Dark Red Seils in Okinawa

Toyoaki Nismoa® and Toshire Konua®

Summary

This paper deals with the iron oxide forms of the red, yellow, red-yellow and surface
gleyed red and yellow, and dark red soils in Okinawa.

The amorphous iron oxides are determined by Tamw’s acidic oxalate extraction, and the
sum of amorphous and crystalline iron oxides by Memra-Jacksow’s citrate-dithionite extraction,
Total iron is detemined after WaCOs fusion.

The activity grade of free iron oxide is expressed by the ratio of acidic oxalate soluble
iron oxide/citrate-dithionite soluble iron oxide and the crystallinity ratio of free iron oxide by
the difference of citrate-dithionite and acidic oxalate soluble iron oxide/total iron oxide.

The site conditions of the analysed soils, and the analytical results are stated in Table 1
~3 and Fig. 1~3.

The obtained results are as follows:

13 The amorphous iron oxide is low in every soil. Its levels of the red, surface gleyed
red and yellow, and dark red soils are almost the same. Its upper limit of the yellow soil is
slightly increased and its range is rather expanded.

2) ‘The citrate-dithionite soluble iron oxide and total iron oxide are decreased in the
following order as red soil 2 dark red soil >yellow soil %z surface gleyed red and yellow soils.
Those of the Ag horizon of the surface gleyed red and yellow soils are remarkably decreased,

3y The activity grades of the red, dark red and surface gleyed red and yellow soils are
remarkably low and those of the yellow soil are fairly increased. 'Those of the Ag horizon
of the surface gleyed red and yellow soils are remarkably increased.

4) Against them, the crystallinity ratios of the red, dark red and surface gleyed red and
vellow scils (lower horizon) are generally large. Those of the yellow soil are fairly increased
and those of the Ag horizon of the surface gleyed red and yellow soils are remarkably
decreased,

5y Comparing the ranges of activity grades and crystallinity ratios of the analysed soils
with those of the corresponding soils in the main land after Nacarsuxa, those of the red, dark
red and surface gleved red and yellow soils (lower horizon) are well agreed with those of the

R range and those of the vellow soils are the intermediate of the R and YR ranges.
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