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Properties of Taiwan Red Soils Derived
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ABSTRACT

Three well-drained red soil profiles
derived from serpentine. andesite. and basalt
materials were selected to study their
characteristics. We found that different parent
materials and time control significantly their
pedogenic ways. In Ks and Btw soil series
whose parent materials were mainly serpentine
and basalt rocks. an increase in clay content
from topsoil to B horizon and existence of clay
skins was observed in all Bt horizons: however.
clay skins were only found in the lower Bt
horizon for Ts soil series from andesite due to
the destroy of clay skins under more and longer
strongly weathering conditions. Since the
weathering state is high throughout the pedons.
Ks and Ts soil series were acidic. The higher
pH of surface soil for the Btw soil series was
due to the addition of fine coral particles
carried by northeastern monsoon. Hematite was
the most abundant Fe oxide mineral in these
soils. Kaolinite was the dominant layer silicate
mineral and its content decreased with depth.
Only Ts soil series was qualified as low activity
clay soil due to its CEC less than 24
cmol(+)/kg clay. According to Soil Taxonomy.
Ks, Ts. and Btw soil series were classified as
clayey, mixed, hyperthermic Typic Rhodudalfs,
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clayey. mixed. hyperthermic Ultic Hapludalfs,
and clayey, mixed, hyperthermic Typic
Paleustalfs, respectively.

Keywords : andesite, serpentine, basalt, clay
skin, hematite, Alfisols, low

activity clay.
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Table 1. The Geographic, parent materials and environmental conditions of sampled profiles

Soil Series Ks Ts Btw

Latitude and Longitude (23°02'05", 1217 1047") (257 16'46", 121 “30r32") (23 34'25" 1197 3545")
Elevation (M) 200 50 30

Parent Materials Serpentine Andesite Basalt

Soil Temperature Regime Hyperthermic Hyperthermic Hyperthermic

Soil Moisture Regime Udic Udic Ustic
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Table 2. Morphological properties of three selected pedons

Soil Series  Depth(cm) Horizon Munsell Color Texture  Structurel Consistence~  Boundary*
Moist Dry

Ks 0-15 A 25YR2/1  5YR32 SiC 3f-mgr + 2msbk fr cs
15-31 Btl 10R 3/4 5YR 4/6 C 2f-msbk fr gs
31-55 Bt2 25YR3/4  5YRJ/6 C 2msbk fr es
55-75 Bt3 25YR3/4  SYR4M C 2-3msbk fr gs
75-91 BC 10Y 6/2 10Y 772 C 2msbk fr ow
91-109 Cl 10Y 6/2 10Y 772 SiC 2msbk fr s
109-128 C2 10Y 6/2 10Y 772 SiC 3msbk fr cs
128-145 C3 10Y 6/2 10Y 772 SiC 3msbk fi

Ts 0-6 A 7.5YR3/4  10YR6/6 SiCL Imgr+2fsbk fr cw
6-20 Btl 5YR 3/4 I0YR 6/6 SiCL lcabk+2fsbk fr gs
20-39 B2 SYR 4/4 7.5YR 6/8 SiCL lepr+2fsbk fr gs
39-65 Bt3 5YR 4/4 10YR 6/6 SiCL lepr+2fsbk fr gs
65-89 B4 SYR5/6 10YR 6/6 SiCL lepr+2fsbk fr gs
89-127 BtS 5YR 5/6 10YR 6/6 SiCL lepr+2fsbk fr ds
127-161 Bt6 5YR5/6 10YR 6/8 SiCL lepr+2msbk fr ds
161-188 Bt7 5YR5/6 7.5YR 6/8 C 2cpr+2msbk fi ds
188-229 Bt 25YR3/6 SYRS/8 C 2cpr+2msbk fi ds
229-270 Bt9 2.5YR3/6  5YRS5/8 C 2cpr+2msbk fi

Btw 0-16 Ap 25YR3/4  5YR4/4 CL 2-3cabk fi as
16-38 Btl 10R 3/6 2.5YR 4/6 C 3cpr + csbk vii ds
38-62 Bt2 10R 3/6 25YR4/6  C 3m-cpr + csbk fi ds
62-88 BC 10R 3/6 2.5YR 4/6 SiCL 3m-cpr + csbk fi ci
88-180 C

" 1: weak, 2: moderate, 3: strong; f: fine, m: medium, c: coarse; gr: granular. sbk: subangular blocky. abk: angular blocky,

pr: prism.

fr: friable, fi: firm, vfi: very firm.

© c:clear, g: gradual, a: abrupt, d: diffuse; w: wave, m: smooth, i: irregular.
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Table 3

. Physical properties of three selected pedons

SRTEEFI6 ]

Soil Series  Depthtcm)  Horizon Particle Size Distribution Fine Clay/Total Clay  Bulk Density ~ Water Content
Sand  Silt Clay  Fine Clay 33kPa  1500kPa
........................ R Mgm™ G,
Ks 0-15 A 7.3 469 433 12,5 0.28 1.13 333 228
15-31 Bil 52 349 399 228 0.38 1.10 403 322
31-55 Bi2 47 250 694 327 047 1.10 427 360
55-75 B3 55 27 613 308 046 1.17 468 352
7591 BC 76 331 33 224 0.38 45.2 339
91-109 Cl 128 410 d6.2 12.8 0.28 50.8 36.8
109-128 2 9.7 433 410 13.8 0.29 33 375
128-145 C3 96 482 422 10.7 0.25 534 359
Ts 0-6 A 102 453 M5 240 0.54 148 290 182
6-20 Btl 3 415 38 295 0.54 1.56 28.0 19.9
20-39 Bt2 260 437 33T 264 0.49 1.53 295 2038
39-65 B3 26 M9 525 252 0.48 1.56 35 207
65-89 B4 39 457 504 220 0.44 1.51 339 209
89-127 Bis 42 48 540 243 045 1.49 349 220
127-161 Bte 45 416 3539 251 047 1.50 30.1 228
161-188 Bt7 51 389 560 264 047 144 369 237
188-229 Bt3 24 310 666 373 0.56 1.53 349 258
229-270 B9 28 321 65l 381 0.59 1.51 349 273
Btw 0-16 Ap 383 265 352 18.0 051 27.8 19.8
16-38 Btl 23 222 755 455 0.60 1.48 479 355
38-62 Bi2 27 333 640 387 0.60 1.42 455 340
62-88 BC 196 49.1 313 16.1 0.51 146 439 256
88-180 C k4 4720 194 7.0 0.36 1.48 415 236
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Table 4. Chemical properties of three selected pedons

Soil Series  Depth(cm) Horizon pH (H:0) pH (KCl) O.C. Exchangeable Bases CEC BSP Fed CEC
K Na Ca Mg NH+OAc
mgkg . emol(+)ke soil v, S cmolt+)/kg clay

Ks 0-15 A 6.1 S0 459 00 07 138 &1 258 s 100 57
15-31 Btl 5.7 4.6 283 01 03 76 80 228 70 128 38
31-55 Bt2 5.5 4.6 187 0.1 02 63 89 256 61 171 37
55-75 Bt3 5.3 44 120 0.1 03 74 159 336 71 148 50
75-91 BC 54 44 96 01 04 K1 162 318 78 135 54
91-109 Cl 5.5 44 64 0.1 04 44 228 389 71 128 84
109-128 C2 5.7 4.4 43w 04 115 244 4130 88 10.1 8
128-145 C3 5.8 4.5 32 001 04 117 25 1.8 89 107 99

Ts 0-6 A 5.0 4.0 273 06 03 16 14 157 21 39 35
6-20 Btl 5.1 4.0 10.1 04 02 08 1.1 102 21 4.4 19
20-39 B2 5.2 4.1 50 03 04 14 18 98 37 44 18
39-65 Bt3 53 4.1 36 02 04 18 1.9 9.9 4] 43 19
65-89 B4 5.3 4.1 35 02 05 19 20 104 2 4.3 21
89-127 Bt5 54 4.1 26 02 05 1.7 25 109 43 4.6 20
127-161 Bt6 5.3 4.1 21 02 05 16 29 109 d6 4.6 20
161-188 Bt7 5.3 4.1 21 02 05 1.5 32 1.2 46 AR 20
188-229 Bt8 53 4.2 20 02 05 14 30 119 41 4.7 18
229-270 Bt9 5.2 4.2 18 02 04 15 29 125 3 5.0 19

Btw 0-16 Ap 8.3 7.5 13005 1.0 250 6.3 192 100 107 55
16-38 Btl 8.0 79 5500 07 112 46 152 100 Q6.6 20
38-62 B2 7.6 7.4 33 00 06 48 36 148 6l 183 23
62-88 BC 7.2 7.2 23 0w 07 21 36 127 50 162 41
88-180 C 6.5 6.4 08 w07 24 36 106 63 163 55
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Table 5. Kinds of clay minerals and relative amounts assigned by XRD diffractograms after DCB
treatment for selected horizons of three pedons

Soil Series Depth (¢m) Horizon

Clay Mineralogy

Ks 0-15 A KK'3" MII VR3 VCl
55-75 B3 KK?2 Ml VR3 VCl
128-145 C3 KK Ml VR4 VCl
Ts 6-20 Btl KK3 MI2 VMI
20-39 B12 KK3 MI2 VR2
39-65 Bt3 KK3 MI2 VR2
188-229 Bt& KK23 MI2 VR
Biw 0-16 Ap KK4 NI VR S\
16-38 Btl KK?2 VR
62-88 BC KK2 VRI
88-180) C KK2 VRI

' KK: kaolinite. MI: mica. VR: vermiculite. VC: vemi- -chl interlayer, SM: smectite. VM: veri-mica interlayer.

2 4: abundant, 3: common. 2 littlel 1z very linde.



(EF ERET v T B FEVTH o4 LR T
Properties of Taiwan Red Soils Derived from \ktamorp]m and Igneous Rocks

Bis & SHBRSRAESE T RA - M C
TEEBEGRTHERM - Al AL S Y iF A
Heag  RhnzH_AaBHEEY KEALE
Ao TR AR R ST B SR - PR DL e
il B ith AR T IR AT (R D) -

M- EItE :

SRR R ECEOK S BER 0 1 - B
ALY oAl LLET 80 Roon R D L
(Schwertmann » 1993) » ZR1 A £& Ghkd sl -
BERI AR/ - FIBEIR R & 2 F kbl - 11
R Z AL E R BEEN X ST R 4 44 A
B - T S AH  nl B R B8 E AL R
fEIE o THEEAEE SYR BUEAL > #AE Y
LRSS EEWEY > 55 10YR i E
o HIE# T RLUAEBEE LT MY
(&@mwlw& B IRAS SR 8 AL W)tk

T X GHRAEST 74 > (HZBML I X &t pss
EH%’FHT ¢ th S LU 2 LR &2 5 1 B g
I » e TEAAE PIE (R D) > Bg Tk
FLEAGSTSYR I - Hir B &g &itn
B 5YR BREAL > M H =1 - 42 i 2 4 nk
RHEK BIFE RS - WEHEEE LY L
T8 S £ EY (Soileau & McCracken »
1967) °

FER R TR PR AL #5i s1 £ X
B $REEET A 0 AR E LT - BRI %
tERELUSHELE FEBY > 04 8k
38 R BRI K CRE &) o #m K Fﬁ
ZIEALFARIER » BOER b E
HEMN ARG EOEY G %E
(Ojanuga » 1978) » M TF |48 et {)y &44 D

LRI ?TLE—%'M)JQ S 0 nl nl (b
’1*%??7’ B2 7E & B AL 0 A 1L
EF?&ULEHE%LWEHL(#&%MH’Jll'r’u'iift
Y) (Fripiat & Herbillon * 1971) = {F 41l {5 et
HE T LIS B2 BE ~ 05 7 B8 1 1 - 5k e 1118 et
WEY) MO & R E AT K LA e Bt

W RY ”‘l“'l'fl‘ﬂfu'i*iii}t/'\Wﬂl * & L] i
% 10 ROK R TRV EREERE RSt
&[]ﬁiiH}J LIeisd? % 1 - i diTE B8 @

Ay R o LaiRoK R B S
LB T H Ny Bl LSS0 s
W E Ay EELE LIJJifé[i]‘ﬁilll?"i‘ﬂﬂlﬂflﬁﬁ'ﬁ
hY « nfRE I ’i;H.Jj(Juo + 1980) ° &
%‘;%im“d\m« P s L Kt i i~ St
VUL dedet B 9 I 0 T B S84 T - 58
% ( TR A s 7 B A3 et |- b S p H il R BN

A B ol e AL R T S T AR

Hll rw e — D R4 -

1~ DEEMI(U
BE R 3R e BT S (@R - S

TSR uJéEz*‘U W fify TIJI"‘“T'? AR IS
P e (£ 2) - (HIE Bt B HA 15 2

7o e J‘bkml'ﬂ?)x'(hd VMR KR K
AL HI LA P 9240 /s il 62 3 0 LRI 43
FARL 2% (0 #5 t ke (Soil Survey Staff + 1998) «

BEIR A e B0 RS R & s 45% » (At
Hoan e OB RG R A B a AR 53% R B RG
FLRST ~ (i o] 757 & K e 25 - FRLABHL E
B3 b 17l &6 17 SR e E S - T B
B3 {7 Jefi) B A0 AUPE RS 35% » (A
o7 RELE R R 1A - SR 1 1T (R 19 K ) 8%
I AR et 2 2.5YR (0FS Bl TGS BOH D
3y ~ RIS R R~ ) R R A B
P R B oy BUBHGTT ~ RS ~ BB
gl YIS AT TR bk BRI (clayey. mixed,
hyperthermic Typic Rhodudalfs) © ff K H TEiR
KF 1M B8 fe BtY L7 et 4% KGR - (8
Btl {17 b 2 Bhi & w2 R e fUL A
Jod 5 8% » WL EET Bl 4% B9 Lyl % ik
I o 2% Bl fL 7T e 0 R AL RE AR
35% » {H{f B12 1Lumu M 125 23 3N TEE
SRS SRR 359 BY IR (IR (€ RN
fe ~ IR RE R R W [ V2 FE B0 5)\’fﬁ
RTT ~ Ry RERDY R AT ERE] M‘ﬁ



HIROUR G - REQJU L i FE e E g
Soil and Environ.. March 2003. Vol. 6. No. 1, p37-pd6.

(clayey. mixed. hyperthermic Ultic
Hapludalfs) = 4iffi 501 Btl K B2 Y3 & 5 K
SRR TE AL o H LK 0 TS IS e B -
KOO FIRE KA 35% « kb4 0o T $h % §E 7T
(7> WLLTE 7.5 2300 RSN~ BE R 209
(REEHIT) » FHRREE KR8 Wit FR A R
& n Bl PR PR 0 SRR TT Ry
¢ ERHY WLEY 38 772 B0HKGE | (Clayey. mixed.
hyperthermic Typic Paleustalfs) -

23X B

TETHE ~ 7 1F0 s B - 1967 < [
TSEE FRE RS I 2T - S
fIF9E AT geae e = 44:167-175 -

GRAPEE = 1975 = KDl [ & o v 8L Ry S 1
TR L ZRE 1 RE Re L R RE (LB
EIE5E = Dbt L B L - 13:46-57 -

Bl EE - 1966 - il 2 (L SR T -
s S LB T 38 = 3:16-22 -

PSR R BREFAL - 1968 « A FHET o (0 (L
TR ZiFgE - 2 0 (IES L2 (LT
ge o B RS B AL - 6:33-43

A R BRERAL 0 1965 < LA kbR 2 (L
1120798 = TS © 14(1):42-54 -

Ahn, P. 1979. Micro-aggregation in tropical
soils. In: Lai, R. and D. J. Greenland (eds.),
Soil physics properties and crop production
in the tropics. John Wiley and Sons.
Chichester, 75-85 pp.

Bigham, J. M., D. C. Golden. S. W. Buol, S. B.
Weed., and L. H. Bowen. 1978. Iron oxide
mineralogy of well-drained Ultisols and
Oxisols: I1. Influence on colour, surface
area, and phosphate retention. Soil Sci. Soc.
Am. J. 42:825-830.

Buol, S. W.. F,, D. Hole, and R, J. McCracken.
1974. Soil genesis and Classification. lowa
State Univ. Press, Ames.

Cady, J. G. and R. B. Daniel. 1968. Genesis of

I IRV RS B S Ry

$H

some old soils-the Paleudults. Trans. 9th Int.
Congr. Soil Sci.. Adelaide. IV: 103-112.

Fanning and Fanning. 1989. Soil morphology.
genesis. and classification. John Wiely and
Sons. New York.

Fernandez. R. N.. D. G. Schulze. D. L. Coffin.
and G. E. Van Scoyoc. 1988. Color. organic
matter. and pesticide adsorption
relationships in a soil landscape. Soil Sci.
Soc. Am. J. 52:1023-1026.

Fripiat. J. J. and A. J. Herbillon. 1971.
Formation and transformation of clay
minerals in tropical soils. Proc. Symposium
on Soils and Tropical Weathering. Babdung.
Indonesia. Unesco. Natural Resource
Research XI. 15-24 pp.

Jungarius. P. D. and Levelt. T. W. M. 1964
Clay mineralogy of soils over sedimentary
rocks in Eastern Nigeria. Soil Sci.. 97:89-95.

Juo. A. S. R. 1980. Mineralogical characteristics
of Alfisols and Ultisols. In. B. K. G. Theng
(ed.) Soil with variable charge. New Zealand
Soc. Soil Sci.. Palmerston North. New
Zealand.

Lal. R. 1976. No-tillage effects on soil
properties under different crops in Western
Nigeria. Soil Sci. Soc. Am. J. 40:762-768.

Mehra. O. P. and M. L. Jackson. 1960. Iron
oxide removal from soils and clays b)f a
dithionite-citrate system buffered with
sodium bicarbonate. Clays Clay Min. 7:3 17-327.

Nettleton. W. D., K. W. Flach. and B. R.
Brasher. 1969. Argillic horizon without clay
skins. Soil Sci. Soc. Am. Proc. 33:121-125.

Ojanuga. A. G. 1978. Genesis of soils in the
metamorphic, forest region of south-western
Nigeria. Pedologie. 28:105-117.

Peech, M.. L. T. Alexander. L. A. Dean, and‘J-
F. Reed. 1947. Methods of soil analysis for
soil fertility investigations. U.S. Dept. Agr
C. 757. 25pp.

Philipson, W. R. and M. Drosdoft. \‘)72-
Relationship among physical and chemieal



46

(e F B TT F RO Y AT T LI
Properties of Taiwan Red Soils Derived from Metamorphic and Igneous Rocks

properties of representative soils of the
tropics from Puerto Rico. Soil Sci. Soc. Am.
Proc. 36:815-819.

Richardson, J. L. and R. B. Daniels. 1993.

Stratigraphic and hydraulic influences on
soil color development. In. J. M. Bigham
and E. J. Ciilkosz (eds.) Soil color. Soil
Science Society of America, Madison. WI.
USA. Special Publication Number 31.

Ross, G. J. and E. W. Presant. 1976. Physical,

chemical, and mineralogical properties of
selected soils of Tanzania with reference to
their genesis and behavior. East Africa Agro.
For. J. 41:201-217.

Schwertmann, U. 1993. Relations between iron

oxides, soil color, and soil formation. In. J.
M. Bigham and E. J. Ciilkosz (eds.) Soil
color. Soil Science Society of America.
Madison. WI, USA. Special Publication
Number 31.

Shoji, S., Y. Suzuki, and M. Saigusa. 1987. Clay

mineralogical and chemical properties of non-
allophanic Andept (Andisols) from Oregon,
USA. Soil Sci. Soc. Am. J. 51:986-990.

Smyth. A. J. and R. J. Montgomery. 1962.
Soils and land use in central western Nigeria.
Govt. Printer. Ibadan. Nigeria. 265 pp.

Soil Conservation Service. 1982, Procedures
for collecting soil samples and methods of
analysis for soil survey. U.S. Dept. of Agro.
Washinton. D. C.

Soil Survey Staff. 1998. Keys to Soil
Taxonomy. 8th ed. USDA-SCS Publ. U.S.
Government Printing Office. Washington, DC.

Soileau. J. M. and R. J. McCracken. 1967. Free
iron and coloration in certain well-drained
Coastal Plain soils in relation to their
properties and classification. Soil Sci. Soc.
Am. Proc. 31:248-255.

Verheye. W. 1974. Nature and evolution of
soils developed on the granite complex in
the sub-humid tropics. I: Morphology and
classification. Pedology. 24:266-282.

Yoothong. K.. L. Moncharoen. P. Vijarnson,
and H. Eswaran. 1997. Clay mineralogy of
Tai soils. Applied Clay Sci. 11:357-371.



