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Mabhithon Putiso 2009: Benchmark Soils for Agricultural Development in Southeast Coast,
Thailand. Master of Science (Soil Science), Major Field: Soil Science, Department of Soil

Science. Thesis Advisor: Associate Professor Anchalee Suddhiprakarn, Ph.D. 123 pages.

A study was carried out to establish Benchmark soils in Southeast Coast and their properties as
references for future studies and agricultural development activities. Five soils established by the Land
Development Department including Khlong Chak series (Kc), Huai Pong series (Hp), Sattahip series
(Sh), Mab Bon series (Mb) and Pang-nga series (Pga) were selected. Field analysis on soil environment
and morphology and laboratory analysis of soil samples followed standard procedures and methods used

in Thailand.

The study revealed that the terrain where soils occupy are flat to nearly flat and gently
undulating. The soils are deep, well drained with medium permeability and run off. They have very
high soil profile development with clear and thick argillic horizon, angular and sub-angular blocky
structure and with presence of skeletons in some areas. Soil chemical analysis shows low fertility in
their root zone, low pH values (pH 4.0-5.5), very low to moderate organic matter content (0.82-19.76
g kg") and the organic matter in surface soils is higher than in subsoils. The soils have very low
nitrogen (0.02-0.52 g kg'l) and their very low to low available phosphorus (1.59-5.9 mg kg'l) and
decreases with depth. They have very low to low available potassium (7.0-41.8 mg kg’l). They have low
cation exchange capacity and percentage of base saturation. Their major mineral in clay fraction is
kaolinite with some vermiculite, quartz and illite in a deceasing order respectively whereas quartz

dominates their silt fractions.

All of these benchmark soils of the Southeast Coast are Kandiudults. Their limitation is serious
on chemistry and fertility and their limitation on physical property is moderate. The assessment results
and information of these soils can be used as bases for consideration on soil and water conservation,
crop suitability, crop nutrient management and monitoring the change of soil properties, land evaluation,

landuse planning, soil erosion assessment and crop modeling.
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Y
1 =) (3 v

A Ao 2 ) A o & A Ao g
mauﬂummm%uﬁuwvlﬁqwm (ﬁﬂﬂﬁg 84.0) !,Lazm’e‘Ju‘ﬁu’nﬂmﬂumauﬂumﬂ’nmfu

[

o do Y a a
UNNHTANGA (3080% 68.0) (NTUYAUININGT, 2548)

a

Y
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1 4 a ‘o v d 2 a v = [
gasznINmsuetilossanumesdiow, PTR = Augaszrinaumnoslouny Ins
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a

a { a a a ad a a
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nsaagu il fulsTe'lad nazueud lad dulugawesilon (fydnwel P) Usznoudlenin
aznou fufiiugu il fuazneufiny fe fAunse funseutl fudse funsiauu i
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p0n laaatl (Scholten and Siriphant, 1973)

%
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. 1 1% tﬂy A o a Y 4 dy
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[ a o 1 |
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7.1.3 Auquimeianaziingeoinsdung (Former tidal flat with marine and

. . (Y 9 da’ ~ 1 :} 1 = @ [ 9 o a I~
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Q
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g :I 1 1 g dy A A v =
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1. ueuianmgilszmemnasdiu 1:50,000 iz lumnaaz Tueonvesilszme Ing

VDINTUUNUNNIIT (NTULHUNNKNS, 2521)

2. UHUNAUYDITINIATUNYT A31A 52809 RUFUNTT F¥ayT U5 Iuys vasaiu

1:100,000 (NIF1TILALTUUNAY, 25200, 25209, 25230, 25240, 2524, 2524)

3. ununssaInelszmelne vias1aIu 1:250,000  VBINTUNTNEINTFIA (NTY
NINYINTTIA, 2526)
4. upunan M3 lEnausesanda 11as1aIu 1:100,000  VSHVNAAE TUDBAUDY

[ {a 4 v {a
‘]Ji%mﬂ‘lﬂﬂ VOINTUNAUINAYU NTENTIVNBATLALTNNT A (ﬂiNWﬁluWﬁﬂu, 2549)

5. 1A5091BMTAITNAUNAAUINNIATTIU (18U, 2552; Soil Survey Division Staff,

1993)

A A 4 A 9 a Ia =\ a
6. IATOIND Q'IJﬂiiLlngffﬂilﬂilVl‘lalfgluﬂ'liﬁmi'lgﬂﬂuvnxuﬂh NWNNIYNTIN NNLLTINYT

HAENNYATUTIUING
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3. madmnerlurelfiiams

a d
3.1 MIAATICHNWNIYNN
a L4 1 a a
3.1.1 MSAATIEUANUUUUUITINUDIAU (bulk density) 108735 clod method

(Blake and Hartge, 1986)

a 4 a a
3.1.2 MSIAUNIITHNITNTEYUNDYNINAY (particle size distribution) Tne7s

pipette method (Kilmer and Alexander, 1949)
3.2 MsRsIEEmanl

~ a . 9 A v A a Y v 1 a ' g}
32.1 Wexau (Soil pH) laalHnTosiaiesau (pH meter) 1¥6a518IUAUADYNN

HazAUAREITaZa18 1 M KCHINNY 1:1 (National Soil Survey Center, 1996)

322 a5t Wi (Electrical conductivity) TaeSaaainmsiiilvihves
MIANADUAIVDIAY (saturation extract) IANQUUAN 25 DI UFATOT A281A504 electrical

conductivity bridge (Richards, 1954)

3.2.3 ﬂ?uwmﬁuﬂ%ﬁ’ﬁqiuﬁu Tne7s Walkley and Black Titration (Walkley and

Black, 1934)
324 15maluTasnus (Total nitrogen) Tae7s Kjeldahl method (Jackson, 1965)

325 YSnaleaesaniluilsy Tond (Available phosphorous) Tne7s Bray 11

uariallsunalearesadiunies spectrophotometer (Bray and Kurtz, 1945)

3.2.6 Usua TnumaiFeniniluilse Tomd (Available potassium) lagardadie
I M NH,0Ac Milunans (pH 7.0) (Pratt, 1965) ud23atlTana TnunaiFonudoiniod atomic

absorption spectrophotometer
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3.2.7 USuanvasiunana’ld (Extractable bases) #41/3znouale uaaiFay
A A = =3 v Y d' I~
uuniidon Tnunaidon uaz Tsdey Tasanaalsaisazato 1 M NH,0Ac tiluna1s (pH 7.0)

(Thomas, 1987a) uariatlsunadiens 04 atomic absorption spectrophotometer

32.8 USuaammnsanana la (Extractable acidity) Ta®73% barium chloride-

triethanolamine pH 8.2 (Thomas, 1987b)

3.29 ﬂ'wmmmmmﬂﬁﬂmmw"lﬂaau (Cation exchange capacity) TaonsFuwse

Y A g = =
Llﬂ@]]’li’)@@u AIYTIALA18 1 M NH,OAc nduna (pH 7.0) LLE“I&WIUTILLE’JNI?JLHEHJLIE’JBGU
Y = J 3 o = Y o
mammzmsﬂwmamaa%ﬂ (10%) Tuanmdunsa ﬂaumuaﬂmuﬂﬂaaau UHaInIUIU

amanuuani)asuuan lopouveAY (Chapman, 1965)

3.2.10 APR31508AZANUINAUVE (bases saturation percentage) IATAIUIUIIN
1 Aa A %] Y =
aveslSinanuaidanala tazanuguanildsunna’leoon (CEC = extractable bases +
extractable acidity) (National Soil Survey Center, 1996) 31ngA3

Sum bases
%B.S. = X 100

Extractable bases + Extractable Acidity

a d J a 1 a
3.3 MsansIzvesnlsenoudas vesau

a J a a 1 1 a a 4
3.3.1 myaneHsiatazlIaves lungueynnaumiled Taedsia

[

$9dond (X-ray diffraction analysis) (Jackson, 1965; Whittig, 1965)

9
a d a a ' 1 A,
33.2 myanngnsiataziuaves lunqueymansteutllaeisiaennu

[

S9dond (Brindley and Brown, 1980)
3.4 MINATIEHIITNIUFINTIN (Total analysis)

= v 1 9 ad Y o a 9 4‘
TYNUNIDYNIAIYIT pressed powder Llﬁ’J’JﬂﬂiﬂJ"lﬂl‘ﬁ”lﬂi’JiJIﬂfJ%ﬂﬂiﬂﬂ X- ray

fluorescence spectrophotometer (XRF) (Norrish and Hutton 1969; Angela, 1982)
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(W5PM, 2532; Brewer, 1976; Bullock ef al., 1985) f41d
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M3UNINATT (impregnation) FuTluthewauyedaInan gi 001 8 lmiluaisiyon 1wu-

Txdanleseonlad iWuasmlfinalgiser vazalasuluTuwes Wudsiusons Taum

g’ A a2 9 1 @ 1 a
mﬂmNﬁmumaﬂuﬂammammu

353 il ldludouguania (vacuum drying oven) AAWAY 60 IFUAIAT
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3.54 MNUUNINAAAOATEIAA (diamond saw) IHHUTLINA 5-8 IBUALLAT
o v A Y 9 9 = @ ] 9 v Aaa o 4 e .
Mvanniaulad 1unilaueadr0619 Tagldnavadansuais 1ua (silicon  carbide
2 o 0 w VA Ao < Y Y o ] ] ~ A
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4
= Y
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a =} a d‘
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a a S =) g} A =) oy dy a
AUUUMUITENY 1520 suamas Vanauvosdiimaluviasaas @919 iieau
2 a ~ Y a P A 3 = £~
Auaumtienunie Tassaswawiuuuuieumdsuyuuuvinaandahunalsdaiinnu
A v = . 3 9 a1 ' =] A
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111918 vazdivassuuae anauvesdviaodduuasnuauaIluviaos anauveIaLaIly
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I 9 A A o = a = 2
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M13190 1 amgmzuazamwumaaum‘lﬂﬁumﬂu‘nmmiﬁﬂm

AI0E1 ANUHUIVEY ANWEN  WAIIMSVed ANvamdy  anmgll  dugiugiilszma JagAutuiaauy m3ldaau
au Fudvn nrAaAY Usgingt
(F3.) (3. (%)
Pedon 1 20 165+  Ap- Bt- Btc-Bv 3 Undulating Dissected lower Wash and local alluvium derived ~ Rubber
residual footslope from meta sedimentary rocks
namely Quartzite and Phyllite
Pedon 2 35 200+ Ap- Bt 2 Almost flat Lower middle slope Residuum derived from weathered Cassava field trail plot
of residual hill granite
Pedon 3 23 195+ Ap- Bt 1 Flat Dissected lower Mixed wash and local alluvium Cassava field
footslope derived from meta sedimentary
rocks and granite
Pedon 4 26 200+ Ap- Bt 4 Undulating Shoulder slope Residuum derived from weathered Cassava field
residual of hill granite
Pedon 5 20 200+ Ap- Bt-Bv 3 Undulating Lower coalescing Wash and residuum derived from  Rubber intercropped with
foot slope weathered granite pineapple

9¢
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m3ah 2 dnvaduguanevesnindaau luusnaimndnm

S ANUAN fau deau Tasead ms;?]ﬂéi’a WoYvesAY  vouIA Snpazdu 9
(3.) ayailse i len  luauw FUAY
Pedon 1 Typic Kandiudult, clayey-skeletal, kaolinitic, isohyperthermic
Ap 0-15/20 Mixed 10YR 5/4, SC 3, f-m, sbk H, F, MS/MP 4.5 Aand S Few variegated sands, common very fine and fine vesicular and
5YR 4/2 few fine tubular pores, common very fine, fine and medium roots,
few traces of dead roots
Btl 15/20-32  Mixed 10YR 4/3, SC 3, m-c VH, F, 4.5 CandS  Common faint clay bridges among sand grains, and few faint clay
10YR 4/6, semi abk MS/MP coats on ped faces and pore walls, few variegated sands, few very
7.5YR5/2, fine and medium vesicular, few fine simple and dendritic tubular
5YR6/6 pores, few very fine, fine, medium and coarse roots, few traces of
dead roots
Bt2 32-52 Mixed 7.5YR 6/6, SC 3, f-m, abk H, SF, 4.5 CandS Common faint clay coats on pore walls and ped faces and few
SYR 5/6 MS/MP faint clay coating among sand grains, common variegated sands
and few rock fragments, few very fine and fine roots, few traces
of dead roots
Bt3 52-88 Mixed 5YR 5/6, SC 2, f-m, abk VH, SF, 5 Aand S Common faint clay coats on pore walls and ped faces and few
7.5Y 6/6, MS/MP faint clay coating among sand grains, common variegated sands,
7.5Y 5/2 few vesicular tubular pores, few few and fine and medium roots,
very few traces of dead roots
Btcl 88-100 Mixed 5YR5/6, vgSC 1, f-m, abk SH, SF, 5 GandS Few faint clay coatings on pore walls, nodules and concretion
7.5YR6/6 MS/MP surfaces many Fe-Mn oxides nodules and concretions, common
very fine vesicular pores, very few and fine roots, very few traces
of dead roots
Btc2 100-120 Mixed 5YR 6/6, vgSC 1, m, abk SH, SF, 5.0 CandS Few faint clay coatings on pore walls, nodules and concretion
7.5YR 6/6 MS/MP surfaces, many Fe-Mn oxides nodules and concretions, size of

LT
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S ANUAN fau deau Tasead ms;?fﬂéi’a WoyvesAY  vouIA Snpazdu 9
(53.) ayailse i len e FUAY
nodules and concretion increases with depth, common very fine
vesicular pores, very few very fine and fine roots
Btc3 120-145 Mixed 5YR 6/4,  vgSC 1, m, abk SH, SF, 4.5 CandS Few faint clay coatings on pore walls, nodules and concretion
5YR 7/1, and MS/MP surfaces many Fe-Mn oxides nodules and concretions, size of
10YR 5/8, nodules and concretion increase with depth, common very fine
SYR4/6 vesicular pores, very few very fine and fine roots
Bv 145-165+ Mixed 5YR 6/4 vgSC 1, m-c,sbk H,F, SS/MP 4.5 Few faint clay coats on pore walls, nodules and concretion
5YR 7/1 surfaces, many Fe-Mn oxides nodules and concretions, increase
10YR 5/8 among of nodules and concretions from Btc3, common very fine
2.5YR 4/6, and fine vesicular pores, very few very fine and fine roots
Pedon 2 Typic Kandiudult, fine, kaolinitic, isohyperthermic
Apl 0-18 10YR 6/2 SL  2,fm,sbk H, SF, SS/SP 4.5 CandS  Common variegated sands, common very fine vesicular pores,
few traces of dead roots
Ap2 18-35 Mixed 10YR 6/3, SL 2, f-m, sbk H, SF, SS/SP 4.0 Aand S Common faint clay bridges among sand grains, common
10YR 6/2 variegated sands, common very fine and fine vesicular pores, few
traces of dead roots
Btl 35-65 Mixed 10YR 6/3, SCL 2, fm,abk H,F, MS/MP 4.0 CandS  Few clay bridges among sand grains, few faint clay coats on pore
10YR 6/2 walls and ped surfaces, common variegated sands, few quartz
fragments, common very fine, fine vesicular and few fine tubular
pores, few very fine and medium roots
Bt2 65-98 Mixed 10YR 6/3, SC 2, m-c H, F, VS/VP 4.0 CandS  Common clay bridges among sand grains, common faint clay
10YR 7/2 semi-abk coats on pore walls and ped surfaces, common variegated sands,

8¢C
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S ANUAN fau deau Tasead ms;?fﬂéi’a WoyvesAY  vouIA Snpazdu 9
(53.) ayailse i len e FUAY
few quartz fragments, few very fine, common fine vesicular and
few fine tubular pores, few very fine and medium roots
Bt3 98-130 Mixed 10YR SCL 2, f-m SH, F, 4.5 CandS  Few clay bridges among sand grains, common faint clay coats on
6/3,10YR 7/2, semi abk MS/MP pore walls and ped surfaces, common variegated sand, few quartz
10YR 5/6 framents and few fine cracks, comon very fine, and fine vasicular
and few fine tubular pores, very few very fine roots few traces of
dead roots
Bt4 130-150  Mixed 10YR 7/4, SCL 2, fm SH, SF, 4.5 Cand S Few clay bridges among sand grains, faint clay coatings on pore
10YR 7/2, semi abk MS/MP walls and ped surfaces, many variegated sands, few fine cracks, few
10YR 6/8, very fine, common fine vesicular and few fine tubular pores, very
2.5YR4/8 few very fine roots, few traces of dead roots
Bt5 150-172 10YR 6/3, SCL 2, m-c SH, SF, 4.5 CandS  Few faint clay coats on pore walls mainly, many variegated
10YR 7/2, semi abk MS/MP sands, few fine cracks and few large spots of iron oxides coated
S5YR 5/6, sands; few very fine, common fine vesicular and few fine tubular
10YR 6/8 pores, very few very fine, fine roots, few traces of dead roots, fine
cracks and few large spots of iron oxides coated sands
Bt6 172-200+ 10YR 7/4, sgSCL 2, m-c SH, SF, 4.5 Common faint clay bridges among sand grains, faint clay coats on
10YR 7/2 semi abk MS/MP pore walls and ped faces; few variegated sands and quartz
10YR 6/8, fragments, few very fine, common fine medium vesicular and few
2.5YR 4/8 fine tubular pores, practically no roots, common large spots of
iron oxides coated sands
Pedon 3 Typic Kandiudult coare-loamy,mixed, isohyperthermic
Apl 0-10 10YR 5/2, LfS 1, f-m, sbk SH, Fri, 5.5 CandS Common variegated sands, many very and fine vesicular pores;
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FUAU ANUAN fau deau Tasead ms;?fﬂéi’a WoyvesAY  vouIA Snpazdu 9
(53.) ayailse i len e FUAY
10YR 3/1 SS/SP many very fine roots, few traces of dead roots
Ap2 10-23 10YR 5/3, LS 1, f-m SH, Fri, 5.5 Cand S Common variegated sands and spot accumulation of organic
10YR 7/4, semi abk SS/SP matter, few very fine and common fine vesicular pores, few very
10YR 3/1 fine and fine roots, few traces of dead roots
AB 23-42 10YR 5/3, LS 1, f-m SH, Fri, 5.5 Cand S Few faint spotted clay bridges among sand grains, common
10YR 4/2, semi abk SS/SP variegated sands and spotted accumulation of organic matter, few
7.5YR 6/4 very fine and common fine vesicular pores, few very fine and fine
roots
Btl 42-75 10YR 5/3, SL 1, f-m, sbk SH, Fri, 5.5 CandS  Few faint spotted clay bridges among sand grains; common
10YR 6/4 SS/Sp variegated sands and spotted accumulation of organic matter, few
very fine and common fine vesicular pores, few very fine and fine
roots
Bt2 75-100 10YR 6/3, SL 1, f-m, sbk SH, Fri, 6.0 CandS Few faint spotted clay bridges among sand grains; common
10YR 5/3, SS/SP variegated sands, few very fine and common fine vesicular pores,
10YR 3/1 few very fine and fine roots, a large krotovinas as a longitudinal
band
Bt3 100-130 10YR 7/3, SL 1, f-m, sbk SH, Fri, 5.0 Cand S Few faint spotted clay bridges among sand grains, common
10YR4/3 SS/SP variegated sands and spot accumulation of quartz fragments and size
of quartz fragments increase, few very fine and common fine
vesicular pores, few very fine and fine roots
Bt4 130-158 10YR 7/4 SL 1, f-m, sbk SH, Fri, 5.0 CandS  Few faint spotted clay bridges among sand grains; common
10YR 5/3 SS/Sp variegated sands and spot accumulation of quartz fragments and size

of quartz fragments increase; few very fine and common fine
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vesicular pores, very few very fine and fine roots
Bt5 158-195+ 10YR 6/4, sgSL 1, f-m, sbk SH, Fri, 5.0 CandS  Few faint clay coatings on pore walls and nodule surfaces, common
10YR 5/3 SS/SP quartz variegated sands, spot accumulation of quartz fragments and
sizes of fragments increases, few spotted accumulation of iron and
manganese oxides, few very fine and common fine vesicular pores;
very few very fine and fine roots, size of quartz fragments increases
Pedon 4 Typic Peleudult, fine-loamy, mixed, isohyperthermic
Apl 0-12 10YR 6/8, SL 2, f-m, sbk H, SF, SS/SP 6.0 Cand S Few variegated sands and common quartz fragments, common
10YR 7/4, very fine, fine and few medium vesicular and fine tubular pores,
common very fine and fine roots and few coarse roots, common
traces of dead roots
Ap2 12-26 10YR 6/4, SL 2, f-m H, SF, SS/SP 5.5 Cand S Few faint clay coats on pore walls, few variegated sands and
7.5YR 6/6, semi abk common quartz fragments, common very fine and fine vesicular
5YR 5/6 pores, few medium vesicular and fine tubular pores, common
very fine and fine roots, few traces of dead roots
Btl1 26-40 5YR 6/8, SL 2, f-m H, SF, SS/SP 5.0 CandS  Few faint clay bridges among sand grains and few faint clay coats
S5YR 6/6 semi abk on pore walls, very few variegated sands and common quartz
fragments, few very fine and common fine vesicular and few fine
tubular pores, few very fine and fine roots, few traces of charcoal
fragments
Bt2 40-60 5YR 6/8, SL 2, f-m SH, SF, 5.0 GandS  Few faint clay bridges among sand grains and few faint clay coats
7.5YR 6/6 semi abk SS/SP on pore walls, very few variegated sands and common quartz

fragments, few very fine, fine and medium vesicular and few fine
tubular pores, few very fine and fine roots, few charcoal

fragments and few traces of dead roots
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Bt3 60-80 5YR 6/8 coSL 2, f-m, sbk SH, SF, 5.5 GandS  Few faint clay bridges among sand grains and few faint clay coats
SS/SP on pore walls; very few variegated sands and common quartz
fragments; few very fine, fine and medium vesicular and few fine
tubular pores; few very fine and fine roots; few charcoal
fragments and few traces of dead roots
Bt4 80-110 S5YR 6/8 coSL 2, f-m, sbk SH, SF, 5.0 CandS  Few faint clay bridges among sand grains and few faint clay coats
5YR 5/6 SS/SP on pore walls; very few variegated sands and common quartz
fragments; very few very fine, few fine and medium vesicular and
very few fine tubular pores; few very fine and fine roots; very few
traces of dead roots
BtS 110-140 SYR 6/8 sgcoSL 2, f-m, sbk SH, SF, 5.5 Cand S Very few faint clay coats on pore walls; very few variegated
SS/SP sands and common quartz fragments; very few very fine, few
fine and medium vesicular and very few fine tubular pores; few
very fine and fine roots; very few traces of dead roots
Bt6 140-170 S5YR 6/8, gcoSL 2, f-m, sbk SH, SF, 6.0 CandS  Very few faint clay coats on pore walls; very few variegated
7.5YR 5/3 SS/Sp sands and common quartz fragments; very few very fine, few
fine and medium vesicular and very few fine tubular pores;
practically no roots
Bt7 170-200+ 5YR 6/8) gcoSL 2, f-m, sbk SH, SF, 6.0 CandS  Very few faint clay coats on pore walls; very few variegated
7.5YR 6/6 SS/SP sands and many quartz fragments; very few very fine and fine,

common medium vesicular and very few fine tubular pores;

practically no roots
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Pedon 5 Typic Kandiudult fine, kaolinitic, isohyperthermic
Ap 0-20 10YR 5/2, SL 2, f-m, SH, SF, 4.0 AandS  Very few faint clay coats on pore walls and clay bridges among
10YR 6/4, semi abk SS/SP sand grains; few fine variegated sands; few very fine and
10YR 7/2 common fine vesicular and few fine tubular pores, common very
fine, fine and medium roots, common medium and few large
pores and few traces of dead roots
Btl 20-48 10YR 7/4, SCL 2, f-m, H, SF, 4.5 CandS  Few faint clay coats on pore walls and clay bridges among sand
10YRS/2, semi abk MS/MP grains, few fine variegated sands, few very fine and fine vesicular
10YR 8/2 pores and few fine tubular pores, few very fine and fine roots, two
large remnant of ant’s nest and few large pores and few traces of
dead roots
Bt3 78-110 10YR 7/4, SC 2, f-m, H, F, MS/MP 5.0 Cand S Common faint clay coats on pore walls and ped faces and few
2.5Y 8/1 semi abk faint clay bridges among sand grains, few variegated sands, few
75 YR 5/8 fine cracks and few fine soft iron oxides nodules, few very fine
SYR 6/3 and fine vesicular and few fine tubular pores, very few very fine
and fine roots, few vertical cracks across horizon thickness
Bt4 110-140 10YR 7/3, SC 2, f-m, H, F, MS/MP 5.0 Cand S Common faint clay coats on pore walls and ped faces and few
10YR 7/2, semi abk faint clay bridges among sand grains, few fine variegated sands
10YR 8/1, and few fine iron oxide nodules, common indistinct separations of
2.5Y, 8/1 clays and iron oxides, common very fine and fine vesicular, few
7.5YR 6/8, medium vesicular and few fine tubular pores, very few very fine
10YR 6/8 and fine roots
Bt5 140-170 10YR 8/1, SC 2, f-m, H, F, MS/MP 5.0 Cand S Common faint clay coats on pore walls and ped faces and few
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2.5Y 8/1, semi abk clay bridges among sand grains, few fine variegated sands, few
2.5YR 5/6, fine iron oxides nodules and few fine cracks, common very fine
5YR 5/8, and fine faint vesicular, few medium vesicular and few fine
tubular pores, practically no roots, common indistinct separations
of clays and iron oxides
Bv 170-200+ 10YR 7/4, sgSC 2, f-m, H, F, MS/MP 4.5 CandS Common faint clay coat and ferri-argillan coats on pore walls and
10YR 8/1, semi abk ped faces, few fine variegated sands, few fine iron oxides nodules
75YR 5/8 and few fine cracks; few very fine, common fine and few medium
25YR 5/6 vesicular and few fine tubular pores; practically no roots,
10YR 5/8 common distinct separations of clays and iron oxides and some
parts are semi-hardened
Hanate) ioAu Tasass VOUVAFUAY  MTTAR )
1A U ion
SL  =sandy loam 1 =weak m=medium A = abrupt L =loose Fri = friable NS = nonsticky
SCL =sandy clay loam 2 =moderate f = fine C =clear SH = slightly hard Vfri = very friable SS  =slightly sticky
SC = sandy clay 3  =strong G = gradual H =hard SF = slightly firm NP = nonplastic
SiC = silty clay abk = angular blocky S =smooth VH = very hard F =firm SP = slightly plastic
SiCL =silty clay loam sbk = subangular blocky W =wavy S =soft VF =very firm MS = moderately sticky

CL = clay loam

C = clay

g  =granular

C = coarse

MP = moderately plastic
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2.1 faou 1 (MWN 7)
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I a =1 = = oy A & o @ (]

Wueymavadumiisrudsvnanseudd@imatumaes Fseynianeruiedaeglu

= 3 . = v A o =

BYNIAVUIAALIBEALT UL porphyric UMITATE6IUDIDUNIAALIDIALLL

undifferentiated b-fabric WUIAHIHADUDINY 5111/1’%’815’@1@611% amorphous organic fine material
<3 s A 4 v o 1

nag punctuation UAaZWUAITWONAOUNANVEIHANDON IANTNITIFONAINULUY
. . A (2 = 9 A d? 1 Y] 1

(impregnative nodule) NUVOVIUATAIU Tagluud TUINNAIY LAz WUE1NTAIY dIU

Tu9a19909HTNAAAY H9ANEN 88-100  LBUAWAST (Btcl) ansnendsunaNiing
A Y <3 s A v o 1T A A A ,3 A

inaeuieuvearanoen lsanimsweudnuiuidsnauazvinanuiu tagmsnasy
a = = 1 o < 4 o 1 A A A dgl 1 ' =

veuaumterguassiunumaneen leanumisresneliySmanniudy aiulugieanuan

A A a Y Aa A 9 < %

120-145 1yuANAT (Bte3) Hi/5uavesansnendsunannimsmasuineuveuransen laq

d’d d‘ v v 1 SN a' 4?} 1 = a
NUMIFeuAINUUUUTYTINMLaz Y AMNUY tazlurenuan 145-165  IEUANAT
a 1 Y] < 4 v 1 1 a
(Bv) lagnumsnaeuvesaumienduassiudumaneen ladaumiaresinauasyuiinii

ﬂl@ﬂﬁ'WiWﬂﬂﬁj@uﬂaM
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MW 7 dnvazgadagiuInevesay Tuiiaeu 1

n.

[ 1 1 a [ < Z
FDINUVUND (1) DUNTHIAYYUIAAN (organic pigment) (2) YOINADU 1 HU Ap
IANNAN 0-15/20 U5 (M81Aan M plane light)
Tﬂiaﬁ'%'"umuuﬁ’aumﬁﬂwmu (subangular blocky structure) (1) FIINLUY

v
planar voids (2) HaAdIAIBAFUUADUNAY (3) VBITABY 1 FU Ap HINANNAN
0-15/20 1yudng (Meldann plane light)

A a = o <3 4 a Y <
ﬂ']ilﬂﬁ'ﬁ]'i.l“l]@\?ﬂul‘l’i‘l‘lﬂﬁw'ﬁﬂﬂﬂlﬂaﬂ'ﬂ'ﬂﬂqcﬁﬂ (1) 99UNINIANDUNANUVDIUNAN
pon lsanTuaIT U (impregnative nodules) (2) HAZFDIINULLL planar voids

F
(3) VOsAUNADY 1 ¥ Btcl ANWAD 88-100 t5udAmng (Me1dan 1N plane light)
1 4 A a = . < 1 7
UIN0A% (1) LAZMIINAoUYDIAUINTYT (clay coating) TOULIALTAIDAT (2)

YoINADU 1 Btl F1ANVAN 20-32 1udiuans (e 1danIn cross nicols)

2.2 fif0U 2 (MNN 8)

a 9 I . ! v . .
auuy Ulaseasradunuy pellicular structure 39401 bridged grain structure Y

[ [ Aa I
¥99319 TuAT UL simple packing void ¥u1a 20-50 luInsmas Yszinudosas 30 Iag



o 8 anyazYadugIUINGVeIAY Tuiinou 2

a. Tassadayy pellicular structure (1) ¥99919UUY simple packing voids (2) 510
Wy (3) veslaeu 2 T Apl ¥1ANNAN 0-18 ¥UANAT (M81AanIN plane
light)

v. Taseadayy bridged grain structure (1) ¥99919UUY simple packing voids (2)
voafinow 2 Fu Apl $MANUAN 0-18 1¥UANAT (M8 1AdAIN plane light)

A, MINAOUYRIAUMTEITOUNALIAIDAT (1) AuNADY 2 1 B AEn 65-98
¥UANAT (Me1AaNIN cross nicols)

a. Lﬁyﬁ‘f:udaummaumﬂﬁumﬁm (clay fragment) fndeuthenazay (1) vosil

AU 2 FUBL6 FANVAN 172-200 U5 (M181Aan M plane light)

a = i’ a = o < 1 4 =3
SIEFRGE 3Jaqmﬂmmﬂmmiumaﬂuamfm Tﬂsm3”l°1JnJummwwummmm’]wum
= 1 I Y A 2 1 Y a v A @ @
NINYNI1VUIN mgﬂimﬂuﬂaumaau (angular) D3ADUVNAN UNITIALTYIAULASNITAA
[l [ 1 = A IS a ~ =<
wmag“luimmm mumgmﬂazmaﬂ‘nwmﬂumgﬂmeuuwmumuafmuawmﬂmwuﬂa

= = :’ ~ £ U W I = I . .
aztogaditmalumige cmmgmﬂwmmhmagiumgmmumazmﬂmﬂmmu chitonic
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uay gefuric 1neliMITAITEIAIVDIOYNIAAZIDYALLUY undifferentiated b-fabric WUIFIHINAD
VYBINY auﬂgﬂ%ﬂq%ﬁﬂ amorphous organic fine material
a 1 = 9 [ 4 1 1 1
auan dlassasdunuuneunay (granular structure) YUIANN 9 Hro9191u
a 1 1 3 . . .
ﬂumuiwauuﬂmmu compound packing void UazUY short planar voids Yszinudevas
a = dy a = I 1 4 = =2
15 Tae1l5u1as N@Hﬂ?ﬂﬂllﬂﬂﬂﬂ?ﬂiuluﬂﬂuaglﬂfJﬂ WuusareaguuIanswazoea IUDY
=1 ] [ 9J d' =3 U 9 = v A [ [ ] [
TlﬁTfJLL‘ﬂ\i ugﬂswmauwmaau NADUVINNAY 3Jﬂ"|§ﬁ]ﬂliENG]’JLLﬁ%ﬂTiﬂﬂ"UuTﬂ@QGLui%ﬂ‘]J
! a A < a = =2 o A
a" ﬁ?ﬂﬂlgﬂTﬂﬁ%LﬂfJﬂﬂ‘W‘]JLl]l!@ig!fﬂﬂsll‘L!W]ﬂulﬁuﬂ’muﬂ\ﬁliﬂﬂﬂiTEJLLﬂQE‘TH"I@]Tﬁ‘IJHLWﬁf‘N
& LYY 1 = 1< . = v A @
maumﬂwmummagiuaumﬂmumazmﬂmﬂmmu porphyric HUNITIALTIIAIVDIDYNTA
Az19eALLY undifferentiated b-fabric WULAHIVADVYDIN Y auﬂéﬂiﬁq%ﬁ@ amorphous organic
. . a A Y < s
fine material L!@1¥ punctuation TutlSuananas wuaiswendeunauveuaneen lyaniing
d’ v v ] d‘d v = a =~ = % ' '
IFDUAINUUUU NUUDULUATALIU mimaaumamumumaﬂumwwmuwuwamw
Y dy A J a [ = Aa
Uszinadesar 2 vosununualad TuAus19ANNE 130-150 wUAWAT (Bt4) AT
A a a ~ = Y A dy 9 a
ulaﬂul,nJm1J51J1meummgﬂmmmmumuaﬂmmﬂumwwuﬂismmiaﬂaz 5 uaz luau
] = + a = A I a = = A
FINANVAN 172-200 HUANAT (Bt6) mgmﬂamaElwwmﬂuau‘mﬂmmmumuﬂ’mmam

vinatlszunae 50-100 ulasmag
2.3 NADU 3 (MWD 9)

a = 9 I . s 1 a 1<
auvue dlassasruiuuyy compact grain structure ¥¥09219 AT ULDY
. . . Y a = & a =
simple packing voids Uszumiosay 15 Tasdsuas Veymavinanenluiiodvazioon
o < 1 4 1 [ {
Tagna lifluusaeaguuiansisazideauinaudinsieveiy J3dsraiudoumaon o
1 1 4 J
ﬂﬂu‘i’J}Nﬂall LLﬂSWUlLiﬂU@@%LLUUﬂQNWﬁﬂ (polycrystalline quartz) ﬁmmﬂaumﬂmwmm
= ' 4 J ' . Aa [ 9 Qy 1
audInsereuun wuusilaadis LLﬁ%LLihlllﬂ"l (mica) USuananies FuaIuves
a a Y4 = . a Y = Y= [y [ 1 [
TULNTUALAZNITUIAY (tourmaline) 5o 11fﬂii]ﬂ!ﬁEN@]’JLLﬁSﬂﬁﬂﬂ"]Ji!"lﬂ’ﬂQil!i%ﬂ‘]J
1 = ~ I a = = = = g}
a1 E‘T’JL!fJh‘lﬂ"IﬂﬁSL@fJﬂ‘I/IW‘]JL‘]J‘L!i’)lgﬂ"Iﬂ51]L!1ﬂﬂHL‘W‘L!fJ’Ji]L!ﬂ\1ﬂJuTﬂﬂiTﬂLLﬂﬂﬁ&@ﬂﬂﬁuT@Ta
: o @ 1 |
um Feeymanerwiedeglueymavuiaazideailuuny chitonic 1az gefuric Taglinis
%’m?mﬁammaumﬂamﬁﬂmmn stipple UDY undifferentiated b-fabric WUIABIMADUDINY
Suw%"i’@q%ﬁﬂ amorphous organic material Ll0¥ organic pigments Tuaur9nANan 23-42
a a = 5 A A S A %
IEUNNAT (AB) W‘Uauﬂmmum@1umuEJ’Jmmaﬂuamammaauuum@ﬂuuaﬂuwm

¥99719
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Q 9

MNN 9 anHAUYATUTIUINGVDIAU TuNaY 3
Y

. Iaseadreuy compact grain structure (1) ¥04I1UY simple packing voids (2)
4
YOINADU 3 FU Apl AIANNAN 0-10 ksuAwAT (Meldean1n plane light)
= 1 [ J 1 A @ [ < [ 4
- wanuuuuisvessilaaaihs (1) us lumaunsndegludiausaltead (2) uaz

o

WIBRDUNANYDIAUINTI OIS IWEINUNMED (clay mixed with iron  oxide
impregnative nodules) (3) Asusfuoouesfinou 3 1 AB F29ANAR 22-42
UALAS (M8lAan N cross nicols)

. MamdeuveseymAvIad U isazvanseuiliudauintead (1) us
A0AF 3113 19nAY (granular) (2) VosAuTiaoU 3 11 Bl aidn 4275 ufnng
(meldean1n plane light)

MIAAOVVDIAUMTOIVUNITIFOIIN (1) uazMIUTTYAUHNIE (infill) Tu
997319 (2) VOIRABY 3 BtS ¥1ANNAN 158-195 yuamuas (Meldanin plane

light)

a 1 =) Y I . A ' a I
auan dlassasudunuy compact grain structure 309319 U uu

Y
simple packing voids Uszmadesaz 15 Tawsuas Jounmnvuanouluiloduaziden



49

™) [ 1 4 ' < {
Taon1lhilunsareadyuraniteazideauinaudantenery tydsraududoumasy D
1 9 = v A o [ 1 o 1 = A 1<
ADUUVNNAY 3Jﬂ'liﬂﬂLﬁfJ\WI’Jlla$ﬂ1§ﬂﬂﬂlu1@@§1u3$ﬂﬂmﬂ mumgmﬂazmﬂmlwmﬂu
a =} = =S = g‘ d! bd v 1
mgmﬂmmﬂﬂumumwawummmuﬂmzmﬂﬂﬁmmaﬂumw maumﬂwmmhmagﬂlu
~ S| . . . IS v A v =
mgmﬂmumazmﬂmﬂmmu chitonic 1a& gefuric TﬂflllfﬂﬁilﬂLifN@]TJEUfNﬂ‘h!ﬂ?ﬂﬁ%t’ﬂﬂﬂl!llll
stippleiluﬁﬂ undifferentiated b-fabric WUIAHIMADVDINY Sum’%afﬁmqmﬁﬂ amorphous organic
A 1 4
material 181 organic pigments W‘umgﬂmmmmumﬁmmﬁ’w‘uummamﬂizmm?aﬂaz 3
dy A 4 Aa ] =< + a Aa = o <
ﬁumwu‘nﬁ”laﬂ “luﬂwmﬂmmaﬂ 185-195 1UaLNaT (BtS) WUNTUITIYA UL UIINVINAN
2 ' ' . . Y L 4 s Y 3
200 1A lu¥99314 (infilling) Uszanudeeaz 3 vesnuinalad wuanswendeunauvesrian

n'd'd d‘ [} ]
200 lFANUNTIFOUAIN UL
o A
2.4 NaoU 4 (NNWN 10)

a [ (] ' a I
auuu Blaseasauiunyy brigded grain  structure B39 luAmTunny
- . . Y a =\ 1 =
simple packing voids Uszanasnsas 30 Tagd5uas uaziilszuuanadluneuaiy Ueynia
dy a = . o < 1 4 ==
vuaneuluiloAuaziden (matrix) Taenalhiiuusareaduuiansieneruaudansieneny
Munae fgiswasudraumasy (subangular) D9A0UG1INAY (subrounded) HN15TA15 8947
o 1 o 1 1 3| a [ Y
wazmifavaeg luszavilunann drueyninazdeaN U YNIAVUIAAUIALG A
@ 1 o 1 = A < a ~ =
tazmsfaveedluszaulunan drmeymnaz@eannuiueynIAvIAAUMIEIIUD
= = .,9’ = g‘ VR o W 1 = I
anseutlsaziBeadiinatuinann deynaneuiliiied lueyninvuaazideaily
MUY gefuric 1A8INITIAGIAIVOIDYNIAAZIDEANDY undifferentiated b-fabric WUIAHIYAD
Y v v 4 [
YOINY DUNTEINYFIUA organic pigments UONIINTIINVTINAATL 2INNTZVIUMTNINAUTN
= v o d < @ a = = g’ A 1 [ Y
MenudaIvina@n uazdanumsussgaumtemimalumasdluresinnlssmnasovas

A A P
2 yosniunalag

a ' v I . . ' 1 a <3|
auan Ulaseas Uiy bridged grain  structure H¥09319 TuAM UL
. . . ) & a =2 o I ! o
simple packing voids 1ag Joumavuiarenuluiloauazives Taena lihiluusmeaduina
= =\ 1 ' F) A = 1 9 =\ v A Y
N31eHeUINDINIIeeIUIuNa1e N31ls Ao uTIurAsNDIAoUTIINAY IN1TTAGEIAD
Y Y
uazmsnaviaegluszauilunais Tugiesdunuin 60-80 udAmas (BB3) NUFUEIUUDS
a a a < 9 == @ [] us.:’ = a
wuunsadTnaaniesnmsaaisailunas Tussduanuan 110-140 uawas (Bts)
1 I ldgl = v A % @ 1 1% 1 = A
usadeasiyalug vy ImsiaGedazmsaavinaeglussaum diueymaazideai

I~ a = = = =~ j} = g} 1 = 9
W‘U!ﬂu@lgﬂWﬂﬂluWﬂﬂum‘LJEI’Jﬁ]l.li‘lQ"U‘LH@ﬂi1ﬁlllﬂﬂﬁzlﬂﬂﬂﬁu1ﬁ1ﬁﬂ\‘1u1ﬁ1m!ﬂ IﬂﬂﬂJLLU’Jqu
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Ml 10 anpuzyaduguIne1vesan Tufiaou 4 (Meldan 1w plane light)
Y . . ' ! . . .
f. IAsedduuy bridged grain structure (1) ¥933194UY simple packing voids (2)
Y
YOINADY 4 FU Apl FIANWAN 0-12 IFUALAS
] 1 4 1 1 9
¥, sndnsvialvg (1) tazisAeATNI I 19neUY19naN (subrounded) (2)
9
YOINADU 4 FU Apl FIIANWAN 0-12 1FUALAT
A A a < ' o ' S ' 2 Y
A, MIAABUUBIAUINHEIUN 9 sRUILALIAIBAE (1) uIAtoasNl1uTludou
A A 1 a A :/‘
M8 (subangular) (2) Az INNFVUIATHY (3) VBIAUNADY 4 1 Btl AN
N 26-40 IFUAAT
9
4. MIusIAuHiien (nfill) Turedde (1) vesfiaeu 4 U Bt7 ¥219AWAN

170-200 (5UANAT

A 43} a £ o o ] 2 <3| . =)
INUYUHITNAUDU “]Nf]‘lgﬂWﬂWEJ'l“UI?J\WI'J'E]giuf]lgﬂ1ﬂﬂlu1ﬂﬁ3lﬂﬂﬂlﬂul!ﬂ‘ﬂ gefuric Iﬂﬂllﬂ'li
QI o . . . d
Gﬂﬂl‘%ﬂﬂﬁﬂﬂlﬂﬂﬂuﬂWﬂaglaEJ@!L‘U‘U undifferentiated b-fabric Lla$W‘UﬁT§W@ﬂfg{ﬂuﬂﬁNﬂl@\‘]lﬁﬁﬂ
s o o a A Al
’e‘)aﬂ"lcmwmlammmmmu YuUIR 100-200 UlNTﬂﬁlNﬁﬁ u,azmwumimiqﬂumumﬁmmaﬂu
A (] 1 9 dy A 4 (] A’f = a

wiaesluyesng Usenusosas 2 ﬂlﬂﬂwuﬂﬁl’laﬂ TugreFuauan 110-140 sUAIAT (Bt5)

a = A Ad? Y dy A 4
NUMITASANVDIDYMNAAUHUGAUWNIUTOYAL 4-5 sll@\iwuﬂﬁ'laﬂ
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2.5 [NADU 5 (MW 11)

a I~ 1 [ a I
auuy Tlassaradlunny vughy Sgeadnaluaudunny vughs  Yszuaios
Aa = dy a = ) I v 4
az 1020 leelsmas deumavmeneuluiloduaziden Tagina lihiiluuinteaduiia
=< = 1 1 9 d‘ = U 9 1 4
n3neUINdIngereUuna N3lieaouTaasudIAeUTNAN HASHULIAIDAT
Aa I d Y 1 = v A @
nlimaneen lyadh lunsnedlusesuan vua 500-1000 luTaswas ImsiaiEesdazns
o 1 Y 1 = A < a ~ =2
AnvuInedluszavil a1 diveymaazdeaN NI uBMAYUIAAUIKLEIIUDIVUIA
= = 31 =2 g’ & o o [ = <
nieutlazideadihmanaihmann eymaveruilidedlusymavuieazideailunyy
gefuric 9UD chitonic TABIINITIAIZHIAIVDIDYNIAAZIDYALD undifferentiated b-fabric W

IAHIMADUDIN Y Suw?&%jﬁq%ﬁﬂ organic pigments

a U = 9 3| A ' a I
aua1y Ulaseairudunuy vughy  structure 909319 TuAMT UMDY vughs
a = § a o < 1
dszmnadesaz 10-15  Tasdsuias Jounnvuianeiuluiioauazidea Taona liidluus
o = = A 1 ! Y = =L 1 v
AIDATYUIANTIAZIDAIUDINT eIV IuNa1 U315 1enpud 1N DIRBUUINNAY
' e V] s Y 1 ~
uaznuusmoeagniimaneen lya lunsnedlusesuan vua 500-1000 luTaswas ins
[ Y Y ' @ 1 { < a
Taieaaaznsaavaeg luszavilunas drueymnazieannuilusymavuiaay
= = A A A A & Y ' =
wileraudsvinanseuilaziBoadivaosda Feeyunaveuilidleglusyninvuinaziden
< o %
WUy gefuric 91D chitonic TABTINTIAGEY AIV0IOYNIABZIDEAIUD undifferentiated b-
. A A A 13 a A @ 3 . .
fabric WUIAHIMADYRINY Az ANUAAIINTUBUNTBTAQUUIALAN (organic pigments) WUNI3
A a = = g; A Y :ﬁy A J ] as.z‘
nasuvesoymaaumiermihmalumaslszanuiosas 4-5 vosiuid lag Tugieiu
v F4
ANMWAN  140-170 1uAuAs (BtS) WUMSNNAIUY0I0 YN IAAUIHTEY UN1599I509A2904
a [ <3
PUNINALIDIAUUY undifferentiated  b-fabric HATWUYAYTLUYOIAUMTEIHANAVINAN

o’d'cu [] A‘ v W ]
00 lranga I udrn Uy

' v
VIHAMIANBIANHULNNYadUFIUINGIV0IAUNIIMNITANEINT S Hinou
1 a ~ = 3 a 1< a dy = A a a J
NUIN wiuwmul muaﬂmﬂuﬂumaazmm LiJ’E]W"tﬂimﬁ]1ﬂﬂ§ﬂ1ﬂ!ﬂl®i®1§ﬂ1ﬂﬁmﬂ@]@

Y]

= 1 a = £ Y v @ a A4 Y
UNINASIDYA W‘]J’Hﬂﬁiﬂm@ig‘ﬂ1ﬂa5lﬂﬂﬂq\ﬁﬂﬂ C]Nﬁ'ﬁ]ﬂﬂﬁﬁ]\‘lﬂﬂaﬂ‘]ﬂmg'ﬁuﬂlﬂulﬁi}.@u
o A a Ad a A 4 a 4 o ] [~ 1 P
Audaauniluiuialad vezdumeialed sumanerudiulnaiunsaleadiisesuan

a =1 < 4 [l ] (=Y 1 9
LL@Z'UN“]Jil’)mu!“rfﬁﬂ@ﬁ]ﬂul“]fﬂllﬂﬁﬂ@g‘lui@ﬂllﬁﬂ Llﬁ$@1éﬂ'lﬂ1/ifﬂﬂﬁ’3u1ﬂﬂlumﬁﬂ‘]&lmgﬂi’]uﬂlN
d' = 1 9 d‘d ] a o = =1 =1
HAYUDNADUUYNNAY 1/]11GUH'Iﬂ'f]giuWﬁﬂﬂlu'lﬂ‘ﬂiﬁJuﬂﬂﬂiﬂlu'l@715181 Glu‘wwau 385 U

Y ]
Lﬁaﬁuﬂau%’mmm Lﬁ@Wﬂﬁﬂﬂiﬂﬂﬂ3iﬂﬂ‘!ell@Qﬂﬂﬂ?ﬂﬁmﬂﬁﬂﬂuﬂWﬂa%!@ﬂ@ wuNUTI
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M 11 dnvazgaduguinervesau Tufiaou 5 (n1eldan1n plane light)
] 1 a o <
. Ta39a$ 19U vughy (1) ¥09990UY  vughs (2) Hazdunssinguuiaan
k2
(organic pigment) (3) VoINADY 5 TU Apl BIAIINAN 0-10 (FUANAT

A a ~ o 1 ' ' s & s
V. NIAADUUDIAUNHIIUUAUITDIIN (1) !laglliﬂjﬂﬁ“ﬁﬂulﬁaﬂ@@ﬂqmﬂlWIﬁﬂ

1 =2

Y
(runi-quartz) (2) VOINABY 5 FU B3 FIANNAN 0-11 IFUAIAT

v

v < 7 o ' . .
A. waneunauveuaneen lyandudIn UL una1edwULIN (impregnative
a N o < . . a A o
nodules) (1) ALOUNTYINYUUIALAN (organic pigment) (2) VBIAUNADU 5 FU
Bt3 AMWAN 0-10 LYUANAT
' ol <3 J . A a =
3. uspeagntianeen leaunsn (runi-quartz) (1) HATNITIAADVUDIAUVIUYD

< ' 4 3 ] a
FOULHULTAIOAY (2) ﬂl@\iﬁﬂ@u 5 ¥U Bt5 ‘I)"J\iﬂ’J"IﬂJﬁﬂ 0-10 tgUALUANT

Y o A

aUNIALIILFUNN Faaoandosruanuzduiuiagdusuideduiduiuunida eyma

Q

1 1 g 1 I A a = < J '
14fmJmuclﬂﬂgtﬂuuimaﬁmﬂmaﬂum uaz‘i_lNUiL’JmiJmaﬂaaﬂ"lcﬁﬂtlﬂiﬂﬂgiuiaﬂttﬂﬂ

12 ' 9

H [ 9
uazeymaneuaiulvglisnvazaoudandsudenoudianay Nlvuieadwanstontlaa

1o 9

< o Aa Aa 4 a a 3’ o
VHIANTIINIL uﬁm“lﬁ’mmnmﬁummﬂﬂugﬂmﬁaut’fWNﬁaaamwammummuau

Q

Y o A

Fuluusnan luvalnanniagduswilaniniin 191, 2542; Buol et al, 2003) auiiaou 2

Q
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=% 1 9 A = 9 A A a’/‘ 1 =
iag 4 ’mgmﬂﬁﬂmmuﬂlwtyuaﬂymzﬂauwmaﬂumﬂ’aumaﬂu VlMﬂJuTﬂ@ﬁLW]ﬂﬁ"IEJL!‘ﬂQﬂQ

Y o A

1 v Y
PWNANTINE T TAgdus uiaduuInmMsaaleasyisegiuNveIi uLNT A 0HeL
TuAUANNUEANAZNNAIIAATZVIUNTNINAY AD NITIAADUIIBAUUN

a 1 4‘ 9 a =1 1 1 a . A
geanluauans Tagmsinaoudeauriie1naureddnaluay (alleviated clay) #3003
U539 (infill) wazmsndovvesdumilonlugesinan Taenszuiumsazaunsomaoudio

] v Y

191 (eluviation) FawylunniinouvesAudNUrANNMINMSANYT tazuenINTULNE I
A . . o @ ' = 9 A 42’ = 4 '
MFINABULULL microlaminated HAZANHULAINAINUUI THNVIUAINANNAN FULFAIIN
I 09.1’ A aa o Ja A 1A @ [
WuruaAuINIRgo1TaaN (argillic horizon) HAAINAUNNAUINGA (Buol et al., 2003) uaz g

Y Il
NUSIHAULMIMNMITAA0UVIRUH T TuYeI119a U Tuasua19ve95 Y AB Tuiineu 4 41919
a a a [l a o Jya = o Y [ =) a
nanIndninavesmsnsouau Mldauuungeeen lliuhldnudnusazmandovussau

] 1 a § I~ 05: 1
M eINUFDIIN VAU UNRe UFUAL A NNA DY

Tuauargvesaulunpazinouanyus NAANNNUNTZUIUNITNIAUDU

v @

A a d? =) A 9 < S A = ]
NINAYUBN AD W‘]Jﬁ?i“l/\lf]ﬂﬂf)uﬂﬁiJ"U’éNH/iﬁﬂ’f)’é]ﬂhlclfﬂ‘VIllfﬂi!%f)ﬂ@]’)ﬂuﬂ1uﬂﬁ1@ﬂﬁuuu
[ 1 @ ~ Y 1w Y o a A
GUU1@LL'Q$§‘]J'§NLMﬂ§IN ﬂuhl‘l] Tagmnizluiaou 1 Llﬁﬂ\iGl‘l’il‘l’iu’ﬂ’)@]i}@luﬂﬂuﬂﬂugﬂ
A 9 a A
AADUINYUIVILIUDU

= [
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M319N 3 09AYTZABUMUATTIV (total analysis) VOIAUNINMIAAY
Depth Horizon Si Al Fe Ti Na Mg K Ca S P Mn Cu Zn
( g ke' ) T S S— )
Pedon 1 (Kc¢)  Typic Kandiudult, clayey-skeletal, kaolinitic, isohyperthermic
0-15/20 Ap 31.78 1329 1.67 0.83 0.03 0.02 0.04 0.0l 188 456 586 22 29
20-32 Btl 29.12 1546 197 085 0.02 0.01 0.03 nil 206 187 506 25 27
32-52 Bt2 29.22 1567 2.04 088 0.02 0.02 0.04 nil 182 156 401 27 32
52-88 Bt3 29.84 1543 2.14 085 0.02 0.01 0.03 0.01 124 149 237 28 33
88-100 Btcl 29.33 1575 249 091 0.02 0.01 0.03 nil 60 138 826 31 30
100-120 Btc2 2894 1617 23 0.89 0.03 0.0l 0.04 nil 46 103 415 34 30
120-145 Btc3 28.22 16.5 257 089 0.02 0.01 0.03 nil 40 95 313 36 30
145-165+ Bv 2824 1639 3.03 092 002 0.01 0.03 nil 36 94 387 37 28
Pedon 2 (Hp) Typic Kandiudult, fine, kaolinitic, isohyperthermic
0-18 Apl 43.37 461 033 02 0.02 0.02 0.08 nil 36 291 40 nil 10
18-35 Ap2 41.56 5.16 036 021 0.02 0.02 0.08 nil 31 222 38 nil 4
35-65 Btl 39.22 824 05 026 0.02 002 0.01 nil 109 137 29 nil 12
65-98 Bt2 3331 1345 0.74 042 003 0.01 0.18 0.0l 185 203 37 nil 24
98-130 Bt3 3578 11.13 0.6 033 0.03 001 0.14 nil 64 167 23 nil 15
130-150 Bt4 37.17 998 0.59 031 003 0.02 0.13 nil 33 163 23 nil 16
150-172 Bt5 3458 12.11 0.87 037 0.03 0.01 0.17 nil 71 170 21 nil 21
172-200+ Bt6 30.41 1531 1.17 047 0.03 0.01 021 0.01 37 160 24 3 24
Pedon 3 (Sh-v) Typic Kandiudult, coarse-loamy, mixed, isohyperthermic
0-10 Apl 43.83 286 0.16 0.13 0.09 0.03 283 0.02 nil 338 198 nil 6
20-23 Ap2 41.49 346 0.18 0.15 0.10 0.04 3.06 0.02 nil 415 229 nil 8
23-42 AB 41.36 416 024 0.15 0.10 0.04 298 0.02 nil 378 269 nil 10
42-75 Btl 41.71 377 022 0.13 009 0.04 24 0.01 nil 270 190 nil 8
75-100 Bt2 41.77 395 023 0.14 0.09 0.04 264 0.01 nil 208 113 nil 9
100-130 Bt3 41.09 3.66 021 0.13 009 0.04 25 0.01 nil 200 49 nil 8
130-158 Bt4 42.16 311 024 0.16 0.09 0.04 296 0.01 nil 240 69 4 7
158-195+ Bt5 435 337 031 015 0.09 0.05 3.02 0.01 nil 275 95 5 12
Pedon 4 (Mb) Typic Kandiudult, fine-loamy, mixed, isohyperthermic
0-12 Apl 45.19 3.06 0.6 028 0.04 0.06 0.66 0.02 nil 363 278 nil 17
12-26 Ap2 45.21 248 0.74 028 0.03 0.05 044 0.01 nil 172 309 4 11
26-40 Btl 44.45 3.66 1.04 032 004 0.06 057 0.01 nil 264 320 7 18
40-60 Bt2 40.09 372 1.17 038 0.05 0.08 077 0.03 nil 349 309 4 18
60-80 Bt3 40.09 63 107 033 004 0.07 070 0.03 nil 325 248 6 14
80-110 Bt4 40.75 6.08 1.04 032 004 0.07 069 0.03 nil 298 255 4 16
110-140 Bt5 40.47 642 1.06 031 0.04 008 066 0.03 nil 318 219 6 14
140-170 Bt6 41.82 5.71  0.96 03 0.04 008 062 0.02 nil 294 203 10 12
170-200+ Bt7 39.16 78 144 05 005 0.10 095 0.03 nil 333 272 6 17
Pedon 5 (Pga) Typic Kandiudult, fine, kaolinitic, isohyperthermic
0-20 Ap 41.79 488 054 019 0.03 0.03 0.08 nil 13 119 35 nil 10
20-48 Btl 37.84 8.06 081 031 003 0.03 0.18 nil 40 115 20 6 17
48-78 Bt2 35.87 9.68 094 035 0.04 0.03 0.17 nil 38 101 19 16
78-110 Bt3 36.67 899 091 033 004 004 0.17 nil 22 93 18 19
110-140 Bt4 37.45 8.67 1.05 036 0.04 003 023 nil 18 78 21 7 16
140-170 Bt5 3215 1332 133 043 004 0.03 022 nil 49 102 19 10 21
170-200+ Bv 3449 10.74 146 040 0.04 0.03 022 nil 57 96 16 11 22
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Depth Horizon Clay fraction Silt fraction

(cm) Kao Ver 111 Qtz Qtz Fel
Pedon 1 (Kc¢) Typic Kandiudult, clayey-skeletal, kaolinitic, isohyperthermic
0-15/20 Ap XXXX tr. - - XXXX -
20-32 Btl XXXX tr. - - XXXX -
32-52 Bt2 XXXX tr. - - XXXX -
52-88 Bt3 XXXX tr. - - XXXX -
88-100 Btcl XXXX tr. - - XXXX -
100-120 Btc2 XXXX tr. - - XXXX -
120-145 Btc3 XXXX tr. - - XXXX -
145-165+ Bv XXXX tr. - - XXXX -
Pedon 2 (Hp) Typic Kandiudult, fine, kaolinitic, isohyperthermic
0-18 Apl XXXX - - - XXXX -
18-35 Ap2 XXXX - - - XXXX -
35-65 Btl XXXX - - - XXXX -
65-98 Bt2 XXXX - - - XXXX -
98-130 Bt3 XXXX - - - XXXX -
130-150 Bt4 XXXX - - - XXXX -
150-172 Bt5 XXXX - - - XXXX -
172-200+ Bt6 XXXX - - XXXX
Pedon 3 (Sh) Typic Kandiudult, coarse-loamy, mixed, isohyperthermic
0-10 Apl XX - X X XXX X
20-23 Ap2 XX - X X XXX X
23-42 AB XXX - X X XXX X
42-75 Btl XXX - X X XXX X
75-100 Bt2 XXX - X X XXX X
100-130 Bt3 XXX - X X XXX X
130-158 Bt4 XXX - X X XXX X
158-195+ Bt5 XXX - X X XXX X
Pedon 4 (Mb) Typic Kandiudult, fine-loamy, mixed, isohyperthermic
0-12 Apl XXX - tr. X XXX tr.
12-26 Ap2 XXX - tr. X XXX tr.
26-40 Btl XXX - tr. X XXX tr.
40-60 Bt2 XXX - tr. X XXX tr.
60-80 Bt3 XXX - tr. X XXX tr.
80-110 Bt4 XXX - tr. X XXX tr.
110-140 BtS XXX - tr. X XXX tr.
140-170 Bt6 XXX - tr. X XXX tr.
170-200+ Bt7 XXX - tr. X XXX tr.
Pedon 5 (Pga) Typic Kandiudult, fine, kaolinitic, isohyperthermic
0-20 Ap XXXX - - tr. XXXX -
20-48 Btl XXXX - - tr. XXXX -
48-78 Bt2 XXXX - - tr. XXXX -
78-110 Bt3 XXXX - - tr. XXXX -
110-140 Bt4 XXXX - - tr. XXXX -
140-170 Bt5 XXXX - - tr. XXXX -
170-200+ Bv XXXX - - tr. XXXX -

NU18LYe Kao = kaolinite, Ver = vermiculite, Sme = smectite, Ill = illite, Goe = goethite, Qtz = quartz, Fel =

feldspar, xxxx = dominant (> 60%), xxx = large (40 - 60%), xx = medium (20 - 40%),

x = small (5 - 20%), tr = trace (< 5%), - = not detected
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Pedon 1. Khlong Chak series

I Information on the site

Profile symbol . Kc

Soil name : Khlong Chak

Classification . Typic Kandiudult, clayey-skeletal, kaolinitic, isohyperthermic
Date of examination : December 8, 2007

Described by . Irb Kheoruenromne, Mahitorn Putiso, Worachart Wisawapipat,

Timtong Darunsontaya, Chutharmard Kaewmano, Natthapol
Chittmart and Bussayarat Mokmoor

Location . Approximately 30 meters North of road from Sukhemvitt at Km
262.7, Ban Khao Wang Hin, Tambon Huai Yang, Amphoe
Klang, Changwat Rayang

Elevation . Approximately 14 m (MSL)

Map sheet number : 5334111 Coordination : 47 0782291F, 1410991
Landform

1. Physiographic position . Dissected lower residual footslope

2. Surrounding land form : Undulating

3. Slope on which profile site  : 3% Aspect : 150° Azimuth

Land use . Para rubber plantation

Annual rainfall . Approximately 1,824 mm

Mean temperature . Approximately 27°C

Climate : Tropical Monsoonal

Others . Agricultural and settlements; Tropical fruit tree orchards: durian

and lansat mainly, banana and betal nut

Il General information on the soil

Parent material : Wash and local alluvium derived from meta sedimentary rocks
namely Quartzite and Phyllite

Drainage . Well drained

Permeability . Moderate

Runoff . Moderate

Depth of ground water . Deeper than 1.7 m at time of sampling

111 _Profile description

Horizon  Depth (cm) Description

Ap 0-15/20 Mixed yellowish brown (10YR 5/4) 80% and brown (7.5YR4/2) 20%;
sandy clay; strong fine and medium subangular blocky structure; hard
dry, firm moist, moderately sticky and moderately plastic; few
variegated sands; common very fine and fine vesicular and few fine
tubular pores; common very fine, fine and medium roots; few traces of
dead roots; very strongly acid (field pH 4.5); clear, abrupt boundary to
Btl.

Btl 20-32 Mixed strong brown (7.5YR 5/6) 60%, light yellowish brown (10YR
6/4) 33%, brown (7.5YR 5/2) 5% and reddish yellow (5YR 6/6) 2%;
sandy clay; strong medium and coarse semi-angular blocky structure;
very hard dry, firm moist, moderately sticky and moderately plastic;
common faint clay bridges among sand grains, and few faint clay coats
on ped faces and pore walls; few variegated sands; few very fine and
medium vesicular, few fine simple and dendritic tubular pores; few very
fine, fine, medium and coarse roots; few traces of dead roots; very
strongly acid (field pH 4.5); clear, smooth boundary to Bt2.

Bt2 32-52 Mixed reddish yellow (7.5YR 6/6) 50% and yellowish red (5YR 5/6)
50%; sandy clay; strong fine and medium angular blocky structure; hard



Bt3

Btcl

Btc2

Btc3

Bv

52-88

88-100

100-120

120-145

145-165+
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dry, slightly firm moist, moderately sticky and moderately plastic;
common faint clay coats on pore walls and ped faces and few faint clay
coats among sand grains; common variegated sands and few rock
fragments; few very fine and fine vesicular and fine tubular pores; few
very fine and fine roots; few traces of dead roots; very strongly acid
(field pH 4.5); clear, smooth boundary to Bt3.

Mixed yellowish red (5YR 5/6) 70%, reddish yellow (7.5YR 6/6) 25%
and brown (7.5YR 5/2) 5%; sandy clay; strong fine and medium angular
blocky structure; hard dry, slightly firm moist, moderately sticky and
moderately plastic; common faint clay coats on pore walls and ped faces
and few faint clay coats among sand grains; common variegated sands,
few rock fragments and few very fine cracks; very few very fine and few
fine vesicular tubular pores; few very fine and fine roots and few medium
roots; very few traces of dead roots; very strongly acid (field pH 5.0);
abrupt, smooth boundary to Btcl.

Mixed yellowish red (5YR 5/6) 85% and reddish yellow (7.5YR 6/6)
15%; very gravelly sandy clay; weak fine and medium subangular
blocky parting along nodules and concretion surfaces; slightly hard dry,
slightly firm moist, moderately sticky and moderately plastic; few faint
clay coats on pore walls, nodules and concretion surfaces; many Fe-Mn
oxides nodules and concretions; common very fine and fine vesicular
pores; very few very fine and fine roots; very few traces of dead roots;
very strongly acid (field pH 5.0); gradual, smooth boundary to Btc2.

Mixed reddish yellow (5YR 6/6) 85% and reddish yellow (7.5YR 6/6)
15%; very gravelly sandy clay; weak fine and medium subangular
blocky parting along nodules and concretion surfaces; slightly hard dry,
slightly firm moist, moderately sticky and moderately plastic; few faint
clay coats on pore walls, nodules and concretion surfaces; many Iron-
Manganese oxides nodules and concretions; sizes of nodules and
concretions increase with depth; common very fine and fine vesicular
pores; very few very fine and fine roots; very strongly acid (field pH 5.0);
clear, smooth boundary to Btc3.

Mixed light reddish brown (5YR 6/4) 82%, light gray (5YR 7/1) 10%,
yellowish brown (10YR 5/8) 5% and red (2.5YR 4/6) 3%; very gravelly
sandy clay; weak fine and medium subangular blocky parting along
nodules and concretion surfaces; slightly hard dry, slightly firm moist,
moderately sticky and moderately plastic; few faint clay coats on pore
walls, nodules and concretion surfaces; many Iron-Manganese oxides
nodules and concretions; sizes of nodules and concretions increase with
depth; common very fine and fine vesicular pores; very few very fine and
fine roots; very strongly acid (field pH 4.5); clear, smooth boundary to
Bv.

Mixed light reddish brown (5YR 6/4) 80%, light gray (5YR 7/1) 15%,
yellowish brown (10YR 5/8) 5%, red (2.5YR 4/6) 3% and dark reddish
brown (2.5YR 3/4) 2%; very gravelly sandy clay; weak fine and medium
subangular blocky parting along nodules and concretion surfaces; hard
dry, firm moist, slightly sticky and moderately plastic; few faint clay
coats on pore walls, nodules and concretion surfaces; many Manganese
oxides nodules and concretions; increase amounts of nodules and
concretions from Btc3; common very fine and fine vesicular pores; very
few very fine and fine roots and one coarse roots; very strongly acid
(field pH 4.5).
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Pedon 2. Huai Pong series

: Hp

. Huai Pong series

. Typic Kandiudult, fine, kaolinitic, isohyperthermic

: December 8, 2007

. Irb Kheoruenromne, Mahithon Putiso, Worachart Wisawapipat,
Timtong Darunsontaya, Chutamart Kaewmano, Natthapol
Chittamart and Bussayarat Mokmoor

Location . At Cassava Field Trial Area in Huai Pong Field Crop Station,
1 km from Sukhumvit, Huai Pong crop station, Tambon Huai
Pong, Amphoe Muang, Changwat Rayong

Elevation . Approximately 37 m (MSL)

Map sheet number : 5234111 Coordination : 47 0732184%, 1408969

Landform

1. Physiographic position : Lower midslope of residual hill

2. Surrounding land form : Undulating

3. Slope on which profile site  : 2% Aspect : 30° Asimuth

Land use . Cassava field trial plot

Annual rainfall
Mean temperature
Climate

Others

. Approximately 1390 mm
: Approximately 27°C
: Tropical Monsoonal
: Settlement and agricultural uses

Il General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

111 Profile description

Horizon  Depth (cm)

Apl 0-18
Ap2 18-35
Btl 35-65

: Residuum derived from weathered granite
: Well drained

: Moderate

: Moderate

: 210 cm at time of sampling

Description

Light brownish gray (10YR 6/2); sandy loam; moderate fine and medium
subangular blocky structure; hard dry, slightly firm moist, slightly sticky
and slightly plastic; common variegated sands; common very fine and
fine vesicular pores; common very fine and fine roots; few traces of dead
roots; very strongly acid (field pH 4.5); clear, smooth boundary to Ap2.

Mixed pale brown (10YR 6/3) 60% and grayish brown (10YR 5/2) 40%;
sandy loam; moderate fine and medium subangular blocky structure; hard
dry, slightly firm moist, slightly sticky and slightly plastic; few faint clay
bridges among sand grains; common variegated sands; common very fine
and fine vesicular pores; common very fine and fine roots; few traces of
dead roots; extremely acid (field pH 4.0); abrupt, smooth boundary to
Bt1.

Mixed pale brown (10YR 6/3) 85% and light brownish gray (10YR 6/2)
15%; sandy clay loam; moderate fine and medium angular blocky
structure; hard dry, firm moist, moderately sticky and moderately plastic;
few clay bridges among sand grains, faint clay coats on pore walls and
ped surfaces; common variegated sands, few quartz fragments; common
very fine, fine vesicular and few fine tubular pores; few very fine, fine
and medium roots; few traces of dead roots; extremely acid (field pH
4.0); gradual, smooth boundary to Bt2.
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Bt4
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Bt6

65-98

98-130
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150-172

172-200+
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Mixed Pale brown (10YR 6/3) 85% and light gray (10YR 7/2) 15%;
sandy clay; moderate medium and coarse semi-angular blocky structure;
hard dry, firm moist, very sticky and very plastic; common clay bridges
among sand grains, common faint clay coats on pore walls and ped faces;
common variegated sands, few quartz fragments; few very fine, common
fine vesicular and few fine tubular pores; very few very fine, fine roots;
few traces of dead roots; extremely acid (field pH 4.0); gradual, smooth
boundary to Bt3.

Mixed pale brown (10YR 6/3) 68% and light gray (10YR 7/2) 20%; few
fine yellowish brown (10YR 5/6) < 12% mottles; sandy clay loam;
moderate fine and medium semi-angular blocky structure; slightly hard
dry, firm moist, moderately sticky and moderately plastic; few clay
bridges among sand grains, faint clay coats on pore walls and ped faces;
common Vvariegated sands, few quartz fragments and few fine cracks;
common very fine, fine vesicular and few fine tubular pores; very few
very fine, fine roots; few traces of dead roots; very strongly acid (field pH
4.5); clear, smooth boundary to Bt4.

Mixed pale brown (10YR 6/3) 78% and light gray (10YR 7/2) 20%; few
fine yellowish brown (10YR 5/6) 2% mottles; sandy clay loam; moderate
medium and coarse semi-angular blocky structure; slightly hard dry,
slightly firm moist, moderately sticky and moderately plastic; few clay
bridges among sand grains, faint clay coats on pore walls and ped faces;
many variegated sands and few fine cracks; few very fine, common fine
vesicular and few fine tubular pores; very few very fine, fine roots; few
traces of dead roots; neutral (field pH 4.5); clear, smooth boundary to
Bt5.

Mixed pale brown (10YR 6/3) 70% and light gray (10YR 7/2) 20% ;
common medium and coarse yellowish red (5YR 5/6) 10% and common
medium brownish yellow (10YR 6/8) 10% mottles; sandy clay loam;
moderate medium and coarse semi-angular blocky structure; slightly hard
dry, slightly firm moist, moderately sticky and moderately plastic; few
faint clay coats on pore walls mainly; many variegated sands, few fine
cracks and few large spots of iron oxides coated sands; few very fine,
common fine vesicular and few fine tubular pores; very few very fine,
fine roots; few traces of dead roots; very strongly acid (field pH 4.5);
clear, smooth boundary to Bt6.

Mixed very pale brown (10YR 7/4) 55% and light gray (10YR 7/2) 20%;
common medium and coarse brownish yellow (10YR 6/8) 10% and
common medium and coarse red (2.5YR 4/8) 15% mottles; slightly
gravelly sandy clay loam; moderate medium and coarse semi-angular
blocky structure; slightly hard dry, slightly firm moist, moderately sticky
and moderately plastic; common faint clay bridges among sand grains,
faint clay coats on pore walls and ped faces; few variegated sands and
quartz fragments; few very fine, common fine medium vesicular and few
fine tubular pores; practically no roots; common large spots of iron oxides
coated sands; very strongly acid (field pH 4.5).
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Pedon 3. Sattahip series

: Sh

. Sattahip series

. Typic Kandiudult, coarse-loamy, mixed, isohyperthermic

. December 22, 2007

. Irb Kheoruenromne, Mahitorn Putiso, Worachart Wisawapipat,
Timtong Darunsontaya, Chutharmard Kaewmano, Natthapol
Chittmart and Bussayarat Mokmoor

. Ban Mab Fug Thong, Tambon Huay Yai, Amphoe Bang La
Moong, Changwat Chonburi

. Approximately 80 m (MSL)

© 52341V Co-ordinate: 47P 0718656", 1411195°

. Dissected lower Footslope
. Undulating
. 1%  Aspect: 110° Azimuth (East south)

. Cassava, Marigold, Pararubber, Coconut
. Approximately 1,260 mm

. Approximately 27 °C

. Tropical Monsoonal

. Settlement and agricultural

General information on the soil

Parent material

Drainage

Permeability

Runoff

Depth of ground water

11 Profile description

Horizon Depth (cm)
Apl 0-10
Ap2 10-23
AB 23-42

. Mixed wash and local alluvium derived from meta sedimentary
rocks and granite

: Well drained

: Moderate

. Moderate

. Deeper than 2.0 m at time of sampling

Description

Mixed grayish brown (10YR 5/2) 80% and very dark gray (10YR 3/1)
20%; loamy fine sand; moderate weak fine and medium subangular
blocky structure; slightly hard dry, friable moist, slightly sticky and
slightly plastic; common variegated sand; many very and fine vesicular
pores; many very fine roots, few traces of dead roots; strongly acid
(field pH 5.5); clear, smooth boundary to Ap2

Mixed brown (10YR 5/3) 65%, very pale brown (10YR 7/4) 20% and
very dark gray (10YR 3/1) 15%; loamy fine sand; moderate fine and
medium semi-subangular blocky structure; slightly hard dry, friable
moist, slightly sticky and slightly plastic; common variegated sand and
spot accumulation of organic matter; few very fine and common fine
vesicular pores; few very fine and fine roots, few traces of dead roots;
strongly acid (field pH 5.5); clear, smooth boundary to AB

Mixed brown (10YR 5/3) 60%, dark grayish brown (10YR 4/2) 20%
and light brown (7.5YR 6/4) 20%; sandy loam; moderate fine and
medium semi-angular blocky structure; hard dry, friable moist, slightly
sticky and slightly plastic; few faint spotted clay bridges among sand



Btl

Bt2

Bt3

Bt4

Bt5

42-75

75-100

100-130

130-158

158-195+
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grains; common variegated sands and spotted accumulation of organic
matter, few vary fine and common fine vesicular pores, few very fine
and fine roots; few charcoal fragments; strongly acid (field pH 5.5);
clear, smooth boundary to Bt1.

Mixed brown (10YR 5/3) 90% and light yellowish brown (10YR 6/4)
10%; sandy loam; moderately weak fine and medium subangular
blocky structure; slightly hard dry, friable moist, slightly sticky and
slightly plastic; few faint spotted clay bridges among sand grains;
common variegated sands and spotted accumulation of organic matter,
few vary fine and common fine vesicular pores, few very fine and fine
roots; strongly acid (field pH 5.5); clear, smooth boundary to Bt2.

Mixed pale brown (10YR 6/3) 70%, brown (10YR 5/3) 20% and very
dark gray (10YR 3/1) 10%; sandy loam; moderately weak fine and
medium subangular blocky structure; slightly hard dry, friable moist,
slightly sticky and slightly plastic; few faint spotted clay bridges
among sand grains; common variegated sands, few vary fine and
common fine vesicular pores, few very fine and fine roots, a large
krotovinas as a longitudinal band; moderately acid (field pH 6.0); clear,
smooth boundary to Bt3.

Mixed very pale brown (10YR 7/3) 70% and brown (10YR4/3) 30%;
sandy loam; moderately weak fine and medium subangular blocky
structure; soft dry, friable moist, slightly sticky and slightly plastic; few
faint spotted clay bridges among sand grains; common variegated
sands and spot accumulation of quartz fragments and sizes of quartz
fragments increase; few very fine and common fine vesicular pores,
few very fine and fine roots, a; very strongly acid (field pH 5.0);
gradual, smooth boundary to Bt4.

Mixed very pale brown (10YR 7/4) 70% and brown (10YR 5/3) 30%;
sandy loam; weak fine and medium subangular blocky structure; soft
dry, friable moist, slightly sticky and slightly plastic; few faint spotted
clay bridges among sand grains; common variegated sands and spot
accumulation of quartz fragments and sizes of quartz fragments
increase; few very fine and common fine vesicular pores, very few
very fine and fine roots; very strongly acid (field pH 5.0); clear,
smooth boundary to Bt5.

Mixed light yellowish brown (10YR 6/4) 80% and brown (10YR 5/3)
20%; slightly gravel sandy loam; weak fine and medium subangular
blocky structure; soft dry, friable moist, slightly sticky and slightly
plastic; few faint clay coating on pore walls and nodule surfaces;
common variegated sands, spot accumulation of quartz fragments and
sizes of quartz fragments increase, and few spotted accumulation of
iron and manganese oxides; few very fine and common fine vesicular
pores; very few very fine and fine roots; a sizes of quartz fragments
increase; very strongly acid (field pH 5.5).
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Mab Bon series (Mb)

. Mb

: Mab Bon series

. Typic Kandiudult, fine-loamy, mixed, isohyperthermic

: January 4, 2008

. Irb Kheoruenromne, Mahitorn Putiso, Worachart Wisawapipat,
Timtong Darunsontaya, Chutharmard Kaewmano, Natthapol
Chittmart and Bussayarat Mokmoor

Location . Approximately 1 km South of Bowin Village turn off, Moo 5
Ban Khao Kayay, Tambon Bowin, Amphoe Sri Racha,
Changwat Chon buri

Elevation . Approximately 137 m (MSL)

Map sheet number : 52351 Coordination : 47P 0722487% 1443621"

Landform

1. Physiographic position . Shoulder slope of residual hill

2. Surrounding land form . Undulating

3. Slope on which profile site  : 4% Aspect : North

Land use : Cassava field

Annual rainfall
Mean temperature
Climate

Others

: Approximately 959 mm

. Approximately 26°C

. Tropical Monsoonal

. Agricultural and settlements

Il General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

111 _Profile description

Horizon  Depth (cm)

Apl 0-12
Ap2 12-26
Bt1 26-40

. Residuum derived from weathered coarse grain granite
. Well drained

. Moderate

: Moderate

: Deeper than 2 m at time of sampling

Description

Mixed brownish yellow (10YR 6/8) 50%, very pale brown (10YR 7/4)
45% and dark grayish brown (10YR 4/2) 5%; sandy loam; moderate
fine and medium subangular blocky structure; hard dry, slightly firm
moist, slightly sticky and slightly plastic; few variegated sands and
common quartz fragments; common very fine, fine and few medium
vesicular and fine tubular pores; common very fine and fine roots and
few coarse roots; common traces of dead roots; moderately acid (field
pH 6.0); clear, smooth boundary to Ap2.

Mixed light yellowish brown (10YR 6/4) 70%, reddish yellow (7.5YR
6/6) 20% and yellowish red (5YR 5/6 ) 10%; sandy loam; moderate
fine and medium semi-angular blocky structure; hard dry, slightly firm
moist, slightly sticky and slightly plastic; few faint clay coats on pore
walls; few variegated sands and common quartz fragments; common
very fine and fine vesicular pores, few medium vesicular and fine
tubular pores; common very fine and fine roots; few traces of dead
roots; strongly acid (field pH 5.5); clear, smooth boundary to Bt1.

Mixed reddish yellow (5YR 6/8) 70% and reddish yellow (5YR 6/6)
30; sandy loam; moderate fine and medium semi-angular blocky
structure; hard dry, slightly firm moist, slightly sticky and slightly
plastic; few faint clay bridges among sand grains and few faint clay
coats on pore walls; very few variegated sands and common quartz
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fragments; few very fine and common fine vesicular and few fine
tubular pores; few very fine and fine roots; few traces of charcoal
fragments; very strongly acid (field pH 5.0); clear, smooth boundary to
Bt2.

Mixed reddish yellow (5YR 6/8) 80% and reddish yellow (7.5YR 6/6)
20%; sandy loam; moderate fine and medium semi-angular blocky
structure; slightly hard dry, slightly firm moist, slightly sticky and
slightly plastic; few faint clay bridges among sand grains and few faint
clay coats on pore walls; very few variegated sands and common quartz
fragments; few very fine, fine and medium vesicular and few fine
tubular pores; few very fine and fine roots; few charcoal fragments and
few traces of dead roots; very strongly acid (field pH 5.0); gradual,
smooth boundary to Bt3.

Reddish yellow (5YR 6/8); coarse sandy loam; moderate fine and
medium subangular blocky structure; slightly hard dry, slightly firm
moist, slightly sticky and slightly plastic; few faint clay bridges among
sand grains and few faint clay coats on pore walls; very few variegated
sands and common quartz fragments; few very fine, fine and medium
vesicular and few fine tubular pores; few very fine and fine roots; few
charcoal fragments and few traces of dead roots; strongly acid (field pH
5.5); gradual, smooth boundary to Bt4.

Mixed reddish yellow (5YR 6/8) 90% and yellowish red (5YR 5/6)
10%; coarse sandy loam; moderate fine and medium subangular blocky
structure; slightly hard dry, slightly firm moist, slightly sticky and
slightly plastic; few faint clay bridges among sand grains and few faint
clay coats on pore walls; very few variegated sands and common quartz
fragments; very few very fine, few fine and medium vesicular and very
few fine tubular pores; few very fine and fine roots; very few traces of
dead roots; strongly acid (field pH 5.5); clear , smooth boundary to Bt5.

Reddish yellow (5YR 6/8); slightly gravelly coarse sandy loam;
moderate fine and medium subangular blocky structure; slightly hard
dry, slightly firm moist, slightly sticky and slightly plastic; very few
faint clay coats on pore walls; very few variegated sands and common
quartz fragments; very few very fine, few fine and medium vesicular
and very few fine tubular pores; few very fine and fine roots; very few
traces of dead roots; strongly acid (field pH 5.5); clear, smooth
boundary to Bt6.

Mixed reddish yellow (5YR 6/8) 90% and brown (7.5YR 5/3) 10%;
gravelly coarse sandy loam; moderate fine and medium subangular
blocky structure; slightly hard dry, slightly firm moist, slightly sticky
and slightly plastic; very few faint clay coats on pore walls; very few
variegated sands and common quartz fragments; very few very fine,
few fine and medium vesicular and very few fine tubular pores;
practically no roots; moderately acid (field pH 6.0); clear, smooth
boundary to Bt7.

Mixed reddish yellow (5YR 6/8) 90% and reddish yellow (7.5YR 6/6)
10%; gravelly coarse sandy loam; moderate fine and medium
subangular blocky structure; slightly hard dry, slightly firm moist,
slightly sticky and slightly plastic; very few faint clay coats on pore
walls; very few variegated sands and many quartz fragments; very few
very fine and fine, common medium vesicular and very few fine
tubular pores; practically no roots; moderately acid (field pH 6.0)
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Phang-nga series: Pga

: Pga

: Phang-nga series

: Typic Kandiudult, fine, kaolinitic, isohyperthermic
: January 5, 2008
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. Irb Kheoruenromne, Mahithon Putiso, Worachart Wisawapipat,
Timtong Darunsontaya, Chutamart Kaewmano, Natthapol

Chittamart and Bussayarat Mokmoor

Location : Approximately 700 m Northwest of road from WC-K to Ban
Chumchon Nai

Elevation : Approximately 24 m (MSL)

Map sheet number 15334 1V Coordination : 47P 0779643, 1423161"

Landform

1. Physiographic position . Lower coalescing foot slope

2. Surrounding land form : Undulating

3. Slope on which profile site ;3% Aspect : 230° Azimuth

Land use . Para rubber intercropped with pineapple (young para rubber)

Annual rainfall
Mean temperature
Climate

Others

. Approximately 1600 mm
. Approximately 26°C

. Tropical Monsoonal

: Agricultural

Il General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

111 Profile description

Horizon  Depth (cm)

Ap 0-20
Bt1 20-48
Bt2 48-78

: Wash and residuum derived from weathered granite
: Well drained

: Moderate

. Moderate

. More than 2 m at time of sampling

Description

Mixed grayish brown (10YR 5/2) 68%, light yellowish brown (10YR
6/4) 30% and very pale brown (10YR 7/2) 2%; sandy loam; moderate
fine and medium semi-angular blocky structure; slightly hard dry,
slightly firm moist, slightly sticky and slightly plastic; very few faint
clay coats on pore walls and clay bridges among sand grains; few fine
variegated sands; few very fine and common fine vesicular and few
fine tubular pores; common very fine, fine and medium roots; common
medium and few large pores and few traces of dead roots; extremely
acid (field pH 4.0); abrupt, smooth boundary to Btl

Mixed very pale brown (10YR 7/4) 92%, grayish brown (10YR5/2)
5% and very pale brown (10YR 8/2) 3%; sandy clay loam; moderate
fine and medium semi-angular blocky structure; hard dry, slightly
firm moist, moderately sticky and moderately plastic; few faint clay
coats on pore walls and clay bridges among sand grains; few fine
variegated sands; few very fine and fine vesicular pores and few fine
tubular pores; few very fine and fine roots; two large remnant of ant’s
rest and few large pores and few trace of dead roots; extremely acid
(field pH 4.5); clear, smooth boundary to Bt2

Mixed light yellowish brown (10YR 6/4) 80% and very pale brown
(10YR 8/2) 20%, common fine and medium prominent reddish
yellow (5YR 6/8), few fine distinct strong brown (7.5 YR 5/8) and
few fine distinct brownish yellow (10YR 6/8) mottles; sandy clay
loam; moderate fine and medium semi-angular blocky structute; hard
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dry, firm moist, moderately sticky and moderately plastic; common
faint clay coats on ped faces and pore walls and few faint clay bridges
among sand grains; few variegated sands, few fine cracks and
charcoal fragments; few very fine and fine vesicular and few fine
tubular pores; few very fine and fine roots; few traces ant’s nest;
extremely acid (field pH 4.5); clear, smooth boundary to Bt3.

Mixed very pale brown (10YR 7/4) 75% and white (2.5Y 8/1) 10%;
common fine distinct yellowish brown (10YR 5/8), common fine and
medium distinct brownish yellow (10YR 6/8) and common fine and
medium prominent reddish yellow (5YR 6/8) mottles; sandy clay;
moderate fine and medium semi-angular blocky structure; hard dry,
firm moist, moderately sticky and moderately plastic; common faint
clay coats on pore walls and ped faces and few faint clay bridges
among sand grains; few variegated sands, few fine cracks and few
fine soft iron oxides nodules; few very fine and fine vesicular and few
fine tubular pores; very few very fine and fine roots; few vertical
cracks across horizon thickness; very strongly acid (field pH 5.0);
clear, smooth boundary to Bt4.

Mixed very pale brown (10YR 7/3), light gray (10YR 7/2) 10%,
white (10YR 8/1) 7% and white (2.5Y 8/1) 3%, common fine distinct
reddish yellow (7.5YR 6/8), few fine distinct brownish yellow (10YR
6/8) and common fine and medium prominent reddish yellow (5YR
6/8) mottles; sandy clay; moderate fine and medium subangular
blocky structure; hard dry, firm moist, moderately sticky and
moderately plastic; common faint clay coats on pore walls and ped
faces and few faint clay bridges among sand grains; few fine
variegated sands and few fine iron oxides nodules; common indistinct
separations of clays and iron oxides; common very fine and fine
vesicular, few medium vesicular and few fine tubular pores; very few
very fine and fine roots; very strongly acid (field pH 5.0); clear,
smooth boundary to Bt5.

Mixed very pale brown (10YR 7/4) 62%, white (10YR 8/1) 15% and
light brownish gray (10YR 6/2) 3%, common medium and coarse
prominent red (2.5YR 5/6), few medium prominent yellowish red
(5YR 5/8) and common fine and medium distinct yellowish brown
(10YR 5/8) mottles; sandy clay; moderate fine and medium semi-
angular blocky structure; hard dry, firm moist, moderately sticky and
moderately plastic; common faint clay coats on pore walls and ped
faces and few faint clay bridges among sand grains; few fine
variegated sands, few fine iron oxides nodules and few fine cracks;
common very fine and fine vesicular, few medium vesicular and few
fine tubular pores; partically no roots; common indistinct separations
of clays and iron oxides; extremely acid (field pH 4.5); clear, smooth
boundary to Bv.

Mixed very pale brown (10YR 7/4) 50% and white (10YR 8/1) 20%,
common medium prominent red (2.5YR 5/6), few fine distinct strong
brown (7.5YR 5/8), and common fine and medium distinct yellowish
brown (10YR 5/8) mottles; slightly gravelly sandy clay; moderate
fine and medium semi-angular blocky structure; hard dry, firm moist,
moderately sticky and moderately plastic; common faint clay coat and
ferri-argillan coats on pore walls and ped faces; few fine variegated
sands, few fine iron oxides nodules and few fine cracks; few very
fine, common fine and few medium vesicular and few fine tubular
pores; partically no roots; common distinct separations of clays and
iron oxides and some parts are semi-hardened; very strongly acid
(field pH 5.0).
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fMeTUganyuzNIgadugIuINgIvesan (Soil Micromorphology)



Pedon 1

Horizon
Ap

Btl

Bt3

Btcl

Btc3

Bv

Depth (cm)
0-15/20

15/20-32

52-88

88-100

120-145

145-165
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Typic Kandiudult, clayey-skeletal, kaolinitic, isohyperthermic

Description
Microstructure

Complex structure which consists of subangular blocky structure,
moderately to strongly developed, and locally shows granular structure.

Voids mainly are accommodated planar voids, 20-50 um width,
intrapedal vughs are common. Estimated total voids space 20%.

Basic mineral components
The c/f limit at 10um, ratio of 20/80

Coarse fraction: The mineral grains mostly are single quartz grain, silt
size to coarse sand size, angular to subround, pooly sorted.

Fine fraction: Yellowish brown, clay to fine silt size material dotted
speakled appearance under transmitted light.

Basic organic components

Few amorphous organic fine material and punctuation, very few highly
decomposed plant tissue, and the living plant tissue are rare.

Groundmass

The c/f related distribution pattern is porphyric, the b-fabric of the
micromass is weakly stipple speckled to undifferentiated.

Pedofeature

Amorphouse pedofeature: The transported iron oxide impregnative
nodules sizes 500-1000 pm, present about 2% of the thin section areas.

Similar to upper horizon. But the coarse fraction is slightly increased,
the c/f ratio limit at 10pum, ratio of 25:75. The amorphous pedofeature
present as amorphous fe-oxide nodules, sizes 20-100pm, moderately
to strong impregnated with sharp boundries and occupy about 5% of
the thin section areas. The illuviated red color clay usually associates
with the Fe-oxide impregnative nodules in voids and on surface,
strongly oriented, present about 2% of the thin section areas.

Similar to upper horizon. But the Fe-oxide impregnative nodules are
slightly increase to cover about 7-10% of the areas of the thin section.

Similar to upper horizon but the pedofeature are much more increased.
The textural pedofeature; clay mixed with iron oxide infilled in some
voids nodule and present about 5% of the thin section areas, and iron
oxide impregnative nodules sizes 200-5000um, strongly impregnated
with sharp boundaries, occupy about 40% of the thin section areas.

Similar to upper horizon. But iron oxide impregnated nodules are
increases in size and theamount, the size is upto 1 cm. and the amount is
about 50% of the thin section areas.

Very similar to upper horizon. But the-textural clay, yellowish red in
color is increased to present about 7-10% of of the thin section area and
generally associated with iron oxide impregnated nodules. (in voids and
on surface of nodules)



Pedon 2

Horizon
Apl

Bt2

Bt4

Bt6
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Horizon

Apl

Depth (cm)
0-18

65-98

130-150

172-200

Depth (cm)
0-10
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Typic Kandiudult, fine, kaolinitic, isochyperthermic

Description
Microstructure

Pellicular grain structure mixed with bridged grain structure. Voids are
simple packing voids. Estimate total voids space 30% of the thin section
areas.

Basic mineral components.

Coarse fraction: Mostly are single quartz grain, silt size to very coarse
sand size, angular to subrounded, poorly sorted.

Fine fraction: Pale grayish brown, clay to fine silt sized material dotted
appearance under transmitted light.

Basic organic components

Few fresh plant tissues and very few amorphous organic fine materials.
Groundmass

The c/f related distribution pattern is chitonic mixed with gefuric, the b-
fabric of the micromass is undifferentiated.

Pedofeature
None

Clay is much more increased and c/f ratio is approx 70:30. The
microstructure is dominantin granular structure, the granules are of
various sizes. Voids generally are compound packing voids, few short
planar voids. Total porosity is about 15%. The c/f related distribution
pattern is porphyric. The b-fabric of the micromass mainly is
undifferentiated, few poro to granostriated. The textural clay is light
grayish brown, limpid aspect thin to thick coasting and present about 2%
of the area of thin section.

Similar to upper horizon. But the textural clay increases to present about
5%.

Similar to upper horizon. But the textural clay usually present as clay
fragments give yellow color, sized approx 50-100pum disseminated
through out s-matrix, occupy 5% of thin section area.

Kandiudult ,coarse-loamy,mixed, isohyperthermic

Description
Microstructure

Compact grain structure; voids are simple packing voids, estimate total
voids space 15% of the thin section area.

Basic mineral components
The c/f limit at 10um, ratio of 98:2

Coarse fraction: Dominant single quartz grain, mostly are very fine sand
to coarse sand sizes, angular to subround, few polycrystalline quartz
which is coarse to very coarse sand sizes, few feldspars, (microcline and
plagioclase) vary few quartzite rock fragments and tourmaline, poorly
sorted. Fine fraction: Grayish brown, clay to fine silt sized material,
dotted appearance under transmitted light.



AB 32-42
Btl 42-75
Bt3 100-130
Bt5 158-195
Pedon 4

Horizon Depth (cm)
Apl 0-12
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Basic organic components

Few amorphous organic fine material and organic pigments, very few
living plant tissues.

Groundmass

The c/f distribution pattern is chitonic mixed, the b-fabric of the
micromass is weakly stipple to undifferentiated.

Pedofeature

None

Similar to upper horizon. But the fine material are increased, c/f ratio is
approx 90:10. In coarse fraction, few rock fragments. The textural
pedofeature presents as yellowish brown clay coatings locally on quartz
grain and in voids, cover about 1% of the area of thin section.

Similar to upper horizon. But The textural pedofeature generally present
as silt clay coatings surrounded on quartz grains, and cover about 3% of
the area of thin section.

Similar to upper horizon

Similar to upper horizon. But the textural pedofeature, clay mixed with
iron oxide yellowish brown, infilled some voids present about 5% of the
thin section areas, and locally show microlaminated. The amorphous
pedofeature present as iron oxide locally impregnated s-matrix, occupy
5% of the thin section areas.

Typic Kandiudult, fine-loamy, mixed, isohyperthermic

Description
Microstructure

Bridged grain structure; voids are simple packing voids. Estimated total
void space 30% of the thin section areas.

Basic mineral components
The c/f limit at 10 um, ratio of 95/5

Coarse fraction: Dominant quartz grains, mostly are medium to very
coarse

sand sizes, subangular to subrounded, moderately sorted.

Fine fraction: Brown to strong brown, clay to fine silt sized materials,
speckled

and dotted appearance under transmitted light.

Basic organic components

Generally are organic pigment staining to the micromass, few living plant
tissue residues.

Groundmass

The c/f distribution pattern is gefuric, the b-fabric of the micromass is
undifferentiated.

Pedofeature

Excrement pedofeature: About 2% of the soil animal excrement, size
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50um. remains in plant tissue residues.

Ap?2 12-26 The fine material is slightly increased and bridged the mineral grains; the
c/f ratio is approx 90:10. Estimated total void space decrease to 20% of
the thin section areas, the textural pedofeature; are thin to thick clay
coating and infilling, yellowish brown, present 2% of the thin section
areas.

Bt2 40-60 Similar to upper horizon. But the fine material increases, c/f ratio is about
85:15. The textural clay increases to present about 5%.

Bt3 60-80 Similar to upper horizon. But the illuviated clay decreases to about 2-3%.
The amorphous pedofeature clay mixed with iron oxide nodule, sizes
100-200um with sharpe boundaries and cover about 2-3% of the thin
section areas. Few moderately weathered granite rock fragments, sizes
500-1500um.

Bt5 110-140 Similar to upper horizon. But in coarse fraction, quartz grains are
dominant in very coarse sand size, sizes (1000-2000um), angular to
subrounded, poorly sorted.

Bt7 170-200 Similar to upper horizon. But the textural pedofeature as clay coatings
increase to cover about 4-5% of the thin section areas.

Pedon 5 Typic Kandiudult, fine, kaolinitic isohyperthermic
Horizon Depth (cm) Description
Apl 0-20 Microstructure

Vughy structure; voids are vughs estimate total space 10-20% of the thin
section areas.

Basic mineral components
The c/f limit at 10um, ratio of 80/20

Coarse fraction: dominant quartz grain mostly are medium to coarse sand
sizes, subangular to surround; and few runiquartz, sizes 500-1000um.

Basic organic components

Generally are fresh plant tissue, few organic pigments.
Groundmass

The c/f distribution pattern is gefuric to chitonic mixed, the b-fabric of
the micromass is undifferentiated.

Pedofeature

Bt3 70-110 Vughy structure; voids are vughs. Estimate total space 10-15% of the thin
section areas.Coarse fraction: dominant quartz grains mostly are fine sand
to medium sand sizes, few runiquartz sized 500-1000um subangular to
surround; moderately sorted. Fine fraction: Pale yellow, clay to fine silt
size material, limpid aspect under transmitted light. The textural
pedofeature; are yellowish brown clay coating present about 4-5% of the
thin section areas.

Bt5 140-170 Similar to upper horizon. But clay is much more increase, limpid aspect
and undifferentiated b-fabric, the c/f ratio is 20:80 and textural clay
present 2-4%, the clay mixed with iron oxide mottles sizes 20-50pum
disseminated throughout s-matrix and cover about 10% of the thin
section areas.
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Depth Horizon  Particle size distribution =~ Textural class ~ Bulkdensity =~ Hydraulic conductivity
(cm) (gkg") (Mgm”) (emhr')
Sand Silt Clay

Pedon 1 Typic Kandiudult, clayey-skeletal, kaolinitic, isohyperthermic
0-15/20 Ap 452 146 402 C 1.46 5.85x10"
20-32 Btl1 358 98 544 C 1.49 3.375
32-52 Bt2 324 77 599 C 1.33 1.120
52-88 Bt3 322 71 607 C 1.38 -
88-100 Btcl 290 82 628 C - -
100-120 Btc2 254 95 651 C - -
120-145 Btc3 282 80 638 C - -
145-165+  Bv 304 109 587 C - -
Pedon 2 Typic Kandiudult, fine, kaolinitic, isohyperthermic
0-18 Apl 775 45 180 SL 1.75 5x10°
18-35 Ap2 732 84 184 SL 1.75 1.215
35-65 Btl 550 43 406 SC 1.67 2.825
65-98 Bt2 491 46 463 SC 1.59 -
98-130 Bt3 581 35 384 SC 1.62 -
130-150 Bt4 602 29 369 SC 1.65 -
150-172 BtS 457 88 454 SC 1.57 -
172-200+  Bt6 402 67 532 C 1.53 -
Pedon 3 Typic Kandiudult, coarse-loamy, mixed, isohyperthermic
0-10 Apl 775 137 88 SL 1.47 1.335
20-23 Ap2 749 155 96 SL 1.71 3.65x10"
23-42 AB 717 160 124 SL 1.74 4.435
42-75 Btl1 761 108 131 SL 1.64 -
75-100 Bt2 775 117 108 SL 1.61 -
100-130 Bt3 781 111 107 SL - -
130-158 Bt4 799 78 123 SL - -
158-195+  Bt5 753 104 143 SL - -
Pedon 4 Typic Kandiudult, fine-loamy, mixed, isohyperthermic
0-12 Apl 812 95 93 LS 1.49 1.495
12-26 Ap2 751 106 143 SL 1.94 -
26-40 Btl1 682 194 124 SL 1.79 -
40-60 Bt2 686 94 220 SCL 1.67 -
60-80 Bt3 710 84 206 SCL 1.62 -
80-110 Bt4 726 78 196 SCL 1.71 -
110-140 BtS 704 112 184 SL 1.76 -
140-170 Bt6 740 61 199 SCL 1.79 -
170-200+  Bt7 698 52 250 SCL 1.88 -
Pedon 5 Typic Kandiudult, fine, kaolinitic isohyperthermic
0-20 Ap 695 114 191 SL 1.69 1.150
20-48 Btl 542 117 343 SCL 1.61 -
48-78 Bt2 533 124 343 SCL 1.65 -
78-110 Bt3 498 109 394 SC 1.58 -
110-140 Bt4 465 148 387 SC 1.55 -
140-170 Bt5 386 144 471 C 1.48 -
170-200+  Bv 364 131 505 C 1.48 -

HIYLKA LS = loamy sand, SL = sandy loam, L = loam, SCL = sandy clay loam, CL = clay

loam, SC = sandy clay, SiC = silty clay, C = clay



a 4 va a { o
ATTNNUIN N2 Nﬁ’JLﬂ513‘Vi’ﬁllU@ﬂ1ﬂ!ﬂﬁﬂl€)\‘]ﬂuﬁﬂ1ﬂﬁaﬂy1

Depth Horizon pH 1:1 oM Total N Avail. P Avail. K Extractable bases Sum Extr. CEC BS
(cm) H,0 KCl1 Ca Mg K Na  bases acidity by sum NH,OAc by sum
(g kg ) € mg kg ) ( cmol (+) kg ) W)
Pedon 1 Typic Kandiudult, clayey-skeletal, kaolinitic, isohyperthermic
0-15/20 Ap 4.6 3.6 19.76 0.52 39.7 16.58 2.14 007 0.03 072 296 4.96 7.92 5.10 10.28
20-32 Btl 4.5 3.6 11.78 0.42 2.6 12.16 030 0.04 002 0.17 0.53 4.49 5.02 4.62 39.73
32-52 Bt2 4.6 3.6 6.51 0.24 2.8 6.94 0.39 0.06 0.02 0.18 0.65 3.48 4.13 3.35 13.17
52-88 Bt3 4.7 3.6 5.78 0.31 2.9 7.50 041 0.07 0.02 0.11 0.61 3.50 4.11 5.59 15.61
88-100 Btcl 5.0 3.7 2.22 0.14 3.1 7.01 049 0.12 0.02 032 095 3.50 4.45 4.49 14.73
100-120 Btc2 4.9 3.7 2.24 0.10 2.8 9.35 045 0.13 0.02 021 0.81 3.49 4.30 4.47 21.61
120-145 Btc3 4.9 3.7 2.96 0.14 2.8 8.51 029 0.13 0.03 0.58 1.03 3.99 5.02 3.11 16.97
145-165+  Bv 4.9 3.7 0.82 0.07 2.6 10.43 027 0.09 0.04 0.16 0.56 3.49 4.05 5.82 22.71
Pedon 2 Typic Kandiudult, fine, kaolinitic, isohyperthermic
0-18 Apl 4.1 3.5 8.07 0.20 38.6 20.44 2.14 007 0.03 072 296 4.96 7.92 1.62 14.61
18-35 Ap2 4.0 3.35 6.14 0.17 29.5 15.31 030 0.04 0.02 0.17 0.53 4.49 5.02 2.36 14.71
35-65 Btl 3.7 3.3 6.86 0.10 9.8 12.91 039 006 0.02 0.18 0.65 3.48 4.13 0.62 13.74
65-98 Bt2 4.0 34 6.72 0.17 53 10.03 041 0.07 0.02 0.11 0.61 3.50 4.11 1.87 13.44
98-130 Bt3 4.1 34 4.65 0.10 4.5 7.38 049 0.12 0.02 032 095 3.50 4.45 1.86 18.18
130-150 Bt4 42 3.4 4.74 0.03 44 10.81 045 0.13 0.02 021 0281 3.49 4.30 1.61 13.77
150-172 Bt5 4.3 3.4 2.72 0.03 2.5 8.67 029 0.13 0.03 0.58 1.03 3.99 5.02 2.61 17.13
172-200+  Bt6 4.4 3.8 2.71 0.07 2.5 11.68 027 0.09 0.04 0.16 0.56 3.49 4.05 3.24 16.95
Pedon3 Typic Kandiudult, coarse-loamy, mixed, isohyperthermic
0-10 Apl 5.2 4.1 6.78 0.13 30.5 19.22 0.77 0.10 0.05 042 134 8.49 9.83 2.36 13.65
20-23 Ap2 5.2 42 6.81 0.03 42.5 20.16 249 0.07 0.05 023 284 743 10.27 1.49 27.76
23-42 AB 52 42 3.39 0.03 46.7 29.13 0.89 0.08 0.07 064 1.68 5.61 7.29 1.12 23.13
42-75 Btl1 4.8 4.0 2.72 0.03 26.6 21.46 0.73 0.05 0.06 020 1.04 4.67 5.71 1.00 18.20
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Depth Horizon pH 1:1 OM Total N Avail. P Avail. K Extractable bases Sum Extr. CEC BS
(cm) H,0 KCl Ca Mg K Na  bases acidity by sum NH,0Ac by sum
(g kg emm) (rmemg kg ) ( cmol (+) kg ) (%)
75-100 Bt2 4.6 39 4.78 0.03 59 16.5 0.63 0.05 0.04 1.10 1.82 3.80 5.62 1.00 32.45
100-130 Bt3 4.5 39 2.69 0.03 53 12.8 0.54 0.05 0.03 045 1.07 3.74 4.81 0.62 22.21
130-158 Bt4 4.9 4.2 2.16 0.03 5.0 14.8 0.59 006 004 025 094 2.79 3.73 0.99 25.09
158-195+  Bt5 4.9 4.0 2.72 0.02 5.7 17.2 0.58 0.06 004 0.12 0.80 2.73 3.53 0.62 22.68
Pedon 4 Typic Kandiudult, fine-loamy, mixed, isohyperthermic
0-12 Apl 53 4.3 6.37 0.21 19.3 41.8 0.89 0.16 0.11 7.82 898 4.71 13.69 1.25 13.65
12-26 Ap2 4.8 3.8 4.05 0.07 4.8 18.0 0.58 0.09 0.05 044 1.16 4.71 5.87 1.49 27.76
26-40 Btl 4.6 3.7 2.71 0.07 43 20.6 0.80 0.14 0.05 0.19 1.18 5.57 6.75 1.37 23.13
40-60 Bt2 4.8 4.2 2.72 0.05 43 27.6 1.19 024 0.07 071 221 6.55 8.76 1.37 18.20
60-80 Bt3 5.0 44 4.78 0.03 4.1 22.8 1.25 025 0.06 045 201 7.55 9.56 1.50 32.45
80-110 Bt4 5.0 44 2.69 0.03 4.4 17.0 1.08 02 004 0.18 1.50 4.69 6.19 1.24 22.21
110-140 Bt5 5.2 4.5 2.16 0.03 49 21.6 122 040 0.06 057 225 4.67 6.92 1.37 25.09
140-170 Bt6 54 4.7 2.05 0.03 4.8 17.3 0.83 044 0.04 0.61 1.92 5.68 7.60 1.12 22.68
170-200+  Bt7 5.5 4.9 2.72 0.07 2.7 21.5 1.05 0.61 0.06 0.79 2.51 3.77 6.28 2.23 13.65
Pedon 5 Typic Kandiudult, fine, kaolinitic, isohyperthermic
0-20 Ap 4.0 3.5 8.15 0.33 8.4 203 027 007 005 044 0383 6.57 7.40 2.47 11.16
20-48 Btl 4.3 3.5 3.40 0.23 1.7 15.5 022 004 004 0.19 049 4.67 5.16 2.62 9.66
48-78 Bt2 44 3.6 4.80 0.17 1.6 17.5 0.15 005 004 019 043 7.53 7.96 2.47 5.52
78-110 Bt3 44 3.6 3.39 0.07 1.9 16.0 022 008 004 053 0387 6.62 7.49 2.59 11.60
110-140 Bt4 4.2 3.6 2.02 0.07 18 13.91 020 0.08 0.04 0.15 047 5.64 6.11 1.74 7.76
140-170 Bt5 4.1 3.6 2.04 0.20 2.3 14.8 031 0.17 004 044 096 6.60 7.56 4.24 12.66
170-200+ Bv 4.2 3.6 1.36 0.03 1.7 11.7 032 024 003 0.13 0.72 7.50 8.22 4.60 8.69
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o A O'J d‘ z dy a %
fisenialy FOFUVDIUUDAUNAN
a dy 9 J a 1 z J =
AUNIIY HoneL 18un newiane 9 AUANTIBHIIUNINDA
= a 1 =
(Sandy) N310aL0EANN LAZNTWUUAUIIUDING 1Y
= =) 1
azvgAuINYUANTIU
dy 9 1A 1 a 1 z 1
Wovenuihunag 18un Ausutunsrerianig o A
a 1 =® A 1 =S
ausunneneuneauswlunsigazioon
a 1 dy Y 1 Aa 1 =S a 1
AuIIU wothunaig 18ua Ausmtlunsieazideann ausu
(Loamy) augutunseutls uagnseuila
dy =) 9 1A 1 = a 1 =
ieaziBeathunany  1dun Ausiumiien Ausaumiiendunsie
a 1 =
AuImHedunseuls
a = dy a = Y =) = a ~
AU e HoAuazIoen 1aun aumtiendunse Aumiiendunsieudls
(Clayey) HazAUIYHE

NN 191 (2542%); Soil Survey Division Staff (1993)
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M319WuIn ad To31aA1e NFlumstsziivseauauianaad uazmsdsziuanugan
qauyYs AlUDIAY (Land Classification Division and FAO Project Staff, 1973; Soil

Survey Division Staff, 1993; 191, 2542%)

Y
1. ﬂﬁﬁ?mmmﬁu (soil reaction), pH (ﬁu “U1=1:1)

FZA1 (rating) nde (range)
Wlunsaguusanniiga (ultra acid) <35
Lﬂuﬂmqummm (extremely acid) 3.5-4.5
Wunsadainn (very strongly acid) 4.5-5.0
< [ .
11UnIATA (strongly acid) 5.1-5.5
Wunsathunan (moderately acid) 5.6-6.0
Hunsadniios (slightly acid) 6.1-6.5
Wunans (neutral) 6.6-7.3
[ 1 <] 9 . .
wWuaaaniios (slightly alkaline) 7.4-7.8
[ 1 .
Wuaeunans (moderately alkaline) 7.9-8.4
[ 1 Y .
11lua199@ (strongly alkaline) 8.5-9.0
duaasanin (very strongly alkaline) >9.0
2. 81!‘1/1?8’?@@ (organic matter) (% organic carbon x 1.724 x 10)
52AU (rating) e (gkg )
@110 (VL) <5
@1 (L) 5-10
AouG19A1 (ML) 10-15
1unae (M) 15-25
ADUN 19 (MH) 25-35
q9 (H) 35-45

gaun (VH) > 45
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3. 153l Tn519U3W (total nitrogen)

32A1 (rating) Weo (gkg )
AN (VL) <1.0
A1 (L) 1.0-2.0
11unate (M) 2.0-5.0
99 (H) 5.0-7.5
gI11n (VH) >75
4. 991315 0882ANUDNANUE (bases saturation)
32A1 (rating) Wee (%)
A1 (L) <35
11unate (M) 35-75
49 (H) > 75
5. mmmmmﬂﬁﬂmmﬁ%aau (CEC)
LA (rating) Nde (cmol kg_l)
A0 (VL) <3
@1 (L) 3-5
AU (ML) 5-10
1unaie (M) 10-15
ADUN 9GS (MH) 15-20
49 (H) 20-30

N (VH) >30
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6. Ysmnalearlesaniluilss Tewnd (available P) (Bray I1)

320 (rating) Wde (mgkg )

éimm (VL) <3

§1 (L) 3-6

ABUTIAT (ML) 6-10
1thunan (M) 10-15
ADUN 9GS (MH) 15-25
93 (H) 25-45
gaun (VH) > 45

7. USina TwunanFouiniiualse Tomd (available K) (NH40AC)

5YAY (rating) Wiy (mg kg
A1n (VL) <30
é1 (L) 30-60
1unaie (M) 60-90
79 (1) 90-120

N (VH) > 120




8. USuanuasunanald (extractable bases) (NH40Ac)
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32A (rating) W&y (cmol kg_l)

extr. Ca extr.Mg extr.K extr.Na extr. bases
§1n (VL) <2.0 <03 <0.2 <0.1 <2.6
G‘h (L) 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
thunan (M) 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3
a3 (H) 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2
N (VH) >20 > 8.0 >1.2 >2.0 >31.2

nanemg VL = @110 (Very Low)

L = @1 (Low)

ML = ApU41961 (Moderately Low)
M = 11unan (Medium)

MH = fif]l!"lgleQQ (Moderately High)
H = g3 (High)

VH = g1 (Very High)

4 ] Y a | A o 9
MINHNUIN AS Lﬂm"I/lﬂ'liLlﬂﬂigﬂﬂﬂii\l'lmﬂ'l'lulﬂuﬂiﬂ‘ﬂﬁ'ﬂﬂllﬂ

FZA1 (rating)

YSinaanudunsanadiald

(cmol kg'l)
& <1.0
& 1.0-2.0
thuna 2.0-5.0
ADUA g 5.0-10.0
oe 10.0-20.0
N >20.0

M WIATIY (2529)
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5¥AU (rating) ANUHUWHUUTIN
(Mgm")

(9%1 <1.2

Ao 12-1.4
1hunan 1.4-1.6
AU 1.6-1.8
or 1.8-2.0
N >2.0

M3 UIATIY (2529)

4 09/’ 1 3 a Q( o g’ a Q' v 9 g‘
MINNHIN A7 TEAVTUYBIMANYTLaNTNMTHIIVEIAUDNAIN YN

¢ v
ILAUFU ﬂiﬁﬂﬂi%ﬁﬂ‘ﬁﬂﬁﬁTﬁ?

A AAa v 9 g’ -1
YDIAUNDUAINIYUT (cm hr )

F170 (very slow) <0.125
1 (slow) 0.125-0.50
#11huna (moderately slow) 0.50-2.00
1unag (moderate) 2.00-6.25
L?TJ‘]JTLlﬂaN (moderately rapid) 6.25-12.50
59 (rapid) 12.50-25.00
59310 (very rapid) >25.00

31: O'Neal (1952)
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a, 1Y 4 a a a Ia
M1 NNUIN A ’J%ﬂWﬂﬂ%LUiSﬂ‘]J‘ﬂ’J”IZJQﬂiJﬁlJ“]EIJiﬂ!‘]JﬂQﬂu TagmsUselunnwamsIngeHau

sz USwa dafeway A IEETRLY IEETRLY

J a A o A o = o A d = A
PANTUYIU DUNTYINY  ANVDNA WU sanlasuuae Weawesanilu IWLL‘V]?TL%’?J?J‘VI

V9IAU (%) looou Uselowsl  uilsgTemd
(gkg) (cmol kg (mgkg") (mgkg")
& <15(1) <35(1) <10 (1) <10(1)  <60(1)
1unang 15-35(2) 35-175 10-25 10-25 60 —90
() () (2) ()
(O >35(3) >75(3) >25(3) >25(3) >90 (3)

ada @ s a

A % 1 3
HUBTA ITAATEAVANNYANTNY TUUDIA Gl%}?ﬁclﬁjﬂglu (@l')!ﬁ"llﬂ%l,Luuﬂgiu’)%ﬁﬂiuﬂﬁN)
Y "o A g 1A 1 a A o o ¥ '
DIASUUUNINY 7 HIDUDINIT DONAUNTTAUANNYANTUYIUAT DI1ASHUUDY
1 = 1 a A o Y A A T A
TENIN 8-12 ﬂmmuummqmﬁuyjamﬂmmn DIWASUUU 13 ©IDUINNIT DD

Naulinnugananysaig

N31: NIF13I9AU (2523)
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MINNUIN A9 X-ray diffraction spacing obtained from (001) planes of layer-silicate species as

related to sample treatment.

Diffraction spacing (A)

Mineral (or minerals) Indicated

14 - 15
9.9-10.1
72- 175
7.15
17.7-18.0
14 - 15
10.8
9.9-10.1
72-175
7.5

14 - 15
12.4-12.8
9.9-10.1
72 -175
7.15

14
9.9-10.1
7.15

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 aluminium)
Smectite

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

Kaolinite, chlorite (2nd order maximum)

K-saturated, heated (550 "C)

Chlorite

Mica, vermiculite (contracted), smectite (contracted)

Chlorite (2nd-order maximum)

la: Whittig (1965)
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