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Kitti Wongsang 2010: Soil Characteristics and Land Capability Classification of Highland Soils
on Limestone in Thailand. Master of Science (Agriculture), Major Field: Soil Science, Department

of Soil Science. Thesis Advisor: Assistant Professor Saowanuch Tawornpruek, Ph.D. 99 pages.

A study on soil characteristics and land capability classification of highlands soils for agriculture
was carried out on 6 representative areas in Huai Luek Royal Project Development Center, Chiang Mai
provience. These soils are Paleustults (4 pedons) and Haplustalfs (2 pedons). They are very deep soils. Their
parent materials are local alluvium and colluvium over residuum derived mainly from limestone. Textures of
these soils vary from clay loam to clay. Hydraulic conductivity ranges from very slow to very rapid. These
soils are very strongly acid to neutral (pH 5-7). They have very low to very high organic matter content (0.7-
624¢g kgfl). Total nitrogen content of these soils are very low to low (0.1-1.7 g kgfl). Available phosphorus
and potassium are very low to very high ranging from 0.6-76.3 mg kg'1 and 25-525 mg kg'l, respectively.
Extractable bases are medium to high (8-46 cmol kg'l). Extractable acidity is low (1-2.6 cmol kg_l). Cation
exchange capacity is medium to very high (13-64 cmol kgfl). Base saturation percentage is low to high (17-
85%). Kaolinite is the dominant mineral in all Paleustults while smectite and illite are the dominant minerals

in Haplustalfs.

Land capability classification of these soils for agriculture indicates them as mostly suitable (U-I,
U-Ile, U-IIs) except pedon 3 that is a moderately suitable (U-IIIe) because of soil erosion problem. Land
classification of highlands for agriculture also has similar result which most of the soils are very well suitable
(Cl) and pedon 3 is suitable with minor soil conservation improvement (Cz). These soils are mostly suitable
for field crop except for pedon 3 which has topographic problem. All of the soils are suitable for fruit tree but
non-suitable for paddy rice. These soils have good capability for field crop and fruit tree because their low
surface slopes and they are very deep soils. However they need proper practical soil conservation measures,

for examples contour cultivation to minimize soil loss from surface soil erosion.

Student’s signature Thesis Advisor’s signature
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C, C,/P C,/P P F F
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Very Shallow
(VS) C/p P P P F F
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22.1 memmuﬁgﬂmmu (Disturbed soil samples) INUAUNNYY AIUFUNUUA
[ Y
AU (genetic horizon) N1 1AL Mnasanihdadu Fuavdlszana 1-2 Alansy

(% 1 a H g 09)1 v
2.2.2 @reg1aun lignsuniu (Undisturbed soil samples) AOANUMNIZFUN

U
v v

foamsihnAnEIAan N vesANdNAT (saturated hydraulic conductivity) Taal¥nszuen

3w ' .

INUNIDYN (soil core)

3. msannzilureslfians

3.1 MFAATIZHNMEAN
3.1.1 MIUANNTLWUUIADUAIAAU (Soil particle size distribution) Tae7F lilitla

{ a d o {

(Kilmer and Alexander, 1949; Day, 1965) waf laninmsamsiziihumanuasszinnuoailo
9 Y

a Y a 4

A (soil textural class) TasmslSouMounusUIToAUA NN VOINTZNTIUNHAT

anyg 3 DINTA (USDA Textural Class) (Soil Survey Division Staff, 1993)

Y '
3.1.2 amWiini1vedAndNd (Saturated hydraulic conductivity) Tagl¥naaauiy

Wik uls (variable head method) (Klute, 1965)
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32 MIUATIZHNAL
= a 9 g} Y] 1 a 1 091 A
3.2.1 fievau (pH) laglmiwazaisazais IM KCl luoasidivauaeil 1o
AusaaTAzINY 1:1 (National Soil Survey Center, 1996) aa1 lasldiaTasiafiteoy (pH

meter)

a a v g o 9 a 4 a A daAA 4
3.2.2 UNTYING (Organic matter) ﬂWH’JuulﬂﬂWﬂﬂﬁM1ﬂ!ﬂﬁ‘U@‘L!f)u“niﬂﬂ’)mﬂgﬁ

181a83% Walkley-Black titration uda1i1eni I8 11)gas 1.724 (Walkley and Black, 1934)
3.2.3 TuTa519u39u (Total nitrogen) 1A% Kjeldahl method (Black, 1965)

3.2.4 WeaeSaituyss Toal (Available phosphorus) 1a875 Bray II (Bray and

Kurtz, 1945)

3.2.5 Tnunandeouiduilse Tond (Available potassium) 14aiadae
uenTuileuezdian anududu 1 M Milunans (pH 7) (Pratt, 1965) Sa13u1at 1aeld atomic

absorption spectrophotometer (AAS)

3.2.6 1wananald (Extractable bases) Iagmsanaaeasazatsuoy luloyossd

AN uNa1e (Peech, 1945)

3.2.7 ammanuilunsanadald (Extractable acidity) 1A835 barium chloride-

triethanolamine pH 8.2 (Peech, 1965)

3.2.8 anuuanasunnaleeou (Cation exchange capacity: CEC) Tagldnisase
Y = a g = = )
azawuna leosualguoy Tuiisnezsanilunars wazunuiueow Tuiion losoudie
J o o 1
TmReunan lsasooaz 10 luanmnsa naunuey Tudlow Teoou udrsurmninamg

waniaguuanlooouvesdy (Chapman, 1965)
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-2 Y a @ . o
3.2.9 M9NT1T0UATANNDUANUT (Base saturation percentage, %BS) Tasfudm
1 a ~ [ Y 3 A
iﬂﬂﬂ?ﬂ]ﬁ]\?ﬂiiﬂﬂ!!ﬂﬁi?ﬂ'ﬂﬁ'ﬂﬂ]lﬂ‘ﬂﬂﬂuﬂ Lmzmmﬂuamﬂaﬂuuﬂ@”laau (CEC = extractable
bases + extractable acidity) (National Soil Survey Center, 1996) NNFAIT

%BS _ Extractable bases 100

Extractable bases + Extractable acidity

a J J 1 a
3.3 Msanszviesalseneunias luau

a Jd a a 1a { a

3.3.1 annzryatazlsnavessaumiien (clay mineral) NUVUIADYNIAAY
I 1 g asn dy v a 4
@ann 2 TulAsmas 1uY oriented-clay plate 1A8IBN5REUUUVDITIAONY (X-ray
diffraction analysis) (Jackson, 1965) TasmsiieunnvuiaaumiionlioudidreTnunadou

~ ~ a =~ A A A A AA o Y
oy TwumaBanW Nl 550 drsaIied LunNHIFeN tazuunFsuNaNaIae

o o) 9 A a 4 dy v A 4 .

glycerol wazia lad liduaTesdins iz lagmsi@enunvesssdonds (X-ray diffractometer)
o d' U |~ = U a 1 . . .
Wwan 1d TS euieunuriiaveansuinsg1u (standard minerals) (Whittig, 1965) 1az

Usziiiumsuaveats 1aeds relative peak height (Jackson, 1965)

a Jd a a 1
3.3.2 AnsgrriauazlSuavews Tusymavuiansieutls silt fraction)
Y
A [ 4 )
1@ 2-50 13 1A51095 DY random powder 1A8IBIAENVUVDITIF DA (Jackson, 1965) 11
naf Ia lnlseuiounusiiaueansunnsgiu (Brindley and Brown, 1980) 1d215ziiium

1Fuaveans IaeId relative peak height (Jackson, 1965)

4 Y] a g o a
3.3.3 NAdaUNDIUTUNITAATIZNIT boehmite TasmsiiounnAumitionln

a = J

A o 9 = A o Y A a
’f)llﬂ’Jﬂ’JfJIWLmﬁ’L%fJiJLWWI’qumJ 260 11ag 480 DAY ALY mﬁ"la@“lﬂmmimamiwﬁ

U

dy v A d o AN Y = = o A Aa 1 . an
Tﬂﬂﬂ'lﬁlaﬂﬁlﬂusllﬂﬂiﬂﬁlﬂﬂcﬂ mwa‘whlﬂmuJiEmme‘Uﬂu oYUM boehmite Iﬂﬂ'l‘ﬁ

relative peak height (Brindley and Brown. 1980)
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3.4 MIAATIENYTUIVE1939U (XRF)

wmsinseilSinasigg i TaelHinTos Phillips PW1400 X-ray fluorescence
(XRF) fitted with a rhodium tube Tag1¥@196198U51UIU 0.700 NTU WadN lithium
metal/tetraborate flux ﬁqmmﬁ 1050°C (Karathanasis and Hajek, 1996)

Y

a d
4. MIAANTHUdYA

ideyan Idanmsimagdauianianmenin inil uagnias nwunaussouy
NAY (F18UF1TTUUNFUTTOULNAY, 2520) ANUHNICTUVDIAY (NOIF1TIVAE

TWMUNAY, 2542) UATTAUTTOULNAUNGY (Sheng, 1986)
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M3 4 anmpllszmauazanyuzvesnindgaauniinmsan
feduAn  Anuvvestu  Adwdn WamMsves  anwanatu  ammgilszmer dugugiilszma JagAusuiaay
AUDY (11.) (31.) nihdaau (%) m3ldnan
Pedon 1 31 195+ Ap-Bt 3 Undulating Dissected footslope Colluvium over residuum
Vegetable and maize
Pedon 2 24 200+ Ap-Bt-Btg 1 Nearly Flat Narrow valley floor Local alluvium
Vegetable and legume
Pedon 3 12 200+ Ap-Bt 10 Rolling Upper footslope Colluvium over residuum of
Groundnut and maize limestone
Pedon 4 13 210+ Ap-Bt 4.5 Undulating Lower footslope Colluvium
Groundnut and maize
Pedon 5 16 200+ Ap-Bt-Btg 1 Nearly Flat Narrow valley floor Local alluvium
Vegetable
Pedon 6 30 200+ Ap-Bt 3 Undulating Middle part of footslope Colluvium over residuum

Vegetable and maize
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M9 5 LaAIFAUTIUINGIVEIHTNAAAUNTIINSANET

FUAU  ANNED aau od Tasearda M3oAA Wo¥AY  YaUUA SnHadun
(53.) GELMEE wie sy dlen Tuauw Sudu
Pedon1  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

Ap 0-31 5YR3/3 C 2, f-m, sbk and 2, vf-f, gr ~SH F  MS/MP 6.5 Aand S Many very fine, common fine and few
medium roots

Btl 31-53 2.5YR 3/4 C 3, f-m, sbk H MS/VP 7 DandS Common very fine and few fine roots

Bt2 53-80 2.5YR 3/4 C 3, f-m, sbk H F SS/VP 6.5 DandS Few angular gravels of weathered slate; many
very fine and few fine roots

Bt3 80 -106 2.5YR 4/4 C 3, f-m, sbk H F SS/VP 6 DandS Few medium rounded Fe-Mn oxide
nodules, few angular gravels of weathered
slate and few very fine and fine roots

Bt4 106 -132 2.5YR4/4 C 3, f-m, sbk VH F SS/VP 6.5 Dand S Few medium rounded Fe-Mn oxide
nodules, few angular gravels of
weathered slate few very fine and fine
roots and a large hole of cricket nest

Bt5 132-156 2.5YR4/4 C 3, f-m, sbk VH F SS/VP 6.5 Dand S Few medium rounded Fe-Mn oxide
nodules, few very fine roots

Bt6 156-195+ 2.5YR4/4 C 3, f-m, sbk VH F SS/VP 6.5 Few medium rounded Fe-Mn oxide

nodules, few very fine roots
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FuAu  ANNED faau iHoAu Tasearsa M3oAA Wo¥AY  VOULUA SnHadun
(3. ayailsy Wi du dlen Tuaun uRw
Pedon2  Typic Haplustalf, fine, mixed, active, hyperthermic
Ap 0-24 mixed 10 YR 3/1, 10 YR 4/1 C 3, vf-f, gr and SH F  VS/VP 7 Aand S Many very fine and fine roots
3, f-m, sbk
Btl 24 - 50 mixed 10 YR 4/4,10 YR 3/2 SiC 3, f~m, sbk H F  MS/VP 6.5 DandS Few very fine and fine roots
Bt2 50 - 82 mixed 10 YR 4/2,10 YR 4/3 SiC 3, f-m, abk H VE MS/VP 6.5 AandS Very few very fine roots
Bt3 82-107 10 YR 4/3 SCL 4, vf-f-m, abk S Fri MS/MP 6.5 Aand S Common rounded and subrounded
gravels of resistant rock fragments
Bt4 107-129 mixed 10 YR 4/2,10 YR 4/3, SC 4, vf-f-m, abk S Fri  MS/VP 6.5 Gand S Few rounded and subrounded gravel
10 YR 4/4 of resistant rock fragments
Btgl 129-151 mixed 10 YR 4/2,10 YR 4/3 C 3, f-m, sbk-abk SH F  MS/VP 6.5 DandS Few traces of highly weathered
slate rock fragments
Btg2 151-178 mixed 10 YR 4/3,10 YR 4/2 C 3, f-m, sbk-abk H F  MS/VP 6.5 Gand S Few traces of Mn oxide powder
Btg3 178 - 200+ mixed 10 YR 4/1,10 YR 3/2, SC 3, f-m, abk SH F MS/VP 6.5 Few traces of Mn oxide powder

10 YR 4/2, 10 YR 4/3

8¢C



d‘ 1
MINN 5 (919)

fuau  ewidn fau od Taseard M3oada Mo¥AY  vouwa SnHadun
(53.) GELMEE wie  au dlen Tuauy Sudy
Pedon3  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
Ap 0-12 5YR25/2 C 3, vf-f, gr and S Fri VS/VP 6.5 AandS Few fine and medium subrounded Fe-Mn oxide
3, vf-m, sbk nodules, common very fine and few fine roots
Btl 12-35 2.5YR 3/3 C 3, vf-f-m sbk SH Fri  VS/VP 6 DandS Few fine and medium subrounded Fe-Mn oxide
nodules, common very fine and few fine roots
Bt2 35-60 2.5YR 3/3 C 3, f-m, sbk SH Fri  VS/VP 6 DandS Few fine and medium subrounded Fe-Mn
oxide nodules, few very fine roots
Bt3 60 - 84 2.5YR 3/3 C 3, f-m, sbk SH Fri  VS/VP 6 DandS Few fine and medium subrounded Fe-Mn
oxides nodules, few very fine roots
Bt4 84 - 105 2.5YR 3/4 C 3, f-m, sbk SH F  VS/VP 6 DandS Few very fine subrounded Fe-Mn oxide
nodules, few very fine roots
Bt5 105-125 2.5YR 3/4 C 3, f-m, sbk SH VS/VP 5 DandS Few very fine subrounded Fe-Mn oxide nodules
Bt6 125 - 149 2.5YR 3/4 C 3, f-m, sbk SH VS/VP 5.5 DandS Few very fine subrounded Fe-Mn oxide nodules
Bt7 149 - 171 2.5YR 3/4 C 3, f-m, sbk SH VS/VP 5.5 DandS Few very fine subrounded Fe-Mn oxide
nodules, few traces of dead roots
Bt8 171 -200+ 2.5YR3/4 C 3, f-m, sbk SH F  VS/VP 5.5 Few very fine subrounded Fe-Mn oxide nodules

6¢C



d‘ 1
MINN 5 (919)

Fudu  awidn fau iodu IGERGERR M3UAA Wor¥AY  YBULUA Snvazdun
(53.) GEMEE Wi Sy dlen Tuauwy udy
Pedon4  Typic Paleustult, fine, mixed, semiactive, hyperthermic
Ap 0-13 5YR3/3 C 3, vf, gr and SH F  MS/VP 7 Dand S Many very fine and fine roots
2, f-m, sbk

Btl 13-33 5YR 3/4 C 3, f-m, sbk SH F MS/VP 7 DandS Few fine rounded Fe-Mn oxide nodules and
few very fine roots

Bt2 33-57 2.5YR 3/4 C 3, f-m, sbk SH F MS/VP 6.5 DandS Few fine rounded Fe-Mn oxide nodules and
very few very fine roots

Bt3 57-176 2.5YR 3/4 C 3, f-m, sbk SH F MS/VP 6.5 DandS Very few fine rounded Fe-Mn oxide nodules and
very few very fine roots

Bt4 76 - 100 2.5YR 3/4 C 3, f-m, abk SH F  MS/MP 6.5 DandS Very few fine rounded Fe-Mn oxide nodules and
very few very fine roots, small hole of cricket nest

Bt5 100 - 120 2.5YR 3/4 C 3, f-m, abk H VF  VS/VP 6.5 DandS Few fine rounded Fe-Mn oxide nodules
few small holes of cricket nest, few traces of
highly weathered rock fragments, few gravel
of weathered slate and very few very fine roots

Bt6 120 - 150 2.5YR 4/4 C 3, f-m, abk VH VF VS/VP 6.5 DandS Few fine rounded Fe-Mn oxide nodules few
traces of highly weathered rock fragments,
common gravels of weathered slate and very few
very fine roots

Bt7 150-178 2.5YR4/6 C 3, f-m, abk VH VF VS/VP 6.5 DandS Few angular gravels of slightly weathered rock
fragments

Bt8 178 -210+ 2.5YR 4/6 C 3, f-m, abk VH VF VS/VP 6.5 Common rounded Fe-Mn oxide nodules
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Fuau  ANNEn aau iHoAu IGERGERR M3dada Mo¥AY  voua ANz
(53.) ayailsy uie ¥u dlen Tuauy FUAY
Pedon 5  Ultic Haplustalf, fine, mixed, superactive, hyperthermic
Ap 0-16 7.5YR 372 CL 3, f-m, sbk H F  SS/VP 6.5 AandS Many very fine and few fine roots and
very few traces of charcoal
Btl 16 - 42 7.5YR 4/3 C 3, f-m, sbk H F  MS/NV 7 AandS Few very fine and fine roots
P
Bt2 42-62 10 YR 4/3 C 3, f-m, abk VH VF SS/VP 7 Gand S Very few very fine roots and very few
traces of charcoal
Bt3 62 -90 Mixed 10 YR 4/4, 7.5 C 3, f-m, abk H F SS/VP 6.5 GandS Very few very fine roots and very few
YR 4/3 traces of charcoal
Bt4 90 - 109 Mixed 10 YR 4/4, 10 C 3, f-m, abk H F VS/V 7 Aand S Very few traces of charcoal
YR 4/2,5 YR 4/6 P
Bt5 109 - 126 Mixed 7.5 YR 4/2, 10 C 3, f-m, abk H VF VS/V 7 GandS Very few traces of charcoal
YR 4/2, 10 YR 4/6 P
Bt6 126 - 158 Mixed 10 YR 4/3, 10 C 3, f-m, abk H F VS/V 7 Aand S Common traces of charcoal
YR 4/1 P
Btgl 158 - 180 Mixed 10 YR 4/4, 10 C 3, f-m, abk H F  SS/VP 7 Gand S Very few angular gravels of rock
YR 4/2,10 YR 4/6 fragments and common traces of charcoal
Btg2 180-200+  Mixed 10 YR 3/1, 10 C 3, f-m, sbk H F  SS/VP 7 Common angular gravels of weathered

YR 3/2

rock fragments (mainly slate), few traces
of charcoal, common fine flat and rounded
gravel of resistant rock fragments
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fuau  ewidn faau iodu Tasearda M3dadia Mo¥AY  Yaue SnBadun
(53.) ayailsy Wi au idlen Tuauy udy
Pedon 6  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
3, vf-f, gr and 3, f-m,
Ap 0-30 5YR3/3 C sbk H F  MS/VP 7 AandS few fine rounded Fe-Mn oxide nodules
and common very fine and few fine roots
Btl 30-50 2.5YR3/3 C 3, f-m, sbk H F  VS/VP 7 DandS very few fine rounded Fe-Mn oxide
nodules and few very fine roots
Bt2 50-72 5YR 3/4 C 3, f~m, sbk H F  VS/VP 6.5 DandS few fine rounded Fe-Mn oxide
nodules and very few very fine roots
Bt3 72-99 5YR 3/4 C 3, f-m, abk SH F  VS/VP 6.5 DandS few fine rounded Fe-Mn oxide
nodules and very few very fine roots
Bt4 99 - 120 2.5YR 3/6 C 3, f-m, abk H F  VS/VP 6 DandS few fine rounded Fe-Mn oxide
nodules and very few very fine roots
Bt5 120 - 148 2.5YR 3/6 C 3, f-m, abk H VF VS/VP 5.5 DandS few fine rounded Fe-Mn oxide
nodules and very few very fine roots
Bt6 148 - 175 2.5YR3/6 C 3, f-m, abk H F  VS/VP 5 DandS few fine rounded Fe-Mn oxide
nodules and very few very fine roots
Bt7 175 - 200+ 2.5YR3/6 C 3, f-m, abk H F  VS/VP 5 few fine rounded Fe-Mn oxide nodules
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(iiod
C = clay
SiC = silty clay
SC = sandy clay
SCL = sandy clay loam
CL = clayloam

Taseadha

weak L
moderate

strong

moderately weak

very fine U
fine

medium

angular blocky
subangular blocky

granular

SH

VH

VF

Fri

slightly hard
hard

very hard
soft

very firm
firm

friable

=KX o
N1TYAAN

Alen

MS
SS
VS
MP

VP

moderately sticky
slightly sticky
very sticky
moderately plastic

very plastic

Y
VDUIUAFUAY

v o U

abrupt
diffuse
gradual

smooth
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Waou 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
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1N 4.5 hlkezgiiiuluau liazarsesnumazsudnueglugdveansivi lad sl

]
a ~

a A [ FY ] @ 4 a =
ﬂuuﬂillimﬂiﬂﬂﬁﬂﬂllﬂ]llquuﬂ (ﬂmﬁniﬂﬂTﬂ]%TﬂﬂW’Jﬂm, 2548)
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Sum Bases (cmol kg™ EA fcmal kg )
G5 10 15 26 25 50 55 40 45 S o 0.5 1 1.5 2 o8 3

o ' o a ' '
20 20
40 40 -

G0 30

20 57
100 {1
120 120
EIE 140
1B 1E0
180 180
LK . 200

(M) (V)
— Fedon | —e—Voilen 2 —— Perlen 3 =il T ——Merlen & — Pedrn &

d' v o 1 a A [ 2 A o 9
HMNN 12 L!ﬁﬂ\‘lﬂ']'mﬁiJWH‘ﬁﬁZ‘I’T'J'N‘]JﬂJ"IﬂlLUﬁ‘i')ll“l/]ﬁﬂﬂllﬂ (M) !LﬂgﬁﬂWWﬂiﬂﬂﬁﬂﬂqﬂ )

o = a Ao =
AUANUANVDIAUNNINITANY
8. ﬂ?WNﬂL!aﬂLﬂaﬂuuﬂﬂqﬂaau

= ax 9
anuguanilasuuan losou T3 rzazarsleosuuindreasazals 1 M

a d' o = 3 =\ =Wl a 1
NH,OAc (pH7.0) (Chapman, 1965) TUAUNTIINIANYING 6 NABY NA1 13.1-64.3 1UA INaAD
a [ IS 1 1 = a ISl = 1 ]
nlansy UAeglurithunaadagann luanuuuiaigadagaun eglurie 20.1-39.4 wru
a 1T A [y d‘ 1 = 9 =4 Yy a
aluaaon lansuy anuquanasuuaa leoeu daulugluur Tduasasmuanuan sndui

a y A 2 = ~
ADU 2 NLLH?IHNLWN"’UH@UJ?YJW?Jaﬂ (M™MNN 13 nN)

Aq a = = =2~
mi‘ﬂGluﬂmJmJmmiguaﬂ!,ﬂatluuﬂﬂulaaauqm LAZAAANATNAITNAN WNQANUTIAN

Aa a2 o

1 Y 1
Tuduuuiisunivingge uazanuuanildsunaa losouanasmuanuaniiilsmaau

Y Q

' £l
= = a

a 1a ) 1a a ¢; [ @ { [
MU ANVYY TNANINFUAVDIUIAMNTE M UUTAWNTININTTUAT WA UNTNTNT

g

< a 4 v woA A A A dg’
mantagezgu Nﬂﬂﬂll%@] b1°I,Ll‘1/lNﬂE1iJﬂLl NADU 2 ‘memfguaﬂnJaammm”laaaummumu
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CEC {emol kg . )
l: kg™) Base saturation (%)
o 0 20 F2 40 51 &1 VO o 10 20 A0 40 B0 ED OFO O AL S0
:I 1 1 1 1 I N N N N
(] o T
|
40 - ar - 4
1
GO - EO - I
E a0 A a0
)
o 100 100 4 1
e |
8 120 120 #
b
140 T4 *
TE 1E0
120 &0
200 200
(M) (v)
— Pedon | —e—Peren 2 ——Perlen 3 —erlen 1 —— Moilen & — Pedin &

3 v o J 1 . @
ﬂ'l‘Wﬁ 13 L!ﬁﬂ\‘lﬂ']'mﬁuwu‘ﬁ33W31@ﬂ31uﬂllﬁﬂlﬂaﬂutlﬂﬂllﬂﬂﬂu (M) uam@m%}@ﬂax

ANUONA NV (v) AuANanYBIANNRINIARYN

;’f <3| 1a a o
Aanuan Wwilumaunniiusaumiienyiia 2 : 1 Lazlimsveazaiedi (Sanchez, 1976; Young,

1976; Brady, 1990)
9. PAI1TPIAZANNDUA UL

[ 9 A @ A A o = A ] Aa o Y A 1
90313 0882ANNBNA VA THAUNRIMTANEN NﬂT@QiUWﬁﬂiﬂﬂﬂz 17-85 uog

'
o ==

Tugeddage Tasauuueziiaegluidedesas 52-67 nurTilusaidesazanududnua

]
=2 1

A A ™ D) = Y A ~ y A 2
VNAUNFANY ﬁ?uclﬂilulllLLU?IHNQ@QQ@]”INﬂjnJaﬂ YNIUNADU 2 NLLH’JTUNLWN"UH@HNFI’JTN

= ~ = Y A ~
an Uagwaoau 5 mmﬂumm (M1NN 13 v)

Ao 9 A [ A A= A v 9 3 =K A
NITNDAITITDIATANNONAUUAUDIAUNANHINAIGINIIGTBYAL 35 UU UFAAIDIUNIT

] 13 A o Jya o =\ A J J A [l a 1 [ =\
%azmam‘lumw “Vlﬂfﬁﬂuﬂx‘]ﬂﬂll“ﬁ1@7]HJ‘H@NLﬁﬁ@@ghWﬂIﬂﬂmWWziuﬂuﬁN diulunaou
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Ao Y A o o VY o 2 A A 9
NUDAINTDYIALANUDUAUUFANINIANGTOYAS 35 uuuﬁ@mmmimaaumﬂmmuﬂﬁulaaau

3 a J { A a 1 o
pon lnnduauTasmsszazats tazsineisuazenllsznounLnINTsugIa1l q aziing
ll o3| ' ]
agluvasniyaeuumiludiulvg) (Bell and Edwards, 1987; Sanchez and logan, 1992; Buol

etal.,2003)
a d a
4. MIIUANZHMUANIIN

k4
a I a (% 1 a
WaﬂWi'JLﬂi'mﬁﬂiﬂ?ﬂ!ﬂﬂﬁhﬂﬂlﬂﬂﬁ?ﬁ]ﬁN 9 maaisIu1ae3s X-ray fluorescence
a o { 4 v o d
spectrophotometer (XRF) ﬁWNﬂ?WNﬁﬂﬂl@Qﬂu UAAINAAIAIT N 6 LLa&Lﬁ@‘ﬁWﬂ'ﬂNﬁNW‘H’ﬁ

Y 1
senilSunasasmnusuauniinsdne1 1ae3% principal component analysis (statsoft,

4
v A

2003) (MW 14) wuiuieeen 1aiEu 3 nqueail

oA I 1 3 a ~ A v
ngud 1 unguuestuauluniaeun 2 Taswuswraniilu Cao, Na,0, MgO, PO,

Y]

. k4 v A A dyd' v J 1 o R A Ao
uag Tio, Tﬂﬂﬁ@ﬂﬂa’ﬂﬂﬂﬂ‘wsﬂﬂu‘ﬂ 21U TIW‘]JLLiﬁ’Lllﬂul‘VW] Wuusvan uaaeaunlwauINg

d1ligann sdanusigdmonuuniiFeunazuaaidon (Dixon and Weed, 1989)

v g

oA | J - ~ A . =2
ngui 2 unguuestuauINiiaaui 5 Tasnusignanilu K,0 uag sio, suilu

9

s o a s & 9 v A A AA aa 7 "W
‘]ﬂ@]‘@\iﬂﬂﬁgﬂﬂuwaﬂmﬂ%ﬁ@aqa@ PITOAAADINUNADUN 5 ulllﬁ@allaﬁlﬂuuiﬁﬂﬂ 1 (GN]

v A o

Tiruaudaiiiannnis ligauin (Dixon and Weed, 1989)

oA < 1 z a ~ A o A A
nauN 3 1WUNguIITUAUINHADUN 1, 3, 4 1AL 6 1AETIANANTINUADEIY Fe,0,,
9 [ 1 o Aa 1 dyd' I 1 a 4 <
ALO,, MnO 118 SO, IagaaandnsnuminuusnanvesaunguiliiluusiaTod lud man
Ao s = Y3 = v v 1o A A Aa 13 g
uaxazguumaﬂ"l%ﬂ Gﬁﬂl!ﬁﬂﬂiﬁlﬁuﬂﬂﬁﬂ’lwL!'Jﬂa@ilﬂ15FjWQﬂ§.JﬂUﬂGU@QWHV|3JLL5Lﬁaﬂlf].]u

padtlszneu uaziiluduiiiauin1sge (Dixon and Weed, 1989; Dixon and Schulze, 2002)
4.1 Fanou

Psnasmvesgaaonluauihimsdnuiineglusie 313-729 niudenlansuy

~ = 9 A Y v a Y A A 9 A d? =
1/!ﬂWﬂ@umm’JI‘L!EJ?NTIG]E]B@‘HMWM@M YNIUNADUN 4 TI?JLLM’JI‘L!?JLW?J“UMGHN?YJ”IZJaﬂ uag
= A A Y = aa I A Y v a =
WADUN 2 1A 1 wmmﬂuuaﬂammmmaﬂ miwwaﬂamﬂuﬁmwwumﬂuwmmﬂu y



50

d' a I'd 4 = . a d' o =
M3197 6 LAAINANTAATIZHOIAUTZNOUMIANTIN (total analysis) YDIAUNNINITANY

Depth Horizon Si Al Ca Mg P K Ti Fe Mn Na S
(cm) ( gke' ) (-mgkg')
Pedon 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
0-31 Ap 431 279 74 9.6 7.6 85 393 209 79 473 118
53-80 Bt2 416 306 28 101 29 79 360 213 52 292 233
80-106 Bt3 415 305 26 99 25 78 369 215 51 458 -
106 - 132 Bt4 415 304 26 100 22 78 372 215 51 406 -
132-156 BtS 411 306 24 103 21 78 375 217 53 398 -
156 - 195+ Bt6 404 306 25 108 19 78 391 221 59 519 -
Pedon 2 Typic Haplustalf, fine, mixed, active, hyperthermic
0-24 Ap 598 175 123 195 53 220 354 127 19 3679 115
24 - 50 Btl 481 200 11.0 26.6 4.7 152 543 199 2.7 4599 233
50 - 82 Bt2 463 204 140 33.1 48 13,5 543 204 23 6592 -
82-107 Bt3 472 184 215 40.7 59 123 444 209 29 7852 -
107-129 Bt4 470 205 150 329 56 134 543 195 2.5 5908 -
129 -151 Btgl 468 203 150 340 6.2 137 552 197 2.3 5883 -
151-178 Btg2 469 200 12.8 345 43 135 546 204 2.1 5602 -
178 - 200+ Btg3 476 192 13.8 314 59 13.1 552 205 3.1 5155 =
Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
0-12 Ap 334 344 93 157 53 35 367 238 125 549 488
12-35 Btl 318 365 3.0 132 26 32 373 245 11.7 571 =
35-60 Bt2 313 366 26 134 23 32 376 249 129 458 =
60 - 84 Bt3 313 368 26 128 2.1 32 375 248 124 572 -
84-105 Bt4 318 366 2.7 13.0 2.1 34 373 245 120 399 -
105-125 BtS 330 356 56 145 38 32 369 237 11.7 646 470
125-149 Bt6 327 356 40 146 3.6 3.0 367 242 122 465 465
149-171 Bt7 319 359 33 138 32 3.0 37.1 248 12.7 572 229
171 -200+ Bt8 317 365 33 134 3.0 3.0 379 245 12.1 401 114
Pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic
0-13 Ap 421 301 84 122 6.8 58 323 202 95 527 117
13-33 Btl 403 315 6.1 129 49 53 323 210 9.8 524 233
33-57 Bt2 393 325 47 129 47 53 327 209 116 573 115
57-176 Bt3 419 310 4.1 126 3.8 59 314 202 9.7 560 112
76 -100 Bt4 410 317 39 125 3.7 57 316 206 9.5 395 -
100-120 BtS 425 308 3.8 123 32 63 31.0 200 10.2 506 -
120-150 Bt6 503 262 34 104 21 81 279 175 7.0 443 -
150-178 Bt7 596 217 3.1 93 1.1 11.0 220 136 43 380 -
178 -210+ Bt8 597 226 32 95 09 123 203 128 3.0 388 -
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M519N 6 (719)

Depth Horizon Si Al Ca Mg P K Ti Fe Mn Na S
(cm) ( gke' ) (mgkg-)
Pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic
0-16 Ap 729 117 5.7 104 3.1 142 213 97 1.6 708 109
16-42  Btl 606 182 53 137 2.1 184 295 140 23 671 112
42-62  Bt2 651 179 56 151 1.8 232 202 101 13 1675 -
62-90  Bt3 645 179 57 145 1.8 21.7 219 108 14 1598 -
90-109 Bt4 618 189 63 147 22 204 245 121 1.7 1167 -
109-126 Bt5 601 202 7.6 148 24 197 28.1 123 0.8 840 -
126 -158 Bt6 629 176 63 138 19 176 255 126 22 930 -

158 - 180 Btgl 685 154 6.6 131 1.8 197 201 96 1.7 1747 -
180 - 200+ Btg2 699 138 7.6 143 26 185 196 96 15 2233 -
Pedon 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

0-30 Ap 432 286 9.0 98 72 91 359 204 75 354 236
30-50 Btl 432 300 46 94 45 77 338 202 65 574 -
50-72 Bt2 422 300 35 9.7 32 74 348 212 62 452 226
72-99 Bt3 427 298 30 97 22 71 351 211 6.1 396 339
99-120 Bt4 422 299 29 96 22 71 358 214 6.0 567 113
120 - 148 Bt5 422 302 27 94 19 71 36.1 212 6.0 510 -
148 -175 Bt6 424 302 25 89 17 71 36.0 211 6.1 341 -
175 -200+ Bt7 421 302 27 93 16 7.0 369 213 64 507 -

v o Jdo a a
ﬂ'NiJZT?JWL!‘ﬁﬂ‘U‘lJiNWﬂ!ﬂl@QﬂHﬂ"lﬂﬂi?ﬂLLﬁ%ﬂi?ﬂLlﬂﬂﬁluﬂu (Dixon and Weed, 1989; Buol et

al., 2003) #ad 1ATA0ANADINUHANMIANEINITLINNTZDIBUYBIVUIABYAA
4.2 ozgiiiiow

Ysmuswvesezgliionvesaunanuiiiateglusie 117-368 nfuasn lansy I

Y = Y o A Y A a4  da 9 ' Y o a

wur TauAINaaeanIdaauenIuiaeui 4 Nl TinanaluneuaRveInIAAAY
=1 I A v o Jdo Aa A ~ a a A I
pzgiilsuiusignianuduiusiulsmansdumierluan mzesgiitiouiy
s o w 1 1 a aa 4 a .

panlsezneudiag luusnquezgi Tugama (AMN915901A3%11) g, 2548; Dixon and Weed,

£~ 9 o 9 v Aaa ~ a = [ 1 an A' ~
1989) Fadinud Tduasanudwiuganon Tufiaoud 4 anasll dadruvesdaneuiiomon

o Aa A qul A dgl Y I a = A 1o Aa o 4
NUBQUIUHINUUINNFIVY uaﬂﬂwmmﬂuwmﬂmmﬂﬂumum HUIIWINDPU Nﬂﬂﬂllc]iﬂ

Y
anadlunouanreInindgaay uazlusaumileIviia 2:1 NNV



Factor 2: 33.81%
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AUNNINIIA
S a
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= ~ A = =
4.3 LAY LUNULRYY TnunaiFon tag lyaew

Ysunasavvessiguaaiened lugig 2-21 niuden lansu uuniliseuliaiog

14229 9-41 niuden Tansy TnuneaGoneglugia 3-23 nfuden lansy uaz TaAeuilineg

U

=~

Tua29 292 -7852 aansudon lansy USuamnaFentiuu Iuaaasauanuangndui
A A 9 A d‘y = A A = 9 A d?’ =~ k4
ADUN 2 1AL 5 NULU THMALVUMIUANVAN LUATLFaUTUU THUNRVUYUAINANNAN 8N
= A A Y = = = 9 =~ k4
NADUN 4 1Az 6 NV TUVAADIAIUANVAN INuNFFoNTLUUI IUNaAAININANNANINIL
=\ A Aa Y A d?’ = = =} 9 A Y v Aa Y
NADUN 4 N TNV UAINANUAN 1A Tx@aeuiiuu2 1T unNeaoauiNaaaL e uN
A A 9 A dgj = a A 1 o kY o 1
ApuN 2 tag 5 N TNNIUMNANaN USmavessigniua1alinge doanaeenual
A Y 5 I~ A a Y] o a
fovazanududnud Fuiluwauainoninavesingdusiia tazaammsseazatonielu

MrhAAAU(AANTENIAI VLT, 2548; 18U 2548; Dixon and Schulze, 2002; Buol et al., 2003)
< ~
4.4 mammz‘lmmuﬂu

1A Jd a < J ' ' v 1A [ a
ANz HTINa VeI Iania1agluga 95-248 niumen lansy JTuna

~ A 1 1 v 1A o qg/l 1 Y A Y v Aa <]
"lmmmammagiumq 19-55 ﬂill@]’i]ﬂiaﬂiil uazmﬂmmﬂummmawmm@m wman

U

]
= a =

I a 4 4 @ a a @ 3 y o
00 lydinavuunioannmskisluAutas Hunil clay 110 duiuleAulnauInsged

v A LY

4 4 a < ~ @ =
nioon laduaz laason luavesezgiiiu man wag lnmiiounn (Bywd, 2534)

4.5 uuamila

Psnaswvessquuamialuduidny nuhiiaeglua 0.8-13 niude

a [ = Y = Y A A Y A 42’ =2
ﬂiaﬂiil mmﬂuua@ammmmaﬂ YNIUNADUN 2 wmmﬂumwmumummaﬂ Ny

k4
3

a a { 4 I { <
Ysnasquemitaluduigann esnniduduniinsazavasdounswnveunanuaz

9 o a =

~ J [ A a a a A
ummuﬁaaﬂ"lw L!ﬁ%?@li]ﬂl!ﬂﬂl!ﬂ‘ﬂlﬂi!ﬁuﬂ”u G]f\i'ﬁuﬂ”u (CaCO3) D1UNANITUNUNVDN Ca

kY 2+ A [V 1 = Y =) o a = .
A8 Mn LﬂJfJFjWQ%$ﬂa®ﬂ‘ﬁ1ﬂlmﬁﬂ1uﬁiﬁuﬂﬂu (ﬂi?lﬂmﬁﬁlﬂiﬂ"]“mﬂﬂw, 2548; Dixon and

4
Schulze, 2002) M lRAUUT AT QUIIMiiagean TUde
4.6 WoaeTauaziuzou

Aa A1 A 4 ] [ [ Y] T A [T Y
ﬂullﬂTJlﬂi1$ﬁV\l@ﬁV\lﬂiﬁﬁlgiu“ﬁﬂﬁ 0.9-7.6 NSUADN lansu Wuud IuananIu

= Y A A Aa y A £ 2 o o 1a J o o A1
ANUANYNLIUNADUN 2 ﬂNlLuﬂIuNLWﬂJﬂluﬂ’]Mﬂ?’]Nﬁﬂ ﬁWW'i‘Uﬂ’l')!ﬂ'i’lgTiﬂ13J$ﬂu3Jﬂ'l’f)§J'
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(] 9 1 o 9. a a o 1T A [ Y
Gl‘L!‘lf’J\“l u@ﬂNTﬂ%uthﬁTNWiﬂ?@vlﬂﬁi 500 llaﬁﬂill@]’i]ﬂiaﬂih LLﬁ%ﬁLLUDIHMﬁﬂﬁQWWNﬂ’NﬂJ
=2 3 [ o [ 1 ] a A v Aa A 9 o
an wW\l’aﬁWe5mm$ﬂmzaumuiwaﬁzmmﬂaumﬂmq ﬂ?i'V]ﬂUNlLH'JIH?JGU@Q‘V\l@ﬁV\Iﬂiﬁ
o [ =KX A v [ a a S W a 4 a
uazmmaua@ammmmaﬂmwaﬁaﬂﬂamﬂuﬂimmaumﬂmqiuﬂu (AUIDTINIAIN

ﬂg ﬁ, 2548; Brady, 1990; Germida and Siciliano, 2000)
5. MyIAIzHienlszno T ey

a d a a 4 a 1 U a
Nami:Jmiww%ummzﬂsmmmﬂﬂizﬂauuﬁmuﬂuﬂquaumﬂmmmumﬁm uae
A Ax 09)/ a ag dy A= 4 Y o
’é]“LgﬂWﬂ‘lluWﬂﬂﬁWﬂLLﬁﬁl@ﬂﬂuﬂﬁﬂ‘]&l'mﬂ 6 VSN 1AM IAAVUVDISITOND 1IN

AFeUMeUAULTNIATTIU (A15190 7) MUATYD Whittig and Allardice (1986)
4 a ] 1 a ~
1. 29A15znoUIFILS TUNGUOUMIAVUIAAUINIE)

= 4 a 1 [ a =1 9 1 a < a
finou 1 eendsznoudns lungueymaauitionsznoudie usialod lud Usuw
Jaa Jd a <3 a
11Una19 (20-40%) DI (40-60%) o51A laalSinanantios (<5%) Dalsnaies (5-20%)
1 4 a 4 J a 9 [ o = < A < 9 9
wuustne Induazdull ledlSuatiss tagwunsaleaguaz g InddSunananiissaaoaniin
AAA
=\ 4 a 1 U a ~ 9 1 a S a
finou 2 0eftlsznouFas lunquoumaaumiienlsznoudie usiaTod lud Usum
1a < a <
1108 (5-20%) Da1uUnad (20-40%) wusoa ladiTuandnilos (<5%) Aa1hunaia (20-40%)
1 4 a 9 = 1 o 4 a 4
usawn InanuludSinandos (5-20%) 59g9 (40-60%) wagnunsadead ine'Ing waz il lod

Aa < v Aa
USunauantios (<5%) aapanthdanu

=1 4 a 1 U a = Y 1 a 4 4
naoU 3 ﬂ\iﬂ'ﬂigﬂ@UL%QLL?iHﬂQN@HﬂWﬂﬂUMU&’J sznaudie mmiaa"lu@, LUDN

4 Jaa Jd a 1a 4 ()
]11145] LLﬁ%L’JﬂiiJﬂ’Jllﬂﬁ Usuathunais (20-40%) LLE]3W‘]JLLiﬂ‘]J‘]JﬂlG]f@]LLazgiJ"llhlﬁﬂill1%1113@8

J 4 L a I
(5-20%) WuAIDAY Lﬂ’f)ll‘ﬂ@] uaztma"lwcluﬂimmmﬂﬁaﬂ

=\ 4 a 1 1 a = 9 1 a 4 4
finou 4 osnilsznouFs lunquoumaaumiienlsenoudie usinloa lud, 1wov
4 Jan < a A 4 4 J a
lud waznesuailad Usuianhunaia 20-40%) wunsaual lesd, ine'lnd wazdunlndalsum

9 1A 4 Jd (a [~ Y o a
U9y (5-20%) WUL!ﬁ@allﬁ@] azneas Usuaantion (<5%) aDArHIaAAY
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H a L4 J a 1 a
Vl'lﬁ'lﬁﬁ 7 LLﬁ@NWﬁfﬂﬁ')l,ﬂ3'l$‘Vi’l’Nﬂ‘]Jﬁgﬂ@ULGBQLLiGLuﬂHﬂWﬂ“U‘L!"I@Iﬂulﬁﬁﬂ) Llﬁg(lu’f)klﬂ"lﬂ

a d‘ ) =
ﬂluWﬂWﬁTﬂLLﬂﬁﬂl@ﬁﬂu"ﬂ“ﬂ'lﬂﬁﬁﬂ“kl'l

Clay fraction

Silt fraction

Depth (cm)  Horizon
Kao Il Smec Ver Qtz G Gib B He Ma Ca| Qtz Other

Pedon 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

0-31 Ap XX = - tr tr X X tr tr - - XXX A,B, T

53-80 Bt2 XXX - - tr tr X X tr tr e - - -
80-106 Bt3 XXX - N X tr x X trtr - . - -
Pedon 2 Typic Haplustalf, fine, mixed, active, hyperthermic

0-24 Ap XX XX X o tr tr tr - - S -] xxxx B, T

24-50 Btl X tr XX = trtr = S - - - - -
82-107 Bt3 X tr XX = tr tr - - = - = - -
129-151 Btgl X tr XXX = trtr - = - = - - &
Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

0-12 Ap XX - = XX tr - X XX X - tr XX A,B,G, T,

12-35 Btl XX 2 o XX 3 r X XX X e 2 3 -
149-171 Bt7 XX - - XX = tr X XX X X tr - -
Pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic

0-13 Ap XX tr 4 XX tr X X XX X H C XXX A, G T
76-100 Bt4 XX tr 5 XX tr  x X XX X F ~ - -
Pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic

0-16 Ap XX XX tr - tr tr = = tr tr - | XXxXX B

62-90 Bt3 X XX tr = tr tr - = tr tr 5 - -
180-200 Btg2 XX XX XX - tr tr - = - - = 7 -
Pedon 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

0-30 Ap XX tr - X tr  tr X tr  tr = - XXX A, BT

50-72 Bt2 XX tr - X = tr xx tr tr F - - -
99-120 Bt4 XX tr S X tr tr xx tr fr - - - -
148-175 Bt7 XX tr S X tr tr xx tr tr tr - - -

LU )]

xxxx = dominant (>60%) xxx = large (40-60%) xx = moderate (20-40%) x = small (5-20%) tr = trace (<5%)

- = not detected, Kao = Kaolinite, I1l = Illite, Smec = Smectite, Qtz = Quartz, Gib = Gibbsite , He = Hematite,

Ma = Magnetite, Ca = Calcite, A = Anatase, B = Boehmite, G = Goethite, T = Tourmaline
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= 4 a 1 U a ~ 9 1 a Jd (a
NaAvU 5 mﬂﬂizﬂaummiﬁluﬂqmumﬂﬂumumﬂnﬂaumﬂ u31a Tod lualsuna
9 A < (a 1 o
1198 (5-20%) D91 unana (20-40%) u3da ladlsuanunaia (20-40%) wuusan Ine
a < 9 = dy 1 o = 4
Suaanios (<5%) 09114na19 (20-40%) WONIINUNULITAIBDAS, ine ' ngd 3 lnduay
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A1RBLNUHINAAAY (Soil profile description)

I Information on the site
Profile symbol
Classification
Date of examination
Described by

Location
Elevation
Map sheet number

Landform
1. Physiographic position
2. Surrounding land form

3. Slope on which profile site

Land use

Annual rainfall
Mean temperature
Climate

Other

Pedon 1

: Pedon 1

. Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

: April 20, 2006

: Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha
Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith.

: Tambon Pinkhong, Amphoe Chaingdao, Changwat Chaingmai

. Approximately 580 m (MSL) 3 .

: 523811 Coordination : 47Q 0505599, 2160764

: Dissected footslope

: Undulating

: 3%  Aspect : South-east

. Vegetable and upland crop such as maize
: Approximately 1,200 mm

. Approximately 26 °C

: Tropical savanna

: Agricultural

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon Depth (cm)
Ap 0-31
Btl 31-53
Bt2 53-80
Bt3 80 - 106
Bt4 106 - 132

. Colluvium over residuum derived from limestone
. Well drained

: Rapid

. Slow

: Deeper than 195 cm at time of sampling

Description

Dark reddish brown (5YR 3/3); clay; fine and medium subangular blocky
parting to moderate very fine and fine granular structure; slightly hard dry,
firm moist, moderately sticky and moderately plastic; many very fine and
few fine vesicular pores; many very fine, common fine and few medium
roots; slightly acid (field pH 6.5); abrupt, smooth boundary to Btl.

Dark reddish brown (2.5YR 3/4); clay; strong fine and medium
subangular blocky structure; hard dry, firm moist, moderately sticky and
very plastic; many prominent clay films on faces of peds and pore walls;
many very fine, common fine vesicular and few fine tubular pores;
common very fine and few fine roots; neutral (field pH 7.0); diffuse,
smooth boundary to Bt2.

Dark reddish brown (2.5YR 3/4); clay; strong fine and medium
subangular blocky structure; hard dry, firm moist, slightly sticky and very
plastic; few angular gravels of weathered slate; many very fine and few
fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary to Bt3.

Reddish brown (2.5YR 4/4); clay; strong fine and medium subangular
blocky structure; hard dry, firm moist, slightly sticky and very plastic;
common distinct clay films on faces of peds and pore walls; few medium
rounded Fe-Mn oxide nodules and few angular gravels of weathered
slate; many very fine and few fine vesicular pores; few very fine and fine
roots; moderately acid (field pH 6.0); diffuse, smooth boundary to Bt4.

Reddish brown (2.5YR 4/4); clay; strong fine and medium subangular blocky
structure; very hard dry, firm moist, slightly sticky and very plastic; common distinct
clay films on faces of peds and pore walls; few medium rounded ~ Fe-Mn oxide
nodules and few angular gravels of weathered slate; many very fine and few fine
vesicular pores; many very fine and few fine vesicular pores; few very fine and fine
roots; a large hole of cricket nest; slightly acid (field pH 6.5); diffuse, smooth
boundary to Bt5.



Bt5 132-156

Bt6 156 — 195+

I Information on the site
Profile symbol
Classification
Date of examination
Described by

Location
Elevation
Map sheet number

Landform
1. Physiographic position
2. Surrounding land form

3. Slope on which profile site

Land use

Annual rainfall
Mean temperature
Climate

Other

75

Reddish brown (2.5YR 4/4); clay; strong fine and medium subangular
blocky structure; very hard dry, firm moist, slightly sticky and very
plastic; few distinct clay films on faces of peds and pore walls; few
medium rounded  Fe-Mn oxide nodules; many very fine vesicular pores;
few very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary
to Bt6.

Reddish brown (2.5YR 4/4); clay; strong fine and medium subangular
blocky structure; very hard dry, firm moist, slightly sticky and very
plastic; few distinct clay films on faces of peds and pore walls; few
medium rounded  Fe-Mn oxide nodules; many very fine vesicular pores;
few very fine roots; slightly acid (field pH 6.5).

Pedon 2

: Pedon2

. Typic Haplustalf, fine, mixed, active, hyperthermic

: April 21, 2006

: Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha
Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith.

: Tambon Pinkhong, Amphoe Chaingdao, Changwat Chaingmai

: Approximately 570 m (MSL) f 4

: 523811 Coordination : 47Q 0505434, 2160473

: Narrow valley floor

: Nearly flat

: 1%  Aspect : South-east
: Vegetable and legumes

: Approximately 1,200 mm

: Approximately 26 °C

: Tropical savanna

: Agricultural

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon Depth (cm)
Ap 0-24
Btl 24 -50
Bt2 50-82

: Local alluvium

: Well drained

: Moderate

: Slow

: Deeper than 200 cm at time of sampling

Description

Very dark gray (10YR 3/1) (80%), Mixed with dark gray (10YR 4/1)
(20%); clay; strong very fine, fine granular and fine, medium subangular
blocky structure; slightly hard dry, firm moist, very sticky and very
plastic; few faint clay films on faces of peds and pore walls; many very
fine and fine vesicular pores; many very fine and fine roots; few traces of
charcoal; neutral (field pH 7.0); abrupt, smooth boundary to Bt1.

Dark yellowish brown (10YR 4/4) (80%), Mixed with very dark grayish
brown (10YR 3/2) (20%); silty clay; strong fine and medium subangular
blocky structure; hard dry, firm moist, moderately sticky and very plastic;
many prominent clay films on faces of peds and pore walls; many very
fine and few fine vesicular pores; few very fine and fine roots; slightly
acid (field pH 6.5); diffuse, smooth boundary to Bt2.

Dark grayish brown (10YR 4/2) (50%), Mixed with brown (10YR 4/3)
(50%); silty clay; strong fine and medium angular blocky structure; very
hard dry, very firm moist, moderately sticky and very plastic; many
prominent clay films on faces of peds and pore walls; many very fine
vesicular pores; very few very fine roots; slightly acid (field pH 6.5);
abrupt, smooth boundary to Bt3.
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11

Bt3 82 -107
Bt4 107 - 129
Bigl 129 - 151
Btg2 151-178
Big3 178 — 200+

Information on the site
Profile symbol
Classification

Date of examination
Described by

Location
Elevation
Map sheet number

Landform
1. Physiographic position
2. Surrounding land form

3. Slope on which profile site

Land use

Annual rainfall
Mean temperature
Climate

Other

76

Brown (10YR 4/3); sandy clay loam; moderately weak very fine, fine and
medium angular blocky structure; soft dry, friable moist, moderately
sticky and moderately plastic; many distinct clay films on faces of peds,
sand grains and few prominent clay bridges between sand grains; common
rounded and subrounded gravels of resistant rock fragments; common
very fine and few fine vesicular pores; practical no roots; slightly acid
(field pH 6.5); abrupt, smooth boundary to Bt4.

Dark grayish brown (10YR 4/2) (60%), Mixed with brown (10YR 4/3)
(30%), dark yellowish brown (10YR 4/4) (10%); sandy clay; moderately
weak very fine, fine and medium angular blocky structure; soft dry, friable
moist, moderately sticky and very plastic; common prominent clay films
on faces of peds, sand grains and pore walls, few distinct clay bridges
between sand grains; few rounded and subround gravels of resistant rock
fragments; many very fine and few fine vesicular pores; practical no roots;
slightly acid (field pH 6.5); gradual, smooth boundary to Btgl.

Dark grayish brown (10YR 4/2) (60%), Mixed with brown (10YR 4/3)
(40%); clay; strong fine and medium subangular blocky mixed angular
blocky structure; slightly hard dry, firm moist, moderately sticky and very
plastic; many prominent clay films on faces of peds, sand grains and pore
walls, many very fine and few fine vesicular pores; practical no roots; few
traces of highly weathered slate rock fragments; slightly acid (field pH
6.5); diffuse, smooth boundary to Btg2.

Brown (10YR 4/3) (80%), Mixed with dark grayish brown (10YR 4/2)
(20%); clay; strong fine and medium subangular blocky mixed angular
blocky structure; hard dry, firm moist, moderately sticky and very plastic;
many prominent clay films on faces of peds, sand grains and pore walls,
few traces of Mn oxide powder; common very fine and fine vesicular
pores; practical no roots; slightly acid (field pH 6.5); gradual, smooth
boundary to Btg3.

Dark gray (10YR 4/1) (40%), Mixed with very dark grayish brown (10YR
3/2) (30%), dark grayish brown (10YR 4/2) (20%); brown (10YR 4/3)
(10%); sandy clay; strong fine and medium angular blocky structure;
slightly hard dry, firm moist, moderately sticky and very plastic; many
prominent clay films on faces of peds, sand grains and pore walls, few
traces of Mn oxide powder; many very fine vesicular pores; practical no
roots; slightly acid (field pH 6.5).

Pedon 3

: Pedon 3

. Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

: April 21, 2006

: Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha
Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith.

: Tambon Pinkhong, Amphoe Chaingdao, Changwat Chaingmai

. Approximately 600 m (MSL) . N

: 523811 Coordination : 47Q 0504886 ", 2160621

: Upper footslope

: Rolling

: 10%  Aspect : South-east

: Upland crop such as peanut and maize
: Approximately 1,200 mm

. Approximately 26 °C

: Tropical savanna

: Agricultural

General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

. Colluvium over residuum derived limestone
. Well drained

: Rapid

. Moderate

: Deeper than 200 cm at time of sampling



III Profile description

Horizon

Ap

Btl

Bt2

Bt3

Bt4

Bt5

Bt6

Bt7

Bt8

Depth (cm)
0-12

12-35

35-60

60 - 84

84 - 105

105-125

125 - 149

149 -171

171 — 200+
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Description

Dark reddish brown (5YR 2.5/2); clay; strong very fine and fine granular
and strong very fine and medium subangular blocky structure; soft dry,
friable moist, very sticky and very plastic; few fine and medium
subrounded Fe-Mn oxide nodules; many very fine and few fine vesicular
pores; common very fine and few fine roots; slightly acid (field pH 6.5);
abrupt, smooth boundary to Btl.

Dark reddish brown (2.5YR 3/3); clay; strong very fine, fine and medium
subangular blocky structure; slightly hard dry, friable moist, very sticky
and very plastic; few faint; few fine and medium subrounded Fe- Mn
oxide nodules; many very fine vesicular pores; common very fine and few
fine roots; moderately acid (field pH 6.0); diffuse, smooth boundary to
Bt2.

Dark reddish brown (2.5YR 3/3); clay; strong fine and medium
subangular blocky structure; slightly hard dry, friable moist, very sticky
and very plastic; few faint ferriargillan coating on ped face and pore walls;
few fine subrounded Fe- Mn oxide nodules; many very fine vesicular
pores; few very fine roots; moderately acid (field pH 6.0); diffuse, smooth
boundary to Bt3.

Dark reddish brown (2.5YR 3/3); clay; strong fine and medium
subangular blocky structure; slightly hard dry, friable moist, very sticky
and very plastic; few distinct ferriargillan coating on ped face and pore
walls; few fine subrounded Fe- Mn oxide nodules; many very fine
vesicular pores and few tabular pores; few very fine roots; moderately acid
(field pH 6.0); diffuse, smooth boundary to Bt4

Dark reddish brown (2.5YR 3/4); clay; strong fine and medium
subangular blocky structure; slightly hard dry, firm moist, very sticky and
very plastic; few distinct ferriargillan coating on ped face and pore walls;
few very fine subrounded Fe- Mn oxide nodules; many very fine and few
fine vesicular pores; few very fine roots; moderately acid (field pH 6.0);
diffuse, smooth boundary to Bt5.

Dark reddish brown (2.5YR 3/4); clay; strong fine and medium
subangular blocky structure; slightly hard dry, firm moist, very sticky and
very plastic; few distinct ferriargillan coating on ped face and pore walls;
few very fine subrounded Fe- Mn oxide nodules; many very fine vesicular
pores; practical no roots; strongly acid (field pH 5.5); diffuse, smooth
boundary to Bt6.

Dark reddish brown (2.5YR 3/4); clay; strong fine and medium
subangular blocky structure; slightly hard dry, firm moist, very sticky and
very plastic; few distinct ferriargillan coating on ped face and pore walls;
few very fine subrounded Fe- Mn oxide nodules; many very fine vesicular
pores; practical no roots; strongly acid (field pH 5.5); diffuse, smooth
boundary to Bt7.

Dark reddish brown (2.5YR 3/4); clay; strong fine and medium
subangular blocky structure; slightly hard dry, firm moist, very sticky and
very plastic; few faint ferriargillan coating on ped face and pore walls; few
very fine subrounded Fe- Mn oxide nodules; many very fine vesicular
pores; practical no roots; few traces of dead roots; strongly acid (field pH
5.5); diffuse, smooth boundary to Bt8.

Dark reddish brown (2.5YR 3/4); clay; strong fine and medium
subangular blocky structure; slightly hard dry, firm moist, very sticky and
very plastic; few faint ferriargillan coating on ped face and pore walls; few
very fine subrounded Fe- Mn oxide nodules; many very fine vesicular
pores; practical no roots; strongly acid (field pH 5.5).
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Pedon 4
I Information on the site
Profile symbol : Pedon 4
Classification . Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
Date of examination : April 21, 2006
Described by : Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha
Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith.
Location : Tambon Pinkhong, Amphoe Chaingdao, Changwat Chaingmai
Elevation . Approximately 580 m (MSL) . .
Map sheet number : 523811 Coordination : 47Q 0504983, 2160658
Landform
1. Physiographic position : Lower footslope
2. Surrounding land form : Undulating
3. Slope on which profile site : 45%  Aspect : South-east
Land use : Upland crop such as peanut and maize
Annual rainfall : Approximately 1,200 mm
Mean temperature . Approximately 26 °C
Climate : Tropical savanna
Other : Agricultural
II General information on the soil
Parent material : Colluvium
Drainage : Well drained
Permeability : Rapid
Runoff . slow
Depth of groundwater : Deeper than 200 cm at time of sampling

III Profile description

Horizon Depth (cm) Description

Ap 0-13 Dark reddish brown (5YR 3/3); clay; strong very fine granular and
moderate fine and medium subangular blocky structure; slightly hard dry,
firm moist, moderately sticky and very plastic; many very fine and few fine
vesicular pores; many very fine and fine roots; neutral (field pH 7.0);
distinct, smooth boundary to Bt1.

Btl 13-33 Dark reddish brown (5YR 3/4); clay; strong fine and medium subangular
blocky structure; slightly hard dry, firm moist, moderately sticky and very
plastic; few faint clay film on faces of peds and pore walls; few fine
rounded Fe-Mn oxide nodules; many very fine vesicular pores; few very
fine roots; neutral (field pH 7.0); diffuse, smooth boundary to Bt2.

Bt2 33-57 Dark reddish brown (2.5YR 3/4); clay; strong fine and medium subangular
blocky structure; slightly hard dry, firm moist, moderately sticky and very
plastic; common distinct clay film on faces of peds and pore walls; few fine
rounded Fe-Mn oxide nodules; many very fine vesicular pores; very few
very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary to
Bt3.

Bt3 57-176 Dark reddish brown (2.5YR 3/4); clay; strong fine and medium subangular
blocky structure; slightly hard dry, firm moist, moderately sticky and very
plastic; common distinct clay film on faces of peds and pore walls; very
few fine rounded Fe- Mn oxide nodules; common very fine vesicular pores;
very few very fine roots; slightly acid (field pH 6.5); diffuse, smooth
boundary to Bt4.

Bt4 76 - 100 Dark reddish brown (2.5YR 3/4); clay; strong fine and medium angular
blocky structure; slightly hard dry, firm moist, moderately sticky and
moderately plastic; common distinct clay film on faces of peds and pore
walls; very few fine rounded Fe- Mn oxide nodules; few very fine vesicular
pores; very few very fine roots; few small holes of cricket nest; slightly
acid (field pH 6.5); diffuse, smooth boundary to Bt5.

Bt5 100 - 120 Dark reddish brown (2.5YR 3/4); clay; strong fine and medium angular
blocky structure; hard dry, very firm moist, very sticky and very plastic;
common distinct clay film on faces of peds and pore walls; few fine
rounded Fe-Mn oxide nodules; few very fine vesicular pores; very few very
fine roots; few small holes of cricket nest, few traces of highly weathered



Bt6 120 - 150
Bt7 150-178
Bt8 178 — 200+

I Information on the site
Profile symbol
Classification
Date of examination
Described by

Location
Elevation
Map sheet number

Landform
1. Physiographic position
2. Surrounding land form

3. Slope on which profile site

Land use

Annual rainfall
Mean temperature
Climate

Other
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rock fragments and few gravels of weathered slated; slightly acid (field pH
6.5); distinct, smooth boundary to Bt6.

Reddish brown (2.5YR 4/4); clay; strong fine and medium angular blocky
structure; very hard dry, very firm moist, very sticky and very plastic;
common distinct clay film on faces of peds and pore walls; few fine
rounded Fe- Mn oxide nodules; few very fine vesicular pores; very few
very fine roots; few traces of highly weathered rock fragments and common
gravels of weathered slated; slightly acid (field pH 6.5); diffuse, smooth
boundary to Bt7.

Red (2.5YR 4/6); clay; strong fine and medium angular blocky structure;
very hard dry, very firm moist, very sticky and very plastic; common
distinct clay film on faces of peds and pore walls; few distinct ferriargillan
coating on faces of peds and pore walls; few angular gravels of slightly
weathered rock fragments; few very fine vesicular pores; practical no
roots; slightly acid (field pH 6.5); diffuse, smooth boundary to Bt8.

Red (2.5YR 4/6); clay; strong fine and medium angular blocky structure;
very hard dry, very firm moist, very sticky and very plastic; common
distinct clay film on faces of peds and pore walls; few distinct ferriargillan
coating on faces of peds and pore walls; common rounded Fe- Mn oxide
nodules; few very fine vesicular pores; practical no roots; slightly acid
(field pH 6.5).

Pedon 5

: Pedon 5

: Ultic Haplustalf, fine, mixed, superactive, hyperthermic

: April 21, 2006

: Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha
Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith.

: Tambon Pinkhong, Amphoe Chaingdao, Changwat Chaingmai

: Approximately 570 m (MSL) . N

: 523811 Coordination : 47Q 0505372, 2160716

: Narrow valley floor

: Nearly Flat

1 1% Aspect : South-east

: Upland crop such as peanut and maize
: Approximately 1,200 mm

. Approximately 26 °C

: Tropical savanna

: Agricultural

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon Depth (cm)
Ap 0-16
Btl 16 -42

: Local alluvium

: Well drained

: Rapid

: Slow

: Deeper than 200 cm at time of sampling

Description

Dark brown (7.5YR 3/2); clay loam; strong fine and medium subangular
blocky structure; hard dry, firm moist, slightly sticky and very plastic;
many very fine and few fine vesicular pores; many very fine and few fine
roots; very few traces of charcoal; slightly acid (field pH 6.5); abrupt,
smooth boundary to Btl.

Brown (7.5YR 4/3) (70%); Mixed with dark brown (10YR 3/3) (30%);
clay; strong fine and medium subangular blocky structure; hard dry, firm
moist, moderately sticky and very plastic; common distinct clay films on
faces of peds and pore walls; many very fine vesicular pores; few very
fine and fine roots; neutral (field pH 7.0); abrupt, smooth boundary to Bt2.
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B2 42-62
B3 62 - 90
Bt4 90 - 109
Bt5 109 — 126
Bt6 126 — 158
Bigl 158 — 180
Btg2 180 — 200+

Information on the site
Profile symbol
Classification

Date of examination
Described by

Location
Elevation
Map sheet number
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Brown (10YR 4/3) (80%); Mixed with brown (7.5YR 4/3) (20%); clay;
strong fine and medium angular blocky structure; very hard dry, very firm
moist, slightly sticky and very plastic; common prominent clay films on
faces of peds and pore walls; many very fine vesicular pores; very few
very fine roots; very few traces of charcoal; neutral (field pH 7.0); gradual,
smooth boundary to Bt3.

Dark yellowish brown (10YR 4/4) (90%), Mixed with brown (7.5YR 4/3)
(10%); clay; strong fine and medium angular blocky structure; hard dry,
firm moist, slightly sticky and very plastic; many prominent clay films on
faces of peds and pore walls; many very fine and few fine vesicular pores;
very few very fine roots; very few traces of charcoal; slightly acid (field
pH 6.5); gradual, smooth boundary to Bt4.

Dark yellowish brown (10YR 4/4) (80%), Mixed with dark grayish brown
(10YR 4/2) (15%), yellowish red (5YR 4/6) (5%); clay; strong fine and
medium angular blocky structure; hard dry, firm moist, very sticky and
very plastic; many prominent clay films on faces of peds and pore walls;
many very fine vesicular pores; practical no roots; very few traces of
charcoal; neutral (field pH 7.0); abrupt, smooth boundary to Bt5.

Brown (7.5YR 4/2) (50%), Mixed with dark grayish brown (10YR 4/2)
(30%), dark yellowish brown (10YR 4/6) (20%); clay; strong fine and
medium angular blocky structure; hard dry, very firm moist, very sticky
and very plastic; many prominent clay films on ped faces and pore walls;
many very fine and very few fine vesicular pores; practical no roots; very
few traces of charcoal; neutral (field pH 7.0); gradual, smooth boundary to
Bt6.

Brown (10YR 4/3) (60%), Mixed with dark gray (10YR 4/1) (40%);

clay; strong fine and medium angular blocky structure; hard dry, firm
moist, very sticky and very plastic; many prominent clay films on faces of
peds and pore walls; many very fine vesicular pores; practical no roots;
common traces of charcoal; neutral(field pH 7.0); abrupt, smooth
boundary to Btgl.

Dark gray (10YR 4/4) (50%), Mixed with dark grayish brown (10YR
4/2) (40%), dark yellowish brown (10YR 4/6) (10%); clay; strong fine
and medium angular blocky structure; hard dry, firm moist, slightly sticky
and very plastic; many prominent clay films on faces of peds and pore
walls, few distinct clay bridges between sand grains; very few angular
gravels of rock fragments; common very fine vesicular pores; practical no
roots; common traces of charcoal; neutral (field pH 7.0); gradual, smooth
boundary to Btg?2.

Very dark gray (10YR 3/1) (80%), Mixed with very dark grayish brown
(10YR 3/2) (20%); clay; strong fine and medium subangular blocky
structure; hard dry, firm moist, slightly sticky and very plastic; many
prominent clay films on faces of peds and pore walls, common prominent
clay bridges between sand grains; common angular gravels of weathered
rock fragments (mainly slate); many very fine and few fine vesicular
pores; practical no roots; few traces of charcoal, common fine flat and
rounded gravels of resistant rock fragments; neutral (field pH 7.0).

Pedon 6

: Pedon 6

. Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

: April 21, 2006

: Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha
Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith.

: Tambon Pinkhong, Amphoe Chaingdao, Changwat Chaingmai

: Approximately 580 m (MSL) . N

: 523811  Coordination : 47Q 0505498, 2160769



Landform
1. Physiographic position
2. Surrounding land form

3. Slope on which profile site

Land use

Annual rainfall
Mean temperature
Climate

Other
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: Middle part of footslope

: Undulating

: 3% Aspect : South-east

: Upland crop such as peanut, maize and vegetable
: Approximately 1,200 mm

: Approximately 26 °C

: Tropical savanna

: Agricultural

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon Depth (cm)
Ap 0-30
Btl1 30-50
Bt2 50-72
Bt3 72-99
Bt4 99 -120
Bt5 120 - 148
Bt7 148 — 175
Bt6 175 - 200+

. Colluvium over residuum derivered from limestone
. Well drained

: Rapid

. Slow

: Deeper than 200 cm at time of sampling

Description

Dark reddish brown (5YR 3/3); clay; strong very fine and fine granular and
fine and medium subangular blocky structure; hard dry, firm moist,
moderately sticky and very plastic; few fine rounded Fe- Mn oxide nodules;
common very fine vesicular pores; common very fine and few fine roots;
neutral (field pH 7.0); abrupt, smooth boundary to Btl.

Dark reddish brown (2.5YR 3/3); clay; strong fine and medium subangular
blocky structure; hard dry, firm moist, very sticky and very plastic;
common distinct clay films on faces of peds and pore walls; very few fine
rounded Fe- Mn oxide nodules; many very fine vesicular pores; few very
fine roots; neutral (field pH 7.0); diffuse, smooth boundary to Bt2.

Dark reddish brown (5YR 3/4); clay; strong fine and medium subangular
blocky structure; hard dry, firm moist, very sticky and very plastic;
common distinct clay films on faces of peds and pore walls; few fine
rounded Fe- Mn oxide nodules; common very fine vesicular pores; very
few very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary
to Bt3.

Dark reddish brown (5YR 3/4); clay; strong fine and medium angular
blocky structure; slightly hard dry, firm moist, very sticky and very plastic;
common distinct clay films on faces of peds and pore walls; few fine
rounded Fe-Mn oxide nodules; many very fine vesicular pores; very few
very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary to
Bt4.

Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky
structure; very hard dry, firm moist, very sticky and very plastic; common
faint clay films on faces of peds and pore walls; few fine rounded Fe-Mn
oxide nodules; common very fine vesicular pores; very few very fine roots;
moderately acid (field pH 6.0); diffuse, smooth boundary to Bt5.

Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky
structure; hard dry, firm moist, very sticky and very plastic; few faint clay
films on faces of peds and pore walls; few fine rounded Fe- Mn oxide
nodules; few very fine vesicular pores; very few very fine roots; strongly
acid (field pH 5.5); diffuse, smooth boundary to Bt6.

Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky
structure; hard dry, firm moist, very sticky and very plastic; few distinct
clay films on faces of peds and pore walls; few fine rounded Fe- Mn oxide
nodules; common very fine vesicular pores; very few very fine roots; very
strongly acid (field pH 5.0); diffuse, smooth boundary to Bt7.

Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky
structure; hard dry, firm moist, very sticky and very plastic; few distinct
clay films on faces of peds and pore walls; few fine rounded Fe- Mn oxide
nodules; common very fine vesicular pores; practical no roots; very
strongly acid (field pH 5.0).
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. . . o Hydraulic
Depth Horizon Particle size distribution Textural o
conductivity
(cm) Sand Silt Clay class (cm hr')
(g kg o)
Pedon 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
0-31 Ap 107 283 610 C 15.45
31-53 Btl 43 188 770 C 33.66
53-80 Bt2 38 175 787 C -
80 - 106 Bt3 42 144 814 C -
106 - 132 Bt4 43 99 858 C -
132-156 Bt5 45 167 787 C -
156 - 195+ Bt6 45 180 775 C ~
Pedon 2 Typic Haplustalf, fine, mixed, active, hyperthermic
0-24 Ap 78 520 402 SiC 1.29
24 -50 Btl 121 463 416 SiC 13.94
50-82 Bt2 110 463 427 SiC 3
82 -107 Bt3 688 126 186 SL 3
107 - 129 Bt4 140 415 445 SiC -
129 - 151 Btgl 73 480 448 SiC -
151-178 Btg2 96 486 418 SiC -
178 - 200+ Btg3 172 368 460 C -
Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
0-12 Ap 146 361 494 C 134.66
12-35 Btl 92 316 592 C 1.93
35-60 Bt2 75 236 689 C =
60 - 84 Bt3 88 221 692 C =
84 -105 Bt4 84 182 734 C -
105 - 125 Bt5 74 153 773 C -
125-149 Bt6 70 175 755 C -
149 - 171 Bt7 72 173 755 C -
171 - 200+ Bt8 63 162 774 C -
Pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic
0-13 Ap 225 328 447 C 33.66
13-33 Btl 188 288 524 C 3.27
33-57 Bt2 173 310 518 C -
57-176 Bt3 130 185 685 C -
76 - 100 Bt4 143 257 600 C -
100 - 120 Bt5 151 207 642 C -
120 - 150 Bt6 177 268 555 C -
150-178 Bt7 184 219 597 C -
178 - 210+ Bt8 168 228 604 C -
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MSNUINA 1 (719)

. . e Hydraulic
Depth Horizon Particle size distribution Textural .
conductivity
(cm) Sand Silt Clay class (cmhr')
( gk )
Pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic
0-16 Ap 310 380 310 CL 7.77
16 -42 Btl 109 440 451 SiC 0.11
42-62 Bt2 25 619 355 SiCL -
62 -90 Bt3 39 525 435 SiC -
90 - 109 Bt4 38 409 553 SiC a
109 - 126 Bt5 18 355 628 C -
126 - 158 Bt6 140 365 495 C -
158 - 180 Btgl 155 459 386 SiCL =
180 - 200+ Btg2 284 353 363 CL =
Pedon 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
0-30 Ap 120 280 600 C 11.99
30-50 Btl 72 180 748 C 7.87
50-72 Bt2 60 110 830 C -
72 -99 Bt3 65 152 783 C -
99 - 120 Bt4 61 138 801 C -
120 - 148 Bt5 59 132 809 C -
148 - 175 Bt6 57 116 827 C 1
175 - 200+ Bt7 61 100 839 C 5

HnELre  SiCL = silty clay loam, SiC = silty clay, C = clay, SL = sandy loam, CL = clay loam



MINUINN 2 HaMTUATIZHauTaMuATUoIRUNTIMIANY

Depth (cm) Horizon pH 1:1 OM. TotalN Avail.P Avail. K Extractable Base Sum EA CEC CEC BS
HO KC (..g kg'....) (...mgkg ....) Ca Mg K Na bases Sum NH,OAc %
(8 ..., 1 N CmOlKg ... )

Pedon 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
0-31 Ap 5.8 5 42.6 1.1 36.1 380.2 21.77 4.08 1.09 0.18 27.12 2.32 29.44 37.75 57
31-53 Btl 6.1 5.1 6.2 0.4 1.0 76.0 9.01 259 0.17 024 12.01 1.95 13.96 20.19 24
53-80 Bt2 6.0 52 7.6 0.1 0.7 60.1 7.14 1.73  0.13 0.07 9.05 1.88 10.93 17.3 18
80 - 106 Bt3 5.4 4.9 55 0.4 0.7 62.8 7.40 1.31 0.12 0.59 9.42 2.28 11.70 20.04 20
106 - 132 Bt4 5.1 53 4.8 0.4 2.1 69.6 6.96 1.66 0.13 047 9.23 1.88 11.10 18.97 19
132 - 156 Bt5 5.0 5.1 3.4 0.1 0.7 79.0 6.77 193 0.15 0.55 9.39 1.65 11.04 19.95 19
156 - 195+ Bt6 5.5 52 1.4 0.4 0.9 67.9 6.43 1.80 0.12 146 9.81 1.65 11.46 19.64 20

Pedon 2 Typic Haplustalf, fine, mixed, active, hyperthermic

0-24 Ap 6.3 5.1 432 1.1 32.1 252.2 26.70 515 056 0.26 32.67 1.5 34.17 39.41 67
24 -50 Btl 6.2 48 213 0.9 43 149.1 25.39 8.65 033 047 34.83 2.18 37.02 44.07 68
50-82 Bt2 5.7 4.5 14.4 0.6 16.6 49.7 25.18 1031 0.12 0.42 36.03 2.25 38.28 48.86 72
82-107 Bt3 6.2 42 2.8 0.1 76.3 47.4 2945 15.04 0.09 0.3l 44.89 1.72 46.62 44.67 83
107 - 129 Bt4 5.6 44 103 0.5 36.3 69.9 28.88 15.10 0.13 047 44.58 2.02 46.60 53.45 83
129 - 151 Btgl 5.9 43 15.8 0.6 47.6 60.5 30.10 15.00 0.11 0.64 45.85 2.10 47.95 46.52 85
151-178 Btg2 6.2 4.5 12.4 0.5 12.4 59.3 2630 15.79 0.12 0.77 42.98 2.25 45.23 50.27 79
178 - 200+ Btg3 5.9 45 240 0.8 41.0 65.8 22.65 16.56 0.12 0.31 39.63 2.40 42.03 64.27 71

Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic
0-12 Ap 6.0 49 624 1.7 15.5 92.7 21.02 439 020 0.18 25.80 2.62 28.42 38.27 52
12-35 Btl 6.0 49 343 1.1 22 33.1 10.91 2,66 0.08 0.17 13.82 1.00 14.82 26.74 27
35-60 Bt2 5.7 49 274 0.8 2.4 26.2 8.76 223 0.06 0.14 11.19 1.00 12.19 23.36 22
60 - 84 Bt3 5.6 5 13.7 0.6 1.9 25.0 8.63 2.07 0.05 0.70 11.45 1.95 13.40 21.32 23
84 -105 Bt4 59 5.1 11.0 0.5 0.9 25.6 7.53 1.61 0.06 0.31 9.51 1.95 11.46 20.69 19
105 - 125 Bt5 6.1 5.1 12.4 0.4 0.8 29.6 10.86 1.79  0.05 0.46 13.16 1.58 14.73 19.23 27
125 - 149 Bt6 5.8 5.1 7.6 0.5 0.7 274 7.34 1.82 0.04 048 9.67 1.65 11.32 15.46 19
149 - 171 Bt7 5.9 5.4 6.9 0.4 0.6 253 6.82 .70 0.05 0.83 9.39 1.65 11.04 15.87 19
171 - 200+ Bt8 5.9 5.2 2.8 0.4 0.6 31.6 7.12 .72 0.05 0.89 9.78 1.58 11.36 13.07 20

78



MSHUINN 2 (910)

Depth (cm) Horizon pH 1:1 OM. TotalN Avail. P Avail. K Extractable Base Sum EA CEC CEC BS
HO KCl (..g kg'....) (...mgkg .....) Ca Mg K Na bases Sum NH,OAc %
@Y., L T emolKg ..o )

pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic
0-13 Ap 6.2 50 321 1.5 38.7 127.9 24.04 402 024 029 28.59 2.55 31.14 33.09 58
13-33 Btl 6.1 49 302 0.2 113 48.0 18.17 337 0.08 0.11 21.72 2.10 23.82 21.74 44
33-57 Bt2 6.5 50 192 0.6 11.9 39.9 13.55 251 0.07 0.78 16.90 1.88 18.78 21.53 34
57-76 Bt3 6.7 52 172 0.1 8.2 41.9 11.67 278 0.09 0.51 15.05 1.72 16.78 21.32 30
76 - 100 Bt4 6.9 53 11.7 0.5 53 40.7 1133 224 0.07 0.08 13.72 1.50 15.22 19.57 28
100 - 120 BtS 7.0 53 2.1 0.5 7.5 38.7 1544 320 0.07 032 19.03 1.62 20.64 18.37 38
120- 150 Bt6 6.8 5.5 7.6 0.4 1.0 40.9 1045 295 0.10 047 13.96 1.05 15.01 16.93 28
150-178 Bt7 6.9 5.6 5.5 0.5 1.2 37.7 8.85 259 0.07 032 11.83 1.20 13.03 15.63 23
178 - 210+ Bt8 6.9 5.7 2.1 0.6 1.0 435 1063 295 0.06 0.53 14.18 1.05 15.23 13.75 28

pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic
0-16 Ap 5.8 50 302 1.2 22.7 169.0 20.19 293 029 1.26 24.67 1.12 25.80 20.14 52
16 -42 Btl 6.2 50 151 0.8 1.5 78.4 1629 369 0.16 0.60 20.74 1.28 22.01 25.34 42
42-62 Bt2 6.4 48 185 1.0 1.5 72.4 18.31 3.86 0.12 027 22.55 1.20 23.75 23.8 45
62 -90 Bt3 6.2 47 165 0.4 1.0 53.9 2124 375 0.10 033 25.43 1.71 27.14 24.83 51
90 - 109 Bt4 6.1 48 172 0.8 2.5 59.2 22.05 3.05 0.11 0.29 25.51 1.35 26.86 28.25 52
109 - 126 Bt5 6.2 47 309 0.4 22 67.0 26.87 338 0.13 0.25 30.64 1.35 31.99 31.53 63
126 - 158 Bt6 6.3 49 172 0.7 24 53.2 2295 331 0.10 0.13 26.50 1.28 27.77 25.32 54
158 - 180 Btgl 6.4 49 185 0.7 43 532 2098 3.08 0.10 0.24 24.40 1.28 25.67 23.97 50
180 - 200+ Btg2 6.2 49 226 1.0 133 58.9 21.07 323 011 0.79 25.21 0.98 26.19 27.23 52

pedon 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic

0-30 Ap 6.4 53 474 1.5 57.2 524.8 2096 280 094 0.27 24.98 2.18 27.16 34.34 54
30-50 Btl 6.3 52 130 1.0 4.1 136.9 14.58 1.73 024 0.76 17.31 1.72 19.03 19.93 37
50-72 Bt2 6.4 53 11.7 0.3 1.1 71.2 10.91 141  0.12 0.38 12.82 1.58 14.40 21.81 27
72-99 Bt3 6.4 5.4 5.5 0.4 1.0 58.4 10.89 1.60 0.11 045 13.04 1.80 14.85 17.12 27
99 - 120 Bt4 6.1 53 0.7 0.4 0.6 60.4 8.83 1.01  0.10 0.15 10.09 1.50 11.59 15.44 21
120 - 148 BtS 54 5.5 34 0.4 0.6 73.5 7.34 0.64 0.12 0.05 8.16 1.65 9.81 17.32 17
148 - 175 Bt6 5.1 5.1 4.8 0.5 0.6 105.9 10.04 049 0.17 0.36 11.05 1.80 12.85 12.74 24
175 - 200+ Bt7 5.0 5.3 4.1 0.1 0.6 119.1 8.81 043 021 0.25 9.70 1.72 11.42 17.41 21

¢8
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MIHUINT 3 JoyadnmglemausnudniivequihaeeFesn o.5ea1 v.Feelm Tua 30 3 (W./.2521-2550) (NsugalonIneg, 2550)

Y
1

' = A ] a = a Aaw ° = = = ' =
ﬂuﬂa85']ﬂlﬂE]u51]@\1GUE]Eaﬁﬂ']qu]iJ®1ﬂ’]ﬁﬁ]']ﬂﬁﬂ']uﬁ5/rl]@1ﬂ1ﬁ1uUslgmﬁﬂ’]u’]"ﬂﬂ’quu’]ﬂ@ﬂl%ﬂ\jﬂ’]’g D.LVUIN i].L"leJﬂ‘HiJ Gluﬂ’lll 30 ﬂ

(W.71.2521 -2550)

WA, AW WA e W .o, n.f. o.a. N.8. a.A. We. 5.0 aaoal

Usmaniiey (mm) 10.6 3.7 184 63.8 1982 1859 261.5 276.0 2552 126.1 56.6 244 1480.4
MIIUHUANIN) 0.68 094 20 639 1487 1629 1819 200 1752 11.19 481 148 11435
vl (°C) 221 241 270 294 288 282 277 274 272 266 244 219 263
mm«%uﬁuﬁmﬁ(%) 68.1 581 528 571 71.1 765 785 805 809 783 751 720 70.76

syamsszmenl (mm) 29 40 51 58 5.4 42 3.7 3.8 4.0 35 32 28 484
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o A 0'/ d‘ 09/’ dy a 2
misenna FOFUVDUUDAUKAN
a dy 9 1 a 1 :/l 1 =
AUNT Y 1Here 1@un n3erHan1e 4 AWANTIBHITUNIND
= =) 1 =1
(Sandy) NIWAZIDEANIN LAZNTIWUUAUIIUDINMY
= a 1
az1veANINY UAUTIU
dﬁl 9 1 a 1 a 1 :/l J a
iWerenuiunand 1dun ausvdunsieriiaae o e A
U 2K A ] =)
saunseneruneausIulunseazoen
a 1 dy 9 1 a 1 ~ a 1 ~
AUIIUY 191 1unang TAun Auduviled Ausnuvieluniie
(loamy) auguunsendls uaznseutls
a = dy a = Y 1A ~ a ~
AU YD IpAUAZIDYN Taun Aumiienunse aumieaunsieudls
(Clayey) HAZAUYHED

11: 19V (2548); Soil Survey Division Staff (1993)
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d’ Y o 1 ~Aq Y a [ wvAa =\ a
AMINNUINN S VDNIHUANN ) ﬂi%iuﬂ'ﬁﬂi%muigﬂﬂﬁuﬂﬁﬂNl,ﬂll uazmiﬂizmumm
4 a
PANTNYITUVDIAU (Land Classification Division and FAO Project Staff, 1973;

Soil Survey Division Staff, 1993; L?J“LI, 2548)

1. ﬂﬁﬁ%‘awmﬁu (soil reaction), pH (ﬁu “U1=1:1)

FZA1 (rating) nde (range)
J = .
Lﬂuﬂmquusmmmqﬂ (ultra acid) <35
I a
WUNIATULTINN (extremely acid) 3.5-4.5
Tunsadaun (very strongly acid) 4.5-5.0
I [ .
11uUnIAda (strongly acid) 5.1-5.5
Wunsathuna (moderately acid) 5.6-6.0
Wunsadniies (slightly acid) 6.1-6.5
L“ﬂuﬂmﬂ (neutral) 6.6-7.3
Wueudnilon (slightly alkaline) 7.4-7.8
HdJ‘L!ﬂ'NTJWHﬂaN (moderately alkaline) 7.9-8.4
Wuaada (strongly alkaline) 8.5-9.0
@ueasanin (very strongly alkaline) >9.0
2. 51471%’3@1@ (organic matter) (% organic carbon x 1.724 x 10)
32A1 (rating) nae (g kg_l)
@1u1n (VL) <5
@1 (L) 5-10
ADUTI9AT (ML) 10-15
1hunars (M) 15-25
Aoud19ge (MH) 25-35
q9 (H) 35-45

10 (VH) > 45




&9

3. U5uae 11 Tn 5191593 (total nitrogen)

52A (rating) o (g kg_l)
éﬁmﬂ (VL) <1.0

&1 (L) 1.0-2.0
1huna1e (M) 2.0-5.0
94 (H) 5.0-7.5
11N (VH) >175

4. 991315 08a2ANUDUAIUE (bases saturation)

FLA1 (rating) nde (%)
&1 (L) <35
1huna1e (M) 35-75
99 (H) > 75

5. anuguanilasuunalesou (CEC)

5¢A (rating) Wefe (cmol kg
§1110 (VL) <3
§1(L) 35
ABUTIRT (ML) 5-10
1huna1e (M) 10-15
Aoud19g9 (MH) 15-20

79 (H) 20-30

g411n (VH) >30
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6. Ysunalearlesaniluilss Teand (available P) (Bray I1)

52A (rating) Weo (mg kg'l)

§1110 (VL) <3

§1(L) 36

AR (ML) 6-10

1huna1g (M) 10-15

AoUd19g (MH) 15-25

49 (H) 25-45

N (VH) >45
7. U5 TmumaFouiidiuss Tow (available K) (NH,0AC)

32AY (rating) Neo (mg kg'l)

§1110 (VL) <30

1) 30-60

1unang (M) 60-90

9 (H) 90-120

9110 (VH) > 120
8. USuauudas auﬁa fia'la (extractable bases) (NH,OAc)
3201 (rating) W& (cmol kg'l)

extr. Ca extr. Mg extr. K extr. Na extr. bases

ﬁwmﬂ (VL) <2.0 <0.3 <0.2 <0.1 <2.6
G%W @®) 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
1una ™) 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3
I (H) 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2

7N (VH) > 20 > 8.0 >1.2 >2.0 >31.2
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a J ] o a | A o Y
A1TNNUINN 6 Lﬂm"V]ﬂ15LL‘]J\°I§$ﬂ‘]JﬂiiJ'lmﬂ'J'liJLﬂuﬂi@Tlﬁﬂﬂhlﬂ

5291 (ratin g)

USinaanudunsananiald

(cmol kg'l)
S0 <1.0
&1 1.0-5.0
1unan 5.0-10.0
oR 10.0-20.0
q4un >20.0

N 1IATIY (2529)

MINWHINT 7 ANUHUNY 3]

o

Y
%

o @ L a dqu N A
aﬂym%uﬂlﬂﬂluﬂ@uﬂiﬂfiuﬂ'ﬁﬂjglﬂuﬁu55"01«!37]@1\3

@ o I'd [ (% o

anyal ANUHNY anyal ANUHUY
S N1 CL Aus MUK e
C AUV LS N300 UANI I
L AUIIUY SCL AUIIUM e U
Si RREIIN SiC aumtienunseuta

a = . a |

SC aurtienunsie SiL ausrutlunieuta
SL AUIIULUNTY SiCL Ausurteunseut
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minwmnﬁ 8 FTAUFUVDIAITNTIWNITUIUIUDIAUDUNIAIYU

92

U ')
Amannmsiivesauns

Y
fe1i (cm hr')

%

g

1310 (Very slow)

1 (slow)

11 11na19 (moderately slow)
11UNa1 (moderate)

a3 .
15711Una1 (moderately rapid)
57 (rapid)

= ;
139010 (very rapid)

<0.125
0.125-0.50
0.50-2.00
2.00-6.25
6.25-12.50
12.50-25.00
>25.00

117 O’Neal (1952)

4 a a Y t4 a a a
ﬂ151QNH3ﬂﬁ 9 'J%ﬂ']ﬁ1J§'$LNuﬁZﬂUﬂﬂTﬂJQﬂﬂJﬁNyjﬁmﬂlﬂﬂﬂu %'\ﬂWﬁﬂWﬁ'JLﬂﬁ'l%ﬁ,ﬂu

szauANuAY | UTuw dns13o0ay A SIEETRLY SIEETRLY
auyssivesay | dunseing awduF e | uanildeu oanlesad TnumnanFoud
una looou WhulseTond | WuilszTond
(gkg) (%) (cmol kg') (mgkg') (mgkg')
Gi'] <15(1) <35(1) <10(1) <10(1) <60 (1)
1unan 15-30(2) 35-75(Q2) 10-25(2) 10-25(2) 60 —90 (2)
(ap >35(3) >75(3) >25(3) >25(3) >90 (3)
ana o ¢ a

NS IDAATSAUNIUYANTNYTAUUDIA

yaqg Y o ] <3
1975 Iinzuuu (@aavazuuuegluiuanly

[ 1 A @ do 1
A1519) MPzUUUEIN 7 ¥iotoenan AulszauaNUgANANYIAIAI InzIUUDY

J a 4 1A
TEHIN 8-12 ﬂuﬁﬂﬂﬁJq@NﬁNDﬁiﬂlﬂWHﬂaN 513??]&!1‘!1! 13 T‘i?fllﬂﬂﬂ'ﬂ AUTANY

AN TGS

4

U

NU1: POIF5IAU (2523)




MI19WHINT 10 X-ray diffraction spacing obtained from (001) planes of layer-silicate species as

related to sample treatment.
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Diffraction spacing (nm)

Mineral (or minerals) Indicated

14-1.5
0.99-1.01
0.72-0.75
0.715
1.77-1.80
14-1.5
1.08
0.99-1.01
0.72-0.75
0.75
14-1.5
1.24 -1.28
0.99-1.01
0.72-0.75
0.715

1.4
0.99-1.01
0.715

Mg-saturated, air-dried

Smectite, vermiculite, chlorite

Mica (illite), halloysite

Metahalloysite

Kaolinite, chlorite (2nd-order maximum)

Mg-saturated, glycerol-solvated

Smectite

Vermiculite, chlorite

Halloysite

Mica (illite)

Metahalloysite

Kaolinite, chlorite (2nd-order maximum)

K-saturated, air-dried

Chlorite, vermiculite (with interlayer aluminum)
Smectite

Mica (illite), halloysite, vermiculite (contracted)
Metahalloysite

Kaolinite, chlorite (2nd-order maximum)

K-saturated, heated (550° C)

Chlorite
Mica, vermiculite (contracted), smectitle (contracted)

Chlorite (2nd-order maximum)

11: Whittig and Allardice (1986)
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K = Kaolinite

V = Vermiculite
Q = Quartz

Gi = Gibbsite
Go = Goethite
H = Hematite

Gi Q Q Go H
Mg-sat

"‘M‘M‘ Mg-gly
% K-sat

WMJ\_‘___ K'SSOOC

0 10 20 30 40

Co Ka degree 26

Y J [ L4 J a 1 1
ﬂTWW‘H'Jﬂ‘ﬁ 1 ﬂﬁ’]wuﬁﬂ\ifnﬁlafJ'JL‘Ul!GUfN3\1§lf]ﬂ°]56116\1@Qﬂﬂigﬂ@UL%QLLﬁiuﬂQN@Hﬂ’]ﬂﬂlu’lﬂ

AU TEIVDIAUAADUN 1 FNANINAN 0-31 LFUALIAT

K = Kaolinite
V = Vermiculite
Q = Quartz
Gi = Gibbsite
K Go = Goethite
K H = Hematite

Mg-sat

Mg-gly

K-sat

WM K-550°C

0 10 20 30 40

Co Ka degree 260

Y y @ L4 J a 1 1
m‘wwu’mﬁ 2 ﬂiT’V\Illﬁﬂ\ifnilaEI'JHJUGU'E'N3\1?flf)ﬂ°])"’ll@\1@Qﬂﬂigﬂ@Ul‘BQLLiiHﬂQ?J@HﬂWﬂﬂIH'Iﬂ

AU HEIVDIAUAADUN 1 F¥IIANVAN 31-53 IFUAUAT
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K = Kaolinite

S = Smectite
G = Gibbsite
s 1 < G « Q I= Ilite
Wﬂz
Mg-sat
Mg-gly
K-sat
JL N K-550°C
0 10 20 30 40

Co Ka degree 26

Y 4 [ 4 d a 1 1
MUHUINN 3 n3MuEAINs@eNVUYRITITONFVDI09ALTTNO VTS TunquayMIAYUIA

AU TEIVDIAUNADUN 2 FIANINUAN 0-24 (FUALIAT

K = Kaolinite

V = Vermiculite
Q = Quartz

B = Boehmite
Gi = Gibbsite
Go = Gothite

H =Hematite

Gi Q Go H

Mg-sat

W Mg-gly
MW K-sat

M\,_WMA&..,\..J\_AM K-550°C

0 10 20 30 40

Co Ka degree 26

Y J @ 4 J a 1 1
m‘wwu’mﬁ 4 ﬂiT’V\Illﬁ@Nfnilafl'Jlf]JuéUfN3\1?flf)ﬂch"’ll@\1@Qﬂﬂigﬂ@UL‘BQLLiiHﬂQN@HﬂWﬂﬂIH'Iﬂ

AU HEIVDIAUAADUN 3 FIANVAN 0-12 FUALIAT
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K = Kaolinite

V = Vermiculite
B = Boehmite
G = Gibbsite

‘ Mg-sat
Mg-gly
K-sat

K-260°C

‘/\——/LJL_.__M_//\\»MAJL,_ K-480°C
W ' AW&—T\M‘“* K'SSOOC
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K = Kaolinite
S = Smectite
G = Gibbsite
= Illite
s I Q Q = Quartz

W
W Mg_sat
Mg-gly

K-sat

K-550°C
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K = Kaolinite

V = Vermiculite

Q = Quartz

Gi = Gibbsite

Go = Goethite
v K . K H = Hematite

Gi Q Go H
Mg-sat
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K = Kaolinite
V = Vermiculite
Gi = Gibbsite

Go = Goethite
] H = Hematite
L K Gi K
Go H
Mg-sat
Mg-gly
WM K-sat
~ . e A A KSSOC
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Q = Quartz

H = Hematite

0 20 40 60

Co Ka degree 260
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Q = Quartz
Q
Q
I QQ Q Q!
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