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Kokkorn Hemtanon 2009: Genesis and Factor Affecting Smectite Formation of Upland Vertisols
in Thailand. Master of Science (Soil Science), Major Field: Soil Science, Department of Soil

Science. Thesis Advisor: Professor Irb Kheoruenromne, Ph.D. 176 pages.

A study on genesis and factor affecting smectite formation of upland Vertisols in Thailand was
carried out on seven representative locations of soils in Central Plain and Central Highlands. Methods of
study included analysis of soil environments, field morphology and laboratory analyses of soil samples on
their physical, chemical and mineralogical properties and micromorphological characteristics according to

standard methods.

Results of the study revealed that these Vertisols have clay content of 316 to 910 grams per kilogram
within 18-50 cm depth, very high coefficient of linear extensibisity (COLE = 0.09-0.28), slightly to strongly
alkaline (pH 7.4-8.7), very low to moderately high available phosphorus (0.1-21.1 mg kg%), very low to very
high available potassium (18-126 mg kg '), high base saturation percentange (76-98%). Smectite is the
dominant mineral (approx. 40 to >60%) of the clay fraction with traces of kaolinite, vermiculite, quartz and
goethite. Quartz dominates minerals of the silt fraction with trace to moderate amount of feldspar, and calcite
can be detected in some soils. Residual parent rock fragments, carbonate and iron oxide nodules are the

dominant micromorphological features of the soils. Taxonomically, these soils are Haplusterts.

Analyses based on these characteristics of Vertisols indicate that smectite can be formed by
transformation of other phyllosilicates and neoformation. The important factors affecting smectite formation
in these Vertisols include parent materials that derived from limestone, andesite, basalt and calcareous rocks
that weathered and released slightly high amount of magnesium and iron, tropical savanna climate with mean
annual precipitation of 1,207 mm, distinct wet and dry cycles, very low hydraulic conductivity, low leaching
of cations in soil profiles, high pH, high to very high CEC, high to very high bases, high SiO,/Al,O; ratios and
high iron oxides. Feldspar, calcite and goethite are important sources of Ca, Mg, Na, K and Fe ions, for
formation and stability of smectite in the soils. Smectite correlates with COLE (R2 =0.53), CEC (R2 =0.54) and
sum bases (R2= 0.43) in these soils. The presence of smectite positively affects soil fertility but can pose some
physical limitation on land uses. The understanding on intrinsic properties of these soil can help promote more

effective land uses and land use planning.

Student’s signature Thesis Advisor’s signature
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Genesis and Factor Affecting Smectite Formation of Upland Vertisols in Thailand
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Sauconite Ca, 66H20[(Sl Al ,)(ZnMg )0, (OH),]

31: Thomas (1998)
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~ a :I o = 9 J 4 ~ =2 o w a v
Nuauazneuiin luaislalaay (Ha8n7310.01 ﬁTH“lJ) IﬂElﬁﬂ‘HWﬁ1ﬂ‘Uﬂ1ﬂ“UfJ\‘l°lg'ﬂﬂuW‘U’ﬂ

=

J a @ "o [~ Jaa J a . J '
luTe Indazifamsisegnunnaieilunesini ladwila trioctahedral tazamn lndlugas
a Y 9 A = A A I~ 1 dy 4 ] ~ A
piomaurads edwsngliomadunuveuguuazsu awn Indag hiadesvznlasuanin
3| lc?/} 4 Jaa s A a dy Jaa 4 4
Tdhuus yunaumun lna-nesini lad iWeglomauuuiurgaas eiual laa dunna

1 09/’ J Jaa J o v =< o
uamﬁ%uwﬁuﬁmﬂ”lm—m@ium"laﬁmmﬂg%umﬂwuu

TunesigeaduollszmaduReuUNTIUFUANMUARAU DT UDL O DAT
o <3| . J J @ a a y, a
$wun 181w Typic Chromusterts wuaun Inatluesntszneunanluau Tasusnaiiidsu
g} d' a A 1A 4
dumae 500-1,000 Yaawasaol (Bhattacharyya et al., 1993) Lee et al. (2003) wuean lnd

a d' a 4 = a a 4 = a :j d' a a
TuauNuIINH U SINUNY QUDIMMALVVINAND LTINS Usuanhdumae 1,000 yaaluag

]
=1

T A a 4 1 o A 4 a a2 A

Aol 1991 (2529) waz Mg (2531) Swnunwuaun ndlunesneead Usnanligiens
1 9J 9 d! S A :j d‘ 3 1 Aa A 1T A

suurgaioululszmelnedadlidsuaniwumasdae 1,033.5-1,242.1 adawasaoil

= 1 Y o a 4? ) Y a d‘d a 3’ [}

vnanldnaun Indvzimeduuazasanined Idluusnanlusmanirumangay luwn

d' 1 a = 9 4 o a A 9
noNvzszazaeuna leeaua1d 9 oon lnnszuuan daudamn Indausasuiavseaiig

4
v R

a { N (% 9 o & a Y
aruluanmmgldeimanvnainvate uadiulvginadedduluanimgiiommaniou
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vinudtiggmauanasiudanu Tasiisruilonuazufadduniu (Uehara and Gillman, 1981;

Blokhuis, 2006)
3.3 anmmgilszmer

J Y dy A = A ~ 1T A oy
ﬁ'LlJﬂllﬂﬂWUUlﬂNWﬂﬁluwuﬂi']ULﬁﬂU ma“lummqmummumww 1Hagv199e

wuluusnasdigunanivanlungiaaiy Famafamun Indluiiqulildvueanuiuie

v
a o

o A A a & 2 a o Y, a o Y, A ~
pgnUNMIaMATUINUTNUIY 9 sz izlimssnu luuTnaniuldunniiosnnd
° A Aa g; ad AR 3 9 A J
mivzazaed luauniimsszuieihanewsznuamn Indegludu B 18 Tasiamn Indlu
a A 9 d? o a aa a o A S A aaa a v
AUIZVINYITBYOY YUNVLTMMVBIFARD Y DXgiiiunTouNnilmay taznsenau uInnN
d'o I A Y= = = ~ 1 I~ o a A
anmnsuiludu q nazdalimssenudnniimnlasugvews fuawn lnalunsnends

w1 1dde (Borchardt, 1989; Churchman, 2000)

= LES) = a d' a
Ogawa et al. (1980) Anwusaumiedluaunaeuususnavestsemalneg

1 a A &£ g a S o Ao J a =
Wmmumauwﬂuﬂgmuawui BV 1IN W“]Jﬁ!JJﬂhlﬂﬁcluﬂﬁilﬁl‘lq%‘lﬂfg\ﬁﬂﬂ

'
a A

1 v A EZ 2 a v v Ia J
IFUIASINY NI (2529) ﬁﬂ‘H1ﬁ1J‘UGI‘ﬂNLﬂﬁLm%ﬂN!Li’)‘ﬂEﬂ"UfNﬂuGlu@uﬂ‘]JL’J’E]‘i‘Vlclfﬂaﬁ AUN
o 1 v W 1 1
$wunegludududos Usterts nuamn Inanoudnagedagaun

@ a

Hseu et al. (2007) Anpidaumsgievessaumilerluauawdraugidszima

Y

A A a J = a o o Ia ) a A I a
51]@\W]uTliJ"ﬁ]"lﬂWl!L“lﬁJil,WLl‘VIuiu@u@uﬂ‘ﬂL'Ji’)i‘VIGﬁﬂaf’f‘ﬂ)’\iﬁflWW{]N‘]Ji&TlﬁTlﬂﬂHTL‘]JH‘]JiL’Jm

1 a dycu 4 1 4 =
bl"l’iﬁlflﬂ Gluummummwuﬁmﬂ"lmuamimaimuwu

a a ~ J
34 ﬁ“ﬁW‘iiﬂ!“ﬁiiN%Wl HagIaunNsy

=0

1 @ 1 a J
Carpenter et al. (2007) WUIINIHRIVDIUS TANTZUIUMINWFUAT JaUNTIN
9

o w A S A dy A o Y v [ L% d‘ 1 Ql =< d‘
UNUINTINY ABLUANLIY L¥DT "lamu LAas Wy 1/]16114E]@]i']ﬂ"liﬂjW\iﬂQﬂ‘]J“Vlﬂlﬂﬂ!LﬁLWiJ‘lJu Ly

()]

L] ' 1A ' = ~ @ @ Ty A

LLSPj‘WQﬂ’ﬂ%‘]Jaﬂ‘]JEI@EJTJW]"EJ"IW"ISLLﬂWGH LYY IWLL‘VIETL%EJ?J unasken Woanese NITHWIDYNUN
1 o Y a I @ g’ 9 a = a 1a =1

mami‘nﬂ‘wmmi;uamﬂaauuﬂ@"laa@u ﬂmﬂmﬂm”lﬂu@u FIANUDINTINALITAUIN LY

10e oxyhydroxides Lﬁuﬁuﬁﬂﬁ’:}a (Dubbin, 2001; Carpenter ef al., 2007)
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3.5 1

o A @ 1a S o v 1 {
Tumsiuansomsadedveasaumiler nanduiladedomsnaouanimain
a < daa 7 a % % s o a A '
8alad liilunesiailad sa'lad-awnInd nazawnIng Tasdunaldluauiiiongunni
o = 4 = &£ ' J a dgl =) Y Y [
avie Inaaladu (1.8-0.01 a1d) Felimssreaunawn Indmediuniseuioondiianin

Aaudimsadredannszuna 3,000 3 (Egli ef al., 2003)

Egli et al. (2003) Anesasimsaindrvesamn Indnnddumavesdu 2 uSnw
Tuafelaladn (Joend10.01 3 wusasmsadadrvesaun lndwi 0.1 asw/

A lansuAl TuaundnawImMsg 1,000-3,000 I d@ruluauninanInsunna1 7,000 1 wusnas

9 [ g9 ' v A (=
ﬂ1§’ﬁiN@’JﬂJ@\‘lﬁ'mﬂul‘ﬂﬁu@ﬂﬂ?ﬂ 0.01 ﬂiiJ/ﬂTﬁﬂiiJ/“]J
A J
4. ﬁNUﬂﬂl@Qﬁ!Nﬂ"lﬂﬂ

o 1 { ° v
ﬁmﬂ"h/]demﬂ’J”IEJﬂlmﬂlﬂﬁ&lmmull@ﬂi’)u (anion exchange capacity: AEC) A1 11NN
uanasunnalopau (cation exchange capacity: CEC) g4 Tnvaglus1a 47 3 162 1sud luase
a [ o IJa A =) 4 A 4 = A
alansy shldauiiiawnlnatinnuganauyseige iesnnawn lnaamnsadaileniiung

E]

] = = v A o < A ] =
looowsu TnunaFeunazuoyTudion uazduduNinnUsI190IMITAY 15U uAAIToL
A A o = s & Aa o . =
uuntiiFon nowwas wazdenzd amn InATNUARITUNE (specific  surface) 909 650-800
MINWATADNTY LAz A ITDINAMS Ui UBUNT o TagTuAY s1aiuuas e1sudag iy
: ) 29 ¥ s a ¢ A o o o ' v
Felaimsdszgnaly noudueTalalud ies1valanzmin uazeraiuuasdie (Borchardt,

1989; Nater; 2000; Reid and Ulery, 2002; Khaorapapong, 2006; Brady and Weil, 2008)

4 @ LY
ffLiJﬂvlfﬂGl flﬂ'ﬂﬂﬁ'liﬂ'iﬂGluﬂ’lﬁ‘l’iﬂllagsllﬂﬁlﬁ') (shrink-swell) N1IMAAZLUNITUIIYN
L a 1o A < a .. . = 9 1 A o w
GUfofleJﬂkl‘ﬂﬁ1uﬂuﬂﬂ1ﬂﬂ1ﬂﬂﬂﬂ!ﬂ'ﬁlﬂuwa1ﬁ@ﬂ (plast101ty index) G])'\‘lﬂ?iﬂﬁ]'lﬂﬂ']"llﬂﬂ'lﬂﬂ“ll@\uﬂaﬂ
1 o w a . .. 1o a v A
(liquid limit) AUAIBAMAATINANAIAN (plastic limit) WToQINMANUTZANTMTVOIBANF
a $ 1 1 1 1 4
1&U (coefficient of linear extensibility: COLE) @¥ATA1 COLE ¥1nn31 0.03 1i9ueniaun nd
(] a QaJJ o s A tﬂy a A o Y a
@gmﬂi‘uﬂuuu ﬂ"li14ﬂ!,La$EUEJTEJGI'J“ll’f)\1ﬁLiJﬂuh/]ﬂLil’f)ﬂ’ﬂi]“D”LlGluﬂulﬂﬁﬂul!ﬂﬁﬂ@”lﬂﬂflﬂlﬂﬂ
HHUAUDAY (landslides) HAZINANIAVVDIAY (soil creep)ulfgf (Buol et al., 1980; Reid and Ulery,

2002; Chinn and Pillai, 2008)
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ia q
5. n9INYoaw

A 4 ] 4 a % 1 ] a

B3 NFOATNININTINANN Vertere  1UAIBIA1AU Faadl turn  (AAVHINAUAIY
Y [l

FI5UMA) (Deckers er al., 2001) AUdUAUH LB onunna1nueen I lurarelszmea iy Tu

ala (o 4 = a
Useneeoasiaesen “cracking clays” Waludison “Adobe” 3Ui58n “Shaching” TuduAY
= . @ = A A . < = . =
1580 “Black Cotton soil” Taunisauas Isuniaisen “Smolnitza” 1u50n 1ni5en “Tirs” Tuwiand
(380 “Makande” NIJuon3n1A5en “Vieigrond” 1aziin1310158n “Sonsosuite” 140N 14
Tumsswunau wuludulatiseison “Margalite soil” 11199 1na 1580 “Densinegra soil” LA

v
Tuavigomwiniusonauluduautiil “Grumusols” (Soil Survey Staff, 1999)

Ia J 1 a R ] 1
nosNwoad wold luszrinazaya 50 osen milo uaz 45 o 14 uadm Inginusznang

a & yad A v s A Y,
ﬁg@]ﬂﬂ 30 99F1 LHUD 1AL 30 93N r1@’1 llwu‘ﬂﬂiglﬂm 310 aUHLINNT wiﬂﬂizmmiﬂﬂax 2.4

9 ]
A A

= ] = v o 9 = d A
vy Tan IMsuannszaieegaunilans q ialan sndunltueuasnan (Buol e dl.,
2003; Ozsoy and Aksoy, 2007; Brady and Weil, 2008) USnasny ldunldunneunaraves
=) [ =) =) a A A 1 (= Y 4
POMATAYIAZNNAL IUANINSUNTTOUDIDUATNUDUTIIFUANAIU (UAASUWAL 80 AIUBNATT)
9 Id [ a =) a = [ (= 9 4
PAIU (50 AIULINAT) LATTHITIDINTN U uazmﬂmﬂﬂ(gmammm 12-15 Q1UL8NN19)
yw 1 a o a o a v [
wonnniidanuludnvateszmeldun nun 8818 1a Aru1 e 1as1n ldniu uazginie
Y Y
(Coulombe ez al., 2000; Buol et al., 2003) AuludusutisziissuouaNuFuAUIUS adnTosay
an 9 a 9 a 9 dy AAa I A U.Qa.ll
65 193N Sovaz 18 gANTPYaz 13 uazwoIniosas 4 panuNNAMUIEINTIATNINUA

(Soil Survey Staff, 1999)

A o a a a A =
Lﬂ@iﬂcﬁﬂaﬁiuﬂiglﬂﬁqﬂﬂ WUGlUTJ'iL'Jﬂ! aznYa 14 991 30 avan vitie 0917 a3
IMile 11azaB9IYA 100 037N Az TUBON D4 105 BeFN Az TN WUMINTUDTNUATIUMANAN
Wonngeneunalveslsznd azny ldluunusnavesmamile mang Tuanuaglu
a A o = A A 4 s A
UTNANTIUFININASIUDDNIRYILYIUBD ﬂsamguwuwﬂszmm 336,500 LaNAT nsolszun

$ouay 0.65 voaunialszimne (Panichapong, 1982; Vijarnsorn, 1982)
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5.1 MINAANNUBDUIDINGDAL

1 [

sa s a Aa o 1 g .
nm‘n%amﬂuﬂum‘wu ﬂ‘Hm%ﬂ\?ﬁ@hl‘]Ju (Soil Survey Staff, 2006)

D) MeluaNuan 100 FUALATINAIAULT dzNVT08 lnanToNouauldnyMY

9
% 1

A a < % a’/‘ o o 1 a < 091}
ﬂéleJaﬂJ TR TR IS YRTEVEY ﬂ\?L%ﬂﬁﬂ?@ﬂﬂﬂlluﬁuﬂuigﬁ'ﬂﬂ 10-60 931 N UFUHUIALA 25

Y
suaasyu

= = 1

] 9 E4 9 v
2) HlsmnaAumiioundeauaiosaz 30 1u'ldlunnruninnudnszniig 18-50

ke

a v v A ] ¥ v oA < v v A
LFUALUAT w%ﬁmmﬁmﬁﬂuuuu UUITUNTHULLUN ﬁ?ﬂgluaﬁuwﬁwuguaaau EQ]ITW‘UGlL!
Y
v A

FLAUAUNI

a Aa

3) aunanszuna nhauazdnuazdatlaluuierewedd) audnmihezijuazih

1119991NNTVALAZ HAAIVDIAUF
] a A 4
5.2 Phselumaifanesnyead

Hadelunisadradrvesau mldauudazyialidnyauzuanaiany dadeni

Y o A

a A 1 a Ia [ a a
’ETVI‘HWﬁ@]’l’)ﬂ?ilﬂﬂl’l’ﬂi‘ﬂ“ﬁ@ﬁﬁ{ﬂﬁzﬂﬂﬂg{ﬂﬂ IYAUNTUUA ﬁﬂTV‘IQ?Jﬂ?ﬂ?ﬁl!agﬁﬂ"lwgﬂﬂiglﬂﬂ
o [ A a’/‘ 1 o Y o 1 o o A A AAaa A
ﬁ'TVi31_1LUaTL!aZWGﬁWiﬁﬂ!uuqﬂﬁTNTﬁﬂﬂ'lﬁu@llﬂ%ﬂmu')”llﬂul]fﬂ%ﬂ'ﬂﬂ?ﬂﬂﬂﬂWiLﬂﬂﬂﬂJ’ﬂﬂ‘ﬁWﬁ

v
mawelumsimliinedavaziauvesanlusuauil (Buol er al., 1980)

@ Y o A
5.2.1 1a9aunIUa

Y o A

sa s w o A v K v
naw%aﬁwmmmmmm@uﬂwguﬂumaugwwﬂfm Glfx‘]‘]JigﬂE]‘lJUlﬂﬂ’JEJ

Q

Y v
AZNOUUIN (alluvium) AZNDUATHIFUAUT (colluvium) AEADUNLIATIY (lacustrine deposits) 7

@ @ J a dy a a a A o A A a A g
gAY Wnsa Hudletfu Wy Auduau Auonil AundsuazAugan lidue

9 o

a o a < @ { o [ Il % a o 1
Tagsssura agausudaduiagnivoudu 1 lhuusazmsadedrvesdudinseglu

q

Y o A

@ dy A A [~ A o o w A < = 1
ISYTLIN WlnﬁumLuﬂLu’e')“qu,u?i3’e‘)ﬁzﬂau‘ﬂvliJLL"UQLLﬁﬁi]xﬂJﬁﬂ‘Hﬂ!zﬂMiUﬁ@Lﬂl&LUﬁ HaguLLy

Q

v
< [ v A

< 9 1 a ya 9 Y d? A o 9 o a [ 1 9
aoagioy Ifumsauasulnauaseaivu uazmm@qgmmmﬂmum‘ivgwwgﬂumﬂw

o 3 o 1 a
awnlnailuesdsznouognisluau (Grunwald and Jung, 2008; ISRIC, 2008)
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S A v o dydcu a 4 a a a A
Tueo a5 agAUO UAUHIWAUINTNININHULLFDAA 1B WATAUTINIS
9
[ a 4 a 1 a a o a
wmummmwu"luauawumw muiummm@1uﬁmiwmmmmﬂwummmﬁaﬂ,u

(calcareous sedimentary rock) (Grunwald and Jung, 2008)

v
Y o Aa a A

a Ia Jd 1 a @ = J
Gll!ﬂ3$mﬁhlﬂEJ@]’L!L’Jf]3‘V]G]S’EJﬁﬁﬁ?ﬂiﬂiﬂu!ﬂﬂﬁﬂﬂ’)@]ﬂﬁuﬂnuﬂﬂu‘ﬂhﬁmﬂq‘ﬂﬁ

a
< 9

unsnanlueymavuiadumiion (Viiamsomn, 1982) FingAusuilamarfiduinizineldos

v A aaa

A 4 A o [ oy A 9 a v AAA
ﬂuwuﬂ“umamﬁa NWAUINIVINIAYGASNDUUIN ‘1’73ﬂﬂ$ﬂ’t’)u¢]ﬂﬂ'l\i"’ll@\‘]ﬁu’ﬂﬂuﬂilﬂaﬂﬁﬂ'l
< 1 [ Jd A A = J a 1 a A= a @
SITEERN L%uuzmaa@ﬁsaﬁuu’ouﬂi%ﬁ N991 (2529) NUIMNNYAAUNANYUNAIINNITNUIY

9 Y 3
VDINENOUUIW ULV VN T Y ﬂgﬂ’fJUﬁWW"lﬁ@\iﬂu Ll,azﬂzﬂau@ﬂﬁlwmawuﬂ,mmzwum{a

v Jdo

v Yy Y
Wby (2531) NUNNAUTHARANTEIUFURUTAURUY BN DRITY

522 ammgieme

@

a Y A1 Ao q¥U Y a Y Y Y VoA A
’ﬁﬂTWIJ”lIE]1ﬂ1ﬁi]$@]ﬁ]\‘lh"]f’3\i1/]‘l/lﬂﬂ1’iHWWI@]HLL’VN]I@GLH‘H’N‘]J’Hi’f]@nllf,]@ﬂ’la
a :I ] A = J a =2 ] a A
ﬂiinmuwlu"lmmw’e‘)ﬂ%ﬁvzazmmmawamﬁumu@laaﬂ"lﬂmﬂﬂu ﬁ]@”luwusluummwlu

14 9 £ 4 Y K dy a J ~ 1 ]
ANYN WﬂqﬂiuﬁﬂWW@WﬂWﬁ!ﬂlﬁiﬂu NaUHUaI09rY uaz luauamosisiiou Iﬂﬂﬁﬂuiﬁi‘g

Y
a )

= d‘ =) a A 1 9 a d’d a :}
wlsnaihundened 500-1,000 Waaltuag meﬂi]ﬁ]%WUhlﬂil.!‘]JN‘UiL’Jil!ﬂiJﬂ‘iiﬂﬂ!uWNu

=

magaeilgada 3,000 Haawas (ISRIC, 2008)

U

9
a % v A =

' )] dy Aa v Aa £ a I 491 A
Tﬂﬂmuiwmuumﬂu UAVHILATLVUANUFUAULVUDTAN FIAAYUNUN

v & A4 7 X & o . o a '
I0YAY 65 vosnunmunesneeadnavuanalan ﬁﬂ’ii‘]_lGluﬂ’i%!ﬂﬂﬂ@ﬁm&aﬂﬂ%@giu
a d‘d dy a aa .. = 9 d‘ L] v A . a
USNIUNNITSUDUANUTUAULUULUDTAN (aridic) umuuaﬂmg"lmmmﬁmﬂ (ustic) UAZLEDIN

(xeric) (Grunwald and Jung, 2008)

Ia J a { a
lulszmalnenesiweaanuinluninuiaseunqulasaningiiena
' B P . . a 3 A 1A
MUV IYATOU (tropical savanna: AW) (Koppen, 1931) Usunanidumasssil 1,090-1,590

Haawas (191, 2534)
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523 anmmgilszmer

a A d o I~ a A 9 = 2K A
anmgidszmaveiesnsoadinduusnuinoudwsiuEeund
Aa Y A =\ ] 1 [ 9 a Y Y 1 [y
Amiuuugnaauasuain innudusglugieiosas 1-8 Haninlsznoudiennuanszay
< ]
VUALAN (gilgai) 98191T081/5811M5 088 50 (Decker ef al., 2001; Buol ef al., 2003; Soil Survey

Staff, 2006)

A 4 a { { %
ludszma Inenesigeaanuinluusnunsunanais Nszauanuga
40925 was Tuusnamenagenounaneslszms AszAuA1INg 60 D9 100 AT dIU
v Y
UsnunaazTueonReurile NTzaUAMUEa 150 9 180 A MNszALINEA 1A Tumamile

4 A = 4 v o J y A A J
ﬁ]gﬂgqxiﬂ?W 350 LaJmsUu"l‘lJ VIIUNNUNYIVDINUASNDUUINTINOIDUNIDASHDUU TN
1 9 1 a A A 9 @ S a 9 1 . A
ﬂﬂumﬂ‘ﬁu 11!‘1J§L'3ﬂ!7]!,ﬂﬂ')"llﬂ\1ﬂ‘]Jf;IJmJ"I@”ﬁ]llﬁﬂ']WN')WH"Iﬂ”Iiﬂﬁﬂu (eroswn serface) nuy
) A @ A s & s A s & P
aﬂymmmugﬂﬂauaﬂumﬂ Gluﬁﬂ!ﬁ’]ufq]ll‘]Jﬁgwlﬁllﬂllﬂ”ﬁﬁﬁﬂuﬂq@]iﬂiﬂﬂ’]iﬁﬁlﬂlﬁiﬂu

(tropical karst) LaZIFUVT (19U, 2534)
5.2.4 WHNWTTUAWFITUHIA

A a a A Ia J I 1 Y Y .
Hwnssusssunaluusnaiiunesnvoadiuuuugaauadou (Soil
k4 Ed v
Survey Staff, 1999) luunanseadadmvuinaeldaami luewsmldldlseTeminanlu
9
mafluandgn@esdad mzdlgndnaid 1 fhouagdnihe Tudwdsldls: Tomilums
v 9 Y [l
mzalgn 69 Wiy wagthe ludssmseemasidediulngjizdaseniunlddaiidh liung
<
1oy (Grunwald and Jung, 2008)
A d'd? I 1 9 Y 1 a ~
Tudszme Ineiawssanvuwduwinygana vaz Tdwuae q Tuusnan
aouiins 1915z Texinaulunslgniizls wu 412Twa 412909 fhe doo wazdaruneila
9 a [ I~ 1 [l a A A 9 o
ez ldna vusnadinsammiuihwganssa dauusnaiguiingldlss Tesiluns

Ugndn (18, 2534; nsuauINAY, 2548)
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5.2.5 1

@ [ v o v W @ [ o
L’JﬁTWGJJuWﬂﬁllllﬂE)EJfJﬂ’JUJﬁﬂJ‘W’L!‘ﬁﬂJWﬂuﬂﬂﬂﬁgﬂﬂWﬁuu1ﬂ1§"ll®ﬂ’if!}1ﬂﬂ
a o 1 Ja J a Qa: 1 % = A = 1A =
au Iﬂﬂ‘ﬂ’) 9 l’l,‘]J ATAINUIDINGDAT (NAVTAULATUY ”lwaaiﬂcvumaiaimu UAIHBDNIINY
o w @ a Ia J S a a 1
"ISJ}fJmﬂﬂiuﬂﬁﬁ'%}%‘iﬁﬂ‘]ﬂﬂ!%ﬂlﬂﬁﬂu FIDINYDATDIVICUYINDIYNITINAVIN muﬁ@muum 1R

AULAAINAUINTVDINTNAATIDINA (Buol ef al., 1980)

53 NIZUIUMIIDANDS NYoad

']
a A Y [

@ Ja I
NITUIUNITN ﬂEJ’J"lIENﬂ‘Uﬂ?if?f%lN@l’J"UfJ\‘iL’J@i‘ﬂ“])’ﬁ)ﬂﬁll‘ﬁ'ﬁWﬂﬂi%ﬁJ’Juﬂ1i

= a

v A& Y v o 9 A a a ~ £ 9 =~
ﬂi%ﬂ’)uﬂﬁﬁﬁﬂﬂlﬂuqﬂ“ﬁﬂﬂ@ NITNATUUDY IUDIVINNTITTIUNIUAUUBDIAULINUYD HIADIN

USuaRumtiennnwe AsNIANI 300 ATUADN Tansy 1119991ANMTEANAAIVDILT AUIKIIE)

LY A 1

o a Ia < ] {1 o
Uszian 2:1 M ldAmimesnveaduanszunslugiegguds vazhsoulaod Taafoguu
a Y a a A v J A 9 A a dy = a
mwummmﬂm"lﬂiﬂﬂamwammﬁm ay mavluﬂqu] WweauruLazilenvzinanis
Y d‘do} 1 9 1 o Y Y a Q‘ d? 1 Aa <K

VYA INNITNNITAUNTNBYLUAINTNT D mldaesmsdsuasimuyu NANUIAVIIAUI
Aa A ° ya [ (] (= Y 4 =

NANIIDU “I/IﬂﬂﬂuaNﬁ’JuGlﬁﬂJullIﬂﬁ\‘lﬁiNLLUUﬂﬂu!ﬁﬁﬂMMNﬂN (angular blocky structure)

P4

a a K a o 1 dy 1 Y Aa zﬂy ~ 1 o d? I 1
Llagilﬁf]ﬂllﬂalﬂﬂéllu ﬂﬂﬂﬁﬁllfnﬁsll‘(’J']fJ@l'JLGIfuuﬁﬁwaiﬁlﬂﬂwuﬂﬂgﬂu@gﬂ']sllulﬂuﬂj']lﬂ;l"N

Y
Y a a v =

o Aa o A Ao 9 v Y W o £
igﬂﬂﬂqaﬂ']ﬂﬂfﬂ’)ﬁu'l@u AUBU B UANHUSIVNUDUNAUTU A lel']llﬂslﬁll UAINAUIBU A YUU

]

Tnaign luiging 1o o il

Y v Aa dz 9 1 a v o A Aa o Y
NIAAAUNFULDY A1DINAUBUATDU 9 NUNAUINITLAD
Y
M lnsaeIgUesAud U Liion (Decker ef al., 2001; Buol et al., 2003; Soil Survey Staff,

2006; Ozsoy and Akoy, 2007; Brady and Weil, 2008)
wvAa A 4
5.4 FUUALIDINYOAT

7 a s a A o oa d ” R T & Y A
osnyeadiuAuMNeIIa anan mmiaamfi@m"lﬂqq Tagn 1/udriian
4
Fulszansmsvensdusaudy (coefficient of linear extensibility: COLE) agiuma 0.07-0.2 A1
Y
] a o
wumuunmmﬁ'euﬂuqa myauguiutuaeaamluauy (Soil Survey staff, 1999; Heidari

and Mahmodi, 2006)

a 1 wva 4 Ia g 1 @
N991 (2529) ‘IN‘U?TﬁiJ‘]JGIﬁ?ﬂﬂ??ﬂ@ﬂﬂﬁﬂﬂuﬁmﬂlﬂﬂnﬂﬁﬂ“ﬁ@ﬁﬁﬂgiuigﬂﬂﬂ"m

na aAnuuanlaouuna leesugedageann oasiesazanuondnuags Usmudunioiag
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USinareaesaniuilseTomi Usua TnunaFeouniiduilse Towd daunnluduuuuazi

9 =2 a A J = an a
uu’ﬂuuaﬂammmmaﬂ “]JiiJ'lmmEN‘ﬁWﬁ]ﬂLﬂuE]\iﬂﬂigﬂE]UWU'J'IiJ‘ﬁ'IGJ%ﬁﬂ@HLLﬁZE]%QN u

Ia 4 a
galunesnwoadnniyanu

VA J a Ia Jd [
Tudszma Insusiwolungueymavuaaumiionvesnesnaeadaiulnajilu

1 1 d a 4 = a 4 19 a ] @ 1 ~
usTunguaiwnng da'lad uazlinlod ludsgihalulsualduimin venvinusaumiien

Y 1 1A J J J J a = Qa: a @

aenan wuniiusadeas iladaihs una lod nazAumilorsunausiia 10 wag 14 93aason
() [ [ = o 3 1 v A = 4 o 4
sawegaie daulunquonmavinanieuis Inreadiluusvudn auennilimladdihs uaalya

a J I 4 ] =3 (% a a
lun wazialed lugd fuesdysenouruideddu (Aan, 2529; Wby, 2531; Vijarnsorn, 1982)
5.5 maswunaulududunesnaead

o a 09/’ v w1 a o o A 4 Y
ﬂ?ii]'lll,uﬂ@uclu"lluﬂuﬂ‘ﬂﬂﬂﬁl @u@uﬂﬂm@iﬂcﬁﬂﬁﬁﬁ'lu'ﬁﬂu%ﬂll%\iﬂﬁ]ﬂ]‘lﬂlﬂu 6

dudvdos laun 1. Aquerts 2. Cryerts 3. Xererts 4. Torrerts 5. Usterts 6. Uderts 7. Usterts (Soil

Survey Staff, 2006)

g wmsuludszme Ineiiiies 2 suavdosne SUALEDY Aquerts 11ag Usterts (61190

f1379AUaz NEUMT 1FNAY, 2548)
5.5.1 Aquerts

I a A A v Y g/ = 1 a I I
Wuaunauafleimiesgluaninueniniussoziiaiuiuauily

Y o w A L) 1 = oy a dy dosj a A’f d! A 1 d' 1
dodnalumsidgnivy 15 Auuasziimsszueihosn aulivglivuausunilainiounnitneg

g’ o A A o 9 g’ ' £ &L =2 a a Y
TuanmiivansoauaIn811 U999 FInunelunA1uan 50 FUALAT PRI
a [ a :JI ~ 1 dy aA A A o A 9 1 :JI 19 d?
auug uazaulusunnaniaziadmi vSola13en 2 uietosnNduasesas 50 VU lvog
=1 A [ Y < 1 L&Y [ o
finou niodunaldnmsdsznovmaneglugiiessa (AuznssumstaminauIynsy
UgWNInen, 2551; Buol ez al., 2003; Soil Survey Staff, 2006)

A a4 S A A o dogva A A ald o

TudszmaInenuluuinunsudmsengu szauildauauniolidelu

] B =) Y o I ' ] o = A @ v
FIIN NIV GlGHVIWHWLﬂUﬁ?uGlWiy W‘]_l11Tﬂ(luﬂ']ﬂﬂﬁ"l\u!,agﬂ']ﬂ@]g'ﬁuﬂﬂﬂlﬂﬂﬂwiu@ AIDYN
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[ a

A Ao Y v W 1 dy (] a ~ d 9 A ~ ~
ﬁﬂﬂuﬂﬁ]"luuﬂul'ﬂu@uﬂﬂﬂﬂﬂu LU AU ITINY VIUWY WNY Tannseon UIau w3213

@mindr3nraunaynaunums 19nay, 2548; aaignssumstaimauiynsuilgiiane, 2551)
5.5.2 Usterts

I A A 1 A Y 9 (= a
uJuﬂu%wﬂummuqumamm@u m"lmmwaﬂizmu AULANT ST
9 qgj 1 a a =3 qu/ 1 a dgl a a a [~
NIWALLA 5 UAALUAT LAZANAILLA 25 IHUALUAT suuulﬂmsflu 50 BUANATIINAIAULT 11U
z 1 @ d?’ 1A o v o Aa
TLYLINNULA 90 ’mmu”lﬂ@aﬂiﬂﬂmmzﬁu (‘ﬂﬂ!%ﬂiillﬂﬁi]ﬂﬂ"l‘Wﬁ]ungﬂiiJ‘]_]j@W’J‘VIfﬂ, 2551,

Buol et al., 2003; Soil Survey Staff, 2006)

a dy 4 a Y v a 1 a A
Gluﬂizmﬁ"l‘vlaﬂuuwumimwmumaiﬂuﬁummuﬂ@um@ LAagWUUIIUN

A A o = ) A ' 9 a
ﬂ@‘l'lﬁﬁ@ﬂﬁ'lﬂgnﬁluﬂ'lﬂﬂﬁ'l\‘l uazmmqwauﬂmwmﬂizmﬁ Gl‘]f‘]JQﬂW“thﬁllﬁgllﬂJW'ﬁ YAAU

1 v
8 wun I uausududestl su gaaudeuiaia auenes Jerun anys (dnindrsaaunaz

Nurums1nau, 2548; anznssumsiatimaniynsulgiane, 2551)

! o a v Ia Za a a
msnﬁ 2 fﬂﬁﬂ%!uﬂﬂuGluﬂuﬂ°UL'J@3@]Wﬂaﬁﬂﬂ@uﬂl@ﬂﬂi&ﬂﬁq‘ﬂﬂ@]WNiZUU@HﬂiﬁJ?ﬁWHﬂu

A a.a. 2003 (@nind1519auLazNWHUNS 1FNAY, 2548)

Order Suborder Great group  Subgroup Family Symbols Series
Typic vf, smec Lb Lop Buri
Sat Samo Thod
Vertisols  Usterts Haplusterts
Chromic vf, smec,iso  Wc Wang Chomphu
Leptic f, smec, iso Cd Chai Badan

HNHA Soil temperature regime = isohyperthermic, f = fine, vf = very-fine, smec = smectitic

a

5.6 Jammsl¥naunesiveadnaeululsymselne

A d I A AAo [ = 3 [ J dy o Y a o
nesnyeadiluaunianuzIAUmME FIUNaTsanyusmarii lvinailym
Tumslgnaunemsinyas sy msnamhauuanszunalugegauds dldsnninnans
=) = gl Qy 1 1 d‘ 1 ] g’ = 1 Y Y a 1
A divnauaaniih luszezung uailosglugieggau hendudn1d4 mansus

v

Fai 184w Fuiesgluanmilonauszmiivaznlasunilasglsrdidunn dugdasiade
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] Y
S A

mMstuYeunieing dedlowsiulugiiduiinnusunemuiy anlgnseaudiulng
Aoud9ge Sedvennsaedseuaonlumsldie 1495aqUsulgeau e luldinanal
9 = % 1A A ~ A 4 ~
augalunsldsigerisvesis Tasinsznwunilsunauaageuniuilss Toaige o
o A g <a A dAd g A ' o o o A <
Woavlesaiiduisz Teamid ananmiunnduiiaon limimnzdmsuiu iesinazimny
Y 1
ani MBdgndn1den munzdmsulgniiels uamsdgniislsTuvsusnanluiing
v da o = 1 Y o Y a Y o a
pyindauLazi o1dsanemsszaniInasvesninau laluszauihunais 19y, 2534;
ATURAMUINAY, 2548; F11TNA13IIAULALNINUNT IFNAY, 25500, 2550%; Deckers ef al.,

2001; Elias et al., 2001; Moeyersons et al., 2006)
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d ax
gUnsainazisms

i3l

1. us NN NUTNANINTIEIY 1:50,000 VOINTUUNUNNTIT 58I 5140 11,
5240 1, 5241 I, 5241 IV, 5239 111, 5139 I (ATUUHUANKIT, 25160, 2516%, 2516, 25164,

2523,2524)

{a @ [ t4 ~ 1 @ {a
2. uwuﬁﬂummﬂqwaﬂLW%ﬁyimggazawui IMI19IU 1:100,000 VOINTUNAUINAY

4 o o a
NIZNTIVNYATUASTUNTU (NDIT1TIVLALIULUNAUY, 2519, 2524)

3. uRUNIINe)szmelneg ¥1ATIEIN 1:250,000  VPINTUNSNEINITIA (AT

NTNNTTIN, 2528)

4. 195030OMIFITWAUMATUINIIATIIU (191, 2552; Soil Survey Division Staff, 1993)

a [

A A L4 aa 9 a Ia A A 4 a
5. INTONUD Q‘]_IﬂimL!ﬁSEﬂﬂﬂNVliclflluﬂﬁ?]mi"lgﬂﬂHTINLﬂﬂJ Wana YATUFIUING Uae

a3

13 ING

[

au A4 g 4
6. ONTITUASIIUIVYNINYIVDIDU 9
an
IBNII
=3 Y é’ v ' °
1. MSANHIVBYAIVDIAUUASINNUNUNBUODINAITIVNIATUIN

= ) ¥ ' A A Y A a 1 A
1.1 ﬁﬂHWlLagi’JUi’JﬂJﬂJ@HﬁQTHQN €] NMNYIVDINDNTITUASUNUNYUAA €] (WD

Y

9 < Y A o S o Il a a zﬂy AA o =2
Glmﬂumeyjawugmclumimﬂum@mumammamu GluUSL'Jﬂ!WUVWW]’]ﬂWiﬁﬂB’]

9

o 3 o 1 A g v a qu/ A AA o =2
1.2 ﬂ"I‘Vﬁ/!ﬂi]‘ﬂlﬂ’].l@]3@fJ”NLWi’)!‘ﬂu@l'JLWIL!@5@Uﬂqu‘ﬂiL?ﬂlﬂﬂﬁﬂﬂﬂl@ﬂWﬂﬂﬂﬂWﬂTﬁﬁﬂHW
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2. madfiRaulumaanu
o ° [ o [ A A Y I Y]
2.1 MuuadmruanuaIegsauneg luiludumu

Y o a ° Ao Y = v =
22 yanihdaauaudurisidiuall Taslivua 0319 1.5 was 8112 was an 2
1 v A 3 [ a a [ ] 09)1 a
was uaamindaauldeusaveuiudugiuinervesau luauinlddanu niruauaiy
4 Y
FuRUIAAY (genetic horizon) asvaevautiaau luuaazFunseuiidietentdaau a1

4 )
FmsanuduguImevesaulumaduin (Wgns, 2518; 191, 2552) ioAnyIMsINAAL

< ] [ a A o a o 9 Aa wva I as A
2.3 mimumammumammmmawwel,uwmﬂgmmﬁ L!ﬂﬂ@'ﬁ]ﬂl‘ﬂu 2177 A9

Y

) ] a { s a 09: % o a

2.3.1 mammuﬁgﬂmmu (Disturbed soil samples) (NUAUNNTU ATUTUNUUA
a ~ 9 1 9 Y v a :/l a [ 1 o Aa a d Y 2 a 9
au nlauiaPBaasanihdanu Yuazaszina 1-2 Alansy newhauldAmszvidoanaauled

9 A a 9 1 a Y ] ] a Aa A o (% 9
uralunsy uaaude TnTwAA N AT UM IUAZUNTIVLIA¥DUA 2 Uaawas d 1Ty le
Aa P a 9 a Yy A Y < ' a a o o

M3nns1zrn ) vaaulazivea laglfnasesua 1Nvua@ENNI1 0.5 Taamas dmMsums

a d a a A <] ~ a o a
’JLﬂinﬁﬂiﬁJWﬁl@uﬂ‘iﬁl’JﬁQ ”lui@lmu Wan LINNIUET LasosauUuy (191, 2552)

232 1fud0eAui TiignIuNIU(Undisturbed soil samples) Fonifumme i
Foamariundnmanminivesau (hydraulic conductivity) Ingl%nszu0nAUAI0814 (core)
u,a:Gi'?uﬁéfmmiﬁwmﬁﬂy1§a§f’m§1u3mﬂ1ﬂlmﬁu(soil micromorphology) Tagaldnaeaifiu
#10819AUAIIBUT (Kubiena box) (191, 2548; Buol ef al.,, 2003) saziudeeeiuluuS U

[ a

o = A a 'y A & q Yo Y]
NINTTFANBI LW'ﬂﬂ1§3lﬂ31$1’1aﬂﬁﬂlgﬂlﬂ\iﬂucﬁﬂﬁlﬁQQQQUﬂuu

Q

3. mydmnzvlunesfiams
a 4 v
3.1 MIWATIEHANTANIINEN N

2 . . . . . ada 0’ .
3.1.1 MINTLNGUDDYNINAY (Particle size distribution) 1as3FVlad (pipette
1 a o o
method) (Kilmer and Alexander, 1949; Day, 1965) wan ldanmsuasignihuenuasilszian
Y v Y
a [ @ a 4
VYBUHBAY (soil textural class) TAsMIILSURIUADFUILDAUANAUNUDINTENTIUNYAT

aAng 3 (USDA textural class) (Soil Survey Staff, 2006)
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] Aa a I
3.1.2 ANUHUMUUTINYOIAY (Bulk density) 1A core method 1¥A5zUBAAY

a

o 1A 1o Y an £ Y s o 1 A
mat’JNﬂuTﬂﬂ"thmﬂTﬂﬂﬁiN !,!,aﬂﬂm‘ﬁ clod method G]N]lﬂi]'lﬂlﬂﬂﬁﬂﬂﬂ'l\iﬂuﬂuellu'lﬂ
Y
[l 4 a a J o o a
!%uﬂ’lf}fﬂﬂﬂﬁ’l\‘]ﬂigﬂ'lm 3 1 UANANT (Blake and Hartge, 1986) MIUATIEHANINUIUIVDIAU
A Y v
Nouddeh (saturated hydraulic conductivity) 1A T WA IUUTVU A ULT (variable head method)

(Klute, 1965)

3.1.3 duszantmsvenedusaudy (Coefficient of linerar extensibility: COLE) Tag

'
= 9

a a A :I . . = J

FWouuraluvazNauouaa@191i (soil pastes) (Schafer and Singer, 1976) Iagiiginsaiuag

Mgl
91n3al
1) SrenandgAnuuia 200 Jadans
2) Spatula (¥oUANAY)

a a aa [l 4 a
3) NSTUONAALINAIGAN VUIA 25 Uadans Lﬁ%}UNTﬂ‘HﬂﬂaN 1 HUALNANT

4) Calipers W?’O traveling microscope AM5TVIAANNEIVOIUNIAU

an
A5N17

1A Aa < 1 Aa a 9 Aa 9 a
1) Glﬁ@uwmummgmmaﬂﬂm 2 Yaaluag aﬂumﬂwmﬁmﬂﬂizmm 1/2 978 101y
v9

'
v A a a o 9 a A

gl 9 o g/ a 9 @ Y a ]
mm"lﬂua’ﬂwaumﬂ@mmuﬂizmﬂua AINIGU ﬁamwumuuaﬂymzumnuamu"lu

k4 2
v a

A oy A a Y Y a & o ) v <
Vlﬁalll’t’]l@fl\‘lﬂf]fl LUBDIAIZLIUT ] I UINBDUTYY %muuﬂwﬁua’m\mﬂa 24 ‘]f')IlN

' Y Y
2) UsvIdauegludnymzdudaidleni miniuussyauldluvaoaia auldan
I~ 1 a A A = 9 1 o Y '
29NN UM 17 5-7 IFUAWAT AVUDIANTMBULImaUMamIlaoy ns1zay T 1 una

a 9 d’ [
AulAuleraan

3) 7ANWE1IVDINIAUAIY caliper taziiudIdouruanuRIainudimia

= asJ‘ Y o 1 Ayy o
AUYIIIDNAIN ummﬂmll@'lﬂmmm
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Lm-Ld Lm
COLE rod = = -1

Ld Ld

) Y
Lm = ANUEIUBILNIAUIDYY (moist)

1 A @ Y
Ld = a0u81vU93MAUY AN UL (dry)
a 4 vAa =1
4.1 MSAUATIEHTUUANIUAY

=\ a 9 d‘ A v A 9 o 1 a 1 g’ a 1
4.1.1 WAy (pH) lasldnTowodaioy (pH meter) 1¥0a5 168 HANADINN LAZAUAD

asazatg 1 M KCHMND 1:1 (National Soil Survey Center, 1996)

412 amwm3yi Wi (Blectrical conductivity) Tagdaaammsiin lihvesanseda

a =

DUAIVDIAU (saturation extract) i’ﬂﬁ’qmmu 25 DAY AT YT ﬁ?ﬂlﬂ?ﬂﬂ electrical conductivity

QU

bridge (Richards, 1954)
413 auﬂ§83@q1uau lae7s Walkley 416 Black Titration (Walkley and Black, 1934)
4.1.4 luTasausiu (Total nitrogen) Tae3% Kjeldahl method (Jackson, 1965)

4.1.5 Woaesantlulsz Teani (Available phosphorous) 1a875 Bray II udriadTuna

WeavlesadomnTes Spectrophotometer (Bray and Kurtz, 1945)

4.1.6 TwunaFeunilulse Toand (Available potassium) Tasanaaie 1 M NH,OAc
Munane (pH 7.0) (Pratt, 1965) wariadSua InunaiFeualein3oq atomic absorption

spectrophotometer

417 wanana @ (Extractable bases) ¥91/5znoud e uaaFen tuniiFen Tnunasowy
uaz Iy Tavaiadioansazats 1 M NH,0Ac Aiflunans (pH 7.0) (Peech, 1945) uaaia

YTinadleinIed atomic absorption spectrophotometer
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4.1.8 AU L‘]dJ unsananald (Extractable acidity) 1877 barium chloride-triethanolamine

pH 8.2 (Peech, 1965)

4.1.9 anuguanilasuunalopou (Cation exchange capacity) 1AgMIFUBLLAA
Y = 3 A = v
lovou Aree1sazate 1 M NH,0Ac Milunais (pH 7.0) uazunuiuenTuiionlooouaie
= J I ) ~ Y o '
drsavane Imdsunaslsa (10%) luamwdunsa naunwenTauionlessu udduiua

anuguanilasunna looouuesdn (Chapman, 1965)

4.1.10 dn513eEazANNINAILE (Base saturation percentage) TagMsAIuININ
1 d’ [ 9 d! 9 1 =1 A A =)
ﬂH“]JETi’JiJ‘VIﬁﬂﬂhlﬂ (sum bases) m‘lmmwammmuﬂawan uuntFen TWINaIseN Lae

Tmidow uazanuilunsafiana 1@ (National Soil Survey Center, 1996) 110N

Sum b
% BS — Hm pases x 100

Extractable bases + extractable acidity

a < =~ a o a ad . . . .
41.11 Uswauvan unanitla uagezgiiin lugioasy 1ae3T  dithionite-citrate-
bicarbonate (Mehra and Jacson, 1960) °lu§ od MU 1A% ammonium oxalate (McKeague and

Day, 1966) uaﬂug Ya139uN3§1a833 sodium pyrophosphate (McKeague, 1967)

S a . . = o ' Y  aa
4.1.12 99n1senoun1unilsIu (Total chemical analysis) I1T8NAIDYINAIYID
pressed powder LL%Q%@‘]J?M&!‘EM?T wiaeldnTes X-ray fluorescene (XRF) spectrophotometer

(Norrish and Hutton, 1969; Angela, 1982)

42 MIUATIZIRTENDVITWT VD IAL
a Jd A a [ 1 a = . d‘d
4.2.1 ’JLﬂiw‘Viﬂmmmz‘ﬂ‘5mmﬂlmuﬂuﬂqummauﬂmﬂumum (clay fraction) N
<3 ' an & v J . . ..
vaannii 2 lulaswas Taeds@enuusadond (X-ray diffraction: XRD) (Whittig and

Allardice, 1986)

a d a a 1 1 . . ad
422 amiwwwmgazﬂﬂnmmamﬂuﬂqmumﬂmmn’]a (silt fraction) 1A®&7%H

dy v A Jd o Ay Y ~ [ a ' .
RNV UIITIDNY 1!1Nﬁﬂhlﬂlﬂiﬂﬂmﬂﬂﬂﬂ%uﬂﬂlﬂﬂlliﬂWﬂigTu (Brindley and Brown, 1980)
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FsudS e s yHAA 1N 9 Useiiiu1aedT relative peak height 118 peak area (Whittig and

Allardice, 1986)

o

a 4 a a
4.3 NMTUATIEUIATUFIUINYIVDIAU

Q a3

4

@ 1 a A4 Y 1 ~ A v = o T W
15]’J?JEJ'I\‘I@]“Ll‘I/]Lﬂ“]J3J1i]1ﬂﬂ1ﬂﬁu13\liﬂﬂi°}fﬂa®\3ﬁ]m8u1 UUUADUNITIATIUNUHNUNA
. . 4 o a a a d 4
114 (thin section) Lﬁaﬁﬂmi}aamgmmmmmﬂu T@&lamiwwmuﬂﬁamamiﬁu (H3PA, 2532;

Bullock et al., 1985) A9l

1) seausennnaesgdouaslunassnszmdaynardanouiooudinion
9

4 a QaJJ a o WQ ] (] a {2
Nulguswaziden Foyaau FuaY 1azignAITNANINoIRIBgNALIINY

a 4 a I~ [ I'd
2) evaAulruameludeugugiilszanm 60 essuwaded Huna 3-4 dam
A 1 1 zﬂy a = = 1 a % 1 a 9 1
wivauuilananusuludu lifivdesdae (Quugllunmseudiod ey A1g9nI1 70 09N
Y
o a a o o [ ) o <
waBed vz ldauuan tazdunieiagazgninaie) nasontdwinildude Taensunsn

. . £ g’ @ a ~ A Aq Y A a J
@19 (impregnation) Fuilwrhewanvesdalnan gii 001 8 nlmduarsivon wulsdanlos

¥ o

9 1
ponlad WuasiIdinalfaser vazalaiulyTuwes dudviuions Taomihoinauad

udralunaeadiedanu

3) 1l ldludeuqannia (vacuum drying oven) 1AWAY 60 ixuAIATTON

a9 0 9

o o 19 o 9 a 2’ Y ] 1 A
Uszanm 6-8 ¥ 1w Jheenulddaiu desnsaduinldvivegdiane Aoy « 1iuAwY

a

Yy 9 A a s 7 ] e S o &2 o 9 Y A
[SIFVRTRN] LlagLWNLUUIcﬁﬂﬁlﬂﬂiﬂaﬂqcﬁﬂﬂa3uﬂﬂ IUNITUIYTIVSLLUIAA Nuuﬂlmaanmﬁﬂu

U

Uszana 35-40 osruaded 1Wunal 24 5219

Y )
4) NMIVIINAadI81AT0989 (diamond saw) THHU5EIL 5-8 IFUALATIN

v A Yy 9 9 £ @ 1 Y v Aaa o 4 o .
L AR ISR (TN LRI ETRL L NP R AR Iﬂ&li%ﬂﬂﬂlﬂ“ﬁaﬂ@uﬂﬁqﬂﬂ (silicon carbide powder) W&y

Y
o w a =

o w 1 a Ao < Y 9 A 9 4 A <
Wi dhdegsaunYatazi¥a lvuiusousooa) 2UNYUNYN 60 DIFUFALFYT Wunan

U

sz 6 ¥ 114
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o w ] a a 4 9 d‘d ! [ a =\ S o
5) ihdedaunaauualaa Tasldnnlidrunauvesdalnan gil 001 8
2 ¢ . % ~
laTaaianas Tuuosoon lad (cyclohexanone peroxide) taz Inunasoaniiion (cobaltocteate)

o a o ' s ] Yy o 2 yy o
Wa\‘]i]'lﬂ@]@@'J'f]ﬂ'l\iﬁ]la@ﬁﬂﬂﬁﬁ]ﬂlmﬂ mm‘laﬂizmm 24 “]5'313“

o (% 1 d’a o 9 Y] 9 d’ (% [ Y [

6) 1d10819NAad laatdINIdaR18IAT0IAALIATIANIERNITAY B UIAY

o w q'/ [ 1 Aa A [ 1 o
AZDIAMUAINY IUNTTNIAIBENUANUHLNUTZINA 0.03 HAadaT Tasdunea FUoIIAIDAY
£ an A A A (] Y Y d a a 1 .
FeazUFM w30 umaed iWedogaIendoganssAusIAgHULAZLS IUANIN x-nicols

3 ) 9 = k4 Y o 1 9 Y Jd A a oA

nmindadenszantadlag (cover glass) 1dnilildesarendosgansseniziagiiuuazusie

AnyIMegadug uIneIvesau

=h.

4. 991U

a va a A a o o Ia ?a
4.1 ﬂ'liﬂg‘]JGN'lHiHﬂ'lﬂﬁH'lll mnmmﬂumwuau@unaimmaaﬁmﬂaummﬂizmﬁ
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Pedon Thickness Effective Profile development Slope Elevation Relief Landform Parent Material
of surface depth (cm) (%) (m)
soil (cm)
1 25 200+ Apk-Bk-Bssk 2 35 Undulating  Lower footslope Local alluvium derived from limestone
2 20 160+ Apk-ABk-Bss-Bk 2 52 Undulating  Dissected upper Local alluvium derived from lime producing
footslope rocks
3 20 140+ Apk-Bt-Crt 1 83 Undulating  Dissected upper Local alluvium on residuum both derived
footslope from weathered andesite mixed with
limestone
4 20 168+ Apk-Btk-Crtk 2 93 Undulating  Upper footslope Local alluvium derived from limestone on
residuum derived from weathered andesite
5 15 130+ Ap-Bt-Btc-Crt 1 99 Undulating  Lower middle Residuum derived from weathered basalt
slope on basalt
corrosion plain
6 20 160+ Ap-Bt-Btc-2Btk 1 96 Undulating ~ Lower footslope Local alluvium and wash over residuum derived
from lime containing rock
7 25 182+ Ap-Bt-2Btk-2Crtk 1 102 Undulating  Lower dissected Local alluvium on residuum derived from
footslope calcareous rock
d' 4 o a Ao =2
13NN 4 ﬁﬂTWL!’Jﬂﬁ@llT]’Julﬂ"ll’flxiﬂuﬂﬂWﬂﬁﬁﬂHW
Pedon Drainage Permeability Runoff Climate type Land use
1 Well drained Slow Slow Tropical savana Sesame, sorghum and livestock pasture
2 Well drained Moderate Moderate Tropical savana Mung bean, cassava and sugarcane
3 Well drained Moderate Moderate Tropical savana Mung bean, Bamboo spp., coconut, local trees and chilli
4 Well drained Moderate Moderate Tropical savana Corn and mung bean
5 Well drained Moderate Moderate Tropical savana Mung bean and corn
6 Well drained Moderate Moderate Tropical savana Mango intercropping with mung bean, tamarind, teak, eucalyptus, banana
7 Well drained Moderate Moderate Tropical savana Livestock pasture for grazing

€€
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Horizon Depth Soil color Texture Structure Consistence Field Boundary Others
(cm) Mottle Dry, Moist, Wet pH
Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-25 Mixed 10YR 4/1, 10YR 3/2 C 3, f-m, sbk VH, VF, VS/VP 8.0 Cand S  Common fine cracks and traces of dead roots,
10YR 4/6 few fine lime fragments
Bkl 25-45 2.5Y 4/1 C 3, m-c, abk VH, VF, VS/VP 8.0 Gand S Common fine cracks and few faint slickensides
2.5Y 4/4 and pressure faces, common fine lime fragments
and traces of dead roots
Bsskl1 45-70 Mixed 10YR 4/1, 2.5Y 4/1 C 3, m-c, abk VH, VF, VS/VP 8.5 GandS Common fine cracks and faint pressure faces
2.5Y 4/4,7.5YR 5/8 and slickensides, few fine lime fragments and
traces of dead roots
Bssk2 70-93 2.5Y 4/2 C 3, m-c, abk VH, VFE, VS/VP 8.5 GandS Common fine cracks, many faint pressure faces
2.5Y 4/4,7.5YR 5/8 and distinct slickensides, common fine lime
fragments and very few traces of dead roots
Bssk3 93-115 2.5Y 4/2 C 3, m-c, abk VH, VE, VS/VP 8.5 GandS Common fine cracks, faint and many faint
2.5Y 5/4, 10YR 5/4 slickensides
Bssk4 115-140 Mixed 2.5Y 6/3, 10YR 4/1 C 3, m-c, VH, VF, VS/VP 8.5 CandS  Common fine cracks, faint and many faint
2.5Y 6/8 semi abk slickensides, common fine lime fragments
Bk2 140-170 Mixed 10YR 6/2, C 3, m-c, H, F, MS/VP 8.5 Cand S  Common fine faint pressure faces and few
10YR 5/1,2.5Y 6/8 semi abk fine cracks, common soft lime accumulation
and lime fragments
Bk3 170-200+ Mixed 10YR 6/2, 10YR 5/1 SGC 2, m-c, H, F, MS/VP 8.5 - Few fine faint pressure faces and few fine cracks,
2.5Y 6/8 semi abk many soft lime accumulations and fine lime

fragments
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MINNS (919)

Horizon Depth Soil color Texture Structure Consistence Field Boundary Others
(cm) Mottle Dry, Moist, Wet pH
Pedon 2 Chai Badan variant 1; Calcic Haplusterts, very fine, smectitic, isohyperthermic
Apk 0-20 7.5YR 3/1 C 3, m-c, VH, VF, VS/VP 8.0 Cand S  Few fine rocks and lime fragments, few traces of
semi abk dead roots
ABk 20-47 10YR 3/1 C 3, m-c, VH, VF, VS/VP 8.0 Cand S  Few fine pressure faces, few traces of dead roots,
semi abk few fine cracks
Bssl 47-80 10YR 3/1 C 2, m-c, abk VH, VF, VS/VP 8.0 Cand A Common spots of lime soft nodules, common
fine pressure faces and common slickensides of
various sizes, commom fine cracks
Bss2 80-110 10YR 2/1 C 2, m-c, abk VH, VF, VS/VP 8.0 Cand A Many pressure faces and slickensides and common
cracks, fewer spots of lime soft nodules
Bkl 110-130/140 10YR 2/1 C 2, f-m, H, F, MS/MP 8.0 Aand S ,Many spots of lime soft nodules and few fine
semi abk cracks, few rock fragments
Bk2 140-160+ Mixed 10YR 4/1, 10YR 8/1 GCL 2, f-m, sbk H, F, MS/MP 8.0 - Few faint clay coats on pore walls, many lime

hardened nodules of various sizes

93
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Horizon Depth Soil color Texture Structure Consistence Field Boundary Others
(cm) Mottle Dry, Moist, Wet pH
Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic
Apk 0-20 10YR 4/3 C 2, m-c, H, F, 8.0 CandS  Few faint pressure faces and few fine rock
abk MS/MP fragments and manganese nodules, some spots
of divided lime fragments, few fine cracks, few
traces of dead roots
Btl 20-45 10YR 4/3 C 2, f-m, H, F, MS/MP 8.0 GandS  Few faint clay coats on pore walls, common fine
semi abk pressure faces and few rock fragments, few fine
cracks, few traces of dead roots
Bt2 45-70 Mixed 10YR 4/2, 10YR C 3, f-m, abk VH, VF, VS/VP 8.0 CandS Few faint clay coats on pore walls, common fine
4/110YR 5/6, 10YR 4/6 rock fragments and manganese nodules, common
white spots of weathered rock fragments, few fine
cracks, very few traces of dead roots
Bt3 70-90 Mixed 10YR 4/1, 10YR 4/2 C 3, f-m, abk VH, VF, VS/VP 8.0 Gand S Few faint clay coats on pore walls, common
10YR 4/4 faint pressure faces and few small slickensides,
few white spots of weathered rock fragments,
few fine cracks, few traces of dead roots
Bt4 90-110/115  Mixed 10YR 5/2, 10YR 5/1 C 2, f-m, abk VH, VF, VS/VP 8.0 Aand W  Few faint clay coats on pore walls, common
10YR 5/6 faint pressure faces and few small slickensides,
common fine cracks, few fine rock fragments
Crt 115-140+ 10YR 5/1 SGC 2, f-m, H, F, MS/MP 8.0 - Few faint clay coats on pore walls, common
10YR 5/6,2.5YR 7/4, semi abk faint pressure faces and many white spots of
10YR 2/1 fragments, few fine rock fragments and cracks
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MINNS (919)

Horizon Depth Soil color Texture Structure Consistence Field Boundary Others
(cm) Mottle Dry, Moist, Wet pH
Pedon 4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-18/20 7.5YR 4/3 C 3,c, VH, VF, VS/VP 8.0 Aand S  Few faint clay coats on pore walls, common fine
semi abk faint pressure faces and few rock fragments, few
traces of dead roots
Btkl 20-40 Mixed 10YR 5/3, 7.5YR C 2, f-m, VH, VF, VS/VP 8.0 CandS  Few faint clay coats on pore walls and ped
4/3,10YR 4/37.5YR 5/6, semi abk faces, common faint pressure faces and rock
10YR 2/1 fragments, few traces of dead roots and
charcoal fragments
Btk2 40-60 Mixed 10YR 4/2, 10YR4/1 C 3, m-c, abk VH, VF, VS/VP 8.0 GandS  Few faint clay coats on pore walls, few faint
7.5YR 5/6, 10YR 2/1 pressure faces and few fine cracks, common
lime fragments, few rock fragments, few traces
of dead roots
Btk3 60-80 Mixed 10YR 4/2, 10YR 4/1 C 2, m-c, VH, VF, VS/VP 8.0 CandS  Common faint clay coats on ped faces and pore
7.5YR 5/6, 5YR 4/4, semi abk pressure faces, lime fragments and fine rock
10YR 2/1 fragments, a crack continues from surface down
to the lower limit of this horizon
Btk4 80-110 Mixed 10YR 5/3, 10YR 5/2 SGC 2, f-m, sbk H, VF, VS/VP 8.0 AandS  Few faint clay coats on pore walls, common faint
10YR 5/8, 10YR 2/1 pressure faces and few manganese-oxide nodules,
many lime fragments, few rock fragments
Crtk1 110-135 Mixed 10YR 5/2, 10YR 5/1 GC 1, m-c, abk H, F, VS/VP 8.0 GandS  Few faint clay coats on pore walls and rock
10YR 5/6 fragment surfaces, some accumulations of lime
materials and common faint pressure faces, many
fine and medium and few large rock fragments
Crtk2 135-168+ 10YR 5/2 GC 1, m-c, abk H, F, VS/VP 8.0 - Few faint clay coats on pores walls and rock

10YR 4/6, 10YR 2/1

fragment surfaces, some accumulations of lime
common faint pressure faces, weathered basalt
retaining
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MINNS (919)

Horizon Depth Soil color Texture Structure Consistence Field Boundary Others
(cm) Mottle Dry, Moist, Wet pH
Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-15 7.5YR 372 C 3, m-c,sbk VH, VF, VS/VP 8.0 CandS  Few faint pressure faces and few fine weathered
rock fragments, common large vertical cracks
through Ap down to some part of Bt, few traces
of dead roots
Bt 15-30/40 7.5YR 3/2 C 2, f-m, abk VH, VF, VS/VP 8.0 Cand W  Few faint clay coats on pore walls and some ped
faces, common faint pressure faces, fine cracks
and few fine weathered rock fragments, few rock
fragments and some clay balls
Btc 40-40/70 7.5YR 372 SGC 2, f-m, abk VH, VF, VS/VP 8.0 Cand W  Common faint clay coats on pore walls, ped faces
7.5YR 5/8 and nodule surface, common faint pressure faces
and fine Mn-oxide nodules, common fine cracks,
weathered rock fragments, few fine clay balls
Crtl 70-100 10YR 5/2 GSC 2, f-m, semi H, F, VS/VP 7.0 CandS Few faint clay coats on pore walls and mangan
7.5YR 5/8, 10YR 6/8, abk on weathered rock fragment surfaces, few
10YR 2/1 faint pressure faces, many weathered rock
fragments and manganiferous rocks, few fine
cracks
Crt2 100-130 10YR 4/2 GSC 2, f-m, semi H, F, VS/VP 7.0 - Few faint clay coats on pore walls and mangan
7.5YR 5/8, 10YR 6/8, abk on weathered rock fragment surfaces, few faint
10YR 2/1 pressure faces, many weathered rock fragments

and manganiferous rocks, few fine cracks
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MINNS (919)

Horizon Depth Soil color Texture Structure Consistence Field Boundary Others
(cm) Mottle Dry, Moist, Wet pH
Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic
Ap 0-20 7.5YR 2.5/2 C 3, m-c, sbk VH, VF, VS/VP 6.0 AandS  Few faint pressure faces and few fine rock
fragments, traces of dead roots and common
vertical cracks down to approximate 12 cm depth
Bt 20-45 7.5YR 4/3 C 3, f-m, abk VH, VF, VS/VP 5.5 AandS  Few faint clay coats on pore walls mainly, few
2.5YR 4/8 faint pressure faces and few fine rock fragments,
traces of dead roots, few iron-manganese nodules
and concretions
Btcl 45-75 7.5YR 4/2 VGC 2, f-m, sbk H, F, MS/MP 6.0 Cand S  Few faint clay coats on pore walls and on nodule
10YR 6/8,2.5YR 4/6, surfaces, common distinct mangan on faces of
10YR 2/1 rock fragments, many fine nodules and concretions
of Fe-Mn oxides, very few pressure faces, traces
of dead roots
Btc2 75-105 10YR 5/2 VGC 2, m-c, VH, VF, MS/MP 6.5 AandS  Few faint clay coats on pore walls and on
2.5YR 4/8,7.5YR 5/8, semi abk nodule surfaces, common distinct mangan on
10YR 6/8 faces of rock fragments, many fine nodules and
concretions of Fe-Mn oxides, very few pressure
faces, traces of dead roots
2Btk1 105-135 Mixed 2.5Y 5/3,2.5Y 5/1 C 3, m-c, abk VH, VFE, VS/VP 8.0 GandS  Common faint clay coats on ped faces and pore
walls, common faint pressure faces and few
slickensides, common fine lime materials, few
fine cracks
2Btk2 135-160+  Mixed 2.5Y 5/3,2.5Y 4/1 C 2, m-c, VH, VF, VS/VP 8.0 - Few faint clay coats on pore walls and nodule
2.5Y 5/6 semi abk surfaces, few faint pressure faces and common

fine dark spots of Mn-oxides, many fine lime
materials in soil matrix, few traces of dead roots,
few fine cracks
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MINNS (919)

Horizon Depth Soil color Texture Structure Consistence Field Boundary Others
(cm) Mottle Dry, Moist, Wet pH
Pedon 7 Wang Chomphu variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-25 2.5YR 2.5/1 C 3, m-c, VH, VF, VS/VP 6.5 CandS Common faint pressure faces and fine rock
semi abk fragments, common vertical cracks down to
upper part of Bt, some traces of dead roots
Btl 25-48 2.5YR 2.5/1 C 2, m-c, abk VH, VF, VS/VP 6.5 GandS  Few faint clay coats on pore walls and rock
2.5YR 4/6 fragment surfaces, common faint pressure faces
and fine rock fragmentsfew fine cracks, traces of
dead roots
Bt2 48-70 2.5YR 4/1 GC 2, m-c, VH, VF, VS/VP 5.5 AandS  Few faint clay coats on pore walls mainly,
2.5YR 4/6 semi abk common faint pressure faces, common rock
fragments of various sizes, traces of dead roots
2Btk1 70-100 Mixed 2.5Y 5/3,2.5Y 6/6, C 3, m-c, abk VH, VF, VS/VP 8.0 GandS Common faint clay coats on pore walls and ped
2.5Y 6/1 faces, many faint pressure faces and few
slickensides, few rock fragments and Fe-Mn
oxides nodules, few fine nodules
2Btk2 100-130 Mixed 2.5Y 5/3,2.5Y 6/4 C 3, m-c, abk VH, VF, VS/VP 8.0 CandS  Common faint clay coats on pore walls and ped
faces, many faint pressure faces and few
slickensides, few fine cracks, common fine lime
nodules
2Btk3 130-150 Mixed 2.5Y 6/4, 10YR 6/6, C 2, f-m, abk VH, VF, VS/VP 8.0 AandS  Common faint clay coats on pore walls and ped
10YR 7/1 faces, many faint pressure faces and very few
slickensides, few fine cracks, few fine lime nodules
2Crtk 150-182+ Mixed 2.5Y 6/4, 10YR 6/6, C 3, m-c, abk H, F, MS/MP 8.0 - Few faint clay coats on pore walls and some on

10YR 7/1,2.5Y 8/1

planar weathered rock surfaces, common pressure
faces on planar rock structure surfaces, common
fine cracks
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MINN 5 (919)

Y
WNene 11AY (Texture)

C
GCL
SGC
G
GC
GSC
VGC

clay

gravelly clay loam
slightly gravelly clay
gradual

gravelly clay
gravelly sandy clay
very gravelly clay

Tassadhs (Structure)

1

2

3

C

m

f

abk

sbk

semi abk

weak

moderate

strong

coarse

medium

fine

angular blocky
subangular blocky

semi-angular blocky

=X o .
015881 (Consistence)
!ﬁﬂ

o—

an
Il

hard
VH = very hard

E

BU

F = firm

VF = very firm

ien

MS = moderately sticky
MP = moderately plastic
VS = very sticky

VP = very plastic

Y
VOULUAFUAY (Boundary)

A = abrupt
C = clear
S = smooth
W = wavy
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Horizon Depth Microstructure Basic component c/frelated b-fabic Pedofeature
(cm) Structure  Voids c/fratio Coarse fraction Fine fraction distribution
at 10 um
Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-25 Cracks Planar 10:90 Quartz, graniterock ~ Dark brown clay Opentoclose  Stipple-speckled  Carbonate nodules, iron oxide
fragments, feldspar, porphyric pseudomorphic nodules
biotite, hornblende
Bkl 25-45 Cracks Planar 10:90 Quartz, graniterock ~ Dark brown clay Opentoclose  Stipple-speckled  Carbonate nodules, iron oxide
fragments, feldspar, porphyric pseudomorphic nodules
biotite, hornblende
Bssk2  70-93 Vughy Vughs, planar 5:95 Quartz Dark brown clay Close porphyric ~ Crystallitic Carbonate nodules, manganese
aggregate nodules
Bssk4  115-140 Vughy Vughs, planar 5:95 Quartz Dark brown clay Close porphyric ~ Crystallitic Carbonate nodules, manganese
aggregate nodules
Bk3 170-200+ Vughy Vughs, planar 5:95 Quartz Dark brown clay Close porphyric ~ Crystallitic Carbonate nodules, manganese
oxide superimposed on
carbonate nodules
Pedon2 Chai Badan variant 1; Calcic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-20 Vughy Vughs, planar 2:98 Quartz Yellowish brown Open porphyric ~ Stipple-speckled  Carbonate nodules, manganese
clay aggregate nodules, pressure
faces or slickenside
ABk 2047 Fissure Planar, vughs 2:98 Quartz Yellowish brown Open porphyric - Stipple-speckled  Iron oxide mottles, pressure
to brown clay faces
Bss2 80-110 Fissure Planar, vughs 2:98 Quartz Brown to dark Open porphyric Undifferentiated ~ Carbonate nodules
brown clay
Bk2 140 160+ Granular Compound 1:99 Quartz Brown to dark Open porphyric  Undifferentiated ~ Carbonate nodules
packing brown clay
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Horizon Depth Microstructure Basic component c/frelated b-fabic Pedofeature
(cm) Structure Voids c/fratio Coarse fraction Fine fraction distribution
at 10 pm
Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic
Apk 0-20 Vughy Vughs 10:90 Quartz, chert, pyroxene  Yellowish brown Open porphyric - Crystallitic Carbonate nodules, iron oxide
tuff rock fragments to brown clay typic and pseudomorphic
nodules
Btl 20-45 Vughy Vughs 10:90 Quartz, chert, pyroxene  Yellowish brown Open porphyric  Grano-porostriated - Carbonate nodules, iron oxide
tuffrock fragments to brown clay typic and pseudomorphic
nodules
Bt3 70-90 Vughy Vughs 5:95 Quartz, chert, pyroxene  Yellowish brown Open porphyric  Grano-porostriated  Iron oxide typic and
tuff rock fragments to brown clay pseudomorphic nodules
chalcedony
Crt 115-140+ Fissure Planar, vughs 5:95 Quartz, tuff rock Pyroxene altered to Nearly clay Mosaic speckled  Clay coatings, birefringence,
fragments chlorite, gray clay, monic iron oxide pseudomorphic
pale yellowish nodules, iron oxide impregnated
brown clay s-matrix
Pedon4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-18/20 Vughy Vughs, planar 15:85 Lithorelicts of shale, Yellowish brown Open porphyric - Stipple-speckled  Iron oxide concentric nodules
limestone & thyolite rock  to brown clay
fragments, quartz
Btk2 40-60 Cracks Planar, 5:95 Lithorelicts of shale, & Yellowish brown Open porphyric Mixed of stipple- Carbonate nodules, iron oxide
Intrapedal limestone rock fragments, to brown clay speckled & typic nodules, manganiferous
vughs quartz crystallitic impregnated s-matrix as
aggregate nodules
Btk4 80-110 Granular Planar, 5:95 Lithorelicts of shale, Yellowish brown Open porphyric Mixed of stipple-  Clay mixed with carbonate
intrapedal limestone and rhyolite to brown clay speckled & material, manguese oxide
vughs rock fragments, quartz crystallitic superimposed on carbonate
nodules, iron oxide typic nodules
Crtl 110-135 Subangular  Planar 98:2 Shale and limestonerock ~ Pale yellowish Close porphyric - Stipple-speckled, Clay coatings, carbonate material
blocky fragments, quartz brown clay porostriated impregnated s-matrix, manganese
oxides
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Horizon Depth Microstructure Basic component c/frelated b-fabic Pedofeature
(cm) Structure Voids c/fratio Coarse fraction Fine fraction distribution
at 10 pm
Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-15 Vughy Vughs, planar 10:90 Pedorelicts (basalt), quartz ~ Yellowish brownto ~ Openporphyric Stipple-speckled  Iron oxide typic and
brown clay pseudomorphic nodules
Bt 15-30/40 Subangular ~ Planar 5:95 Pedorelicts (basalt), quartz  Brown to reddish Open porphyric  Stipple-speckled  Iron oxide typic and
blocky brown clay pseudomorphic nodules
Btc 40-40/70 Subangular  Planar 5:95 Siltstone rock fragments, Brown to reddish Open porphyric ~ Stipple-speckled  Iron oxide typic and
blocky quartz brown clay pseudomorphic nodules
Crtl 70-100 Subangular ~ Planar 5:95 Weathered basalt, quartz  Brown to reddish Open porphyric - Stipple-speckled  Iron oxide typic and
blocky and chert brown clay pseudomorphic nodules
Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic
Ap 0-20 Intergrain ~ Vughs, planar 20:80 Quartz, chert and shale Yellowish brown to Close porphyric  Stipple-speckled  Iron oxide impregnative and
micro- rock fragments brown clay typic nodules
aggregate
Bt 20-45 Intergrain ~ Vughs, planar 15:85 Quartz, chert and shale Yellowish brown to Close porphyric ~ Stipple-speckled  Iron oxide impregnative nodules
micro- rock fragments brown clay
aggregate
Btcl 45-75 Fissure Planar 2:98 Quartz, chert and shale Yellowish brown Open porphyric  Stipple-speckled  Iron oxide typic, impregnative
rock fragments clay and pseudomorphic nodules
2Btk1  105-135 Fissure Planar 2:98 Quartz Yellow to yellowish Open porphyric  Stipple-speckled ~ Carbonate nodules, iron oxide
brown clay mottles
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Horizon Depth Microstructure Basic component c/frelated b-fabic Pedofeature
(cm) Structure  Voids c/fratio  Coarse fraction Fine fraction distribution
at 10 um

Pedon 7 Wang Chomphu series 2; Typic Haplustert, fine, smectitic, isohyperthermic

Apk 0-25 Complex Compound 20:80 Quartz, chert rock Dark reddish brown Opento close Stipple-speckled  Iron oxide impregnative and
packing, fragments to brown clay to fine porphyric pseudomorphic nodules
planar, silt
intrapedal
vughs

Btl 25-48 Complex Compound 15:85 Quartz, chert rock Dark reddish brown Opento close Stipple-speckled  Clay coatings, iron oxide
packing, fragments to brown clay to fine porphyric impregnative and
planar, silt pseudomorphic nodule
intrapedal
vughs

2Btk2  100-130 Vughy Vughs, planar, 10:90 Quartz Yellowish brown to Open porphyric  Mixed of Iron oxide coatings, carbonate
channels brown clay stipple-speckled  nodules iron oxide mottles

& crystallitic

2Crtk  150-182+ Vughy Vughs, planar, 10:90 Shale fragments, quartz ~ Pale yellow Open porphyric  Mixed of Lamination between clay rich in

channels stipple-speckled mottles of ferruginous material
& crystallitic

09
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MU 10 dnvaznNgadugIuINgIveIauiinou |
7 Ta39af 19UV cracks structure (1) %BII1UY planar voids (2) ANVEFNWUT
4 v
3LHINOYMAEIUAVOYNIAALIDIAUDU open to close porphyric THFU Apk
AWAN 0-25 LHUAIAT (plane light)
4 1
¥) usluTe'lnd (1) Tudu Apk ANUEN 0-25 EUAWAT (x-nicols)
Qy 1 A 3 A = a .
A) FUAIUVDITINNY (1) TUFU Apk NTAWAN 0-25 IBUALAT (plane light)
1 S a [ 1 4 Y 4 g//
9 usmeagninanaunuus 1ule Ind (1) tazdeunsauuvesmsvoma (2) lutu
Bssk4 1A1MAN 115-140 I5UAWAT (x-nicols)
) ABUNTINUVBIAS UBIUAL L manganese oxide superimposed on carbonate nodules
ng -d' = a .
(1) Tudu Bk3 1010an 170-200+ (5UALAT (plane light)
4
n) MITAGHAIVDIDYNABLIDIAULY crystallitic b-fabic 1A calcite (1) Tudu B3

AANVAN 170-200+ FUANAT (x-nicols)
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a A &~ 1 4 1 4 d a @ Qy v I 1 s a o
nuunsHagaiusaeaguazusilaaadihsinanaunu v FUaIduLsTAIoASIINANTNA L
1 4 1 14 14 1 Jd A 1
usluTe Ind wuussasuwaua wagwULIAIDAGYWIUA polymorphic quartz FIUDUNIAVUIA
I a 091 v W 1 [
a3!,?Jﬂmﬂumgmmmmumﬁmﬁmmmﬁ’fﬂ ﬂ'ﬂll’diJ‘Wu€i$W31Q®1§ﬂ1ﬂmu1ﬂW81UﬂU
a A = a | a R a v A Y
UNTNVUINALDIANAITNAN 25-45 1 UaLNNT (Bkl) L“lJLl!L“]J‘lJL‘]J@i‘I\‘]‘]J@ NI1TIALTYINIVDY
{ a I a
PUNAVUIAAZIDIAUUY stipple-speckled LazNinmuan 70-200+ uawas Wuuvvila ms
TR 898U UNMAVUIAALIDIALDL crystallitic WUBUNTBIAYFIA amorphous organic fine
. . . . s
materials, punctuation Li& plant tissue residues NUABUNTINUVDIAT VBIUA NOUNTINUVDY
3 s . s
aneen 1AL pseudomorphic nodules ABUNTINUVBUINMTE vazuamilaesn lud

J
AADULUADUNTINUVBIAT UBIUA (manganese oxide superimposed on carbonate nodules)
= =
2.2 NABU 2 (MNN 11)

a 1 1 a ] 1
AuDul Ins9d3190DY vughy structure F09319 TuAua U Il unuy vughs tag
a < ] 1 a a

UV planar voids ludFunananies seeinluduiidszinudosas 10 Tagsuias oynin

I [ 4 = = [ 1 9 A =K 9
naneuiuniateaguuiansieutlstiniteaziden Ui wAsuiundsudnoudanay

1 J a I a :j
HAZIIAIOATGUHIA polymorphic quartz 91NIAYIIAALIDIAT UBYMIAVIAALHHEITIINA
v o J 1 o I a
Yumaes anuduiuisznineymavianeunueynInviaaz@eailunuuila (open
porphyric) M3IAITBIAIVOIDYNIAVUIAALIDIALLY stipple-speckled WUDBUNT&TAYFIUA plant
4 [

tissue residues L11¥ amorphous organic fine material NWUADUNTINUYBIASVOIUA LLALHIOA

% A
iU n3esoe'lna

AUANNANVEN 20-110 HUAWAT T IATIAF1901 fissure structure ¥OI919 1A
1 IR . a 9 ~ = a
a2 nadluuy planar voids ezt vughs Tuilsunanios uazNanuan 140-160+ sUAIAT
A =S A 091 S g‘ = A g’ 9 U -9 4 U [
IHADIDITUINA LUagdUINIaDIgdUIAaLtvY ﬂ’ﬂllﬁhwuﬁigﬁ’ﬂ\iﬁ]uﬂTﬂﬂluWﬂViEJTIJﬂ“]JE]“Lgﬂ'Iﬂ
=) I a = @ =) ~ = a
mumazmﬂmﬂmmmﬂ@ NITIALTINAIVDIDYNIAVUIAASIDYN  NAITNAN 20-47  IHUNLUNT
I A { a 3 A i
(ABk) 1iunyy stipple-speckled HazNANUAN 80-160+ 1UANAT 1D ULV undifferentiated

A v a

WUOUNT 8909 ¥UA amorphous organic fine materials, punctuation La¥ organic pigment WUAA

< s v o J
ﬂigmﬂﬂlﬁaﬂﬂ@ﬂqcﬁﬂ Wﬁ']’flﬂilu l!ﬁgﬁ}ﬂu‘ﬂﬁﬁuumﬂﬂﬂ'ﬁU@LUW
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MU 11 aNHULNNIATUFIUINGIVOAUNADY 2

M) TA59a5190U vughy structure (1) ¥9931941 vugh (2) tag planar voids (3) T

k4 v

¥ Apk ANNVAN 0-20 IFUALAT (plane light)

[ 4 og/’ A = a .
U) 1INIDAY (1) Gluslm Apk NANNAN 0-20 LEUALNAT (x-nicols)
Y [

) Iron oxide impregnated s-matrix (1) Tudu ABk NANUAN 20-47 (FUAIAT (x-nicols)
q) Tagaarsanuy granular structure (1) FDIUVY compound packing voids (2)114

U Bk2 NANAN 140-160+ I¥UANAT (plane light)
2.3 NADU 3 (MW 12)

AuUUT TATaa3 19UV vughy structure ¥09319THAULDY vughs Uszanuioeas
a I 1 4 = 1
5 Tasdsmas eumavinavenuiuusnteagvuiansientlsdansieveruiunais 3519
v Y
Aoudnuraoy deAoudienan mstaGesduazmsnavuinegluszauml nuFudIuvesiy
ad ' S A X ' S
159 (chert) LazLsAIDAFNNITDIUANINNANISHTEAIN (metamorphic quartz) L3AIDAENY
< 14 1 Qy 1 1 Y] |
manoon lasidn ldunsneglusesuan (uni-quartz)  nagFuaiuveus lnsonduiail
Y
I a o
(pyroxene tuff rock fragments) ®UMAVUIAAZIDEATUDYMAYUIAALYMTIEY Fiaialu
= =R A 3' v o 1 Y] = I o
MavInId@iinIe ANUFURTUFIzHIeYMAVNAIIUNUBYMAVINAaBsaluLUUAla
[ @ I a Y] a
MIIAF BRIV YN IAVUIAAIDIAITIUIDY crystallitic  WUDUNTITAQHUA amorphous
. . . {o o o 4
organic fine material, punctuation Llﬁzlﬁ?lelcb'mﬁ‘]fﬁmmﬁmﬂﬁ’; wuﬁ'aummummmiumuﬁ

9 < J A R . .
Aounsauuvouraneen lyauuuiiany (typic nodules) (1oLt pseudomorphic nodules
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0.5 mm £

MW 12 anyuzngadugIuIneveIauiiaou 3 (Moldan 1w x-nicols)

n)

V)

f)

3)

9)

?)

a

[

1 4 [
UINIDAYUUY runi-quartz (1) LALHUY metamorphic quartz (2) ANNUANNUD

v
=

Y
FLHINITENINOYNIANGIVAVDYNIAAZIDYALUL open porphyric 1UFU Apk
AVUAN 0-20 (FUALNAT
1 4 3 $ a
115AIBAHLUL polymorphic quartz (1) TUFU Btl NANAN 20-45 L5 UANAT
' @ . < ¢ o
HIAIBABUUY runi-quartz (1) tazyalszuounaneon lae (mottles) (2) Tugu
Btl NANVAN 20-45 (FUALNT
< s o :
Aaunsawuvauaneen lafuul pseudomorphic nodule (1) ludu Bt3 1A%
an 70-90 EUALNT
Y
= [ a o |
FuaIvvoInunwn (1) 1t iron and manganese oxides impregnated s-matrix (2)
Y ]
Tusu Crt NANVAN 115-140+ LEUANAT
Qy 1 a ] & A a = [ 1 1 &’f
FuaIuveariundn (1) 1agnsIAaUVBIANIHHEIVUNIIFDI19 (2) TuFu

Crt NANUAN 115-140+ (FUAUAT
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AUANNANVAD 20-90 LEUAWAT 3 IATIAF 1V vughy structure Fo93191UAY
WU vughs 1AENTEAVANUEN 115-140+ (FUANAT (Crt) | IATISF1UVY fissure structure
] J a 1 13 . a 3 L 1 J a
¥4 Tuaudu Il unuy planar voids tazuuy vughs Tuilsunandniios ¥o3319luan
Y
anfilszanudosas 5 TaodSuas daudu Cr lszmmdosas 10 Tagllsu1as eyninvuia
I 1 o = 1 1 9 = = 1 9
woruitunsaeaguiansienilitnseneuthunais jusnaeudamdoudsneutanay
[ @ @ 1 [ Qy 1 a ad 1 4
m3daiGesiazmsnaviaeyluszauaIfeunas nuFudivvesiuFsauazisnIoas
a . . Qy 1 ] ~ o (o A =
PUA metamorphic quartz, runi-quartz gazFuaINves msenduiudl faudn 70-90
a 1 3 ay 1 a o (d] 1 d a
IBUALNAT (BE3) WULT chalcedony tag 1UFY Crt WUTFUAIUVOIRUNWW Lazisaroaswila
Y
. 1 < a = = o
polymorphic quartz dusynIAvUIRazBATluoyMAvIAAUTie) Finaluidened
g’ A’f a ~ = 1 =) g‘ A 1 1 S d‘
waa Tudu et wuAumiierdimlzduedludihaatumaosgou tagwous Insendun
= I~ ' % v o ' o =
wasuanwldidunsase lsa anuduiuisznioymavuiareunusyMIAYLIAAZIDYA
< = 1 o < . v A o 2 <
Ausuuila @ausu Cre 11Uy nearly clay monic M37A13836798901UNIAVUINAZIDEAIT U
4
. (] 1Y I . a [ a
111U Grano-porostriated IUBU Crt 1 UUYY mosaic speckled WUEJUTI%EJW]Q%H@I amorphous
. . . { o w % <
organic fine material, punctuation uazmymﬂﬁ%ﬁmammam Wy f’faummmmmaﬂ
4 e QSJ’ o
200 lALUVNANY tlaziyy pseudomorphic nodules HoNNH TUFU Crt SanunmsaanvYeg

ﬁumﬁmuuﬁ'aummu
~ =
2.4 WADU 4 (NNN 13)

a 9 ] J a 1 [
Auuu TAT9a3 190U vughy structure $097 19 TuAUA M Tl uuDY vughy tag
< . a [~ 1 ' a 9 A
UL planar voids TuiFunandnies seainsludauilssmnuiosas 10 Tasd3uas ayma
o | Qy 1 a a a Iy 1 a J
yinane Taena Ty lithorelicts voaFuduiuAUMUIEz LY FudiuvosiiulsToTaa
' J = ' ' 9 A 2 9 v A o
HAZUIAIBATVIANTIBaZIDeANIN JUT AU AL IRDUTIINAN MITAGBIAIAZNT

Y] 1

@ 2 | a ~ = g’ A =2 A
ﬂmumaglmmmm mgmﬂmumazLaﬂmﬂuwmﬂmmmumum ﬁmmaﬂumamma

Y
o U

v d 1 [ < a @
I ﬂ’NiJ’(?fiJWl.l‘ﬁ33W31Q®1§ﬂWﬂ"UHWQWEﬂ‘Uﬂ‘]J’E]lgﬂWﬂGUUWQﬁglaﬂmﬂu!mﬂlﬂﬂ ﬂﬁi]ﬂ!?ﬁl\i
% 1< a @ a
mﬂJmmgmﬂmmﬂam%amﬂmmu stipple-speckled WU@M%?EJ’J@]Q‘]SH@ plant tissue residues

. . < J A .
1101ig amorphous organic fine material W1J AounIaNUUeuHaneon l¥Ryiia concentric nodules

a U A = a = 9 A

AUANNANNAN 40-60 15UANAT (Btk2) 3§ IATIA3 19U crack structure NAIY
= a =\ = Y [} 1 a ] [
an 80-110 1 UANATY (Btk4) I 1ATITT NIV granular structure 309719 Tuaua U Ingjiilu

<3| a <} 1 ' a
11 planar voids a1 intrapedal vughs THTnanantios Feeialuauiilszainuiovay
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MU 13 ANHULNNIATUFTIUINGIVORAUNADY 4

)

V)

f)

3)

9)

n)

TA59a519U DY vughy structure (1) ABIINUVY vughs (2) HAZNDUNTINUVDA
M5 VDIUN 3) 11!%“ Apk ﬁmmﬁﬂ 0-18/20 KEUANAT (plane light)

Sud Ve (1) Tus Apk FANUED 0-18/20 HUAWAT (plane light)
AoUNTIWUVOUHANIVL impregnative nodule (1) 11!"1?1! Apk ‘ﬁﬂ’ﬂnﬁﬂ 0-18/20
EEUANAT (plane light)

The manganiferous material impregnated s-matrix (1) Gl,wf;: U Btk2 ‘ﬁﬂiﬂllﬁﬂ 40-60
EFUANAT (plane light)

ABUNTINUYBUNANDBN AU concentric nodule (1) uaguY typic nodule
2) T4 Bikd TiAAN 80-110 1UAmMAT (x-nicols)

FuUdILVITY shale (1) LagMIIAADUVBIAUINIIET (2) Tud crtl finuan

110-135 15UAMAT (x-nicols)
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10-15 Tagd31nas wazinuan 110-135 yudAmAs (Crtl) 31A59e31910Y subangular blocky
1 1 I a
structure ¥99919 UV planar  voids  Uszmadesns 30 TaoiSuies oyninvuIaKoIl
o I g 1 Aa a a 1 o [
Tagna lihilu  lithorelicts vosBudIUAUAUAIUIAZ ALY H5AI0ATYIIANS 180Te 31519
1 1 1 1 d A [ [ [
ADUTINUMAINDIABUYIINAN LLIAIDATYTIA metamorphic  quartz NFIATEIAMAZNITAA
1 o 2 I a ~ = g’ A =2
vinaegluszauihunans symaviiaazdsatluoymavinedumrie@imaluraeds
Y Y
) o 1 [ [ 4 1 Y]
frhaa taz@ihaatumidetseu  ANUFNRYTTZHINOUMAYUIAKEILAUOUMAYUIA
= I a [l qu 3 a v A 1Y = I
azeaunuula audu Crtl Husuula MsdaFssdrveseymaviiaazdeaiiuny
' . Y] .. 1 Qa: I~ . I~
WE TSN stipple-speckled N crystallitic 7IUBU Crtkl SYEITS IS, stipple- speckled ezl uuy
porostriated 1113 u1a1ios WUBUNToTAQYIA plant tissue residues WUADUNTIUUVD

7 3 7 A o W
A1TUDLIUA ﬁ’@u‘nimummmaﬂ@aﬂllcnmmuﬁﬂﬁu faf'aummumammmﬁﬁmammu

<3 v v o ] §{ a @ a [ 4
maﬂué}%wmﬂuuuualmﬁeﬂu (impregnated s-matrix) WU?ﬁﬂﬂutﬂﬁﬂ?WﬁNﬂ‘Uﬂ”Iﬁ‘U’E)L‘L!@]

s @ o
WU!llNﬂ1ﬁﬁ'ﬂi’)ﬂul“]fﬂlﬂa@ﬂuuﬁ}ﬂuﬂiquumﬂQﬂTﬁualuﬂ Llazﬂlu%u Crtl Wﬂﬂ1ﬁlﬂaaﬂﬂlﬂﬂ

2 Y
a a 1 a I I v W [ a 4
AU UEIVUFUAIUUDINY wmﬁ@gﬂﬁmmmwmnuuuu“lmﬁem wazuamilaoon loa
o 4
2.5 NADU 5 (NINN 14)

a 1 1 a 1 1 g
Aunuii Tnsead1anuY vughy structure ¥99319 luauaulnaiiunny vughs tag

. a 1< Y 1 1 Aa a Y a
11U planar voids 114‘]J§111i11l'ﬁﬂ1!’f)ﬂ “Bﬂﬂ?TQiMﬂHNﬂiZNTﬂ!ﬁﬂﬂﬁ% 5 Tﬂﬂ‘]_lill"lﬂi UNNUVUIN

1 (] a oA @ @ v 4
wmumu”lwaﬂuﬂu pedorelicts (WHUS%@ﬁ@]ﬁﬁﬂﬁ&lWﬂﬁﬁ?ﬂﬂ’J) LLﬁSLLiﬂTJ@Q‘I%ﬂJHTﬂ%i18!L‘ﬂQ
@ % @ 1 o I
5\11/]5181??811J1J11!ﬂa1\1 fﬂifﬂﬂgEN@l’JLLﬁ%ﬂﬁﬂﬂ"lllﬂﬂflgcluixﬂﬂmﬁ @HﬂWﬂ"Ulﬂﬂﬂ%L%ﬂﬂlﬂu
9 9
symavaaumiisadihmalumaestidiing anuduiussznilneymAvIIAKeIUNU
2 I a v A o = [ .

aumﬂmumazmamﬂmmmﬂﬂ ﬂTiﬁ]ﬂliﬂ\i@]’l‘ﬂ@\i@léﬂ"lﬂﬂlu1ﬂa$mﬂﬂlﬂull‘ﬂ‘ﬂ stipple-
Y ] H
speckled Wuﬁu‘ﬂ?a‘i’mwﬁ@ amorphous organic fine material, punctuations Q1% ieoanyh

o w o <] s .
EGNGIRES)e) wuﬁ"aumwummmaﬂa@ﬂ”lcnmmuﬁﬂﬁu UaEHU1Y pseudomorphic

Aua19% 1n59a$190D subangular blocky structure ¥94319 THAUIVY planar voids
a <3| ' o

Usznmdosas 10 Tavsmas eymavinaneduusareadvuiansieutledmsenoy

silsnAouduAsuDIRouTINaY 1Az pedorelicts (basalt) MITAIT AT NMIAAVUINDY
v Y '

Tuszauma NANUaN 40-40/70 UALAS (Bte) WUFUAIUVBIHY siltstone LtaziAIINEN 70-

a a s @ 1 4 '

100 1¥UANAT (Crtl) WUHHUZFRaANNNITa186 LIAIOATUDUNGUNAN (polycrystalline
A Aad = I Aa ~ = g’ =KX A :j

quartz) UazHUIFTe oRAIAvIIAaZREAITuoYMAvINIAAUMTEIMIIMadIdhmaluua

v o d ' (% I a @ @
ﬂ’JUJﬁiJWH‘ﬁiVH’JNfJIgﬂTﬂ"ll'tﬂﬂ1/?EJT]Jﬂ‘]Jf]‘tgﬂ1ﬂﬂlu1ﬂﬁ%t%ﬁlﬂlﬂulmﬂ!ﬂﬂ MIIAITEIAIVD
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MNN 14 SNBULNNIATUTIVINGIVOIAUNADY 5

n)

V)

f)

)

)

n)

TA59a3190D vughy structure (1) ¥893194 DU vughs (2) T Ap AnWAN 0-15
IFUALLAT (plane light)

AoUNTIWUVOUNANUUY impregnative nodule (1) Gl,u%gu Ap ‘ﬁmmﬁﬂ 0-15
IFUANAT (plane light)

Tnsea$1a1u subangular blocky structure (1) %89319LUY planar (2) AOUNTA
wuveunanesn AU typic nodule (3) Tudfu Bt finuan 15-30/40 wudmas
(plane light)

useadRaNAdey (1) Haz usnrend (2) Ty Bre finuAR 40-40/70
FUALIAT (x-nicols)

Aounsauuvounanoon ladui typlc nodule (1) L4111 aggregate nodule (2) LLAE
%ﬂﬂiw"ll’é)imt’m (mottles) (3) °1u615u Btc mmmaﬂ 40- 40/70 EFUALNAT (plane light)
FudneiuLzoad (1) aghU chert (2) Tt Crt AAMWAR 70-100 IUANAT

(x-nicols)
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<3| a [ a
mgmﬂamﬁamﬂmmu stipple-speckled Wmuw%mq%uﬂ amorphous organic fine material

< 4
NnudeunsINUveuranoen laduuuiaiy uazuuy pseudomorphic

2.6 NABU 6 (NMNA 15)

AuvuiTaseadiauuy intergrain micro-aggregate structure Gﬁm’jwﬂuﬁud’mimj
I a 1 . Aa < 9 1 1 a A 9
T ULUY vughs 1aZNFO9IUDY planar voids Tulsuananies yesnsluauiilszinaios
a I [~ [ 4 =
az 10 TagdSuas eymavuwraneruaiulvapiuniateadvuransieudsdainsenery
1 1 { U Qy [ a ad a A [ @ [
sUsuAeudamdsuDIReud 1naN FudIuvesH T ALz HUAUAIY MITAT AT NIHA
1 @ = o a ~ = g’ A =2 A
yaegluszaual aymavaazRealueymavinadumtieddiinaluimasaded
g/ @ @ 4 1 @ I a
a1 ANNFUTUTIzHIeYMIAYIIAreIUA U YNIAYUIAazBealTuDDila (close
[ o I a [ a
porphyric) NMITAITEIAIVDIOUNIAVUIABLIDIA U stipple-speckled WUBUNTIIAYHIA
3 s {
amorphous organics fine material 1% punctuations WUABUNTINUVBIHANDDN IALUUNTANS

A v o ' dy a . . A R
wouanuuuuluioay (impregnative nodules) 4agHUUNANY

ANAINANNAN 20-45 LEUANAT (Bt) T In59a3 19001 intergrain micro-aggregate
(] 1 a 1 1 a 1 a I
structure ¥993 19 TuAud U Ina) T unuy vughs ez iive9319uDY planar voids Tulsunanantios
1 1 a A 9 a d' = a = 9
vouInluaullsznusosas 10 Tagl5uas uaznanuan 45-135 udwas 31as9d519
WY fissure structure $99319 1AM planar voids Yszinmdooaz 5 Taeliuias oymavue
I 1 4 Q" 1 A Aad Aa A I
HeUTlY 13AIDAY FUAIUVRIRUFTAUALTHUAUAIY oYMAVIIAAZIREA]UBYNIAYUIA
a =1 = 2’ A =K A oy = A =K A g‘ A v o 1
Aumrteaiiaadumaesde@iiea tazmmvaesdeaiinadumaos ANuAURUTIZ 1IN
o QBJJ I a ] { Aa

pUMAVIAEUN DO UMAVUIAAZIDEA FU Buitluunulle diufinnuan 45-135 sudng

@

I a v A Y = I . a =
Wunuuile mstaEesdivesoynnvunazdeal Uiy stipple-speckled  WUBUNIBTAY
a . . . <3 4 {
PUA amorphous organics fine material L0g punctuation WuAOUNTIWUVBIANDN I¥ALUUVTAT]

v 9 [
mseud N U lieAY LUDTAND LuazIUD pseudomorphic nodules @IUNTTAVAIINEN

a 3
105-135 Uans (2Btk1) wuﬁ’aummummﬂﬁmmmmzfgﬂﬂixmmmaﬂaaﬂ“l«nﬁ
o 4
2.7 NaDU 7 (AINN 16)

AUVUT INTIa3 191D complex  structure ¥99319 1UAULUY compound  packing
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MW 15 GNHULNNIATUTIUINGIVOIAUNADY 6

n)

V)

f)

3)

9)

n)

3
Taseadanyy intergrain micro-aggregate structure (1) ADUNTIWUVDUNAN
4 . gl’ d‘ =2 a .
o0n laduuy typic nodule (2) Tusu Ap NANNAN 0-20 5UALNAT (plane light)
1 o [ @ 4 1 [
UTAIDALULUY  polymorphic quartz (1) ANNVANNUTIEHINOYMAKIIUNY
Y '
AzLBYALVY close porphyric TUFU Ap NAWAN 0-20 LYUANAT (x-nicols)
9
A 1 Aa A <3
FUAIHVBIHUAUAIU (1) HATAOUNTINUVBANANUDY impregnative nodule (2)
A H
Tusu Bt NIANUAN 20-45 15UAIAT (plane light)
[ @ 4 U [ a
ANVANHUTILHINDUMAVIIARIIUA DB UMAVINAAZIBEALULTA (close
Y H
porphyric) (1) 1u%u Bt N1A1INAN 20-45 EUALAT (x-nicols)

I Aa
ABUNTINUVBUHANLLIY typic nodule (1) MIAADVVBIAUMIHIVUABUNTINY
Qy 1 a ad 3 A =2 a .

(2) HAZFUA VDI WFTA (3) TUHU Bicl NANWAN 45-75 IFUAWAT (x-nicols)
a 4
TAsaarf9AUUDY fissure  structure (1) HAZABUNTINUVYDIATS VOIUALUL
A 1
manganese oxide superimposed on carbonate nodules (2) Tusu 2Btkl 1A0aN

105-135 tHUANAT (plane light)
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0.5 mm §

M 16 dnvazNNgadugIuINgIveIaUiinow 7
9 Qy [ a ad QSJI A
) Tasaasiauyy complex structure (1) UAZFUTIUVDINULIYIA (2) Tnaru Ap N
AWAN 0-25 IHUAIAT (plane light)
Y [ A a = 9 09/1
V) ADUNTIVUVBUKAN (1) HAZMIATOVUDIAMKHHBILUNDUNTINY (2) Tudu
Btl 1NWAN 25-48 15UAWAT (plane light)
s o {
A) ABUNTINUVBIANTVDLUALUD typic nodule (1) TuFU 2Btk2 NANWEN 150-182
EFUALNAT (x-nicols)

Q) yudmnuauau (1) Tudu 2Crtk NANNEN 150-182+ 1HUANAT (plane light)

a I
voids, planar voids 118 intrapedal vughs Uszanmiooaz 20 TaoilSu1as eyninvuianeiuily
1 4 = 1 1 9 A 2 Y Qy ] a
usmeaguuIang1eutlstangene1y jiUs uasudurasndineud NN Fudruvesru
ad ] o Y] LY Y] ] ]
130 uazuIAIagNNsaguanINHaNIsulsaaIw MIdaisedazmsaavuInegluszal

=) 3 a ~ =3 dy = = 2} F)
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1oannNszAUN N1Tnaaumilengans 821 nfusen lansu

Bulk density (Mg m™) COLE
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4 v o d 1 1 a [ a v A
ﬂ'l“l/‘lﬁ 20 ANVUANAUTIEHINANUHUWUUIINUDIAY (D) ﬁuﬂszﬁmmimﬂwmwuﬁ/u

(V) AUANVANVBIAUNIINAMIANY

4

MNTZVUMTIUUNAUVDINTENINNHATANTFOLUTN duilszanimsversan
a A 4 1 1 I 1 { ] [
Waduvoanosfiwead IA1MINN110.09 (Soil Survey Staff, 1999) 1HuArnegluszdugun

{ (% a Q I~ [ z o o w
(Thomas et al., 2000) HAMIANHINTLAVANNAN 18-50 1¥uANAT FuiluszavFUMINAITINA
Ia o'd's) ) a ~ 1 o 1A o ' =} =
ANVURIIBI NFBAANADINTMAMAUMTET 11NN 300 NTUABA TaNTH WUNNNAABULA
4 Y
g luiide 0.09-0.28 TasduilszansmsversdanFuduvesau Yuegivlsumaumniion uag
Y v
FUAVDITAUM LYY 1AV VUOINUFTIAYDITAUIMIEININNTT (Chinn and Pillai, 2008) AUT
= SR A 2 o Y g J o 1 Y o A
Hawn Indgalauialunisvaversdad 1 luesalsyneunan damalddualszdnsnig
b4 4
YA UTUFUVDIAUTIAIGI (Pal er al, 2009) uonINil duilszAnimsveroanFudud
A 4 4 o Aa A o
Juagnuanuquanilasuuaa looou esninauniinnuguannlasuuna looougs inase
o 4 o v A 1 o

M3a319A 209N 1nA (Bihmann and Schoeman, 1995) dmsuauTan s luihga i

i lianvansalumsversdivesduiesas (Nayak ez al., 2008)
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4. anvAMUANUIAY

a L4 wa a 09/' a !
HANISAATIEHANTANNUATVOIAUNT 7 VTN LEAINAAINAIT NHUINT A3 Iﬂﬂﬂl‘%}
9

g o 1A 4 A 2 a L4 as ~
IDUNLUITEAUAUATIEN ATUATTWNAUINT A6, A7 LAZ A10 BINANITUATITHNIUANNAIY
~ a A
4.1 Wid¥AU (NN 21)

Y= a yAa 1 3} [ [ ~ 1A I
nanisiafitesvesau lagl¥auaoiiluensiaiu 1:1 (P1wh 21n) wunauilu
2K v A 1A 1 Aa o = ' o I
nsathunadeaeda uamntered luide 5.7-8.7 Tagliaou 5, 6 waz 7 agluszauilunsa
1hunansdenneda ameregluids 5.7-8.5 fiaeu 1-4 agluszauaaiunaisdeaieda i
L= L] a o =\ a ya 1 =\ L LY 1
Miowegluids 7.9-8.7 uaziieyau lTagldaude TnunaTounae l5a ludasiaiu 1:1 (MW
A 1 [ 2K I A1 A 1 A o =\
1 219) egluszaunsaguuswnduiluna imieyeglunds 3.9-7.2 Tasiiaou 5, 6 tag 7
1 % I KX I Al A [ a o = 1 % I
aglussauitlunsaguusanndailunai umeyeg lunde 3.9-7 Waou 1-4 agluszauilu
v KX 3 A1 A 1 = A = =1 [ 1 oA 9
nsavanuilunan dmieregluide 5.4-7.2 WonSeufouanuuanaeszyang mi lann
ya 1 = L % 1 [ VoA 9 9 g’ [ [l
s leaude InunaiFeunas bsa ludasialu 1:1 duan lasamslsirludasiaiv 101

1 ] ] =
NWUg 1w -3 89 -1

A Ao = [l [ 1 IS Y =K @ <3|
ﬂu%ﬂ’lﬂ”ﬁﬁﬂ‘]ﬂ’lﬁ'}uiﬁﬂ]&, Wuaanieenen1edn (pH 7.4-8.7) Wuwau10InmMs

9 o a =

darearvesingduiuia insdaaddessaniunszuuau nazmeluniidaau wy
o 4 A a a 4 o Yy
msdsznouimanmsveua iWomanszuaums lalas lagavesasninmsverua s 14
a ' ' A J v L A
yAuaglusIsiiiiua1s (Bloom, 2000) msnuuaa lad lueyninvuiansionds (a15190 8)
1 4 1 ] ] 1 o t:! 4 Y 1 4
ueraanmsveadu vgedluglusuaa lod dawnaledamnsoazaisldisninaisuemea
4 a v o Jo J a
Tug1du 9 (Fukue et al., 2008) WitoFAUIIFUNUTAUMTAZTUNINAITVBIUANMB T LAY (Irmak
o Iy o’j ~ ] 4 aA a c; 1
et al., 2007) M lHiaon 5, 6 uaz 7 lusun lunumsszneuninmsverua diesauding
= A = a Ao Y :j SO P Ao Y = I
finoudu q nazieraunia ldomihisgaininia ldnnamsazare TnumaiBounae lsa lu
[ [l ~ [ Y I 1 a a I . ]
ons1aIAeIT naalimud masauvelseyanivesduiluay (Diatta er al., 2006) 114
1 a 9 1a ~ A A ~ 1 o Y a
vonmeludauilszneudreusaumiion welinmsununvuami i ldnaueu looounss
a a 1a = o Ja 3 PG 1
Usnamvewsaumier mldaulianuainsolumsgaduuaa loosu ladniuenlooou

ilesnndesiInauganunou lovou (Brady and Weil, 2008)
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pH (1:1 H,0) pH (1:11 MKCI)
4 6 8 10 2 4 6 8

20 20 A

40 40
60 60
80 1 80 1

100 4 100 4
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d' [ @ 4 1 ~ A Ao g’ ~ A Ao = 4
MW 21 ANuFuRus Tz sieraundalui () wazfisaundaluTnunaFounaslsa
(V) AUANVANVDIAUNTINTANY

Y o A

msdantdesdanmainiaadusuida Wulselowilumsduniiziawn Indaiu

Q

i
A A a

a { g
555U IaMNLIAd NN NEBUDIAUGS (Polyak and Guven, 2000) Tuamnuindoniiilu

U
b4 v

1 4 9 = ] . A a = .

a1 aun Inamansoadadavulval (neoformation) vsemnansulaguanin (transformation)
2

WINUTAIAY 1azAeg 1 1uszuuau 1A (Khresat, 2007; Furquim ef al., 2008) fitowaudail

1 o Y o 1 4 ] a = A Ao =
ﬁ’mmﬂﬁwuamﬂ”lanuusmmJizﬂauwaﬂclumgnmsuummmummamummmiﬂﬂm

4.2 amwumsri i awn 22)

a 4 o v A [ a
wamsuaszHannmi lihvesasafiadudivesdn (saturation extract) Y94
a 09: = 1 o [} a o Aas g ~ =]
auna 7 fimou nunanmmsii Iihegluiide 0.07-1.5 wdTwudaewas Taoiinou 2-7 1
1 1 A o a g =1 = 1 A o a A
Moglunds 0.07-0.51 @FHUUAADINAT uaziiaoy 1 UaAredluidy 0.39-1.5 FFHUUAAD
a =1 = o 9 1 an g 1A d' o = 1
was  aunniiaeudisimaiilWihilesnd 2 wddmudaewas uaasiauitinsanyla
I~ a < [ [ [ a 1 o a LY
HuAUAY (Khresat, 2007) lifinasonnuauisalumsveedivesau T lvauversdaqla

1euaq (Nayak e al., 2008)
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ECe (dSm™)
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PN 22 ANuFuITUsszrIannmsh e sdusuanuanvesduniinsAnm,
a 4w 4
4.3 9UNTYINGY (NN 230)

[

Y
a < a a 1Y a % 1 a a 1
wamﬁmmwwﬂimmau‘ﬂ?amqmmﬂum 7 Naou WUUWﬂiNTﬂ!ﬂuﬂgﬂﬂﬁﬂﬂg

Q

[

Tuszaudunnienoudeg Iategluide 2.0-303 nsuaen lansu Auvuiidsumdunisiag
1 [ = 1 9 S 1 a o [} LY [} a 1 A (A

pgluszdulunaedaneudiags Uaredlunds 15.9-30.3 niuden lansy aua1allsua

sunssiagodluszaudmnnnaunais Iaeglunde 2.0-21.8 nfuden lansu uazyniiaou

a ) =
MLLH?T‘L!NﬁﬂﬁQ@"I?JﬂT]Mﬂ’N?Jﬁﬂ

T A 1

a a a @ < o v
ﬂu‘]JLlfl‘]J31113!@1.!1/]%EJ’J@IQEIQﬂ'J']@Ha"NL‘]JLlNaiﬂﬂﬂ’]ﬁ@WQﬁﬁTﬂ@?m@QLﬁB%Tﬂ

~ l A ! Y =

dunsdnazauegluAUAINEITUING HI0aIUANAIINIUNBATNTTY ABAIUTINHINNAW

v
% =

a a 2 v Y a = [ 1 3 a o Y
WIAU ﬂlmzmﬂ’)ﬂuﬂ@i”I'miﬁﬁ18%3%6@81&%58’!@]ﬂ‘Vl!‘]JLl]l‘]JﬂEJNi’JﬂLS’JGl‘L!ﬂu‘Uu‘VHGlWﬂ”IiGHS

Q

P4 ) 4
azaead 1l luAuaranavuiles iemamsaaeddeazan luFuanuunnNAua1s (Virgo

and Holmes, 1977; Baize, 1993; Brady and Weil, 2008)
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Organic matter (g kg'l) Total N (g kg'l)
1.5
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180 4

200

()
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4

d‘ v W 1 a a A w a o
HMNN 23 ﬂ’J”IiJfT?JWHTJiS“Vi’JN‘]J5%1&!@1!1/]383@@] (n) uazﬂimm"luimﬁmi’m (v) DUANY

= A Ao =
anvoIANNIMIANY
4.4 TuTasausin (MW 23v)

a < a a :JI =~ ! a
nansaszHlsinalulasnuswvesauns 7 fiseu nundsualulasou
swegluszavegluszaudmnded Tasliareglunds 0.01-1.31 nfuasnlansy AuDUBY
TuiNde 0.91-1.31 nFunen laniy Auaeedlunde 0.01-1.02 nFuaen lansu AuvuTYTI

Y
TuTasnusmgennduaua

HuuaTiuanasmuanudn Aunuiidiigeniauas fullludnvazi@endy
UNTeINY (Brady and Weil, 2008) LﬁmmﬂT@ﬂﬁﬂﬂﬁmmmﬁ'mﬁ’ﬁnﬁ@ﬁuﬁgu"laiﬁﬁm
TuTasnwiussdsznou ﬂamrﬂuﬂﬁ3Twﬁmaq"luimimuiuﬁudmclﬂﬂﬁuaejﬁu
mﬁLﬂﬁlﬂugﬂmaﬂuimgﬂu@uﬁﬁLﬂu"luiﬁmuaﬁum?éf(Mengesha, 2004) AuNsu
Tulaswuswdunndeduiunainnngdunsduazfini W Fnnnszuounmsszazas minms

4

() A =K 9 1A ~ A 1A ~ Jan d Aa
qmmwiugﬂmmmm HIVYNATIAIYLTAUMUYY LUDININLTAULUEYY L’Ji’)illﬂ?]"lﬁﬁl aa"lam

e

4 = ~ Y 9 A ~ U dy
uazamﬂ”lm ﬁﬁJ”IileiQLLi’)?JTlJLUEJNGlﬂ@Qﬂ"lfloluiﬂiﬂﬁiﬁﬂlﬂﬂlliﬂulﬂuﬂ’!t‘l’iﬁTuﬂ,ﬂ
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4.5 Woaresamduilsz Towi (nwh 24n)

a a o Y a z 1 a
nansaasenSaneanesantul sy Tersivesduie 7 Aaeunuindsuia

S ] 1

[ Y (] [ ° A o Aa a o
Woaesamiluise Temiogluszaudnnnisganin ategluiide 0.1-66.4  Tadniude

u

a

v a a @ { g Jd 1 v o ' 1 '
nlansuy AuvuiidSuareanesaniiulss Temioglusgaudnndenoudiaga dseglu
a o A a o 1A [ R ] ' [ =2 Y A '
Wiy 1.3-21.1 Nadnsuaen lansy uaaulvgegluszauiunaedaaeuinege iaeglu
A o A A o 1A v A ' a [ { Jd v o
Wde 13.8-21.1 Naansueeon lansy auanilsmaearesanilulss Teyeglussdud

= a0 1 A o a Aa o 1A @ = ~ [ =
windaunans iaegluiids 0.1-16 Waaniudenlaniu uaziinou 3 NIzAUANVAN 115-
a £ g :JI S A v A J A a a o 1
140+ wsupua s Satludu Crt VsnaeanesandluilssTowigann Ua1 66.4 iaansune

a [ =1 = 9 =
nlansu uaznﬂwmummﬂumﬂmmummaﬂ

duvuiioalesaiifuilss Temiganhaudia tlesan USmaleaesaduiug
fulSinasunedag inmsdandesrloarlesanndunsesagFaiieduinluduuy maiiy
Waﬁﬂa%’ﬁﬁlﬂuﬂﬁsTwﬁzLﬁﬁu'ﬁqﬁﬂmﬂﬂmnﬁu@um‘%’ﬂi’@q (Meena et al., 2007; Seiksepour
et al, 2008) wioonudumannmslaijumi luaues Usinaleavedaniidiuilsy Tondd
Aanuduius lunauiulsunauaadeuasveua Wearesadunuuaaiion anaznou
naoiluunadeulomlafiazaieni118e1n uaziaiamnsorh 1945 Towi 14 (Halajnia
et al, 2009; Zhuan-xi et al, 2009) ¥1l¥UTinalealeFafiiiuise: Tew lududdiaosni
fuuy fiaeu 3 $u Crt Tlsnamleaosafifutse Temigann Wuramnnmaandienn

S Y o A

TagAusuil
. . .
4.6 Tnunangeunduase Tow (A i 24%)

a J a =1 A & 4 a o’.z‘ =1 1 a
wamsuns1znlsua Inunadeundluilse Testivoaung 7 inou nulsua

a o 1

Twunadeuiilulss Teniogluszaudmndgaunn taegluiide 18-126  aaniude
Alansy AuvuiivSina Tnmadounduilse Tomioglusyauddegann Inegluiide 41-
126 fladnsudenlanfy auatdivSina TnumaFeuiiuls: Toewiagluszandmnisihu

1A

na imegluiide 18-87  Haansuasn laniu uaznniinouiinud Tduasasniuanuan
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Avail. P (mg kg™ Avail. K (mg kg™
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< J Y =2 a Ao =2
Lﬂuﬂﬁgiwu (V) NUANUANVDIAUNNINITANH

33| { 1 1A
TnunaFoumiusinernisdnylauivinnisdanlaes Tagusammiionnay
sunseing nie mawuileTwunaFouaalduau (Sparks, 1987; Jalali, 2008) HldAuDU]
a { g 4 1 Aa ' a 1 Aa < L4
Y Tnunagennuilss Temigannauais auaridsuna Inumagenniuilse Tl
¢; 1A d' a 1 9 o’d'd = =~

dAnnauuuionnmeluauanlszneudsaun lnanianuawnsalumsass Tnunaidon

. = Ia oA a = 1 I
49 (Nursyamsi ez al., 2008) M3fAny w03 Avoad ludwaeny luwa ladlianuawnsalums

= =~ Y 1 4 a 4 a 4 Jaa 4
asalnunaden ldaniweuduesalalud lun oalad uaznesinilad (Murthy ef al., 1987;
Nursyamsi ef al., 2008) M3a3 Wi 19 InunanFeminadveg luguana/aouli 14 (nonexchangeable
J <3| 1w < { o o a y 4
K) TnunaFougddsuduunasimnu nunadeuindrag luauie 1dies 9 sz Tow
(Mengel and Uhlenbecker, 1993; Jalali and Zarabi, 2006; Jalali, 2008) 11199910L5AUIHI1E)
Uszian 2:1 Tanwawnsalumseaduuazanlaos Tnunmon ldgenimsaumiion 1:1
(Nursyamsi ef al., 2008) W341%15¢ ToaniIdiiognilanassesninlugiiuanulaeuldiie

annluaumuzay
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4.7 wandanald (i 25)

a A o 9y g A o yy Ay o =
Ysmanvananald flunaa loosuanmmualugineadald Tunildun unaden
4

A A 2 =~ = a A Y Y v ~ Y
sunildey Tmdey waz TnundiFey wamsanwrlsuawaiana ldne 7 iaeuaglla

oo 11l
4.7.1 upaFeunanala (mwn 250)

Ysmamaadounana ldogluszaugedagaun aeglunde 14.50-132.24
U luaaen lansy nnfineuliuul Iuaiwanenasanihndaau Tagiiaou 1, 3-7 J15um
=) d‘ v Y 1 [ = = L] a o a T A 1Y
uaaideniana ldogluszaugedegaun Sareglundes 14.50-55.63  1ua luaden lansuy
~ A A =) d‘ [ 9 1A d‘ L] [ =S 1 a o
finou 2 Tlsmaueaideniana ldgenniiaeudu q egluszavgaunn Umeglunds 84.73-

132.24 5ua lyanen lansy
472 uuniiEeunanala (WA 25%)

Usmanafoundanaldogluszauihunarsdagaunn faeglunds 1.57-
a 1A v A = 9 o Y v a =
24.94 wrud Twaden lansy Waou 3, 5, uag 6 Nuwd TiuaduauonasanindaaY iaou 1, 2,

~ v A £ =
4 ag 7 NLLH?IUNLWN%H@TNﬂ?TNaﬂ

473 Tw@eunana’ld (i 25n)

UsinaTmdeunanaldogluszaudibegann faoglunde 0.11-5.99 1y

aluaden lansu finou 2-6 Usunalxdeuiana latiuun Tuamitauenaoaniidaau oglu

% ‘; =2 A Ll a o a 1A v =\ a = d‘

5EAUMDAG UAegluide 0.11-1.08 wua luanen lansy Wiaew 1 taz 7 Usua Tmdheun
[ Yy 9 a‘ dg’ = 1 [ = =) 1 Aa o

ana latinu Tdunniuamwanuan egluszauiunaisdegaun daeglunde 0.36-5.99

FUA Tuanen lansu
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Extr. Ca (cmol kg'l) Extr. Mg (cmol kg'l)
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U a

Tmiden uag Inumendouunszuuay Taeliunadeon wazuunihFonlulsuuguazdinog
a A A Ao = =1 i’ Aa I a ~ J Y 9
TuszuuduieannaunIIMsAnEtoAMTuAUINIEY AN INDINIALDUINR HYATOU
a 3’ [ ] d' 1 dy = = a = d‘
Usuanirudlunanenezszazarouaa loosimartionn 'l Ainou 2 TUTuauaaFeun
] 9 (=Y A I ] [ s A = A (A
analaganiiaoudu o iusamnnmsaarsarvewsuna la ilosninfineu 2 H5uw
4 ~ 1A A Aa ~A A ~ [V 9
unalyd (15197 8) lueyninvuansieutlegeaniiiaoudu  UsuauunibFeundanald
4?} (Y 4 ~ Y v Aa 4 [l =\ A A
Yuedfiumsvomanny lunihdadu asdszneumsveuaeived lugdunaideuunniiigey

J @ Y Y = A A ' a
MIVoIUA (CaMg(CO,),) tandad liunaFoutazun iiFeuin e VAU (Fukue ef al., 2008)

'
aa A o

o Yy S A A A A v Y A d? =<
Wlddaou 1, 2, 4 nag 7 TlSuamuniiGeunana lamuaiuamanudn mshaulinanuins
° ! ! o o o 4 7 d ¢ s ' @
A1 uazeglugiagisaarsda shildnumladasuazerniluaaaihs TunguTyan-lawd
4 4 4 0 = a
wlanaihs (NaCa(A1Si),0,) Tueymavuiansieutls (ms1eh 8) Mlddiaeu 1 uaz 7 H15um
= A o 9 1A A =\ 9 A d? = 1 = [ a
Tmdeunanaldgeniifinoudu vaziuur IdumuIuaIuAuan RN YT
4 d Aa A (a =) ~ [ 9 1 Y] o' A = = v o J
aaaihs daumsiauiidsunalsdesiiana ldegluszauduioswin Indouiianuduiug
lumeauiusiguans looeudu 9 1wy uaaFey uuntidon waz Tnumadeon o naudiu
Tnajlinssgada looouvinveunaibon uunildeu uaz TnunaiFon 1dan11 Tanden Usgnoy
@ = <3| = g} A 9) ' 2K o Y =
nuTmReudusignazareinazindoudiedie 39914 lsfongynislagnisszazaly

pan lUnnidaau (Ae913dnnIngfianer, 2548; Brady and Weil, 2008) 13uas

a3

= o A

! [ 1 o o o o a s
Tnunadouiana ldogluszaudmndduiesniniagausuiaiiosdsznouvessig

TnunaGeurios
4.8 waswnana'ld (mwi 26n)

a J a £ g I ! =
HaM3BAIIEHITIanuas I Fuiluwasinvoaaien uuntiFey Ts@ow uas
=\ d‘ [ Y a qgj =1 1 a d' [ Y (] [ =
TnunaFouiana 18 veeauns 7 finou wundsunauaswndnaldedluszavgadegan
A ' a o a 1A [ ~ ~ 9 o 9 o
uAegluide 18.80-139.77 t5ud Tnadon lansy nniaouluud Iduaiudusaasaniidga
a A = 1 o = A 1 a o a 1
Autiaoy Tagiaou 1, 3-7 ogluszauganagann Uaedlunde 18.80-75-64 t5ud Tuasne
nlaniu Weou 2 TUFuauasuganiiaeudu 9 egluszaugenn datedlunde 96.63-
139.77 iU Iadon lansy

=< A Y o A

a ! @ ' @ @ < a
Ysuanudasuiana ldedluszaugedegannmilosnndiagdududadunuyu
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2 A 4 [ J v A = = 1 a
“l)’x‘lillli!!ﬂall"lfﬂ (CaCO3) Wuesailszneunan wuu@u@llcm “]f\ﬁJLLiGlHﬂQ‘JJLLWﬁ%T@Lﬂaﬁ ag

' J A A [ J a S R a a A AA <3 IR
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A A =\ 1 a d‘d =~ 1 1 o A A ax
nuniFeuNIN Vusuwad lotnad (MNuaaden) uazus lungues Isuuniden (Toaau
a I 4 a 4 @ a 1 Y A
Twsondu uouil Tua) iuesdilsznou naghiuilolu Gyra uazame, 2552) Humaiiiie
U Y =1 nsz} Y d' o = dy 1 (]
amedaz 1duaa loosuanwua BnnsanmuadeuiiinsAnyudedomsneg lusz Uy

a = Y v a Y o Yya A A 1 a =
au Imsrzazaemeluridedutios MlvauilsunanuasiveglulSunagedagaun

Sum bases (cmol kg™ Extr. acidity (cmol kg™)
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aﬂ'l“l/‘lﬁ 26 ﬂ'J'lilﬁ'llwu‘ﬁi3“31Qﬂiﬂ1mlﬂﬁﬁﬂﬂﬁﬁﬂﬂqﬁ (n) LLaﬁJﬁMTmﬂUTNLﬂUﬂﬁﬂﬁﬁﬂﬂqﬁ

(V) AUANVANVDIAUNTIINTANY
I § @ $
4.9 anuilunsanana'ld (M 26%)

a J a I A [ 9 a q’j ~ 1 Aa
Naﬂﬁ’JLﬂi”I$‘H’]JillWmﬂ’.]"lm‘ﬂl.!ﬂiﬂ‘ﬂﬁﬂﬂ]lﬂsllﬂﬂﬂu‘ﬂﬂ 7 Waou wuNYTumaw

'
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Wunsandanalatianuulslsiuaaeanindaan Tasegluszaudfegann daredlunde

1.01-21.66 i@ Tuason lansu uazdiu luglianoudnagedegaunn

YSinaanuilunsafiadaldiflumsaanududuvesle Tasnuuazezgiiulu
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a o L=t a 1 | Ao Y 9) = v
AU HAINNITIAATNLIDTAU ﬂ')’]llllﬂﬂ@n\‘]“llﬂ\iﬂﬁ/nﬂulﬂﬂ'lﬂﬂ’lﬁﬁlGD'IWLW]ﬁL“IfEJNﬂﬁ@llﬁﬂﬂ‘]Jﬂ']VI

k4 9 :j 1 ' = Y I 1 A a I~ .
laninmsldni eglusg -3 8 -1 uaasliiuimasvveslszggnivesauiluay (Diatta er

% =

9 1
al., 2006) 341 laTaswdn danuilszgaumiaril dauezgiiniy wiiegluaulugiiuanaig

=) J

v a Aa ' v Yy 9 A v a9 VA A A =1
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QQJ

a 42’ Yy 9 dy A I J dgl A a T o
R} lIGLLli‘]_I Al(OH) AT LAZIZUNTUNINVUIN DT HAININIY NNDFAWNINY 8

a o

@ ' { [
azguumamagiugﬂu wazazaen q Waswiugl AloR)” iifeAuTumeqs (Tyler, 1994)
a 7 (a A o YL A 1 v = <
wamsansizilTinansafiadaldsadadeutugedegannidesnniunasinves

leTasnunazezgitivlugddinan

4.10 anwuanilasuuna lopoou (nmh 27n)

a 4 : a 3 1 '
wams’smiwwmmﬁ;uamﬂﬁﬂmmm"la@@ummﬂum 7 Naou ‘W‘]J’J"IE’JQGLL!

s 1 1

sEaUgenegaun Hategluide 22.33-96.80 1ud Tuaaen lansu yniineuluud Ty

u

=

ainavenaeanthaaau ineu 1, 3-7 ogluszaugedageun daegluide 22.33-60.27 1
alwason lansy finou 2 Tmanuguanilasuuna loseugeniinoudu 9 ogluszaugs

W1 UAeg lunde 36.12-96.80 U luasden laniu

'
Y X

4 o 4 r o
anuuantlasunna losowilurnasmvesna lossunuanilasuld deiaala o

[ yd' dy (% a a = a a = = a
aad 137 pH mwizinzes Tasdiuegnudsumaumiion Usmusunieiag saudsiauaz
Ysmnavesaumilerniiogluau (Ozsoy and Aksoy, 2007; Irmak et al., 2007) AUNTIMTANYN

IS d’ 1 % d’ IS =) a = aa A o
ummmmamﬂa&luuﬂﬁ"laaauaﬂmwummewm MﬂiﬁJWﬂlﬂulﬁuﬂ’Jﬁ\i HaUNTIAG Lag

Q

1]?{!,11ﬂllﬂﬁf‘lf\ilﬂuLLiﬂuLﬁUEJ’JVIﬂWEJEluIﬂiQﬁiTQ LﬂﬂﬂWiLWl‘Ll“Vl‘U‘LHﬂWH (lsomorphous

substitution) ﬁ]\iilllﬂﬂulﬂ’f)@uﬂllaﬂlﬂaﬂullﬂLW’t’)VlﬂﬁﬁiJﬂﬁﬂUﬂﬁ fﬂaumma@mﬂmnmum

melulnsesadrayu Na', Li,, K, Ca™ uay Mg™ (Tamura ef al., 2000) uaziﬂﬂﬁﬂﬂuaﬁﬂq
9 o a A s A o Y 1 ' a o Jya A
Aunuianesnyeadiloaaienl v 1vunn looou 15U Ca  taz Mg uaszuuad Mldaul

tﬂl 1 U =} S 1 1A tﬂ‘ Lﬂ' = a
mmmmmﬂaﬂuuﬂﬂ"laaauagiuimuqq Waou 2 UMNINANNADUDU BN NUTuL

[

a ~ A A A a A a A A A
AUNUIIFZINNNADUDY LLﬁ”llﬂ'iiJ"lﬂ!i’JuTlifJ’J@]ﬂﬁQ uawmammmmﬂgﬂaaum@"laaauma

'mwu ﬁ]\13JﬁTJu‘imGl,ﬂl,ﬂﬂﬂ"liﬁiN@’JﬂJ@x‘IﬁLﬂJﬂhlVIm‘Wllslluﬂ’Jﬂ (Bithman Schoeman, 1995)

U

4.11 8a513azaNUINFALE (MWN 27%)

a o A o a a’/‘ 1 1 @
wamﬁmmwwemw%ﬂazmmaummﬁmmﬂum 7 finoU Wmmgiuszﬂuﬂm
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nandge laegluiidedoons 65-98 uadiulngudlegluszaug laregluidedosas 76-
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=
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CEC (NH40Ac) (cmol kg™ BS (%)
0 50 100 150 0 50 100 150
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NNN 27 ﬂ’J'liJﬁiJWH‘ﬁi$W'J'Nﬂ'3'mi]L!aﬂlﬂaﬂuuﬂ@]lﬂ@ﬂu (ﬂ) L!agﬂill'lm’t’]@i'lﬁﬂﬁlﬁgﬂﬂ'lﬂ

A o o =< A Ao =
DUV (V) NUANUANVDIAUNNINITANE

@ Y A o v o Jdo a A o 4 |
ens1FesazAnudNANDaduiusiulTInaaswiana 1 Taadlunanion
msaaeivesingdusuialanldeonnn leosuanmuaunszuuau nagdinsed 1iegnn

E4 9 v
Z‘Tﬂ'IWLL’Jﬂ'E{E]iJ‘VIN@]ULWJJ'IzﬁiJ ﬂ15°1§3@$'€11€1lﬁﬂ§uﬁ08 uﬂﬂi]1ﬂﬁ5@]§1%@ﬂﬁ$ﬂ31h8uﬁmﬂﬁ

P v
[ 1 = o

[ d' a a =\ d! a = =
tlwuagﬂummaguamﬂaﬂuuﬂG\‘laaauuazﬂimmﬂumummﬂu NMNMTANHINAIINY

= 1 @ = da' a 1 13 A ~
uamﬂaﬂuuﬂﬂ”la@auagimz@‘uqﬂu,azmuaﬂumuiwtymuﬂumum
< A o ~
4.12 Han [SBAGENAREY HAgLINMUe

a d a I a o ' a
Ham3 AT IzHT AN ozgliiy uazuwemila 3 31 1dun 1) 3U8ase (free

Y

=

form) Ga0g Tuglasodagiu nazg1fiinan (Mehra and Jackson, 1960; National Soil Survey
Center, 1996) Tag 935 anaALAI8eNIaz a0 dithionite-citrate-bicarbonate (DCB) 2) jilodaigin
(amorphous form) 1A% Uasilsznoudunsdiradon (organic complex) (McKeague and Day,
1966; Hodges and Zelazny, 1980) Tagldsanaaudlreaisazaly ammonium oxalate (pH 3.0)
3) gﬂmiﬁuﬁm%%u (organic complex form) Tagl¥ItanaauAI8enTaza18 0.1 M sodium

pyrophosphate (pH 10.0) (McKeague, 1967) namsiasizruaas I3 lumsamanuini 4a
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< A
4.12.1 wian (1NN 28)

a J a < a A o
Hams AT RS uaumanlugUdase (free form) Tael¥i5anadoa1sazate
s a s . . A 3 3 A
la'lsTo lud-Fmsa-lumsueiua (dithionite-citrate-bicarbonate; Fe,) iduinaniioglugiais
[ 1 9 { a [ ] U 4 4
pdagu nazgUndndn FegUaiinanludaudiulvg 1dun 1ne'lnd (a-FeooH) Fu11na
(Fe,0,) WuNAUDURY Iy 2.02-21.56 nTudan laniu druauaiaegluids 0.69-26.62

nsuAen lansy

a J 1a =} @ = @
namsanzHdsuamanlugldodugiu (amorphous form) Tagldi5dnia
Y ~ . IS < A '
argarsazatonon Tuilonoanaan (ammonium oxalate; Fe ) ilumanlugindeslidens
a aaan 1 ' ) 4 a a
nadfasermaniiang q wu s lalasa (Fe(on),) uazglarsdsznoudunsasedou
(organic complex) WUNAUUUDY IUNTY 1.42-4.32 nFuapN lansy druauavedluide 0.16-

4.58 NFuADN lansu

a d A I a a2 a9 .
wamﬁamﬁzwﬂﬁu1meaﬂ1ugﬂmﬁ@umawwau (organic complex form)

3 A & 1 A A a ad 1 A (a v o Y
Wugdndluilse Tesidenyioarsounidgndosaals uasNUTuaduwus lasnsany

]
[

Ysmnaduniginghiegluau nunauvuedluide 0.17-3.88 niuden laniu druaua 10

Q

lunde 0.02-5.22 nSuaon lansu

HaM3JTeuNeuons1dIUYeN Fe /Fe, W11 Winow 1 ogluivds 0.70-0.89
Waou 2 ogluids 0.22-0.60 Waou 3 agluide 0.15-0.36 Naou 4 od luNds 0.10-0.19 WapY

5 agluiide 0.18-2.07 finou 6 g lundy 0.12-0.58 AU 7 ag TUNTe 0.04-0.53

Usuramanyngl lundazfineuiianuuilsdsiu daulvgegluzll

[

{ = 4 v A [ [ a o v A o < 1
g IutazsUnuman Weanlseumeuiuauludsuduesndsoad uazoanwsoad tvanluue

9 Ll

1 (; [ o a 1 [~ a A o (; 1
azgﬂﬁﬂmmm E’HEJﬁﬂ“]J\1TJE)ﬂ‘WGJJlHfﬂi"ll@QﬂuqﬁDWLﬂHWUﬁMW@JUWﬂﬁﬁ1 AIUNANIT

= = o 1 a A A d? 3 A ' ! a
WSsumevoasiaiuves Fe /Fe, T1NAUUD YNNI L'ﬁ"dﬂ‘ﬂﬂ’dﬂﬂafJElE)fJﬂiJﬁﬂﬂLLiﬂﬂiJﬂiJi]z

U

= v A v a < 3 Ao = o Y v 1 A1 o
ImsvaesdInunauvannunan 1/11114@@]51?{’31!"119\‘1 Fe /Fe, 416123 (Vacca et al,

e

2003) Coscione ef al. (2005) WUI19AT1@IUV0N Fe /Fe, TuAupongwoad uazdaivoad in1e

Tuiide 0.01-0.08 Tawornpruck (2005) WUNOATIAIUVEN Fe /Fe, TuAunongwoad lin1oglu
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Extractable Fe (g kg™

Pedon 1 Pedon 2 Pedon 3
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Y v o J 1 < 1 % . . . . .
NN 28 ANVFURUTIEHINUMANNd ﬂﬂulﬁlfgf’aﬁl dithionite-citrate-bicarbonate (Fe,), ammonium
Y ]
oxalate (Fe,) 118% sodium pyrophosphate (Fe ) fuANUANUBIAUAINFUR uTAAUR
MMsANEN

1 v
a AA o o

Wd® 0.01-0.19 BAI1AIUUDI Fe /Fe, IuAUNIaIMIgeaziiamdinnauniianuinsd
' < o a @ < 1 1 J 4
pgruiulada luauianmsge annsonumanlugla q wu meng dunlng lanelu

Wfﬁﬁ AU (Fontes, 1992; Tawornpruck, 2005; Trakoonyingcharoen ef al., 2006)
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autYy (MNA 29)

Y

41229

ee

a Jd (a a o a 1A 1 a o
HansansenlTunaesgiuluglaase (A1) nunauuuedluids

0.11-0.37 n5usien lansy Aua1eg luide 0.04-1.00 nSusion laniy

a Jd a a o o 1A 1 a o
HamsBnszHlsmaeygiiinlugledugiu (Al) wunauvueglunds

0.83-2.73 NiNgon laniy Aua1sed luides 0.39-2.66 NFuaen laniu

a J (a A o a ~ a 9 " Aa
wamiamiw‘H1Jﬁmmaxguuﬂugﬂmi@umm%wau (Alp) NWUNAUHUU

agluide 0.21-6.35 niugon laniy Auased luide 0.00-9.28 nFuden laniu

Han3TeuNeudns1aIUYa Al /AL WU Waou 1 ogluide 3.48-4.79
Waou 2 o8 luide 5.69-11.16 Waou 3 oglunde 4.35-8.10 Waou 4 og lunde 4.03-7.34 Naou

5 o8 1Ny 4.87-10.50 AU 6 0g TUNTY 3.44-9.02 Ao 7 o8 luNde 1.61-10.24

Ysmmezgitiunngy lunaazfiaouiinnuuilsdsiu daulugudieglu

q G

1
[ [

a = a 9 A ~ a [ [ a 4 a v A d R A
qi‘ﬂﬁ"liﬂuﬂiﬂlﬁlﬁ“]ﬂﬂu WwerdSeuneunuaulududvesnFsoaduasausansoad ¥
o [ 1 o 1 a A 4 . 1
NWAUINITYI DATIHIUUD Al /Al, imdinnluaunesnyead Coscione et al (2005) WU

9n318IUV0 Al /Al Uaedluids 0.14-0.36
4.12.3 upamila (M 30)

a d a ~ a 1 a 1 a o
wamﬁ’Jmiwwﬂimmummuﬁiugﬂaaiz (Mn,) Wmmuuuagiuwm

0.37-2.59 nusen lansy Auaegluide 0.66-5.25 nSuson laniu

a Jd 1a ~ o 1A 1
wamsunszHlmanamitalugdedugiv (Mn) wunauuueglu

Wy 0.68-2.09 NFusiaN laniy Auaeglunds 0.18-3.25 nSunan lansuy

a J Aa = a = a 9 1T A
Naﬂﬁ’JLﬂ3131’?‘]J'iil"lm!,LiNﬂ1ua’1u§ﬂﬁﬁﬂuﬂiﬂlﬂﬁcﬁﬂu (an) NWUNAU

vued iy 0.012-0.305 nFusan laniu AuaNeglunds 0.033-0.117 nSudon lansy
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k4
ammonium oxalate (Al ) /8¢ sodium pyrophosphate (Al ) AUAINANVBIAUANTU

o a a d‘ o =4
AUUAAUNNINITANHI



Extractable Mn (g kg™

Pedon 7

Pedon 1 Pedon 2 Pedon 3
0 1 2 3 4 5 &6 0 1 2 3 4 5 0 1 2 3 4 5 &6
0 o 0 L 04—
A A
20 r 20 20
404 401 40
60 4 60 4 60
T 804 80 80
e
£ 100 100 4 100
Qo
(4]
120 1 b 120
a 120 1 120 ) y
140 - 140 ] 140 -
!
160 1 160 1 160 |
180 L 180 - 180 -
200 200 200
Pedon 4 Pedon 5 Pedon 6
0 1 2 3 4 5 &6 0 1 2 3 4 5 0 1 2 3 4 5 6
0 L 0 L 0 L
\ ‘T
20 A 20 } 20 -
3
40 - 40 l 40
A
60 - 60 60
A
€ 804 80 80
g \ A
£ 100 100 100
5 A
o 120 A 120 1 120
140 - 140 140
A
160 - 160 - 160
180 1 180 - 180
200 200 200
1

2 3 4 5 6

Depth (cm)
=
o
<]

=
N
o

0
01
20
40
60
80
140
160
180
200

H [ Y] 4 1 1 %
MW 30 Anuduiiussgraamiiananaladae dithionite-citrate-bicarbonate (Mn,),

Extracted solutions

—e— Dithionite-citrate-bicarbonate (Mng)

—&— Ammonium oxalate (Mno)

—— Sodium pyrophosphate (Mnp)

96

ammonium oxalate (Mn,) {t8¢ sodium pyrophosphate (Mn) AUANUANYBIAUMY

Y v
FusudaauNIIMIANY

YSnansmilaidmazd 1dluudaz sl Tuudaziaoutinnuuilslsu

1 ] 1 a a b a ia 4 I (% o a a {
dlngjedlugdasounsededou salSunaninszd laidlusauinniagdusuia aund
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9 o a I a d Aa A A A =\ ~ I k4 1
mqmummmﬂuwuuwaaﬁ wmal,u NIDNUAUATU ﬁ]gNLLNQﬂTHﬁLﬂH@Qﬂﬂi%ﬂ@U@Q 1,500,
0

A a o 1A o o o @ Y o Aa I Aa Aa a
1,100 Lo 85 llaﬁﬂill@]ﬂﬂiﬁﬂill fA1uaIAy mﬂmqﬁummmﬂuwuuﬂiuw W?’E’J HUNIY

a ~ IS J = Aa a o 1A o o w
i]giJLl,iJ\iﬂ’luﬁlﬂu'ﬁ]ﬂﬂﬂﬁgﬂ'ﬂﬂlwa\i 400 tkag 10-100 llaﬁﬂﬁll@]ﬂﬂjﬁﬂill AU (Krauskopf,

4
v =R

1972; Schulte and Kelling, 1999) wenainiilsuauuamialududivuegnu feyvoau

a a (% 4 a 9 a { a
YSurmdunieiag anudunazeimanisluau uwsnmaszivesluauniilsuim

[ ~ a a

a =) ! 3 1 a 3 a d'd 1 d'd
2UNTYINY Y (M1nN1 6 ﬂii\l@]ﬁ]ﬂiaﬂiu) AUNUNLDFUDIAUFINTT 6.5 wazluauninig

szueeimia lidusoadluaniwidnduunemiiaeon ledezilaoullegluglazais’ld

(Mn") ud29nyzaza1eoon 11J91nAu (Schulte and Kelling, 1999)

nnansuzyesingdutudaauniinisdnyt nazaululdegluanin
A o [ =K A o Iya A 1A ~ 9 [ a o 9
Fandu el Tomai ldauiiSuauuemilage deandesiunanisinsizinisdiu

[

JadugIuINGIvesAY dnsonUdounswuvesuemie Idludnbauzai 9

J =
4.13 99nalszneumanisu

Y
a 4 4 a Y A,
HANSAATIZHOIALTZNOUMUANTINYBIAUNT 7 NADU 1a87T X-ray fluorescence

spectrophotometry (XRF) LLAAINAAIA 15099 7

ALO, Auuuedluiids 75.8-187.8 nfudon lansy Aua1eg luidey 54.1-187.8
nsusien laniy

Si0, AunUBYluNdey 486.8-737.7 nsunen lanin Auaved luidy 174.3-745.2
nsusien laniy

Tio, Auuueg luide 4.5-21.2 nunen lansy aua1ved luidey 4.8-18.1 nSudo

nlansuy

Fe,0, @auuuagluide 49.9-138.7 nusan lansy Aua1ved luidy 28.2-171.4
nsusen laniy

MnO Aunuedluide 1.2-3.9 niuaen lansy Auaedlunde 0.4-6.9 NTudo
nlaniu

CaO AuDUBYlUNde 6.6-41.4 NFuADN lanin AuaNegluNdy 4.7-367.1 nSud0

nlansy



d' J = a Ao =2
MAINN 7 ’E'J\‘]ﬂ‘]Jizﬂﬂ‘]J‘l/]NLﬂll53M1U@]uﬂﬂ1ﬂﬁﬁﬂﬂ1

Horizon Depth ALO, Sio, TiO, Fe,O, MnO CaO K,0 MgO Na,O PO, Si0,:AlL,0,
(cm) ( gkg ) ratio
Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-25 123.0 599.2 7.3 49.9 2.4 414 1.9 17.9 1.9 0.7 4.9
Bkl 25-45 123.9 598.4 7.3 49.3 2.4 37.7 1.9 19.4 2.0 0.7 4.8
Bssk1 45-70 128.0 598.6 7.4 50.9 2.5 44.8 2.0 21.5 2.1 0.7 4.7
Bssk2 70-93 123.2 566.4 6.9 49.2 23 65.3 1.8 23.4 22 0.7 4.6
Bssk3 93-115 122.3 553.1 6.9 48.2 23 69.5 1.8 24.1 22 0.7 4.5
Bssk4 115-140 125.1 565.2 7.0 49.3 23 55.7 1.8 23.0 23 0.6 4.5
Bk2 140-170 121.2 540.9 6.5 46.6 2.4 77.4 1.9 26.3 2.5 0.6 4.5
Bk3 170-200+ 95.4 4473 5.6 39.0 2.6 145.5 1.7 37.6 2.6 0.8 4.7
Pedon 2 Chai Badan variant 1; Calcic Haplusterts, very fine, smectitic, isohyperthermic
Apk 0-20 151.1 486.8 15.5 80.0 2.8 314 1.4 19.1 0.0 0.6 32
ABk 20-47 153.7 487.2 15.7 80.7 23 324 1.2 19.7 0.0 0.3 32
Bssl 47-80 141.5 455.5 14.6 73.9 1.4 63.9 0.8 18.0 0.0 0.2 32
Bss2 80-110 141.2 452.6 14.2 72.6 1.5 70.8 0.8 18.8 0.0 0.2 3.2
Bk1 110-130/140 126.6 409.5 12.9 66.4 1.9 112.8 0.8 18.4 0.0 0.3 3.2
Bk2 140-160+ 54.1 1743 52 28.2 1.2 367.1 0.2 11.9 0.0 0.2 32
Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic
Apk 0-20 1333 622.4 4.5 60.1 24 37.1 5.0 8.3 2.8 0.7 4.7
Btl 20-45 140.4 629.4 4.8 61.7 1.8 27.7 4.5 7.4 2.5 0.5 4.5
Bt2 45-70 147.4 634.6 49 63.7 1.4 24.9 42 7.8 2.3 0.3 43
Bt3 70-90 151.5 625.3 5.2 66.9 0.9 24.9 4.1 7.7 22 0.2 4.1
Bt4 90-110/115 166.9 590.4 53 67.3 1.6 31.0 4.9 9.7 3.5 0.2 3.5
Crt 115-140+ 178.5 579.2 5.7 65.7 2.1 48.3 8.0 17.6 10.4 0.9 32
Pedon 4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-18/20 187.8 492.7 8.8 107.5 2.5 22.9 52 10.9 0.5 1.0 2.6
Btkl 20-40 177.1 447.9 7.8 89.0 2.6 71.4 4.5 11.3 0.4 0.7 2.5
Btk2 40-60 167.3 424.6 7.3 83.7 2.7 87.7 42 12.0 0.4 0.7 2.5
Btk3 60-80 161.0 401.4 7.0 75.2 2.8 110.3 4.1 13.1 0.5 0.8 2.5
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Horizon Depth ALO, Sio, TiO, Fe,O, MnO CaO K,0 MgO Na,O PO, Si0,:AlL,0,
(cm) ( ) ratio
Pedon 4 Samo Thod series (continue)
Btk4 80-110 130.9 339.0 5.6 70.0 4.6 185.6 3.5 12.2 0.3 0.5 2.6
Crtk1 110-135 185.2 529.5 7.8 82.7 2.5 25.8 9.7 19.4 1.4 0.4 2.9
Crtk2 135-168+ 171.9 522.6 7.0 79.6 2.1 479 9.2 19.5 1.5 0.6 3.0
Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-15 148.2 509.8 7.8 138.7 3.9 12.5 2.0 14.9 3.8 1.2 34
Bt 15-30/40 150.0 508.2 8.0 142.1 4.2 12.3 1.2 14.9 3.5 0.9 3.4
Btc 40-40/70 151.5 480.6 8.2 171.4 4.1 10.3 0.8 15.3 2.7 0.7 3.2
Crtl 70-100 167.4 491.9 9.0 123.8 5.2 12.3 0.8 26.9 5.7 0.2 2.9
Crt2 100-130 171.4 495.0 8.3 121.3 3.7 13.4 2.5 29.4 9.1 0.2 2.9
Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic
Ap 0-20 75.8 737.7 21.2 64.7 1.2 6.6 0.7 5.7 0.7 0.5 9.7
Bt 20-45 92.0 707.4 18.1 81.7 1.0 6.3 0.7 6.8 1.1 0.4 7.7
Btcl 45-75 110.5 584.7 16.9 153.4 6.9 59 0.6 6.7 0.5 0.4 53
Btc2 75-105 113.6 618.7 13.7 137.5 2.4 4.7 0.3 5.8 0.4 0.3 5.4
2Btk1 105-135 139.4 603.2 13.1 70.3 1.2 25.5 0.7 13.3 1.5 0.2 4.3
2Btk2 135-160+ 130.0 595.3 11.8 65.6 1.1 45.4 0.9 12.6 1.8 0.2 4.6
Pedon 7 Wang Chomphu variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-25 85.9 709.6 8.2 57.7 1.4 6.9 1.4 5.9 0.5 0.6 8.3
Btl 25-48 105.4 745.2 8.3 69.5 0.4 6.4 1.2 6.5 0.3 0.3 7.1
Bt2 48-70 116.3 682.7 8.2 78.7 0.8 5.7 1.3 6.8 0.3 0.3 59
2Btk1 70-100 146.1 608.7 8.5 79.5 1.6 9.9 2.1 10.9 0.7 0.2 4.2
2Btk2 100-130 141.5 536.2 7.5 70.8 1.4 61.9 2.8 12.8 1.1 0.3 3.8
2Btk3 130-150 150.5 472.3 6.5 67.6 0.9 92.5 4.8 16.3 1.6 0.5 3.1
2Crtk 150-182+ 165.8 499.9 7.0 89.0 1.0 49.6 7.8 18.3 2.3 0.8 3.0
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Y a a J a 1 1 a 1
Vl"li"lxiﬁ 8 Gvuﬂuazﬂimmmﬂﬂizﬂam%mﬂuﬂqumgmﬂmmmumﬁEn Lasnquaynin

a d‘ ) =
ﬂiWﬂ!Lﬂ\ﬂJfNﬂu‘WﬂWﬂﬁﬁﬂH1

Depth Horizon Clay fraction Silt fraction

(cm) Smec Kao Ver Qtz Goe Qtz Feld Calc 1.4 nm clay minerals
Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic
0-25 Apk XXXX tr - tr - | XXXX tr - -
25-45 Bk1 XXXX tr - tr - | XXXX tr - -
70-93 Bssk2 XXXX tr - tr - | XXXX tr - -
115-140 Bssk4 XXXX tr - tr - | XXXX tr - -
170-200+ Bk3 XXXX tr - tr - XX X X -
Pedon 2 Chai Badan variant 1; Calcic Haplusterts, very fine, smectitic, isohyperthermic
0-20 Apk XXXX tr - tr - | XXXX tr - -
20-47 ABk XXXX tr - tr - | XXXX tr - -
80-110 Bss2 XXXX tr - tr - | XXX tr X -
110-130/140 Bk1 XXXX tr - tr - XX tr XX -
140-160+ Bk2 XXXX tr - tr - tr tr  XxXx -
Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic
0-20 Apk XXX X tr tr - | oxxx X - -
20-45 Btl XXX X tr tr - | XXX X - -
70-90 Bt3 XXX X tr tr - | XXX X - tr
115-140+ Crt XXX X tr tr - XX XX - tr
Pedon 4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic
0-18/20 Apk XXX X tr tr tr | XXxx tr - tr
40-60 Btk2 XXX X tr tr tr | xxxx tr - tr
80-110 Btk4 XXX X tr tr tr | XXx tr -
110-135+ Crtk1 XXX X tr tr - | XXX tr -
Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
0-15 Ap XXX X tr tr - XX XX - tr
15-30/40 Bt XXX X tr tr - | xxx - tr
40-40/70 Btc XXX X tr tr - | xxx - tr
70-100 Crtl XXX X tr tr - XX XX - tr
Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic
0-20 Ap XXX X - tr - | xxxx tr - -
20-45 Bt XXX X - tr - | XXXX tr - -
45-75 Btcl XXX X - tr - | XXxX tr - -
105-135 2Btk1 XXXX tr - tr - XXX X - -
Pedon 7 Wang Chomphu variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
0-25 Ap XXX X - tr - | XXXX tr - -
25-48 Btl XXX X - tr - | XXXX tr - -
100-130 2Btk2 XXX X - tr tr | XXxx tr - -
150-182+ 2Crtk XXX X - tr tr XX XX - -

HIYIHA Smec = smectite, Kao = kaolinite, Ver = vermiculite, Goe = goethite, Qtz = quartz,

Feld = feldspar, Calc = calcite, xxxx = dominant (>60%), xxx = large (40-60%),

xx = moderate (20-40%), x = small (5-20%), tr = trace (<5%), - = not detected
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Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic
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Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
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Pedon 1

I. Information on the site

Profile symbol
Soil name
Classification

Date of examination

Pedon 1

Lop Buri series

Typic Haplustert, very fine, smectitic, isohyperthermic
May 3, 2007

Described by Irb Kheoruenromne, Chutharmard Kaewmano,
Natthapol Chittamart, Worachart Wisawapipat,
and Timtong Darunsontaya

Location Ban Wung Khon Kwang, Tambon Wung Khon
Kwang, Amphoe Khok Samrong, Lop Buri province

Elevation Approximately 35 m (MSL) . N

Map sheet number 5139 I Coordination : 47 P 0681855, 1660992

Landform

1. Physiographic position : Lower footslope

2. Surrounding land form : Undulating

3. Slope on which profile site : 2%  Aspect: 318 Azimuth
Land use : Sesame and sorghum

Annual rainfall
Mean temperature

Climate
Other

Approximately 1,207 mm
Approximately 28 °C
Tropical savanna
Livestock pasture

II. General information on the soil

Parent material
Drainage
Permeability

Runoff
Depth of groundwater

III. Profile description

Horizon
Apk

Bkl

Bsskl

Depth (cm)
0-25

25-45

45-70

Local alluvium derived from limestone
Well drained

Slow

Slow

Deeper than 200 cm at time of sampling

Description
Black (10YR 2/1; clay; strong fine and medium subangular blocky
structure; very hard dry, very firm moist, very sticky and very plastic;
common fine cracks and traces of dead roots; very few very fine and
fine vesicular pores; common very fine and fine roots; few fine lime
fragments; moderately alkaline (field pH 8.0); clear and smooth boundary
to Bk1.

Black (10YR 2/1); clay; strong medium and coarse angular blocky
structure; very hard dry, very firm moist, very sticky and very plastic;
common fine cracks and few faint slickensides and pressure faces;
very few very fine and fine vesicular pores and very few fine simple
tubular pores; few very fine and fine roots; common fine lime fragments
and traces of dead roots; moderately alkaline (field pH 8.0); gradual
and smooth boundary to Bsskl1.

Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse angular blocky structure; very hard
dry, very firm moist, very sticky and very plastic; common fine cracks
and faint pressure faces and slickensides; very few very fine, fine and
medium vesicular pores and fine simple tubular pores; few very fine
and fine roots; few fine lime fragments and traces of dead roots;
strongly alkaline (field pH 8.5); gradual and smooth boundary to Bssk2.
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Bssk2 70-93 Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse angular blocky structure; very hard
dry, very firm moist, very sticky and very plastic; common fine cracks,
many faint pressure faces and distinct slickensides; very few very
fine, fine and medium vesicular pores and fine simple tubular pores;
very few very fine and fine roots; common fine lime fragments and
very few traces of dead roots; strongly alkaline (field pH 8.5); gradual
and smooth boundary to Bssk3.

Bssk3 93-115 Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse angular blocky structure; very hard
dry, very firm moist, very sticky and very plastic; common fine cracks,
faint and many faint slickensides; very few very fine, fine and medium
vesicular pores and fine simple tubular pores; very few very fine and
fine roots; strongly alkaline (field pH 8.5); gradual and smooth
boundary to Bssg4.

Bssk4 115-140 Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse semi-angular blocky structure; very
hard dry, very firm moist, very sticky and very plastic; common fine
cracks, faint and many faint slickensides; very few very fine and fine
vesicular pores and few fine simple tubular pores; very few very fine
and fine roots; common fine lime fragments; strongly alkaline (field
pH 8.5); clear and smooth boundary to Bk2.

Bk2 140-170 Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse semi-angular blocky structure; hard
dry, firm moist, moderately sticky and very plastic; common fine faint
pressure faces and few fine cracks; few very fine and fine vesicular
pores and fine simple tubular pores; practically no roots; common
soft lime accumulation and lime fragments; strongly alkaline (field
pH 8.5); clear and smooth boundary to Bk3.

Bk3 170-200+  Dark gray (10YR 4/1), very pale brown (10YR 8/2) lime fragment;
slightly gravelly clay; moderate medium and coarse semi-angular
blocky structure; hard dry, firm moist, moderately sticky and very
plastic; few fine faint pressure faces and few fine cracks; common
very fine and fine vesicular pores; practically no roots; many soft
lime accumulations and fine lime fragments; strongly alkaline (field

pH 8.5).
Pedon 2
I. Information on the site
Profile symbol : Pedon 2
Soil name . Chai Badan variant 1
Classification :  Calcic Haplustert, very fine, smectitic isohyperthermic
Date of examination : November 9, 2007
Described by . Irb Kheoruenromne, Chutharmard Kaewmano,

Natthapol Chittamart, Worachart Wisawapipat,
Timtong Darunsontaya and Kokkorn Hemtanon

Location : Ban Thanon Kong, Tambon Chai Badan, Amphoe
Chai Badan, Lop Buri province

Elevation : Approximately 52 m (MSL) . N

Map sheet number : 523911 Coordination : 47 0721140, 1668275

Landform

1. Physiographic position :  Dissected upper footslope
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2. Surrounding land form : Undulating
3. Slope on which profile site : 2%  Aspect: 330 Azimuth
Land use :  Mung bean, cassava and sugarcane

Annual rainfall
Mean temperature

Climate
Other

Approximately 1,207 mm
Approximately 28 °C

Tropical savanna

Agricultural-Poultry farm and settlement

II. General information on the soil

Parent materiall
Drainage
Permeability

Runoff
Depth of groundwater

III. Profile description

Horizon
Apk

ABk

Bssl

Bss2

Bkl

Bk2

Depth (cm)
0-20

20-47

47-80

80-110

110-130/140

140-160+

Local alluvium derived from lime producing rocks
Well drained

Moderate

Moderate

Deeper than 160 cm at time of sampling

Description

Very dark gray (7.5YR 3/1); clay; strong medium and coarse semi-
angular blocky structure; very hard dry, very firm moist, very sticky
and very plastic; few fine rocks and lime fragments; common very
fine and fine vesicular pores and few fine simple tubular pores; few
very fine, few fine and few medium roots; few traces of dead roots;
moderately alkaline (field pH 8.0); clear and smooth boundary to
ABKk.

Very dark gray (10YR 3/1); clay; strong medium and coarse semi-
angular blocky structure; very hard dry, very firm moist, very sticky
and very plastic; few fine pressure faces; common very fine and fine
vesicular pores and few fine and medium simple tubular pores; few
very fine and fine roots; few traces of dead roots and few fine cracks;
moderately alkaline (field pH 8.0); clear and smooth boundary to Bssl.

Very dark gray (10YR 3/1); clay; moderate medium and coarse angular
blocky structure; very hard dry, very firm moist, very sticky and very
plastic; common spots of lime soft nodules, common fine pressure
faces and common slickensides of various sizes; few very fine and
common fine vesicular pores and few fine simple tubular pores;
very few very fine and fine roots; common fine cracks; moderately
alkaline (field pH 8.0); clear and smooth boundary to Bss2.

Black (10YR 2/1); clay; moderate medium and coarse angular blocky
structure; very hard dry, very firm moist, very sticky and very plastic;
many pressure faces and slickensides and common cracks; very few
very fine and few fine vesicular pores and simple tubular pores;
very few very fine and fine roots; fewer spots of lime soft nodules;
moderately alkaline (field pH 8.0); clear and smooth boundary to BKI.

Black (I0YR 2/1); clay; moderate fine and medium semi-angular
blocky structure; hard dry, firm moist, moderately sticky and
moderately plastic; many spots of lime soft nodules and few fine
cracks; very few very fine and few fine vesicular pores and simple
tubular pores; practically no root; few rock fragments; moderately
alkaline (field pH 8.0); abrupt and smooth boundary to Bk2.

Dark gray (10YR 4/1), white (10YR 8/1) of carbonate; gravelly clay
loam; moderate fine and medium subangular blocky structure; hard
dry, firm moist, moderately sticky and moderately plastic; few faint
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clay coats on pore walls; many lime hardened nodules of various
sizes; common very fine and fine vesicular pores and common fine
tubular pores; practically no roots; moderately alkaline (field pH 8.0).

I

II.

I11.

Information on the site
Profile symbol

Soil name

Classification

Date of examination
Described by

Location

Elevation

Map sheet number

Landform
1. Physiographic position
2. Surrounding land form
3. Slope on which profile site

Land use

Annual rainfall

Mean temperature

Climate

Other

General information on the soil
Parent material

Drainag

Permeability

Runoff

Depth of groundwater

Profile description

Pedon 3

Pedon 3

Samo Thod variant

Chromic Haplustert, fine, smectitic, isohyperthermic
November 10, 2007

Irb Kheoruenromne, Chutharmard Keawmano,
Natthapol Chittamart, Worachat Wisawapipat,
Timtong Darunsontaya and Kokkorn Hemtanon
Soil Sukhaphiban 24, Tambon Buengsamphan,
Amphoe Buengsamphan, Petchabun provice
Approximately 83 m (MSL) . .
5240 IV Coordination : 47 0715371, 1745008

Dissected upper footslope

Undulating

1%  Aspect : 125 Azimuth

Mung bean, Bamboo spp., coconut, local trees chilli
Approximately 1,207 mm

Approximately 28 °C

Tropical savanna

Agricultural and settlement

Local alluvium on residuum both derived from
weathered andesite mixed with limestone

Well drained

Moderate

Moderate

Deeper than 140 cm at time of sampling

Horizon
Apk

Btl

Depth (cm)
0-20

20-45

Description

Brown (10YR 4/3); clay; moderate medium and coarse angular blocky
structure; hard dry, firm moist, moderately sticky and moderately plastic;
few faint pressure faces and few fine rock fragments and manganese
nodules; common very fine and fine vesicular pores and few fine simple
tubular pores; few very fine and fine roots; some spots of divided lime
fragments, few fine cracks and few traces of dead roots; moderately
alkaline (field pH 8.0); clear and smooth boundary to Btl.

Brown (10YR 4/3); clay; moderate fine and medium semi-angular blocky
structure; hard dry, firm moist, moderately sticky and moderately plastic;
few faint clay coats on pore walls; common fine pressure faces and
few rock fragments; few very fine and fine vesicular pores and few
fine simple tubular pores; few very fine and fine roots; few fine
cracks and few traces of dead roots; moderately alkaline (field pH
8.0); gradual and smooth boundary to Bt2.



Bt2 45-70

Bt3 70-90

Bt4 90-110/115

Crt 115-140+
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Mixed dark grayish brown (10YR 4/2) 86%, dark gray (10YR 4/1)
10%, few fine distinct yellowish brown (10YR 5/6) and few fine
distinct dark yellowish brown (10YR 4/6) mottles; clay; strong fine
and medium angular blocky structure; very hard dry, very firm moist,
very sticky and very plastic; few faint clay coats on pore walls;
common faint pressure faces and common fine rock fragments and
manganese nodules; few very fine and common fine vesicular pores
and few fine simple tubular pores; few very fine and fine roots; common
white spots of weathered rock fragments, few fine cracks and very
few traces of dead roots; moderately alkaline (field pH 8.0); clear
and smooth boundary to Bt3.

Mixed dark gray (10YR 4/1) 60%, dark grayish brown (10YR 4/2)
33%; common fine distinct dark yellowish brown (10YR 4/4) and
few medium distinct dark yellowish brown (10YR 4/4) mottles; clay;
strong fine and medium angular blocky structure; very hard dry,
very firm moist, very sticky and very plastic; few faint clay coats on
pore walls; common faint pressure faces and few small slickensides;
very few very fine and few fine vesicular pores and few fine simple
tubular pores; few very fine and fine roots; few white spots of
weathered rock fragment, few fine cracks and few traces of dead roots ;
moderately alkaline (field pH 8.0); gradual and smooth boundary to
Bt4.

Mixed grayish brown (10YR 5/2) 75%, gray (10YR 5/1) 20%, common
fine distinct yellowish brown (10YR 5/6) mottles; clay; moderate
fine and medium angular blocky structure; very hard dry, very firm
moist, very sticky and very plastic; few faint clay coats on pore walls;
common faint pressure faces and few small slickensides; very few
very fine and fine vesicular pores and very few fine simple tubular
pores; very few very fine and fine roots; common fine cracks and few
fine rock fragments; moderately alkaline (field pH 8.0); abrupt and
wavy boundary to Crt.

Gray (10YR 5/1), common medium and coarse distinct yellowish brown
(10YR 5/6), common medium and coarse prominent light reddish
brown (2.5YR 7/4) and few fine distinct black (10YR 2/1) mottles;
slightly gravelly clay; moderate fine and medium semi-angular blocky
structure; hard dry, firm moist, moderately sticky and moderately
plastic; few faint clay coats on pore walls; common faint pressure
faces and many white spots of weathered rock fragments; few very fine
and fine vesicular pores; practically no roots; few fine rock fragments
and cracks; moderately alkaline (field pH 8.0).

Pedon 4

I. Information on the site

Profile symbol

Soil name
Classification

Date of examination
Described by

Location

Pedon 4

Samo Thod series

Chromic Haplustert, very fine, smectitic, isohyperthermic
November 10, 2007

Irb Kheoruenromne, Chutharmard Keawmano,
Natthapol Chittamart, Worachat Wisawapipat,
Timtong Darunsontaya and Kokkorn Hemtanon

Old corn field, Tambon Sap Smothod, Amphoe
Buengsamphan, Petchabun province



II.

Elevation

Map sheet number

Landform
1. Physiographic position
2. Surrounding land form
3. Slope on which profile site

Land use

Annual rainfall

Mean temperature

Climate

Other

General information on the soil
Parent material

Drainage
Permeability

Runoff

Depth of groundwater
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Approximately 93 m (MSL) . N
5140 II Coordination : 47 0711956, 1745327

Upper footslope

Undulating

2% Aspect: 310 Azimuth
Corn and mung bean
Approximately 1,207 mm
Approximately 28 °C
Tropical savanna
Agricultural and settlement

Local alluvium derived from limestone on residuum
derived from weathered andesite

Well

Moderate

Moderate

Deeper than 160 cm at time of sampling

III. Profile description

Horizon Depth (cm)
Apk 0-18/20
Btk1 20-40
Btk2 40-60
Btk3 60-80

Description

Brown (7.5YR 4/3); clay; strong coarse semi-angular blocky structure;
very hard dry, very firm moist, very sticky and very plastic; few faint
clay coats on pore walls; common fine faint pressure faces and few
rock fragments; common very fine and few fine vesicular pores and
few fine simple tubular pores; common very fine and few fine roots;
few traces of dead roots; moderately alkaline (field pH 8.0); abrupt
and smooth boundary to Btk1.

Mixed Brown (10YR 5/3) 75%, brown (7.5YR 4/3) 10% and Brown
(I0YR 4/3) 5%, common fine distinct strong brown (7.5YR 5/6) and
few fine distinct black (10YR 2/1) mottles; clay; moderate fine and
medium semi-angular blocky structure; very hard dry, very firm moist,
very sticky and very plastic; few faint clay coats on pore walls and
ped faces; common faint pressure faces and rock fragments; few very
fine, fine and medium vesicular pores and few fine simple tubular
pores; few very fine and fine roots; few traces of dead roots and
charcoal fragments; moderately alkaline (field pH 8.0); clear and
smooth boundary to Btk2.

Mixed dark grayish brown (10YR 4/2) 73%, dark gray (10YR 4/1) 10%,
common medium and coarse distinct strong brown (7.5YR 5/6) and
few fine faint black (10YR 2/1) mottles; clay; strong medium and
coarse angular blocky structure; very hard dry, very firm moist,
very sticky and very plastic; few faint clay coats on pore walls; few
faint pressure faces and few fine cracks; common very fine and few
fine vesicular pores and few fine simple tubular pores; few very fine
and fine roots; common lime fragments and few rock fragments and
few traces of dead roots; moderately alkaline (field pH 8.0); gradual
and smooth boundary to Btk3.

Mixed dark grayish brown (10YR 4/2) 74%, dark gray (10YR 4/1) 10%;
common medium and coarse distinct strong brown (7.5YR 5/6), few
fine distinct (5YR 4/4) and few fine faint black (10YR 2/1) mottles;
clay; moderate medium and coarse semi-angular blocky structure;
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very hard dry, very firm moist, very sticky and very plastic; common
faint clay coats on ped faces and pore walls; common faint pressure
faces, lime fragments and fine rock fragments; common very fine
and few fine vesicular pores, and few fine simple tubular pores with
some lime filled in pores; few very fine and fine roots; a crack continues
from surface down to the lower limit of this horizon; moderately
alkaline (field pH 8.0); clear and smooth boundary to Btk4.

Btk4 80-110 Mixed Brown (10YR 5/3) 86%, grayish brown (10YR 5/2) 10%, few
fine prominent yellowish brown (10YR 5/8) and few fine distinct
black (10YR 2/1) mottles; slightly gravelly clay; moderate fine and
medium sub-angular blocky structure; hard dry, very firm moist, very
sticky and very plastic; few faint clay coats on pore walls; common faint
pressure faces and few manganese-oxide nodules; common very
fine and few fine vesicular pores, and few fine simple tubular pores
with some lime filled in pores; very few, very fine and fine roots;
many lime fragments and few rock fragments; moderately alkaline
(field pH 8.0); abrupt and smooth boundary to Crtk1.

Crtkl 110-135 Mixed grayish brown (10YR 5/2) 65%, gray (10YR 5/1) 20%, common
fine distinct yellowish brown (10YR 5/6) mottles; gravelly clay; weak
medium and coarse angular blocky plus weathered basalt retaining
rock structure; hard dry, firm moist, very sticky and very plastic (fine
ecarth); few faint clay coats on pore walls and rock fragment surfaces;
some accumulations of lime materials and common faint pressure
faces; few very fine and fine vesicular pores and few fine simple
tubular pores; very few very fine and fine roots; many fine and medium
and few large rock fragments; moderately alkaline (field pH 8.0);
gradual and smooth boundary to Crtk2.

Crtk2 135-168+  Grayish brown (10YR 5/2), common fine distinct dark yellowish
brown (10YR 4/6) and few fine distinct dark (10YR 2/1) mottles;
gravelly clay; weak medium and coarse angular blocky plus weathered
basalt retaining rock structure; hard dry, firm moist, very sticky and
very plastic fine earth; few faint clay coats on pores walls and rock
fragment surfaces; some accumulations of lime materials and common
faint pressure faces; few very fine and fine vesicular pores and few
fine simple tubular pores; very few very fine and fine roots; more large
rock fragments exist; moderately alkaline (field pH 8.0).

Pedon 5
I. Information on the site
Profile symbol : Pedon 5
Soil name . Chai Badan variant 2
Classification :  Typic Haplustert, fine, smectitic, isohyperthermic
Date of examination . November 11, 2007
Described by . Irb Kheoruenromne, Chutharmard Keawmano,

Natthapol Chittamart, Worachat Wisawapipat,
Timtong Darunsontaya and Kokkorn Hemtanon

Location :  Mung bean and corn growing area, Ban Noi, Tambon
Nong Phai, Amphoe Nong Phai, Petchabun province
Elevation : Approximately 99 m (MSL) . N
Map sheet number : 5241 1II Coordination : 47 0722140, 1771808
Landform
1. Physiographic position :  Lower middle slope on basalt corrosion plain

2. Surrounding land form : Undulating



II.

3. Slope on which profile site
Land use
Annual rainfall
Mean temperature
Climate
Other

General information on the soil
Parent material

Drainage

Permeability

Runoff

Depth of groundwater

1% Aspect: 270 Azimuth
Mung bean and corn
Approximately 1,207 mm
Approximately 28 °C
Tropical savanna
Agricultural and settlements

Residuum derived from weathered basalt
Well drained

Moderate

Moderate

Deeper than 130 cm at time of sampling
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ITI. Profile description

Description
Dark brown (7.5YR 3/2); clay; strong medium and coarse subangular
blocky structure; very hard dry, very firm moist, very sticky and very
plastic; few faint pressure faces and few fine weathered rock fragments;
many very fine, fine and few medium vesicular pores and few fine
simple tubular pores; common very fine and fine roots; common large
vertical cracks through Ap down to some part of Bt and few traces
of dead roots; moderately alkaline (field pH 8.0); clear and smooth

Dark brown (7.5YR 3/2); clay; moderate fine and medium angular
blocky structure; very hard dry, very firm moist, very sticky and very
plastic; few faint clay coats on pore walls and some ped faces; common
faint pressure faces, fine cracks and few fine weathered rock fragments;
few very fine and fine vesicular pores and few fine simple tubular
pores; few very fine and fine roots and few coarse roots; few rock
fragments and some clay balls; moderately alkaline (field pH 8.0);
clear and wavy boundary to Btc.

Dark brown (7.5YR 3/2), common fine prominent strong brown (7.5YR
5/8) mottles; slightly gravelly clay; moderate fine and medium angular
blocky structure; very hard dry, very firm moist, very sticky and
very plastic; common faint clay coats on pore walls, ped faces and
nodule surface; common faint pressure faces and fine Mn-oxide
nodules; common very fine and fine vesicular pores and few fine
tubular pores; very few very fine and fine roots and few coarse roots;
common fine cracks, weathered rock fragments and few fine clay
balls; moderately alkaline (field pH 8.0); clear and wavy boundary

Horizon Depth (cm)
Ap 0-15
boundary to Bt.
Bt 15-30/40
Btc 40-40/70
to Crtl.
Crtl 70-100

Grayish brown (10YR 5/2); common medium and coarse prominent
strong brown (7.5YR 5/8), common medium and coarse distinct
brownish yellow (10YR 6/8) mottles and black (10YR 2/1) of Mn
nodules; gravelly sandy clay; moderate fine and medium semi-angular
blocky structure; hard dry, firm moist, very sticky and very plastic;
few faint clay coats on pore walls and mangan on weathered rock
fragment surfaces; few faint pressure faces, many weathered rock
fragments and manganiferous rocks; common very fine and few fine
vesicular pores and few fine simple tubular pores; very few very fine
roots and few fine and medium roots; few fine cracks; neutral (field
pH 7.0); clear and smooth boundary to Crt2.



I.

II.

Crt2 100-130+
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Dark grayish brown (10YR 4/2), common medium and coarse prominent

strong brown (7.5YR 5/8), common medium distinct brownish
yellow (10YR 6/8) mottles and black (10 YR 2/1) of Mn nodules;
gravelly sandy clay; moderate fine and medium semi-angular blocky
structure and some part retaining weathered rock structure; hard dry,
firm moist, very sticky and very plastic; few faint clay coats on pore
walls and mangan on weathered rock fragment surfaces; few faint
pressure faces, many weathered rock fragments and manganiferous
rocks; few very fine and fine vesicular pores, and few fine simple
tubular pores; few fine cracks; neutral (field pH 7.0).

Information on the site
Profile symbol

Soil name
Classification

Date of examination
Described by

Location

Elevation
Map sheet number
Landform
1. Physiographic position
2. Surrounding land form
3. Slope on which profile site
Land use

Annual rainfall
Mean temperature
Climate

Other

General information on the soil
Parent material

Drainage
Permeability

Runoff

Depth of groundwater

Pedon 6

Pedon 6

Wang Chomphu variant 1

Chromic Haplustert, fine, smectitic, isohyperthermic
November 11, 2007

Irb Kheoruenromne, Chutharmard Keawmano,
Natthapol Chittamart, Worachat Wisawapipat,
Timtong Darunsontaya and Kokkorn Hemtanon

Mung bean intercropping mango area, Ban Aphai
Manee Rat, Tambon Huay Pong, Amphoe Nong Phai,
Petchabun province

Approximately 96 m (MSL) . N
5241 1II Coordination : 47 0720488, 1787343

Lower footslope

Undulating

1% Aspect: 290 Azimuth

Mango intercropping with mung bean, tamarind,
teak, eucalyptus, banana

Approximately 1,207 mm

Approximately 28 °C

Tropical savanna

Agricultural mainly

Local alluvium and wash over residuum derived from
lime containing rock

Well drained

Moderate

Moderate

Deeper than 160 cm at time of sampling



ITI. Profile description

Horizon
Ap

Bt

Btcl

Btc2

2Btkl

Depth (cm)
0-20

20-45

45-75

75-105

105-135
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Description

Very dark brown (7.5YR 2.5/2); clay; strong medium and coarse
subangular blocky structure; very hard dry, very firm moist, very
sticky and very plastic; few faint pressure faces and few fine rock
fragments; common very fine and fine vesicular pores, few medium
vesicular pores and few fine simple tubular pores; common very
fine and fine roots; traces of dead roots and common vertical cracks
down to approximate 12 cm depth; moderately acid (field pH 6.0);
abrupt and smooth boundary to Bt.

Brown (7.5YR 4/3), few fine prominent red (2.5YR 4/8) mottles;
clay; strong fine and medium angular blocky structure; very hard
dry, very firm moist, very sticky and very plastic; few faint clay coats
on pore walls mainly; few faint pressure faces and few fine rock
fragments; common very fine and fine vesicular pores, few medium
vesicular pores and few fine simple tubular pores; few very fine and
fine roots; traces of dead roots, few iron-manganese nodules and
concretions; strongly acid (field pH 5.5); abrupt and smooth
boundary to Btcl.

Brown (7.5YR 4/2), few medium prominent brownish yellow (10YR
6/8), common fine prominent red (2.5YR 4/6) mottles and black
10YR 2/1 of manganese nodules; very gravelly clay; moderate fine
and medium subangular blocky structure; hard dry, firm moist,
moderately sticky and moderately plastic; few faint clay coats on
pore walls and on nodule surfaces, common distinct mangan on faces
of rock fragments; many fine nodules and concretions of Fe-Mn
oxides, very few pressure faces; few very fine, fine and medium
vesicular pores and few fine tubular pores; few very fine and fine
roots; traces of dead roots; moderately acid (field pH 6.0); clear and
smooth boundary to Btc2.

Grayish brown (10YR 5/2), common fine and medium prominent
red (2.5YR 4/8), common fine distinct strong brown (7.5YR 5/8)
and few fine distinct brownish yellow (10YR 6/8) mottles; very
gravelly clay; moderate medium and coarse semi-angular blocky
structure; very hard dry, very firm moist, moderately sticky and
moderately plastic; few faint clay coats on pore walls and on nodule
surfaces, common distinct mangan on faces of rock fragments; many
fine nodules and concretions of Fe-Mn oxides, very few pressure
faces; few very fine, fine and medium vesicular pores and few fine
tubular pores; few very fine and fine roots; traces of dead roots;
slightly acid (field pH 6.5); abrupt and smooth boundary to 2Btk1.

Mixed light olive brown (2.5Y 5/3) 90% and gray (2.5Y 5/1) 10%;
clay; strong medium and coarse angular blocky structure; very hard
dry, very firm moist, very sticky and very plastic; common faint clay
coats on ped faces and pore walls; common faint pressure faces and
few slickensides; few very fine and fine vesicular pores; very few
very fine roots; common fine lime materials in the soil, few fine cracks;
moderately alkaline (field pH 8.0); gradual and smooth boundary to
2Btk2.



2Btk2

135-160+
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Mixed light olive brown (2.5Y 5/3) and dark gray (2.5Y 4/1), few fine
distinct light olive brown (2.5Y 5/6) mottles; clay; moderate medium
and coarse semi-angular blocky structure; very hard dry, very firm
moist, very sticky and very plastic; few faint clay coats on pore walls
and nodule surfaces; few faint pressure faces and common fine dark
spots of Mn-oxides; few very fine and fine vesicular pores; very few
very fine roots; many fine lime materials in soil matrix, few traces
of dead roots and few fine cracks; moderately alkaline (field pH 8.0).

Pedon 7

I. Information on the site

Profile symbol
Soil name
Classification

Date of examination

Pedon 7

Wang Chomphu variant 2

Typic Haplustert, fine, smectitic, isohyperthermic
November 11, 2007

Described by Irb Kheoruenromne, Chutharmard Keawmano,
Natthapol Chittamart, Worachat Wisawapipat,
Timtong Darunsontaya and Kokkorn Hemtanon
Location Livestock pasture area about 80 m west of road
number 21, Ban Chai Charoen, Tambon Huay Sakae,
Amphoe Mueng, Petchabun province
Elevation Approximately 102 m (MSL) . N
Map sheet number 5241 IV Coordination : 47 0722441, 1795993
Landform
1. Physiographic position : Lower dissected footslope
2. Surrounding land form : Undulating
3. Slope on which profile site : 1% Aspect: 70 Azimuth
Land use : Livestock pasture for grazing

Annual rainfall
Mean temperature

Climate
Other

Approximately 1,207 mm
Approximately 28 °C
Tropical savanna
Agricultural and settlement

II. General information on the soil

Parent material

Drainage
Permeability

Runoff
Depth of groundwater

ITI. Profile description

Horizon
Ap

Btl

Depth (cm)
0-25

25-48

Local alluvium on residuum derived from calcarcous
rock

Well drained

Moderate

Moderate

Deeper than 180 cm at time of sampling

Description

Reddish black (2.5YR 2.5/1); clay; strong medium and coarse semi-
angular blocky structure; very hard dry, very firm moist, very sticky
and very plastic; common faint pressure faces and fine rock fragments;
common very fine and fine vesicular pores and few fine simple
tubular pores; common very fine and fine roots and few medium roots;
common vertical cracks down to upper part of Bt, some traces of
dead roots; slightly acid (field pH 6.5); clear and smooth boundary
to Btl.

Reddish black (2.5YR 2.5/1), common fine prominent red (2.5YR 4/6)
mottles; clay; moderate medium and coarse angular blocky structure;



Bt2

2Btkl

2Btk2

2Btk3

2Crtk

48-70

70-100

100-130

130-150

150-182+

143

very hard dry, very firm moist, very sticky and very plastic; few faint
clay coats on pore walls and rock fragment surfaces; common faint
pressure faces and fine rock fragments; common very fine and fine
vesicular pores and few fine simple tubular pores; few very fine,
fine and medium roots; few fine cracks and traces of dead roots;
slightly acid (field pH 6.5); gradual and smooth boundary to Bt2.

Dark reddish gray (2.5YR 4/1), common fine and medium prominent
red (2.5YR 4/6) mottles; gravelly clay; moderate medium and coarse
semi-angular blocky structure; very hard dry, very firm moist, very
sticky and very plastic; few faint clay coats on pore walls mainly;
common faint pressure faces; few very fine and fine vesicular pores
and few fine simple tubular pores; few very fine and fine roots;
common rock fragments of various sizes and traces of dead roots;
strongly acid (field pH 5.5); abrupt and smooth boundary to 2Btk1.

Mixed light olive brown (2.5Y 5/3) 85%, olive yellow (2.5Y 6/6) 10%
and gray (2.5Y 6/1) 5%; clay; strong medium and coarse angular blocky
structure; very hard dry, very firm moist, very sticky and very plastic;
common faint clay coats on pore walls and ped faces; many faint
pressure faces and few slickensides; common very fine and fine vesicular
pores and few tubular pores; very few very fine and fine roots; few
rock fragments and Fe-Mn oxides nodules and few fine lime nodules;
moderately alkaline (field pH 8.0); gradual and smooth boundary to
2Btk2.

Mixed light olive brown (2.5Y 5/3) 90% and light yellowish brown
(2.5Y 6/4) 10%; clay; strong medium and coarse angular blocky
structure; very hard dry, very firm moist, very sticky and very plastic;
common faint clay coats on pore walls and ped faces; many faint
pressure faces and few slickensides; common very fine and fine
vesicular pores and few tubular pores; very few very fine and fine
roots; few fine cracks and common fine lime nodules; moderately
alkaline (field pH 8.0); clear and smooth boundary to 2Btk3.

Mixed light yellowish brown (2.5Y 6/4) 78%, brownish yellow (10YR
6/6) 20%, light gray (10YR 7/1) 2% of weathered rock; clay; moderate
fine and medium angular blocky structure; very hard dry, very firm
moist, very sticky and very plastic; common faint clay coats on pore
walls and ped faces; many faint pressure faces and very few slickensides;
common very fine and fine vesicular pores and few tubular pores;
practically no roots; few fine cracks and few fine lime nodules;
moderately alkaline (field pH 8.0); abrupt and smooth boundary to
2Crtk.

Mixed light yellowish brown (2.5Y 6/4) 35%, brownish yellow (10YR
6/6) 35%, light gray (10YR 7/1) 20% and white (2.5Y 8/1) 10%; clay;
strong medium and coarse angular blocky retaining weathered rock
structure; hard dry, firm moist, moderately sticky and moderately
plastic; few faint clay coats on pore walls and some on planar weathered
rock surfaces; common pressure faces on planar rock structure surfaces;
very few very fine and fine vesicular pores; practically no roots;
common fine cracks; moderately alkaline (field pH 8.0).
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MANUIN Y
AMeTUIBANHUTNATUFIUINGIVDIAY (Soil Micromorphology)
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Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic

Horizon Depth (cm)

Apk

Bk1

Bss2

Bss4
Bk3

0-25

25-45

70-93

115-140
170-200+

Description
Microstructure
Cracks structure is dominant; voids mainly are short planar voids
(10-50 pm width); total porosity is about 10% of the thin section area.
Basic mineral components
The c/f ratio of 10:90
Coarse fraction: Quartz grains (10-600 pm) are subangular to
subrounded; moderately sorted, few granite rock fragments sizes 600-
1,500 pm which consist of quartz intergrowth with feldspar and
some fragments are quartz intergrowth with biotite; very few
hornblende.
Fine fraction: Clay sized materials, dark brown clay, speckled and
dotted appearance under transmitted light.
Basic organic components
Common amorphous organic fine materials and punctuations, few
liquified plant tissue residues.
Groundmass
The c/f distribution pattern is open to close porphyric, the b-frabric
of the micromass is stipple-speckled.
Pedofeatures
Crystalline pedofeatures: The gray carbonates nodules (200-400 pm),
present about 2% of the thin section area.
Amorphous pedofeatures: The reddish brown iron oxide pseudomorphic
nodules, present about 5% of the thin section area.
Similar to above horizon but the crystalline pedofeatures and the
amorphous pedofeature are slightly decreased in amount and size to
cover about 1% and 3% respectively.
Microstructure
Vughy structure is dominant; voids mainly are vughs and few cracks
with planar voids; total porosity is about 10% of the thin section area.
Basic mineral components
The c/f ratio limit at 10 um, ratio of 5:95
Coarse fraction: Quartz grains (10-350 pm) are subangular to
subrounded; very few polymorphic quartz.
Fine fraction: Clay sized materials, dark brown, dotted appearance
under transmitted light.
Basic organic components
Very few highly decomposed plant tissue residues, amorphous
organic fine materials and punctuations.
Groundmass
The c/f distribution pattern is close porphyric, the b-frabric of the
micromass is crystallitic b-frabric.
Pedofeatures
Crystalline pedofeatures: The gray carbonate nodules (500-1,000
um), present about 10% of the thin section area.
Amorphous pedofeatures: The manganese aggregate nodules, various
sizes and shapes, occupy about 10% of the thin section area.
As above horizon.
Similar to above horizon but the carbonate nodules are increased in
size and the amount, sizes generally are 1,000-5,000 pm and cover
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about 30% of the thin section area, and sometimes have manganese
oxide superimposed on carbonate nodules.

Pedon 2 Chai Badan variant 1; Calcic Haplusterts, very fine, smectitic, isohyperthermic

Horizon
Apk

ABk

Bss2

Depth (cm)
0-20

20-47

80-110

Description
Microstructure
Vughy structure is dominant; voids mainly are vughs and very few
cracks which show short planar voids; total porosity is about 10% of
the thin section area
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 2:98
Coarse fraction: Quartz grains (10-200 pm) are subangular to
subrounded; very few polymorphic quartz.
Fine fraction: Clay sized materials, yellowish brown, speckled and
dotted appearance under transmitted light.
Basic organic components
Few highly decomposed plant tissue residues and amorphous organic
fine materials.
Groundmass
The c¢/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled.
Pedofeatures
Crystalline pedofeatures: The gray carbonate nodules (300-600 pm),
present about 1-2% of the thin section area.
Fabric pedofeatures: The pressure faces or slickensides present
about 10% of the thin section area.
Microstructure
Fissure structure is dominant; voids mainly are planar voids and few
vughs; total porosity is about 10% of the thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 2:98
Coarse fraction: Quartz grains (10-250 um) are subangular to
subrounded.
Fine fraction: Clay sized materials, yellowish brown to brown,
speckled and dotted appearance under transmitted light.
Basic organic components
Few amorphous organic fine materials.
Groundmass
The c/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled.
Pedofeatures
Amorphous pedofeatures: The reddish brown to dark brown iron oxide
mottles (20-100 um), present about 5-10% of the thin section area.
Febric pedofeatures: About 2-5% pressure faces could be observed.
Microstructure
Fissure structure is dominant; voids mainly are planar voids and
frequent vughs; total porosity is about 15-20% of the thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 2:98
Coarse fraction: Quartz grains (10-25 um) are subangular to
subrounded.




Bk2

140-160+
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Fine fraction: Clay sized materials, brown to dark brown, speckled
and dotted appearance under transmitted light.

Basic organic components

The punctuations and the organic pigments staining to the
micromass are common.

Groundmass

The c/f distribution pattern is open porphyric, the b-frabric of the
micromass is undifferentiated b-frabric.

Pedofeatures

Crystalline pedofeatures: The gray carbonate nodules (200-2,700 pm),
present about 10% of the thin section area.

Microstructure

Granular structure is dominant; voids mainly are compound packing
voids; total porosity is about 15-20% of the thin section area.

Basic mineral components

The c/f ratio limit at 10 pm, ratio of 1:99

Coarse fraction: Quartz grains (50-150 pm) are subangular to
subrounded.

Fine fraction: Clay sized materials, brown to dark brown, dotted to
cloudy appearance under transmitted light.

Basic organic components

Generally are organic pigments staining to the micromass.
Groundmass

The c/f distribution pattern is open porphyric, the b-frabric of the
micromass is undifferentiated b-frabric.

Pedofeatures

Crystalline pedofeatures: The gray carbonate nodules (50-3,000 pm),
present about 90% of the thin section area.

Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic

Horizon Depth (cm)

Apk

0-20

Description
Microstructure
Vughy structure is dominant; voids mainly are vughs; total porosity
is about 5% of the thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 10:90
Coarse fraction: Quartz grains (10-500 pm) are subangular to
subrounded; poorly sorted, few chert and metamorphic quartz sized
1,000-2,500 pum, very few runi quartz and pyroxene tuff rock
fragments.
Fine fraction: Clay sized materials, yellowish brown to brown,
speckled and dotted appearance under transmitted light.
Basic organic components
Few amorphous organic fine materials and punctuations, very few
living plant tissue residues remain in voids.
Groundmass
The c/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled, locally show crystallitic b-fabric.
Pedofeatures
Crystalline pedofeatures: The gray carbonates nodules (200-500 um),
present about 10-15% of the thin section area.




Btl

Bt3

Crt

20-45

70-90

115-140+
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Amorphous pedofeatures: The reddish brown to dark brown iron
oxide typic and pseudomorphic nodules, sizeds up to 2,000 pm with
sharp boundaries, present about 10% of the thin section area.
Similar to the above horizon but the organic components are decreased
and the b-fabric of the micromass show grano-porostriated. The
textural clay present about 2% of the thin section area.

The coarse fraction is decreased, the c/f ratio is approximately 5:95.
Few chalcedony, very coarse sand size could be observed. The
crystalline pedofeatures could not be observed.

Microstructure

Fissure structure is dominant; voids mainly are planar voids and
very few vughs; total porosity is about 10% of the thin section area.
Basic mineral components

The c/f ratio limit at 10 pm, ratio of 5:95

Coarse fraction: Quartz grains (10-300 pm) are subangular to
subrounded; moderately sorted; few highly weathered tuff rock
fragments and very few polymorphic quartz.

Fine fraction: The aggregate of pyroxene generally altered to chlorite.
Clay sized materials, gray (as clay lumps) dessiminated in pale
yellowish brown clay materials.

Basic organic components

None.

Groundmass

The c/f distribution pattern is nearly clay monic, the b-frabric of the
micromass is mosaic speckled b-frabric.

Pedofeatures

Textural pedofeatures: The yellowish brown to brown clay coatings
coated on nodules and pores, thin to thick, and usually have high
birefringence, present about 5% of the thin section area.

Amorphous pedofeatures: The reddish brown to dark brown iron
oxide pseudomorphic nodules, sizes 2,000 um and sometimes present
as iron oxide impregnated s-matrix, various sizes and shapes,
occupy about 5% of the thin section area.

Pedon 4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic

Horizon Depth (cm)

Apk

0-18/20

Description
Microstructure
Vughy structure is dominant; voids mainly are vughs, very few
cracks showing as planar voids; total porosity is about 10% of the
thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 15:85
Coarse fraction: Generally are lithorelicts of shale and limestone
rock fragments, various size; few quartz grains which are in very
fine sand sized and few rhyolite rock fragments, sizes up to 2,500
pum, poorly sorted.
Fine fraction: Clay sized materials, yellowish brown to brown,
speckled and dotted appearance under transmitted light.
Basic organic components
Very few plant tissue residues and amorphous organic fine
materials.
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Btk4

Crtkl

40-60

80-110

110-135
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Groundmass

The c¢/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled porostriated.

Pedofeatures

Amorphous pedofeatures: The reddish brown to dark brown iron
oxide concentric nodules, sizes 2,000 pm, present about 10% of the
thin section area.

Microstructure

Cracks structure is dominant; voids mainly are planar voids, very
few intrapedal vughs; total porosity is about 10-15% of the thin
section area.

Basic mineral components

The c/f ratio limit at 10 pm, ratio of 5:95

Coarse fraction: The lithorelicts are decreased in size and the
amount; guartz grains (10-30 um) are subangular to subrounded;
very few metamorphic quartz, sizes 1,200 um; moderately sorted.
Fine fraction: Clay sized materials, yellowish brown to brown,
speckled and dotted appearance under transmitted light.

Basic organic components

Very few plant tissue residues.

Groundmass

The c/f distribution pattern is open porphyric, the b-frabric of the
micromass is mixed of stipple-speckled and crystallitic b-frabric.
Pedofeatures

Crystalline pedofeatures: The gray carbonate nodules (50-5,500
um), present about 25-30% of the thin section area.

Amorphous pedofeatures: The reddish brown to dark brown iron
oxide typic nodules, sizes up to 2,000 pm, present about 2-3% of
the thin section area, and the manganiferous locally impregnated s-
matrix as aggregate nodules, occupy about 10%.

Granular structure, the soil material mainly are granules which
consist of clay mixed with carbonate material, various sizes and
sometimes have manganese oxide superimposed on carbonate
nodules.

The amorphous pedofeatures are iron oxide typic nodules, sizes up
to 1,000 um with sharp boundaries cover about 10% of the area of
the thin section.

Microstructure

Subangular blocky structure; voids are planar voids; total porosity is
about 30% of the thin section area.

Basic mineral components

The c/f ratio limit at 10 pm, ratio of 98:2

Coarse fraction: Highly weathered shale rock fragments are
dominant; few limestone rock fragments, various sizes.

Fine fraction: Clay sized materials, pale yellowish brown, limpid
appearance under transmitted light.

Basic organic components

None.

Groundmass

The c/f distribution pattern is close porphyric, the b-frabric of the
micromass is stipple-speckled, few porostriated.

Pedofeatures
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Textural pedofeatures: The yellowish brown clay coatings coated on
surface of rock fragments, present about 5-7% of the thin section
area.

Crystalline pedofeatures: The carbonate materials locally impregnated
s-matrix, irregular shape and cover about 10%.

Amorphous pedofeatures: Generally are manganese oxides, dendritic
pattern, frequently associated with some shale rock fragments.

Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic

Horizon Depth (cm)

Ap

Bt

Btc

0-15

15-30/40

40-40/70

Description
Microstructure
Vughy structure is dominant; voids mainly are vughs, and very few
cracks which show as planar voids; total porosity is about 5% of the
thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 10:90
Coarse fraction: Mainly are pedorelicts (probably weathered basalt)
various sizes (up to 2,000 um); few quartz grains sizes 10-300 um;
poorly sorted.
Fine fraction: Clay sized materials, yellowish brown to brown,
speckled and dotted appearance under transmitted light.
Basic organic components
Generally are amorphous organic fine materials and punctuations;
rare living plant tissue.
Groundmass
The c¢/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled.
Pedofeatures
Amorphous pedofeatures: The reddish brown to dark brown iron
oxide typic and pseudomorphic nodules, sizes up to 1,000 um with
sharp boundaries, present about 10-15% of the thin section area.
Microstructure
Subangular blocky structure, various sized peds; voids mainly are
planar voids, total porosity is about 10% of the thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 5:95
Coarse fraction: Quartz grains (10-650 pm) are subangular to
subrounded; few pedorelicts (basalt) sizes up to 1,500 pm; poorly
sorted.
Fine fraction: Clay sized materials, brown to reddish brown, speckled
and dotted appearance under transmitted light.
Basic organic components
Mainly are amorphous organic fine materials.
Groundmass
The c/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled.
Pedofeatures
Amorphous pedofeatures: The reddish brown to dark brown iron
oxide typic and pseudomorphic nodules, sizes up to 2,500 um with
sharp boundaries, present about 15-20% of the thin section area.
The iron oxide typic and pseudomorphic nodules sizes 200-2,500




Crtl

70-100

151

um with sharp boundaries, increase to cover about 30% of the thin
section area; and few siltstone rock fragments sizes 3,000 um could
be observed. The other micromorphological features are not
different from the overlying horizon.

The highly weathered basalt, angular and have various sizes are
much more increased covering about 60% of the area of the thin
section; few polycrystalline quartz and chert (sizes up to 3,000 um)
which have quartz vein inside.

Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic

Horizon Depth (cm)

Ap

Bt

Btcl

0-20

20-45

45-75

Description
Microstructure
Intergrain micro-aggregate structure is dominant; voids mainly are
vughs, and few cracks which show as planar voids; total porosity is
about 10% of the thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 20:80
Coarse fraction: Mainly are single quartz grains sizes 10-950 pum;
frequent chert and shale rock fragments sizes up to 1,500 pm;
subangular to subrounded, poorly sorted.
Fine fraction: Clay sized materials, yellowish brown to brown,
speckled and dotted appearance under transmitted light.
Basic organic components
The amorphous organic fine materials and punctuations are common.
Groundmass
The c/f distribution pattern is close porphyric, the b-frabric of the
micromass is stipple-speckled.
Pedofeatures
Amorphous pedofeatures: The reddish brown to dark brown, well
rounded, iron oxide impregnative and typic nodules, sizes up to
2,000 um with sharp boundaries, present about 2-5% of the thin
section area.
The fine material increased, the c/f ratio is approximately 15:85.
The chert and shale rock fragments sizes up to 0.5 cm and the iron
oxide impregnative nodules increase in size and the amount, sizes
up to 3,000 um and cover about 20% of the thin section area.
Microstructure
Fissure structure is dominant; voids mainly are planar voids; total
porosity is about 5% of the thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 2:98
Coarse fraction: Few single quartz grains, chert and shale rock
fragments.
Fine fraction: Clay sized materials, yellowish brown, limpid, speckled
and dotted appearance under transmitted light.
Basic organic components
None.
Groundmass
The c¢/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled.
Pedofeatures
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105-135

152

Amorphous pedofeatures: The reddish brown to dark brown iron
oxide nodules which consist of typic nodules, impregnative nodules
and pseudomorphic nodules, well rounded, various sizes with sharp
boundaries.

Microstructure

Fissure structure is dominant; voids mainly are planar voids; total
porosity is about 5% of the thin section area.

Basic mineral components

The c/f ratio limit at 10 pm, ratio of 2:98

Coarse fraction: Quartz grains (10-350 pm) are subangular to
subrounded; moderately sorted.

Fine fraction: Clay sized materials, yellow to yellowish brown, limpid,
speckled and dotted appearance under transmitted light.

Basic organic components

None.

Groundmass

The c/f distribution pattern is open porphyric, the b-frabric of the
micromass is stipple-speckled.

Pedofeatures

Crystalline pedofeatures: The gray carbonate nodules (300-6,000 pm),
present about 10% of the thin section area.

Amorphous pedofeatures: The reddish brown to dark brown clay
mixed with iron oxide mottles sizes 50-500 pm, present about 2-5%
of the thin section area.

Pedon 7 Wang Chomphu variant 2; Typic Haplustert, fine, smectitic, isohyperthermic

Horizon Depth (cm)

Apk

0-25

Description
Microstructure
Complex structure; voids mainly are compound packing voids,
planar voids and intrapedal vughs; total porosity is about 20% of the
thin section area.
Basic mineral components
The c/f ratio limit at 10 pm, ratio of 20:80
Coarse fraction: Quartz grains are subangular to subrounded (10-800
um) few chert rock fragments sizes 2,000 um; poorly sorted; very
few metamorphic quartz.
Fine fraction: Clay to fine silt sized materials, dark reddish brown to
brown, speckled and dotted appearance under transmitted light.
Basic organic components
The organic pigments staining to the micromass and punctuations
are common, few amorphous organic fine materials, very few living
plant tissues.
Groundmass
The c/f distribution pattern is open to close porphyric, the b-frabric
of the micromass is stipple-speckled.
Pedofeatures
Amorphous pedofeatures: The reddish brown to dark brown iron oxide
impregnative and pseudomorphic nodules, sizes up to 1,500 pm
with sharp boundaries, present about 5% of the thin section area.




Btl

2Btk2

2Crtk

25-48

100-130

150-182+
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The fine material is increased, the c/f ratio is approximately 15:85.
The organic components are much more decreased. The textural
pedofeatures are present as thin, yellowish brown clay coatings,
locally coated on grains and ped faces cover about 2% of the thin
section area and the amorphous pedofeatures increase to cover
about 15%.

Microstructure

Vughy structure is dominant; voids mainly are vughs, few planar
voids and channels; total porosity is about 10-15% of the thin section
area.

Basic mineral components

The c/f ratio limit at 10 pm, ratio of 10:90

Coarse fraction: Quartz grains are subangular to subrounded (10-900
um); poorly sorted.

Fine fraction: Clay sized materials, yellowish brown to brown, speckled
and dotted appearance under transmitted light.

Basic organic components

Very few amorphous organic fine materials and punctuations.
Groundmass

The c¢/f distribution pattern is open porphyric, the b-frabric of the
micromass is mixed with stipple-speckled and crystallitic b-frabric.
Pedofeatures

Textural pedofeatures: The reddish brown clay mixed with iron oxide
coatings, present about 1-2% of the thin section area.

Crystalline pedofeatures: The gray carbonate nodules (600-2,500 pm),
present about 5-10% of the thin section area.

Amorphous pedofeatures: The reddish brown to dark brown iron
oxide mottles, sizes 50-300 um with sharp boundaries, present about
5% of the thin section area.

Mainly are shale fragments, usually show lamination between clay
rich in mottles of ferruginous material and pale yellow clay as banded
structure.
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1. Aunagsismeueslsuaine (uy.) mﬂamum53%'e'Jmmiummmwmyjimuazawui Tumv 109 (W.F1. 2542-2551)

NI A011UN5290 1A i.a. .. .. 13.8. N.A. 1.8, f.f. a.9. n.8. #1.9. N.8. 5.7. AaoAl
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I ﬁﬂ1ﬁ§l§’mﬁﬂﬂ1ﬁ 4.0, N.N. ﬁ.ﬂ. 1.8, N.f. ﬁ.ﬂ. .. .9, N.8. #.f1. N.8. B.f. @ﬁﬂﬂcﬂ
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NI A011A52901MA 4.0, N.N. .. 1.8, NW.f. 1.8, 7.9, .. N.8. #.9. .8, 5.9. Aaoal

msysel  nsysel 32.7 345 36.5 37.0 34.1 332 32.6 32.0 32.0 327 322 313 33.4
naudn 325 34.0 35.8 36.7 34.1 333 324 319 32.1 327 322 31.1 332
WIS 33.0 34.8 36.6 37.0 35.1 345 33.8 33.2 32.7 33.1 325 31.7 34.0

any3 any3 32.9 34.0 35.4 36.0 343 339 33.6 333 32.8 29.6 29.0 31.8 33.0
1291 32.6 34.6 36.5 37.0 34.8 34.1 337 333 29.2 32.6 31.8 30.9 33.4
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NI A011A52901MA 4.9 NN, .9, 1.8, NW.f. .o, 1.9, a.9. n.8. £.9. .8, B.9. Aa0al
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syl Iwssysol 4.0 4.4 5.2 5.7 4.6 42 3.9 3.5 3.5 3.9 4.0 4.0 50.8
naudn 4.1 4.6 52 5.5 49 4.5 4.1 3.9 3.7 42 43 4.1 53.0
W31y T 3.8 45 4.7 54 45 43 4.0 3.9 3.6 4.1 4.0 3.9 50.7
anys anys 4.5 4.9 5.5 5.6 5.0 48 4.6 43 4.0 4.0 4.4 4.7 56.3
R 47 5.4 6.0 5.8 47 45 42 3.8 3.2 4.1 42 45 55.0
Aundennaall 4.2 4.8 5.3 5.6 4.7 4.5 4.2 3.9 3.6 4.1 4.2 4.2 53.2
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Horizon Depth Paricle size distribution (g kgﬂ) Textural Bulk Hydraulic COLE
(cm) (USDA grading) class density conductivity

Sand Silt Clay (Mg m’) (cmhr')
Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-25 135 461 404 SiCL 1.81 nd | 0.22
Bkl 25-45 117 276 607 C 1.82 6.66x10 0.23
Bssk1 45-70 112 358 530 C 1.88 7.66x10 0.19
Bssk2 70-93 132 156 712 C 1.91 - 0.21
Bssk3 93-115 149 29 821 C 1.89 - 0.31
Bssk4 115-140 125 206 669 C 1.93 - 0.26
Bk2 140-170 126 163 710 C 1.94 - 0.24
BKk3 170-200+ 191 263 545 C 1.73 - 0.25
Pedon 2 Chai Badan variant 1; Calcic Haplustert, very fine, smectitic, isohyperthermic y
Apk 0-20 36 83 880 C 1.48 7.80x10 0.28
ABk 20-47 31 59 910 C 1.57 1.05x10 0.27
Bssl 47-80 43 72 885 C 1.51 8.12x10 0.23
Bss2 80-110 39 59 902 C 1.56 - 0.24
Bkl 110-130/140 50 172 778 C 1.58 - 0.23
Bk2 140-160+ 237 158 605 C 1.81 - 0.13
Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic ,
Apk 0-20 291 237 473 C 1.61 1.40x10 _ 0.19
Btl 20-45 239 259 502 C 1.62 8.04x10 0.19
Bt2 45-70 220 180 600 C 1.68 8.64x10 0.23
Bt3 70-90 218 200 582 C 1.72 - 0.25
Bt4 90-110/115 192 319 489 C 1.79 - 0.28
Crt 115-140+ 502 283 215 L 1.84 - 0.03
Pedon 4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic Py
Apk 0-18/20 112 167 721 C 1.60 3.33x10, 0.26
Btkl 20-40 69 218 712 C 1.62 3.49x10 0.24
Btk2 40-60 86 172 742 C 1.62 3.06x10 0.25
Btk3 60-80 89 236 675 C 1.50 - 0.25
Btk4 80-110 242 134 624 C 1.68 - 0.18
Crtkl 110-135 473 185 341 SCL 1.62 - 0.23
Crtk2 135-168+ 437 205 358 CL 1.66 - 0.09
Pedon 5 Chai Badan variant 2, Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-15 199 224 577 C 1.59 1.87x10” 0.22
Bt 15-30/40 188 260 552 C 1.49 1.14x10” 0.20
Bte 40-40/70 276 214 510 C 1.37 2.30x10° 0.19
Crtl 70-100 443 178 379 CL 1.53 - 0.11
Crt2 100-130 493 283 224 L 1.56 - 0.15
Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic
Ap 0-20 490 194 316 SCL 1.63 5.49x10° 0.09
Bt 20-45 437 230 333 CL 1.71 1.34x10" 0.19
Btcl 45-75 446 208 346 SC 1.76 5.28x10™ 0.14
Btc2 75-105 486 109 405 C 1.79 - 0.15
2Btkl1 105-135 195 190 615 C 1.75 - 0.24
2Btk2 135-160+ 309 177 514 C 1.62 - 0.20
Pedon 7 Wang Chomphu variant 2, Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-25 364 214 422 C 1.60 5.75x10° 0.10
Btl 25-48 342 173 485 C 1.63 1.42x10" 0.23
Bt2 43-70 325 152 523 C 1.64 4.16x10" 0.20
2Btkl1 70-100 223 131 646 C 1.77 - 0.27
2Btk2  100-130 165 122 713 C 180 - 0.25
2Btk3 130-150 58 267 675 C 1.84 - 0.26
2Crtk 150-182+ 27 168 805 C 1.67 - 0.27

e C = clay, SiCL = silty clay loam, L = loam, SCL = sandy clay loam, CL = clay loam,

SC = sandy clay, nd = no data
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Horizon Depth pH (1:1) EC OM Total  Avail.  Awvail. Extractable bases Sum Extr. CEC BS
(cm) H,0 KCl (Sat._)l ; N P -1K Ca Mg Na K basc_els acidity Bysum NHOAc by sum
dSm  (—gkg ) (—mgkg —) ( mg kg ) (%)

Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic

Apk 0-25 8.1 69 067 270 1.05 19.7 71 55.63 10.79 0.61 0.18 67.21 18.97 86.18 60.12 78
Bkl 25-45 8.3 6.8 039 206 0.97 11.5 56 49.71 12.19 1.24 0.14  63.28 17.46 80.74 60.27 78
Bsskl 45-70 84 70 056 192 0.61 6.4 39 46.25 16.65 1.17 0.10  64.16 17.54 81.70 56.82 79
Bssk2 70-93 85 7.0 0.88 143 0.37 6.7 48 40.65 1998 1.54 0.12  62.29 17.41 79.70 56.27 78
Bssk3 93-115 8.5 70 1.02 13.6 0.33 6.2 39 3691 2334 599 0.10  66.34 17.65 83.99 55.55 79
Bssk4 115-140 86 7.1 1.34 121 0.33 8.7 26 32.65 2494 4.65 0.07  62.30 17.61 79.91 57.22 78
Bk2 140-170 87 72 150 7.7 0.26 8.1 46 33.67 2277 5.67 0.12  62.23 14.46 76.69 50.51 81
Bk3 170-200+ 87 72 1.06 7.7 0.18 10.0 29 3693 1758 5.14 0.07  59.73 14.51 74.24 40.50 80
Pedon 2 Chai Badan variant 1; Calcic Haplustert, very fine, smectitic, isohyperthermic

Apk 0-20 7.9 6.5 031 249 1.22 8.3 126 89.67  6.20 0.46 030  96.63 21.48 118.11 96.80 82
ABk 20-47 7.9 6.6 030 198 0.69 2.1 87 13224  7.17 0.16 020 139.77  18.67 158.44 90.49 88
Bssl 47-80 8.0 6.7 028 148 0.35 1.3 71 106.17 885 0.19 0.16 11537  19.90 135.26 93.79 85
Bss2 80-110 8.0 6.7 031 14.9 0.36 2.0 62 104.06 11.85 0.72 0.14 116.77  20.83 137.59 87.56 85
Bkl 110-130/140 8.0 69 032 140 0.53 4.1 62 8473 1345 1.08 0.14 9941 13.19 112.60 74.07 88
Bk2 140-160+ 8.2 69 0.5l 3.8 0.01 0.1 35 99.69 587 0.29 0.07 105.92 7.89 113.81 36.12 93
Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic

Apk 0-20 8.2 6.8 034 159 0.91 18.7 86 34.78 1.57 0.16 020  36.72 3.90 40.61 34.32 90
Btl 20-45 8.0 6.6 040 129 0.60 9.7 70 31.66  2.00 0.23 0.16  34.05 4.96 39.01 34.06 87
Bt2 45-70 7.9 64 047 9.6 0.42 0.9 59 3149 270 0.38 0.14 3471 6.74 41.46 35.32 84
Bt3 70-90 8.3 63  0.30 6.3 0.25 0.7 67 3294 334 033 0.15 36.77 7.87 44.63 38.30 82
Bt4 90-110/115 7.9 6.1 049 4.8 0.14 4.8 67 3136 3.63 0.66 0.15 35.80 12.45 48.25 39.65 74
Crt 115-140+ 8.2 54 033 2.0 0.01 66.4 31 29.05 279 051 0.06 3241 5.83 38.24 25.61 85
Pedon 4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic

Apk 0-18/20 8.0 6.8 032 192 0.93 21.1 121 46.43 437 0.29 030  51.39 11.08 62.47 4481 82
Btkl 20-40 8.3 7.0 033 176 1.02 2.4 33 5212 9.62 034 0.19  62.26 7.00 69.26 44.89 90
Btk2 40-60 8.3 70 035 193 0.87 33 73 4736 12.06 0.24 0.17  59.83 1.01 60.84 44.17 98
Btk3 60-80 8.4 7.1 049 218 0.91 6.5 67 50.20 19.58 0.40 0.16  70.34 5.86 76.20 45.09 92
Btk4 80-110 8.3 7.1 037 13.7 0.57 4.2 55 42.89 20.07 0.44 0.12  63.52 2.92 66.44 33.49 96
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Horizon Depth pH (1:1) EC oM Total  Avail.  Avail Extractable bases Sum Extr. CEC BS
(cm) H,0 KCI (Sat._)1 ; N P -1K Ca Mg Na K basis acidity Bysum NHOAc by sum
dSm  (—-gkg =) (-—-mgkg ) ( mg kg ) (%)
Pedon 4 Samo Thod series (continue)
Crtk1 110-135 8.1 6.5 0.29 2.5 0.11 16.0 42 41.25 2411 039 0.10  65.85 10.49 76.34 38.86 86
Crtk2 135-168+ 8.3 6.5 0.28 2.0 0.04 2.7 38 51.80 23.15 0.60 0.08  75.64 6.02 81.66 40.78 93
Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-15 6.8 52 029 254 1.31 13.8 110 32.18 921  0.11 026  41.76 13.30 55.06 48.95 76
Bt 15-30/40 7.2 5.7 022 184 1.00 3.5 44 35.85 875 0.75 0.10 4545 13.04 58.50 43.59 78
Btc 40-40/70 7.4 5.7 022 134 0.64 1.2 29 29.55 9.93  0.89 0.06 4043 16.39 56.82 41.47 71
Crtl 70-100 7.1 49 0.16 42 0.11 0.5 22 39.48 1835 0.17 0.04  58.03 14.55 72.58 44.05 80
Crt2 100-130 7.1 4.1 0.12 4.1 0.07 0.5 18 3584 13.67 0.51 0.03  50.05 21.66 71.71 39.73 70
Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic
Ap 0-20 6.3 5.1 020 215 1.03 44 41 19.32 4.69 041 0.09 2451 5.90 30.41 27.09 81
Bt 20-45 57 47 0.15 7.8 0.42 1.0 26 18.22 4.78  1.00 0.05  24.05 9.76 33.81 28.74 71
Btcl 45-75 5.8 4.5 0.11 53 0.31 0.7 21 19.08 426 0.53 0.04  23.92 11.29 35.21 27.29 68
Btc2 75-105 6.4 438 0.07 2.7 0.10 0.4 19 14.50 3.88  0.39 0.03 18.80 7.85 26.65 22.33 71
2Btkl 105-135 8.2 6.7 0.25 3.5 0.11 2.3 33 37.58 10.57 0.37 0.07  48.58 7.23 55.81 46.10 87
2Btk2 135-160+ 8.5 6.8 0.24 2.8 0.01 3.6 32 40.62 938 036 0.06  50.42 9.77 60.20 51.17 84
Pedon 7 Wang Chomphu variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-25 6.3 5 0.20 303 1.07 1.3 77 20.23 399 041 0.18 2481 13.14 37.95 30.67 65
Btl 25-48 6.5 49 0.10 10.9 0.47 0.6 31 21.61 3.11  0.52 0.07  25.30 12.69 37.99 30.05 67
Bt2 48-70 5.8 3.9 0.11 8.9 0.35 0.5 36 19.36 3.02  0.74 0.08 2320 16.27 39.46 34.37 59
2Btkl 70-100 7.3 59 0.24 5.4 0.22 0.5 46 31.18 525 140 0.10  37.93 10.92 48.85 42.16 78
2Btk2 100-130 8.2 7 0.40 5.5 0.14 0.7 48 43.26 6.86  2.09 0.11 52.32 7.72 60.04 43.00 87
2Btk3 130-150 8.4 6.9 0.26 3.9 0.12 1.8 43 46.37 7.98 254 0.10  56.99 10.70 67.69 43.32 84
2Crtk 150-182+ 8.4 6.8 0.29 2.8 0.22 7.1 66 45.32 9.36 3.15 0.16  57.98 9.18 67.16 51.18 86
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a a I Aa o A A o Y J a J
MINNHINN A4 ﬂﬁﬂﬂﬂ!!ﬂaﬂ DIAUUY LIAZLRNMUT ‘VIﬁﬂﬂﬂ'z]ﬂhlﬂhl‘ﬁi’é)vluﬁ-“Ifm'iﬁ-vlﬂﬂﬁﬂ@mﬁ,

ponwuaa tay InIsneaay

a Ao =2
NAUNMINITANEN

Horizon Depth Fe, qu Fe Fe/Fe, Al Alnl Al Al/Al; Mn Mn01 Mn
(cm) (oo gkg oo (——-gkg - (—-gkg -~
Pedon 1 Lop Buri series; Typic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-25 202 142 0.17 070 032 138 425 436 120 0.02 046
Bkl 25-45 .70 1.18 0.02 0.70 031 1.08 002 348 274 128 0.00
Bsskl 45-70 .56 132 0.02 084 026 1.07 023 407 273 128 0.0l
Bssk2 70-93 137 1.14 0.04 083 021 1.01 001 479 270 130 0.0l
Bssk3 93-115 143 1.19 0.03 083 022 1.04 009 471 250 1.14 0.01
Bssk4 115-140 .55 1.17 0.05 0.75 022 097 002 450 231 122 0.0l
Bk2 140-170 134 120 0.02 089 020 080 001 409 238 175 0.0l
Bk3 170-200+ 0.81 062 0.02 076 0.12 0.53 0.00 436 525 0.75 0.08
Pedon 2 Chai Badan variant 1; Calcic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-20 461 178 126 039 033 273 156 828 127 1.70 0.0l
ABk 20-47 348 2.09 396 0.60 031 266 805 857 0.88 123 0.02
Bssl 47-80 363 164 167 045 037 211 215 569 044 059 0.01
Bss2 80-110 436 195 236 045 024 222 267 920 047 0.66 0.0l
Bkl 110130140  3.03 1.11 087 037 0.13 141 1.13 11.16 0.76 0.64 0.02
Bk2 140-160+ 0.69 0.16 055 022 004 039 030 996 053 031 0.00
Pedon 3 Samo Thod variant; Chromic Haplustert, fine, smectitic, isohyperthermic
Apk 0-20 392 142 0.17 036 023 158 022 694 1.00 132 0.09
Btl 20-45 675 198 196 029 026 154 138 588 0.64 1.03 0.04
Bt2 45-70 817 200 062 024 035 167 099 475 043 0.67 0.03
Bt3 70-90 895 133 1.05 0.5 029 127 155 435 021 038 0.01
Bt4 90-110/115 555 091 123 016 021 099 2.04 471 052 0.86 0.01
Crt 115-140+ 3.05 070 154 023 011 093 155 810 070 098 0.01
Pedon 4 Samo Thod series; Chromic Haplustert, very fine, smectitic, isohyperthermic
Apk 0-18/20 2156 370 026 0.17 037 202 021 545 0.89 150 0.07
Btkl 20-40 2662 268 0.64 010 025 125 056 510 0.84 0.84 0.08
Btk2 40-60 1831 2.66 045 015 022 123 040 545 0.67 0.89 0.08
Btk3 60-80 17.02  3.19 0.64 0.19 025 149 067 593 044 0.77 0.07
Btk4 80-110 1890 186 036 0.10 0.17 1.00 067 593 0.80 1.07 0.07
Crtkl 110-135 974 140 0.09 0.14 024 095 023 403 091 149 0.01
Crtk2 135-168+ 1252 133 0.09 0.11 0.14 1.03 020 734 078 1.13 0.01
Pedon 5 Chai Badan variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-15 993 412 208 042 028 217 187 7.71 123 2.09 0.02
Bt 15-30/40 221 458 274 207 030 245 241 804 0.77 199 0.12
Btc 40-40/70 1032 401 477 039 040 196 596 487 098 1.78 0.05
Crtl 70-100 16.07 291 522 018 033 1.74 813 527 227 3.00 0.02
Crt2 100-130 10.76 237 3.19 022 0.18 191 478 1050 121 220 0.0l
Pedon 6 Wang Chomphu variant 1; Chromic Haplustert, fine, smectitic, isohyperthermic
Ap 0-20 319 1.84 388 058 0.11 083 635 747 037 0.69 0.30
Bt 20-45 779 196 1.86 025 033 127 248 387 024 046 0.04
Btcl 45-75 1949 2.64 4.60 0.14 037 129 928 344 1.66 3.25 0.0l
Btc2 75-105 11.82 147 243 0.2 030 1.09 598 359 051 1.11 0.0l
2Btk1 105-135 430 095 1.01 022 0.10 089 006 878 044 0.66 0.0l
2Btk2 135-160+  3.13 053 041 0.17 008 0.76 0.14 9.02 046 0.51 0.01
Pedon 7 Wang Chomphu variant 2; Typic Haplustert, fine, smectitic, isohyperthermic
Ap 0-25 8.18 432 388 053 036 145 559 4.03 039 0.68 0.08
Btl 25-48 1427 327 425 023 072 166 445 229 0.06 0.18 0.0l
Bt2 48-70 1411 243 182 017 1.00 1.60 363 1.61 023 035 0.00
2Btkl 70-100 1590 2.00 0.87 0.13 030 133 144 449 048 1.02 0.0l
2Btk2 100-130 1161 1.63 022 014 011 1.13 037 1024 034 0.66 0.0l
2Btk3 130-150 .76 119 0.02 0.10 0.15 090 0.13 583 022 0.37 0.0l
2Crtk 150-182+ 15.79 066 029 004 009 053 053 590 020 0.24 0.00

HNYYA Fe, Al, Mn, =@ Aaae dithionite-citrate-bicarbonate
Fe,Al,Mn =d Aaae ammonium oxalate (pH 3.0)
Fe, Al »Mn =10 AR89 0.1 M sodium pyrophosphate (pH 10)
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o ~ 0'.1 d‘ 3 dy a o
Mi5aniall ForuvauHoAUran
a dy 9 1 =Y 1 09.:} 1 =
AUNI Y RTRYERGT 1@un nserHiana 9 AWANIIBHEIUNINDA
(Sandy) NIIALIDIANIN LATNTIWUUAUITIUDINT Y
= =) L}
azeeauINUuANTIY
dy Y =) 1 a 1 09/’ 12
Weneulunang 1dun Ausmdunsesiianie q auaau
1 =R A 1 =
sautdunsrererudeaus Il unsgaziven
a 1 dy Y 1A 1 = a 1
AUTIY ielunan 1dun Ausmlunsivazideauin ausu
(Loamy) augntunseutls uaznsreuila
491 = 9 1A 1 = a 1 =
ieazipeatunais 1&un Ausrumiien ausrumilenlunie
=) 1 =
ausmmilenluniendls
a =1 dy a = Y L) =1 a =1
AUIHLY? ieAuazen 1&un Aumtenunsie awmiierlunse
(Clayey) uile uazAumiien

la: 18U (2552); Soil Survey Division Staff (1993)
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d' Y o Aq Y a [ vAa =\ a
MINNNUINN A6 GUfJﬂTI"ilm‘lflslélfﬁluﬂﬁﬂimiJuigﬂ‘UfffiJ’U@WlNLﬂll uazmﬁﬂizmummqm
o a a
AUYTUUDIAU (1D, 2548; Land Classification Division0 and FAO Project

Staff, 1973; Soil Survey Division Staff, 1993)

1. WeTVDIAY (Soil pH) (AU : 11 =1:1)

JEA (rating) ey (range)
7 = .
Lﬂuﬂﬁﬂﬁ;ulﬁﬂu’]ﬂﬂq@ (ultra acid) <3.5
1< .
UNIATUUTNN (extremely acid) 3.5-4.4
Wunsadainn (very strongly acid) 4.5-5.0
Wunsada ( strongly acid) 5.1-5.5
WunsAluNa1s (moderately acid) 5.6-6.0
dunsaaniies (slightly acid) 6.1-6.5
iWunans (neutral) 6.6-7.3
I J [~ . .
1uaantios (slightly alkaline) 7.4-7.8
L‘]djuﬂlN‘]huﬂﬁN (moderately alkaline) 7.9-8.4
Huareda (strongly alkaline) 8.5-9.0
uaesaun (very strongly alkaline) >9.0
2. ﬁuw’%ﬁ@q (organic matter) (organic carbon x 1.724)
32A (rating) Ny (g kg'l) (%O0OM x 10)
@1 (VL) <5
én (L) 5-10
ADULAT (ML) 10-15
1hunaie (M) 15-25
ADUA19g (MH) 25-35
PN H) 35-45

4110 (VH) >45
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3. USua luTns1usu (total nitrogen)

32A (rating) Welo (g kg_l)
AN (VL) <1.0
A1 (L) 1.0-2.0
11unats (M) 2.0-5.0
q9 (H) 5.0-7.5
9110 (VH) >7.5

4. 9919150882 ANUDNANVE (base saturation)
LA (rating) nee (%)
Aa1(L) <35
11unats (M) 35-75
99 (H) >75

5. anuuanilasunan loesu (CEC)
32A (rating) Wde (cmol kgil)
A0 (VL) <3
A1 (L) 3-5
ADUTIIE (ML) 5-10
11unate (M) 10-15
ADU19g (MH) 15-20
49 (H) 20-30

g (VH) >30
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6. USinaleanesaniluise Ted (available P) (Bray 11)

5YAY (rating) Wefe (mg kg
G‘imm (VL) <3
&1(L) 3-6
Ao (ML) 6-10
1huna1 (M) 10-15
AoUA19ge (MH) 15-25

I (H) 25-45
N (VH) >45

7. U TnunaFouiiilugse Toand available K) (NH,0A¢)

32A (rating) Wely (mg kgil)
G‘imm (VL) <30

§1 (L) 30-60
1thunae (M) 60-90

79 (1) 90-120

4110 (VH) >120




8. 1aswnanala (extractable bases) (NH,OAc)

167

FZA1 (rating)

Wde (cmol kg'l)

extr.Ca extr.Mg extr.K extr.Na extr.bases
@‘%mm (VL) <2.0 <0.3 <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
1thunae (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

ey Vi
L
ML
M
MH
H

VH

M519NUINT A7

A1 (Very low)

= a1 (Low)

= AoUT96 (Moderately low)

AU (Moderately low)

ﬁau%’nq 1 (Moderate high)

99 (High)

= 10 (Very low)

J ] [ = 9y
LﬂiI!CVIﬂ?il!ﬂﬂigﬂﬂﬁﬂWWﬂﬁﬂllﬁﬂL‘]JafJuhl@

F2A1 (rating)

Wee (cmol kg_l)

AN
A
11unang

1 9
ADUVYEY
9

gaun

<1.0

1.0-2.0

2.0-5.0

5.0-10.0

10.0-20.0

>20.0

N30 WINT Y (2529)
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32AU (rating) nee (Mg m')
AN <1.2
A 1.2-1.4
1hunaig 1.4-1.6
AU 1.6-1.8
a9 1.8-2.0
I >2.0
301 WINTIY (2529)
d‘ [ 2/' 1 o :I a Q' v 9 g’
MSNUINT A9 TTAVFUVDIMANINUIIIVOIAUDUAIAIG
v as.l‘ 1 o oy
FEALFUY AENIN

[ Y
YOIAUDUAIAIBU (cm hr')

#1110 (Very slow)

i (Slow)

$1111na19 (Moderately slow)
11una1 (Moderate)
L%’J‘]Jﬂ.!ﬂmﬁ (Moderately rapid)
57 (Rapid)

3 .
1391710 (Very rapid)

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

31: O’Neal (1952)
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d‘ A a o = =1 v A < a a a <3 a
A1 NHHINN A10 ﬁ'ﬁJ‘UﬂGUfNﬂu‘ﬂ'Jll‘iJLﬂﬁEl‘UW]EJ“]Jﬂ‘UﬂULﬂlI aulaan tazawny luan

Soil pH Electrical Conductivity Sodium Adsorption Ratio
EC (dSm) (SAR)

Normal 6.7-7.2 <4 <13

Saline <8.5 >4 <13

Sodic >8.5 <4 >13

Saline-Sodic <8.5 >4 >13

1301 Brady and Weil (2008)
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MINNHINT ATl 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
7.2-7.5

7.15

17.7-18.0
14-15
10.8
9.9-10.1
7.2-7.5

7.5

14-15
12.4-12.8
9.9-10.1
7.2-7.5

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)

311: Whittig and Allardice (1986)
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