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Bhannapitch Samrit 2008: Characteristics and Fertility Capability of Highland Sotls in Khao Kho
Area, Phetchabun Province. Master of Science (Agriculture), Major Field: Soil Science,

Department of Soil Science. Thesis Advisor: Professor Irb Kheoruenromne, Ph.D. 201 pages.

A study on characteristics and fertility capability of highland soils in Khao Kho area, Phetchabun
Province was conducted on six representative locations of soils in the elevation range of 724 to 942 meters
above mean sea level. Method of study included soil field morphology analysis and laboratory analyses of’
soil samples on their micromorphological characteristics, physical, chemical and mineralogical properties

according to standard methods and assessment of their fertility and fertility capability.

Results of the study revealed that these soils are moderately deep to very deep. The soils have
developed on residuum and colluvium derived from weatherd rhyolitic tuff, andesitic tuff and greywacke. All
soils have clay coatings on pore walls and as large accumulation spots in their subsoils. They are moderately
to well developed. Physical properties of fine earths in these soil do not pose any problem for agricultural
uses. Most of them have medium fertility with extremely to moderately acid (pH 4.2-6.0), very low to high
organic matter content (1.8-42.1 g kg’l), very low to medium total nitrogen (0.25-2.38 g kg"). very low to
moderately low available phosphorus (0.02-9.31 mg kg") very low lo very high available potassium (10.7-
249.0 mg kg'), moderately low to high CEC (7.35-28.72 cmol kg'), medium to high extractable acidity
(4.30-14.32 cmol kg'l). Their aluminum saturation is in the range of 0.45-92.45 percent and they have low to
medium base saturation percentange (3.3-62.2 %). The major clay mineral in most of these soils is kaolinite
and their silt fraction is clearly dominated by quartz. These soils are Paleudults for four areas, Paleudal{ and

Hapludalf cach for one area.

Their Fertility Capability units include Chk for two areas and Lh, Ch, L’hk and LCak cach for one
area, with a unit of Cak by additional sampling. Their limitation comprises acidity, low phosphorus and
potassium, and aluminum toxicity. Selective agricultural uses can be made but plant nutrients management
practice and the combining use of green manure, barn manure, mineral fertilizer and liming to improve soil
fertility are needed. The most suitable land use on these highland soils is forest cover, being under natural
vegetation cover or agroforestry and measures for soil and water conservations and good natural forest

environment protection are needed to sustain their biophysical systems.
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MYIULY3 6,507,237 12,176,968 43.44
EREHIE 1,043,266 3,208,074 32.52
WIS 2,079,409 3,964,555 52.45
Uszaaunsvu 1,702,679 3,999,252 42.58
59U 73,698,385 12,447,779 57.83

31: nPIF13I9AU (2520)
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3. pszUIUMSINAAUNAY

U

1]
= v A

Y H
ﬂigﬂﬁuﬂ1ilﬂﬂ@uﬂuﬁuﬂ and WU 2 NTSUIUNT ﬁf]

U

1. Podzolization

g A A 9 a ¢ o a
Lﬂ‘Llﬂiz‘]J’JLlﬂ'li‘V]llﬂ'lil,ﬂﬁ?J‘L!Eﬂﬁl‘W’Jﬂ!“ﬁﬁﬂ’JE]’E]ﬂ]lclfﬂﬂﬁlﬂ‘lﬂﬂ%uﬂu (Stobbe  and
a 4 v a 3 a 5
Wright, 1959; 191, 25420) Imsnaeuiienelunindaduuiensanannmsazateveaunlsse
A a 1 A 3 aa QJ A A 9 a A W o Y a
LLﬁZLﬂiiﬂiuﬂua’lﬂ‘ﬁi@ﬂfﬂﬁ%ﬁﬂ (®@n8ND, 2527) “rﬁE]ﬂ']‘i!ﬂaf]uﬁl'lﬂw'Jﬂf]uﬂ'ifl')@il‘ﬂflﬂlﬂﬂfﬂi

aa A A Y 9 an Q' d? QSJI d‘d [ d’ 9 a
A ANYDIFANT HIOUANUUNIUVDIFANUNVVU TUFUNT 15019 9 Lﬂﬂ’EJUEHEIfJfJﬂ]l“lJ (v,

Y o

1 4 1 Y
25420) danszuaumMs oz IMimaauNIN Podzol NIAgAuiwaALliTaNg taz TuAuFua s

Q

S A = A A A = a = a 1 1 1
T uatumaes sodmass tazimsazaueumanuried luauas aaulvanylu

3 o

a =< a d‘ 1 d’d zﬂy a = Qc‘ =S
vinaomanuiu lldwinuievguidianuiuge Tasdndvzligungiidl duanyn Ims

@ v @

dzandunIeingaanMIgedatedl uazlumsaaeaivesdunioiag Mlnauiilgnse

4
=

ilunsags (@AANT, 2527; McCaleb, 1959; Stobbe and Wright, 1959; Buol ef al., 2003)

2. Latosolization

I A a 9 A a [ @ v
UJUﬂigﬂjuﬂqﬁcﬂlﬂﬂii‘!lﬂl@ﬁ@umﬂNu@ﬂslzﬂ PUNYUFI NMIHWIADYAIVDIULTTIA

9 9
LAz AA1AIVBIBUNTETAYGI a13019 9 iartazazaenaz i aze1iuii (solution  and

T

. A 9 a2 A A 1 < a o ~
hydrolysis) gnszazaandeudieesn li dsimavegiluaiswinman ezgltiy uazuuanild

Jd o

Y g’ = a a o . . I a Ja aA A
DIANINNITAZAYUIAILINADDNLIAT U (oxidation) Lﬂul%ﬁ’ﬂ]@ﬂﬂllclm VI11W@H3J’LTLL@NIW§E]

4 Y

A Y a RS [ < o Ja A o
Moo LLa$ﬂ1§f’fﬁﬂﬁl@]’JGUEN‘VI‘LlLLaguilﬂu]lﬂ@m&ﬁ?]mi?m1ﬂ m‘lmuwmumu B iU Liag
9 a v v v I 9 ~ 1 o A A £ A dg’ 9 A
ﬂﬁfﬂﬂl“ﬁﬁﬂ’m@ﬂllclfﬂ AN uUNoU ISenI YNINNITDAAULAY FUNAVUIINTNINLINADNNY

Y
szezAUAlonazITIaa U NTLUIUMITIE A laterization (191, 25420; Buol ef al., 2003)

=S a d' %
4. ﬂ1iﬁﬂ1ﬂ1ﬂuﬂq%11!!‘llﬂi®u

aungaluaadoudifhiomulumsadudivesdu Ao anmglonna tazszAuANga

Q

'
a %

& o 1 ) Yy dy A A =1 Ad o 1 A 1 v o 1 o Y
mmﬂmmﬂwumm%umamm uawqquum1mmum“lﬂ1nag1usmumﬂ:n ‘ﬂﬂ‘ﬁ
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Aaaa = a d? 9 1 c; d! 1 dy o Y a Aaana
‘]JQﬂSEJ'I‘VINLﬂ‘JJ uazmwzazmmﬂmu'lm)mmmmm mclumazwuumﬁlmﬂﬂﬂgﬂﬁt’n

meluauilanlasssigiszguinoenun Tasmsunuiives lalasonlooou uaziimsvzazae

a o A

a Y 1 Y/ [} 9 Y A [ 9 o Aa A A
aaﬂ"lﬂmﬂ@u"lmw ﬁﬂuﬂ%ﬂ81Uﬂ13ﬁi1ﬂﬂﬁﬂlﬂﬂﬂu@’J@u A9 INPAUNUUAAU WFNTTIU TNIN
a A o Y =KX o dy A A =K I o A asn =
ﬂuuﬂ'i%mﬁ LagIan uaﬂymzﬂawﬂmﬂuiuwumu al| dutluilavensosasn (@nansd, 2527,
DB, 2534; 101, 2534; Butzer, 1976; Calvert et al., 1980; Buol et al., 2003)

a { (R a { o
1nMssusmHanmsanaungluvadou woduluduiniauunnaznouaia
139197 (colluvium) 1Az IHAANAII (residuum)  (MPI19HUNS 1FNAU HaznoIdI519AY,

25370, %, 9, 3; WYad, 2526; 55175, 2530; WINW, 2541; 113A, 2546; Dudal and Moormann,

v 9 v
a A

A o a =K [BR=W a 1 a L] dy a A
1964) UMAUAU UAZAUAN VNUYINUNDUNTIA uawumummwuﬂzﬂuagiuma@uma
1a Y a a A g} = = 31 = o di’ a aa
NILYBYHWINUIAU AUNNITISVIYUIAIUNINITISVIYUIANIN aNYUSUDIUDAU TAU LA

o 9 o a @

Aaaa a 1 [ 1T A a ) a
Ufnsovesauuananiuesn lludwariavesiuniuingdusuiauaz imuinsvesdu

Q

=

o a 1 1 a3 a 1 =
(N09d1379A1, 2522; Oughton, 1972) dauluapiluAuneudiedn Iiamsthunandgs

a 4 A o a A I~ a { 4 1
(Wyad, 2526; WINW, 2541; Ne, 2542; 1134, 2546) nazluauninnuganauysal aglu
[ 1 ° ° 4 a 1 J 1 a 4
FEAUADUTIIAIDIAT nTIziilosnnAumartilimsszazale uaznisnsou (Wyad,  2526;
1 1 a 4 a oA
wamnw, 2541) lumnzanaems lmemaneas (WYad, 2526; WIAW, 2541; 1A, 2546;

Klankamsorn and Charuppat, 1980)
4.1 ANHULNNMINNUDIAY

= = awva A a A a
NNMIANIVOL (A8 (2538) NI (2541) 1aziiTA (2546) NANMIAUNIlUDT M
9 9
Tadarea vy wunadwlvaleynansiegaluaugsunu wasiilsnaanasluduauai
A A o' 3 Y o Aa 1 a = A A Q‘ dgl
eymaAnseutladiUsuathunan aivauensiihdaau daeymaaumilenlUsuanniuly
o’/’ a J A = Qs}l a = dy a I a 1 a 1 a 1 ~
Fuauan esninmsazanlusuau B Tasiimeauiluausuilunsie ausm ausumile)
=KX A =} A a 1 = P aAa a @ a A = M Aa 3 =
wdeAumniler auigediulugll Taseadwaud Weauiiades Taen llauruuuian
v 9 1 4
WHUHUTIWAINIAUFUA N HosnAuldunT oIngge dIumMInszneveeread 1 luauiv 9n
= a o ~ A B2 a a I a 1
MIANEIV0L I5ANA (2526) NANMIANTAMIMEnMYesALLNszMs uSna w13
d' a 1 3’ 9 9 [ v A [} 1 = 9 4
aeuavy UsnAgNIMIenoni aoelfs Taniames vy wunmandsumlasnmslslse Temd
Aa -4 Ioa I v A 3 ) Y ' ' 1 a
navnnuypdnnihavwilulsigeuassiu dlimsnsznevinaresinvmnalnagvesdu

09/’ a I 1 1 < A -4 1 1 a @
Fuvuanad taznaiiure ALY tazamazne inailymivanminaden
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42 ANHAUTNUANVDIAY

@ J a { us/‘ J @ %
anbazmaall tazANugaNaNyItivesauigaiu ianuuana et usenl 49

[ a a [ Y o a

9 ]
ﬁuagﬁuaﬂynguﬂﬁzmﬂ Qu9INIA ua:mqmummmuﬁu@mmﬂﬁ”u (ﬂﬁ@] uazaue, 2528)

Y

v
= a =

[l A dy AAaa Yo Y o a 1 [ =\ 4‘
TagRNIZ0E1NgINUN NN Y 1ﬂa¢1qmummﬂﬂummmNﬂmzummuﬂiﬂsmqﬂmim

4 a [ [} a a oy 4 [ a
ANURANANYITRIvesAY daudnvazgloimalasmmzilsunaniidy anudu wazdnyazgil
UszmalagmnizAuaIAFULALNANIIANINAIATY WO NTNAADMTINAVDIAULAL AT
AL TAvealiyWs sl (Handricks, 1981) tazautianmaniivesaudaiinnuiuulsuanaieiu

a 1 : @ a @ a U 4
amytaueeth 1fd1e FennnsAneIdnyaLYIAUiUANUTAINYAUR AT 190 T 9A

a 4 a &o Y a A

< Aaa [} 4 1
Uil?ﬂ!ﬁﬂquﬂHﬁWﬁ@iﬁmﬂi}WiguNl%’lﬁiﬂ@l@] M IATee v (i](i]iﬂﬂ, 2543) WUINAUY

=

k4
Ugnsenaueglusiansathunantnsada Usunadunisiaguas lulaswusmlusuaudn

u

1 v
=

= = oa A ' ' 3 o o w a
‘Viu%ll@]ﬁlllﬂﬂﬂﬁ@iuﬂTﬂUﬁﬂ TO304U1 AD bluﬂwmty%wssm taz A9 muaay s

o A g 1 U= { J 1o (L a A 1
WoerrloFaiiduiss Tomiluthwaanssawaziuaeds #ill ldwarauauiisdinithsiedu ud
v A A ~ ~ A o 9 ' 2 = = A o 14
naulilsnamaaBeunazuuniiFeunana launni Usma Inuneden waz Tandeunanald

Hawananu lidanu uazannuguanalasuuna loveuvesaued lussthunadga

v A Lﬂy A o 9 J Y 2K 1 o Y
PJagruinmsyngniungainnlalss Tesinwaiumsinuas 3adamailnims
a 1 < @ L4 a
qt‘llulﬁﬂ“ﬁWﬂ@'lﬁ'lﬁﬁluﬂuﬂ‘c’ﬂﬁﬁ’lﬂliﬁllﬁ%ﬁfﬂiaﬂﬁ\ﬁl’ﬂ\iﬁgﬂﬂﬂ’NiJQﬂMﬁN‘]aljiﬂHl@\‘lﬂu
9 dya A 1 [P =~ A A 1A
(Yemefack, 1995) ﬂﬁﬂlﬁﬂuﬂuWQQIﬂﬂﬁ’JuiﬁﬂlﬂJaﬂ‘Hﬂ!gﬂ'l\‘]LﬂiJﬂJ’E]\‘iﬂH“l/lLlﬁﬂQ?WN?J?]DT?JQ@N

auyTaian (RYad, 2526; WinW, 2541)

43 An¥aIZoIAlIZNOUNIT N

A = =< Y A [ ‘T’J a Ao

] Y
UIINVOIAUNTILMIAN I 08NN Lﬁmmﬂﬁuwawm UUTIUNUANYNIN

u Y

% A A =

v v Y
NUMINEATAT Joyameanunsaneuneunarua lavninmsansuiestiineriinus uay
awv [ Id‘ I~ o a =1 1 [~ [l a 4
muAteud TaeusiilluesadsznouluoymavueaumiiordiulvgiiluusinToa lua
a 4 4 1a =1 d‘ d' Y 1 A 4 1 Jaa o ] 4 a
wazus nul led usawmtiendszanou o Anulaunussa’lad usnesiallad usueudussa-

4 1 4 ag;l ;4‘? LY a a los.l’ a LY Y o a A a 4
Ta”lu@ uazumaa”lm mwuuagﬂﬂ%uﬂmENwuuazmmmﬂumqmummﬂﬂu (‘wyjaﬂ,

v
o =K a

4 Y 1
2549) uenantatiavewsaumier luandiuegiuszauanugeuesiiui uazaudwugi

u

a

Y [ 3 A 1 A a 4?
']Jizmﬂ@lilﬂ miwzimummqwmwumuNamammquuiwmmwza3a1ﬂmﬂmu1uﬂu



14

Aaova a 4
(1739, 2544; Wiag, 2549; Koppi, 1981; Ovalles and Collins, 1986; Miller and Birkeland, 1992;
Norfleet ef al., 1993; Jianfei et al., 1999; Allen ez al., 2001) lTuusnageaIvIseaily
zﬂy A A 1 1 1 a ~ 3| [ a d A A o o 1 1
Wunfoggani1 1,000 was us lueymaaumtentunsinloa lud nenul ledailudiulun)
a a A a a [ a = I ] a Jd a 4 4 4
vazluusnansun viogaduns lueymadumileniluusialod lud Audled uazinelna
I [ " Aawva a o [l dy aAa lo‘ v 1 a
AuduIng (1390, 2544; Wyad, 2549) armlunuNNoga1nIN 1,000 WAT 911 WUNUINIAGDA
A a a ~ a 1 1 9 1 a 4 = v a
nvioseativoymaaurtior luaudiulvgjlszneudlonsia Tod lua uaziing Tueynindu
a 4 o 4 3 AavAa a 4 a a a a
willewiaou 9 1 (@uius uazian, 2530; 139, 2544; Wyad, 2549) UTHAFUVIMTOITUTU
[l a = I 1 a 4 A [ 4 a d ] [] [l
us lueymaaumilentlunsinlod lud wiousuouaneiala ludiiuaulug uazerawuus
d' 1 a = Y a o [ 1 =\ 4
ou 9 lungueumavinaaumiion 1éonnaeyila dmsuus lueymansieuihiiosdilsznoy
a [ 1 [~ 1 4 AavAa a 4 ld‘ a Y Y
Fans Taodw Inajilunsaiond (wsmw, 2541; 138, 2544; Wijad, 2549) usou q Awlaths
] 1 4 4 1 A 4 Jd aoua a 4 1 a
wu usladanhs us Tun wazus il lesd (1198, 2544; Wyad, 2549) wazerawuusialod Tud ld

@18 (1199, 2544; Nwadialo and Lictzdke, 1989)

P '

1nM3sIvTdeyanius e lueymansieutluazdumitionvesanlunun

Y I 1 1 Aa A o o ~ a 4? a 1

fj:\i uﬁmﬁlmwmmﬂuﬂuumivgwqﬁmﬂmqmm mmi%azawmmﬂmuqa INITISWULLT
a o S X a d? A A = 1 a <

ﬂ‘]J“]JU],‘;]fG] GlNm@muiuﬁmwwumwzazawqq Lm%i:‘fﬂJuLﬁﬂﬂN@@ﬂkl‘ﬂ%Wﬂi%ﬁJ‘Uﬂu!ﬁ’nﬂﬂ

o = a =\ A ° A a =1 I 1

(aﬂﬂa, 2534) ﬂuﬂzummﬁ;uamﬂaﬂmmﬂ"laaaum !,Wi"lm!,i3%811U61§ﬂ1ﬂﬂumuﬂﬁlﬂuui

AU HEININTINAT tazlseguosduAlTaNEFYRIAY (IN1ITTN, 2544)
5. mydlsulivanssauzaNNgANaNyIaivesAY

o G4 a2 oy oqe . . .
FEULMIVUUNTUTTOULANUYANTUY TUVUDIAU (Fertility Capability Soil Classification
a I {
System: FCC) (Sanchez et al., 1982; Sanchez et al., 2003; Buol, 1987; 101, 2542) WuseuuNTIVTIN
VA Aa 2 AA g U 1 @ kY Y
ﬂqMﬂL!‘V]3JﬁilllG]T]WQﬂWfJﬂW‘Wng‘VINLﬂlI‘V]L‘]J‘Llﬂ@W1ﬁ6ﬂ1ii}ﬂﬂﬁﬂ1uﬂﬁlﬂyﬁi EJ'IGl,Glicluﬂﬁ
o a 9y ==X a a 1 A A 19 v [ a a A
PULUNAU Luumﬂmmwmmﬂu‘uuuamuaN '1/]Mﬂ’ﬂll’dll‘w‘L!‘ﬁIﬂEJG]ﬁ\‘lﬂ‘]JﬂﬁLi]iﬂJUW]UIGWENW“H
Y
a [ 4 o =1 o
(Kheoruenromne, 1989; 191, 25420) 'Jﬂi].ﬂigﬁ\‘iﬂ"ll’é)\‘i5$1J1Jﬂ1‘ii]1lluﬂi$‘ﬂ°uu ﬁf] Sglj’élxiﬂﬁﬁﬂ!mﬂ
a I ] A a AaA 9 A A9Y o w o 9
ﬂ’LJ’E)’é)ﬂLI]UWZJ']ﬂT‘iiJ“ Iﬂﬁlﬂﬁiﬁ)ﬂiﬁh‘]ﬂuﬂﬂu‘ﬂﬂﬂ’ﬂhﬁ’ENﬂﬁ‘l"iiﬂﬂJ"U@iﬂﬂﬂiuﬂWi%ﬂﬂﬁﬂTLJ
s a A 9 =2 o Y 9 1Y v 9 o a
ﬂ’ZﬂiJQﬂllﬁllll”‘im"UfNﬂ'H‘VIﬂﬂWﬂﬂﬁQﬂHi‘ﬂﬂﬂﬂﬂ@gﬂ’)ﬂﬂu IﬂEJfﬂﬁEJ"ll@yﬁ%Wﬂﬂﬁﬁﬁ’)ﬂﬂulm%Nﬁ
a 4 Y a wva o 9 ,:'3 a I [ 3 a 1 =< 1 Aa
ﬂ1§3lﬂi1$ﬁﬁ]1ﬂﬂ@\iﬂ§]‘ﬂ@]ﬂ1§ mimuumuum%uﬂuumﬂuwaﬂ uawuﬂuanaﬂllnmu 50

FUAINAT (HT0 60 15UANAT) INAIAY (Sanchez er al., 1982; Couto, 1988; 191, 25420)
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o 13 @ QaJJ a 1 ]
mMsdwunutailu 3 s2au Ao Uszian (ype) Ysztnnueatuanad (substrata type) LATHYUIY

aussauzANugaNaNysaivesau o8 utl5vene (modifier) (Buol ef al., 1989; 191, 25427)

Y 9 9
1. msdunszaulszian Gl%’gﬁaﬂumm%uﬂu‘lawmu HIOFUAUD UM 20

9

Aa 9 IZ dy 1" v 39 Yo I 4 dy a 9
LEUANANT uamm%uhlwmmuﬂmﬂuﬂ%%uumﬂummm ﬂizmmmmmaﬂu%mmz‘uumi

Qe

9
TWUNPAUUDINTENTIINBATANTTOIITN (Soil Survey Staff, 2006) tagl¥onusdngu

fru I dudadnual 1dun

Y

a o . A a A
S = @uuwilunTe (sandy topsoils) : 1HBAUN

[

o I a
AU uUNI1Y (sand) LazAU

519U UANITIY (loamy sand)

a I a 1 . dy Aa a Aa a = I 4
L = auuwiluausau (loamy topsoils) : taaullsnaaumienl vosnsznou

Y [ @ 1T Aa @ 19 1 3 A a 1
UoYNIN 350 ﬂill@]'é)ﬂiaﬂill LW]G]?]\?U],ML“]JH‘VDWEJ mamwﬂuﬂunu

a I a g a a I 4
C = auywiluaumiion (clayey topsoils) : HeAulFinAumiienl uesmilszney

1NNAMN350 A5 190N lansy

@

a A o . .  a daa = 3 J '
O = AUBUNIY (organic soils) : 1WUAUNUBUNTBIAQITUBIAYTENOUNINAI

q

Y a

300 nFuaen lansy TuranNuanee 190 50 EUALATIINAINTIIAY

v Y 9
2. MauunlsznnvesFuanas Gl%’é’ﬂ‘ymzmauﬁ@ﬂmmsﬁuﬂumq N1IUN

v Y Y

1 3 a ' Y A A a 1 1 A a 1
ﬂizgmnﬂaﬂaﬂﬂiuﬂizmm%uﬂuma Glﬁ]fmwwﬂimmuaﬂuammﬂmqmﬂmaﬂuuuama

v A daszl 3 Ao a A a 4? =2 a Y a
BALU UIDUTFULUINUYAVINNITEITYVOITINNY Lﬂﬂmuiusxﬂxﬂamaﬂ 50 HUALNAT DA

o 4

a 1 = dy a A [ 19 1 dy a v ]
VUUATAUANUIUDAULIUDUNU ”lmaﬂaﬁmaﬂymmauuaﬂuanaﬂﬂiuwmﬂammm

o

ANUQANANYTBIVBIAY (FCC-unit)

a ' ~q Y o o a J 2 a A 1 1 =3 v a
auaranlFlumsiwunseavdsznnanai !,‘]J‘Ll@]uﬂ@giu%lﬂﬂl'mﬂﬂiz'ﬂ'ﬂﬂﬂu

=2 a

YU 1JaUDIANVEN 50 IFUANAT (30 60 LFUANAT) (Sanchez ef al., 1982; Couto, 1988)

k4
A v A

[ A YR o o a 1
NYIN IFFITWUNTTAVYTZANAUA1 A9l
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a 1 I 1 [
S = aua1aiung1e (sandy subsoils) :  letyu@edduludlsznn

a 1 I a 1 1 [
AuauduAUIIU (loam subsoils) :  Iyu@ernululsznn

—
I

a 1 3 a 1 o
AuanauuAuHied (clayey subsoils) :  1tyu@ednuluilszian
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Il
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3 [ I a < n’/’ a <3 A A A Y~ ] < ) Y
R = Sua1utuivng (rock) U ULLUY HIOFUNUNITIFOUA U ULHULU ‘Vl'ﬂﬁ

s luaunsoveu laruaslyld

] J a I o { A 4
3. NUIYANTIOUSANNGAN TN TUVDIAY Lﬂumimuuﬂﬁmwwmmzmﬂﬁu Iﬂfl
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uilsa19 o WAl
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aA oy A = a Aa A 9 a
ﬁ’é]’f)ﬂll‘]JVI'N‘L!WI"Iaﬁﬁ’f)LLﬂQiﬂﬁgﬂZﬂﬁnJaﬂ 50 IFUANATIINRIAY #NIU TUVT VT g
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TINNY

A

o 3} a A
g = WU (gley) : AunIoInllszn llﬂTNﬂ (Chroma) 9110 2 ﬁi@u@ﬂﬂ’ﬂﬂiﬂiu

9
i%ﬁﬂﬂ’n&lﬁﬂ 60 L“D’l!@]LiJG]ii]”lﬂN’JﬁﬁTﬂu azl “uﬂu A 'VN‘Hll?I maﬂuaummﬂmmﬂmw

60 M ludlvnvessoudl

] a g I v A . an . e a
d = uni (dry) ﬂuﬁizuaumm%ugﬂuamﬂ(usuc), 13N (aridic) NI0IHBIN

(xeric) TASAUAINAN 20-60 LEUANANT ZUFIUIUINAI 90 Tuazanlusouil

H v Y
e = mmi;uamﬂﬁaugmel‘laaauﬁw (low cation exchange capacity) : THnamzdu

a = a = qu‘ Y T qul dil Y a A d'
AUVUAN 20 LFUALNAT maﬂm”laws’mumumwu"lwumummu ﬂuummmmmmﬂaﬂu
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]
= [

A a o ax @ a A o
una leoau (CEC) 1H931A3121 1ae35HATINUBILEA (sum of bases) NUFN M0z gl uan
J ! { a a
g TnundiFounas 156 (KCl-extractable Al) (A1nnuguanasuuna looeuilsz@nina :
effective CEC) 1100n11 4 15ud Iuasioau 1 0 laniu nioanuquanilasunna losouilosni
a 1T A a 1% A o a o A A a A
7 wud luanedu 1 N1anin Weiin1sn ey laenasuueuud 1 pH 7 H30AUNAIAIINY
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2.2 MIUATIEUTNUUANNIYNIN
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2.2.1 MFAUATIEHANUHUUUUITINUDIAU (bulk density) Tﬂﬂﬂl%i%ﬂﬁg‘ﬂﬂﬂlﬂﬂ

deg1aau IaeluiiaieTnsaad1a core method (Blake and Hartge, 1986; Culley, 1993)

222 MIIATIZHMINTLIBV0I0YNINAY (particle size distribution) 19873
pipette method (Kilmer and Alexander, 1949; Day, 1965) waﬁ”ls?fﬂmms"ilmwﬁﬁnmmmm
Usznnvesay (soil textural class) Taomanfoufeususuauanaiuensen1anyas
an %ﬁ 9135n1 (USDA textural class) (Soil Survey Staff, 2006)

A ¢ o o A A2 ooy 2
2.2.3 MIUATIZVNITUIHIVNAUNDNAINIYU (saturated hydraulic conductivity)

Y
Tae T Wa9NUTUE LT (variable head method) (Klute, 1965)
a o =
2.3 MIUATILHNAUAI

23.1 U{ATe1AU (soil reaction, pH) laeldinTosiioiallfnserdu (pH meter) 1%

AT1EIUANNDI LazAUADaITAZA1 1 M KCL 111U 1:1 (National Soil Survey Center, 1996)
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232 aanm3iin i (electrical conductivity) Taedaanmmmsii Iihwesanseana

a =

DUAIVDIAU (saturation extract) ﬁ’ﬂﬁqmmm 25 DAY AL YT ﬁ}’JEJLﬂ"iﬂfN electrical conductivity

QU

bridge (Richards, 1954; Faithfull, 2002)

233 AsueudUN3 g (organic carbon) 1Ao7 Walkley 118¢ Black Titration
(Walkley and Black, 1934; Faithfull, 2002) udasiuimnilsinadunsedagluau (organic

matter content) 9INFAT OM = OCx1.724

234 Tulasousiu (total nitrogen) Tae7s Kjeldahl method (Jackson, 1965; Weld

v
HAZITNY, 2542)

235 Wﬂﬁﬂ@%ﬁﬁlﬂuﬂiziﬂ%ﬁ(available phosphorous) JEYRT Bray II udaia

USnalearesadanios spectrophotometer (Bray and Kurtz, 1945)

23.6 Tumadeuiidlulsz Tend (available potassium) Tavanadas 1 M NH,0Ac #
Wunang (pH 7.0) (Pratt, 1965) uaiadTuna Tnunedeud 181304 atomic absorption

spectrophotometer

237 1WaNanald (extractable bases)  ¥9UIENOUAY uAAITEY AT
Tnunandou vaz ImAow Tasafadieaisazas 1 M NH,0Ac Wilunais (pH 7.0) (Peech, 1945)

uarIalTinadenTed atomic absorption spectrophotometer

238 AN L‘ldj unsanana’ld (extractable  acidity) 1a®77F barium  chloride-

triethanolamine pH 8.2 (Peech, 1965)

239 anuyuanilasuunalooou (cation exchange capacity) 1AONTFUYY

v A A ~
lovouin dreasazats 1 M NH,0Ac Milunas (pH 7.0) vazunuiueyTuiisylovou
9 = 4 I M = Y o
dremsazare Imdeunan 15a (10%) luanmitlunsa naunen Tuiionlooou udduia

amanuyuani)asuuna lopouvoAY (Chapman, 1965)
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23.10 da5TesaTANNINA NV (bases saturation percentage) TagmsAIUInNIN
1 A v 9 = 9 1 = A A I~
ﬂ"ll‘Uﬁ'i'JiJTlﬁ'ﬂﬂllﬂ (sum bases) Gm"lmmwaiamm LUARLBYY LLUNDULE YN Tmmmmam e
1 @ I 1 [
To@ennanala uazanuilunsananald (extractable acidity) (Thomas, 1982; National Soil
Survey Center, 1996) 91NgA3
extractable bases

base saturation (%) = —— x 100
extractable bases + extractable acidity

Ao A o 9y v 9 Y a J
23.11 ﬂz@,uuumﬁﬂﬂllﬂ (extractable Al) Tﬂﬂﬂ?iﬁﬂﬂﬂﬁlﬂ 1 M KCI HaIUATIEH NN
Ysinadrems lamsatuasaza1eanasgiu NaOH tag HCl INFwanusiud uu uou (Thomas,

1982)

23.12  anuantlasuuna lovouisz@nTna (effective cation exchange capacity)

a o [

Tagmsfumninanuasuianald uazezgiriunanald (ECEC = extractable bases +

extractable Al) (Thomas, 1982; National Soil Survey Center, 1996)

2.3.13 %ﬁ)&lﬁ%ﬂﬁ]m?ﬂlﬁ’ﬁl@ﬁﬂzgﬁ 114 (aluminum saturation percentage) ATUIUDIN

'
v A [

AweslSunanuasuiiana 14 uazezgiiiuiana’ld (Thomas, 1982; National Soil Survey Center,
1996) 1INFAT
extractable Al

Al saturation (%) = x 100
extractable bases + extractable Al

a J Aa < Aa o =\ a Aax . .
23.14  AnsendImnanvan exgiiiv vazuusmialugidase Taeds dithionite-

citrate-bicarbonate (Mehra and Jackson, 1960) 1ug od" UIU 1A875 ammonium oxalate (McKeague

a 4 a
and Day, 1966) Lms“lug Ue150unsd 1aenT sodium pyrophosphate (McKeague, 1967)
a d g a v a
24 ﬂ153!ﬂ§1$1’i®Qﬂﬂi%ﬂ@ﬂ!“ﬂ\‘l!ﬁm@ﬂﬂu
a I a a ' ' a ~ . S
241 AnnehriarazlTuavews lunguoynnAumMile (clay minerals) N1

< 1 a Y v A 4
vnaannd 2 lulnswes Taeds@enunsedions (X-ray  diffraction  analysis;  XRD)

(Jackson, 1965; Whittig, 1965) IasmsiieoymavuiaaumilealioudidreInunadon



32

TwunenFeurna 550 sarnsaied uuniiFoy tazuuniiFeunoudidreensau lnanoa 1an
a L4 as dy v d o ~ Y a2 =} [ Y] a '

A1 Iaed T msdenuusedend hnan e suieunuriaueasnsgiu (standard
minerals) (Whittig, 1965) ttagsziiiunlsuavesussian1g o) 1ae7T relative peak height 1o

peak area (Jackson, 1965)

a d a a 1 1
242 amﬁz‘ﬁﬂmmm3‘1J3mmﬁuml,!,igluﬂaqmumﬂmwuﬂﬂ (silt fraction) VUIA 2
= Aag dy v A d o ~ PN = [ a 1
299 50 hllliﬂﬁlllﬁﬁ Tﬂmmammu’iﬂﬁmﬂm u'lwa'ﬂllﬂlﬁﬂ'iflllﬁ/lﬂﬂﬂﬂ%uﬂﬂlﬂﬂl!ﬁu?@lﬁﬂ’]u
(Brindley and Brown, 1980) FmsudT eI THAA1N 9 Us21iiu1ae7T relative peak height
1ag peak area (Jackson, 1965)
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HAZUT INOANMINNYATUTIUINGIUDIAY (Brewer, 1976; Bullock ef al., 1985)
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a Ia A o o 1 o
2.5.2 MIUAITIEUAAITIU (petrographic analysis) YUUADUNTNUNUAAUIIVD
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a % A a 9 a A v 1
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' Y
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=2 a
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1985)
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andesitic tuff
6 25 200+ Ap-Bt-BCrt1-BCrt2-Crt-Cr 4 724 Undulating  Lower footslope on Residuum derived from

highland undulating plain

weathered greywacke
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Waou NN Il msldnau MIszin MIUFh M9 Ivaiveai
(Pedon) (Climate type) (Land use) (Drainage)  (Permeability) (Runoff)

1 Semi-humid subtropical Mixed cropping of para rubber and upland rice Well drained Moderate Moderately rapid

2 Semi-humid subtropical Mixed cropping of coffees and everygreen tree species Well drained Moderate Moderate

3 Semi-humid subtropical Litchie terrace Well drained Moderate Moderate

4 Semi-humid subtropical ~Upland rice left fallow at time of sampling under tall grasses ~ Well drained Moderate Moderate

5 Semi-humid subtropical  Chilli left idle at time of sampling Well drained Moderate Rapid

6 Semi-humid subtropical ~ Vegetable, left fallow at time of sampling Well drained Moderate Moderate
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(¥3.) uirg, wu, Alen uanu FuUAUY

Pedon 1 Typic Paleudult, very fine, kaolinitic, isohyperthermic

Ap 0-30/40 7.5YR 3/3 C 3, f-m, sbk H, F, VS/VP 6.0 Cand W  common traces of dead roots, few surface cracks

Btl 40-61 5YR 4/6 C 3, f-m, sbk H, F, MS/VP 5.5 GandS  few traces of dead roots

Bt2 61-81 5YR 5/6 C 3, f-m, sbk H, VF, MS/VP 6.0 CandS  common traces of dead roots

Bt3 81-103 Mixed 5YR 5/6, 10YR 6/6, 2.5YR 4/6 C 3, f-m, sabk  H, F, MS/MP 6.0 GandS  few traces of dead roots

Bt4 103-131 Mixed 5YR 4/6, 10YR 6/6,2.5YR 5/6 C 2, f-m, sabk  SH, SF, MS/MP 6.0 GandS  few iron-manganease oxide nodules,
few traces of dead roots

Bt5 131-154 Mixed 2.5YR 4/6, 10YR 6/6 C 2, f-m, sabk  SH, SF, MS/MP 6.0 CandS  few iron-manganease oxide soft
and few traces of dead roots

Bt6 154-179 Mixed 2.5 YR 4/8, 10YR 7/4 C 2, f-m, sabk  SH, SF, MS/MP 6.0 GandS  spot accumulation of white clayey materials

Bt7 179-200+  Mixed 2.5 YR 4/8, 10YR 7/4 SiC 2, f-m,sabk  SH, SF, MS/MP 6.0 - spot accumulation of white clayey materials
and few traces of dead roots

Pedon 2 Typic Paleudult, fine, kaolinitic, isohyperthermic

Ap 0-20 Mixed 7.5YR 4/4, 5YR 6/6 FSCL 3, f-m, sbk H, F, SS/MP 6.5 CandS  common traces of dead roots

AB 20-46/51 5YR 4/4 CL 2, f-m, sabk  H,SF, MS/MP 6.5 Cand W  common traces of dead roots

Btl 51-72 5YR 5/8 C 2, f-m, abk SH, SF, MS/MP 6.0 Gand S  few traces of dead roots

Bt2 72-102 Mixed 5YR 5/8, 10YR 7/8,2.5YR 4/6 C 2, f-m, sbk SH, SF, MS/MP 5.5 Gand S few traces of dead roots

Bt3 102-130 5YR 5/8 C 2, f-m, sabk  SH, SF, MS/MP 5.5 Gand S  few traces of dead roots

Bt4 130-160 5YR 5/8 C 2, f-m, sabk  SH, SF, MS/MP 5.5 GandS -

Bt5 160-200+  5YR5/8 C 2, f-m, sabk  SH, SF, MS/MP 5.5 - -

Pedon 3 Typic Paleudult, very fine, kaolinitic, isohyperthermic

Ap 0-10 7.5YR 4/4 C 3, f-m, sbk VH, VF, MS/MP 6.5 CandS  common traces of dead roots common deep
but narrow surface cracks

Btl 10-31 7.5YR 4/6 C 3, f-m, sbk VH, F, MS/VP 6.0 GandS  common traces of dead roots

Bt2 31-56 Mixed 5YR 4/6, 10YR 5/4 C 3, f-m, sbk VH, F, MS/VP 5.5 Cand S  common traces of dead roots

Bt3 56-81 Mixed SYR 5/6, 10YR 5/4 C  3,fm,sbk H,F,MS/VP 5.0 CandS  few fecal pellets
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FUAY  ANWAD GO iedu  Tasead Mytaaa URAsenau  voulwa  anbuzdu
(1.) urte, ¥, @len Tuanw Fuau
Pedon 3 (continued)
Bt4 81-112 Mixed 5YR 5/6, 10YR 6/6 C 3, f-m, sbk H, F, MS/MP 5.0 GandS -
Bt5 112-142 Mixed 5YR 5/6, 10YR 7/4, 10YR 6/6, C 2, f-m, sabk  SH, SF, MS/MP 5.0 Cand S -
2.5YR 4/6
Bt6 142-175 Mixed 5YR 5/6, 10YR 7/4,2.5YR 4/6, C 2, f-m, sabk  SH, SF, MS/MP 5.5 Cand S -
10YR 6/8
Bt7 175-200+  Mixed 5YR 4/6, 10YR 7/4,2.5YR 4/6, C 2, f-m, sabk  SH, SF, MS/MP 6.0 - -
10YR 6/8
Pedon 4 Typic Paleudalf, fine-loamy, mixed, active, isohyperthermic
Apl 0-25 10YR 4/3 GCL 2, f-m, sbk SH, SF, MS/MP 7.0 GandS  common traces of dead roots
Ap2 25-45 10YR 4/3 GCL 2, f-m, sbk SH, SF, MS/MP 7.0 CandS  common traces of dead roots
AB 45-60 Mixed 10YR 4/3, 7.5YR 4/4 GCL 2, f-m, sbk SH, SF, MS/MP 7.0 AandS  common traces of dead roots
Btc 60-82 7.5YR 5/4 GCL 2, f-m, sbk SH, SF, MS/MP 7.0 CandS  few traces of dead roots
Btl 82-100 Mixed 5YR 6/6,7.5YR 7/4,2.5YR 4/6 SGC 2, f-m, sbk SH, SF, MS/MP 5.5 CandS  few traces of dead roots
2Bt2 100-122 Mixed 7.5YR 5/6, 10YR 7/4 C 3, f-m,sabk  H, F, MS/MP 5.5 Cand S -
2Bt3 122-146/150 Mixed 7.5YR 6/6, 10YR 7/4 C 2, f-m,abk  H, F, MS/MP 6.0 Cand S -
2Crtl 150-180 Mixed 10YR 7/2, 10YR 3/2, 10YR 5/8, SGCL 2, m-c,abk H, F, MS/MP 5.5 Gand S -
10YR 6/4, 10YR 7/8
2Cr2 180-200+  Mixed 10YR 3/2, I0YR 8/2, 10YR 5/8, SGCL 2,m-c,abk  H,F, MS/MP 6.5 - -
10YR 7/8
Pedon 5 Vertic Hapludalf, very fine, kaolinitic, isohyperthermic
Ap 0-30 10YR 4/3 C 3, ¢, sbk VH, VF, VS/VP 6.0 CandS  common surface cracks and common traces of
dead roots
Btl 30-50 7.5YR 4/3 C 3, m-c, sabk  VH, VF, VS/VP 6.0 GandS  common vertical cracks down to 60 cm depth
a large block of slightly weathered rock
Bt2 50-70 5YR 4/4 C  3,m-c,sabk VH, VF, VS/VP 6.0 Cands  few large block of slightly weathered rock

fragments and traces of dead roots
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(¥3.) uie, ¥, dlen luauw FUAU
Pedon 5 (continued)
Bt3 70-90 Mixed 7.5YR 5/4, 7.5YR 4/4 C 3, m-c, sabk  VH, F, VS/VP 6.0 CandS  few large block of slightly weathered rock
fragments and traces of dead roots
2Bt4 90-115 Mixed 7.5YR 5/4,2.5YR 4/6,2.5YR 5/6, C 2, m-c,sabk H, F, VS/VP 6.0 CandS  few traces of dead roots
5YR 5/6
2Bt5 115-142 Mixed 7.5YR 6/4,2.5YR 5/6, 5YR 5/6, C 2, f-m, sabk H, F, VS/VP 6.0 CandS  few rock fragments
5YR 2.5/1
2Bt6  142-165/170 Mixed 7.5YR 6/4,2.5YR 5/6, 5YR 5/6, C 2, f-m, sabk  H, F, VS/VP 6.0 CandW  few rock fragments
5YR 2.5/1
2Bt7 170-200+  Mixed 7.5YR 6/4,2.5YR 5/6, 5YR 5/6, C 2, f-m, sabk H, F, VS/VP 6.0 -
5YR 2.5/1
Pedon 6 Typic Paleudult, fine, mixed, semiactive, isohyperthermic
Ap 0-25 10YR 4/4 SGCL 2, f-m, sbk SH, SF, MS/VP 4.5 AandS  common traces of dead roots
Bt 25-34/50 Mixed 7.5YR 5/4,2.5YR 3/6,2.5YR 5/6 SGC 2, f-m, sbk SH, F, MS/VP 4.5 Cand W  few traces of dead roots
BCrtl  50-65 Mixed 7.5YR 5/4,2.5YR 2.5/4, 10YR 5/4, C 2, f-m, sbk SH, F, MS/VP 4.0 CandS  few traces of dead roots
5YR 5/8
BCrt2  65-85 Mixed 7.5YR 5/4,2.5YR 3/6, 10YR 5/4, C 2, f-m, sabk  SH, SF, MS/MP 4.0 Aand S -
10YR 6/4, 5YR 5/8
Crt 85-125 Mixed 10YR 4/3,2.5YR 3/6, 10YR 6/3 C 2, f-m, abk SH, SF, MS/VP 4.0 CandS  weathered greywacke retaining original
structure mainly
Cr 125-200+  Mixed 10YR 4/3,2.5YR 3/6, 10YR 6/3 CL 2, f-m, abk SH, SF, MS/VP 4.0 - Weathered greywacke retaining original

structure mainly
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HNELTIA
Lﬁ%ﬂﬂ (Texture) Tngaadha (Structure)

C = AUmHEI (clay) 1 = 99U (weak)

SiC = aumtierunsendla Gilty clay) 2 -y una1e (moderate)

FSCL = ausiumierunsieazidea (fine sandy clay loam) 3 — %9154 (strong)

CL = AUIIUHILEYD (clay loam) c = 11U (coarse)

GCL = AUIIUHNEIUUNTIA (gravelly clay loam) m = 11una1d (medium)

SGC = Aumilenfunsdadniles (slightly gravelly clay) f = 221099 (fine)

SGCL = ausrumilenlunsdadniies (slightly gravelly clay loam) abk = Lmuﬁ’aumﬁ'ﬂwmu (angular blocky)
sbk = Lmuﬁ’aum‘éﬂwmu (subangular blocky)
sabk = LLTJiJﬁx‘l ﬁ'eum?;ﬂmgmn (semi-angular blocky)

MIIad2 (Consistence) mammm"?uﬁu (Boundary)
it SH = slightly dlen  SS = slightly sticky A = ¥aauuIn (abrupt)
H = hard VS = very sticky C = ¥Au (clear)
VH = veryhard VP = very plastic G = lifAeetau (gradual)
i SF = slightly firm MS = moderately sticky S = 1381 (smooth)
F = firm MP = moderately plastic W = Lﬂuqﬂﬂé’u (wavy)
VF = very firm
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aundasnMuIlunia (AUTI0AIT1UTNINGT, 2548; Watkins, 1975)

NHANIANBITUTIUINGITUINVDIAY ADANHULAY TUAUTINA1INITINDT
Wansvesnidaaunuimniineulimsazauaumiion (B Anndouvesauimiien
= = a IS a YR ] 1 1 a A o = 1 9
VUDVIAROUAMNHNTAAUUAZHIIFDII1 HTAINANLNMUINITYIUN19DIAD UGS

(19U, 25420; Soil Survey Staff, 2006)
2. anYUTNIAANITIVNUAZATUFIHINN
2.1 anHAUENIAAITIAN

MIANEIANEULNINAAITTUIVOINY TAgRIHUAAD Lm%ﬁﬂ‘HWﬂWﬂi{g{ﬂ'gﬂi

d A a " o [ = =Y t:ly A
YANITTAUFUAHULUALUT ATHITUNANITANYINAIU (®nn 10)



61

2.1.1 AuLeUATANIIvN
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ay 1 a a dgl a 4
9 NNVPIINNIN U LEAIFUFIUVBITUAUAY (1) Tuilonunsann (plane light)
Qy 1 a ad 4 a 4
) NNVSYIINNIW U UFAIFUFTIUUDIN ULY T (1)1ugﬁawugﬂiﬂmﬂ (plane light)

Y Y
a 1 1 a 4
R) NNVSIYIINNIN U HAAITFUAILVDUT U (1)Glmﬁawumimnﬂ (x-nicols)



63

= a -4 1 zﬂy a Y 12 ~
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2.2.1 WAU 1 (MIWN 11)
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0.5 mm o d WL " 2% L ; oy 0.5 mm

mwﬁ 11 uamﬁﬂymzgaﬁmgm?mwmﬁuﬁﬂ@u 1uag 3
v < v a
) uﬁﬂﬂmmimmmmﬂau (granular structure) (1) HUUNDUTAINYUUU

a )

(subangular blocky) (2) FDI19ULD compound packing voids (3) wazdd ﬂaumﬁ
VAEN @) Aianuduius open porphyric YOIAUNADY 1 Fau Ap BN
ANAN 0-30/40 IFUALIAT (plane light)

V) uamgﬁﬂﬂammmﬁﬂfnmy’aﬁm{(1) Y097V planar voids (2) 115 runi-quartz
3) HazaIAoUNANLIY impragnative nodules (4) ﬁﬁmmﬁuﬁuﬁiwinaumﬂ
MOUNUAZIDEALUY open porphyric VYOIAUNADU 1 Fu Bt F29AWEN 40-61
EEUAIAT (x-nicols)

f1) uamimm%’mmuﬁ’aumﬁslmgimu (subangular blocky structure) (1) 99319V
planar voids (2) ‘ﬁﬁmmﬁuﬁuﬁizw'jnmgmﬂmmﬁuaz@slmmu nealy clay
monic VBIAUNADY 3 u Ap FMANVAN 0-10 IFUAIAT (x-nicols)

9 uasamsndevveAumMsImumiageaiie (1) AnANuFTUEIZHIN

4
PUNAMOUNUAZIDIALUY nealy clay monic YBIAUNADU 3 Fu Btl $29AWAN
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Y A = . A @ = "o 1 o
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MU 12 udaIanyuz adugIUINGUDIAUNAOY 2
1 [ A 1a =\ <3 s A a ]
f) LAAIFOINUY vughs (1) ARusAUHMHemaaneen ladinao VT IUNIT
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1Y Y] 4 1 [ a
ANVANNUTIEHINOUMANSIUNVAZIDEANIL closed porphyric YBIAUNADY 2
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1 y [ @ 4 1 [
(2) 13 runi-quartz (3) NUANVANRUTILHINOYMAKSUAVALDIAUV closed
Y
porphyric VYDIAUTNADY 2 FU Btl FWAWAN 51-72 IBUANAT (x-nicols)
F2 v
9) HAAUANFUAIUVDITINGY (1) AlANUFUITUTTZHIeUMAKENUAUAZIBYA

Y
1111 closed porphyric YOIAUNADY 2 T Bt3 F19AWAN 102-130 (FUANAT

(plane light)



67

A Id
Tuaudlunyy vughs, compound packing voids, vesicle Lli¥ chambers Uszanudesaz 20-35
a 3| 1 J
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mum%ummwuﬂqazmﬂﬂammamam «mmgﬂmwfmJvhmag"lumgmmumazmamﬂu
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2.2.3 WadU 3 (MWN 11)
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[ 1 a I { [} 1 1 1
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A £ U w ' = <3| A I A ~ ' = =
1aed FeeymaneuiidlegluoymavinaazRsaiuuuneoutluAumileIoduA) UM
[ @ 1 [

19153 89019030 UMNazAd 1M 11 Qi MDY undifferentiated  b-fabric Az LV porostriated
< [ oaj a J a o a <3
b-fabric 1atantoslus UV IFUALA I WUBUNT 0 IAYHiIA puncuations  T1191ANTIOY
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<] s A - ] dy a A~ o = ' [l
nanveumaneen lsanimawendinuuinluiiodn  Alvevwadanu loudegiiialy

HHUOU
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a = 9 Y A A ' a I .
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= = :, =2 A 3’ A &£ U W ' = I
azeamimasudamivaluraes Fsoymeaneuilaied lueymavinaazeai)uiuy
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@]QﬂLlfn!leﬂﬂuﬂlﬂuﬂ%ﬂ@uﬂWﬂW\‘lﬂﬂ (colluvium) Npdouse IagnIme N9l
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ﬂumqwmmﬂuﬂmﬂmmu planar voids szuusoaz 10-20 Iﬂﬂ‘ﬂillWIi NOUNIATVUIA
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) LAY transported typic nodules (1) L4812 pseudomorphic nodules (2) VIAUTNADY 4
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50 UALAT (FU Btl)  lunuanuuanaaumindusuauuy aiulugiennuan 90-170
a ;I ~ 9 I 9 = a 1
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n)

V)

f)

3)

UAALS chalcedony (1) HAZFBIINUVY vesicles (2) NNANUTURUTILHI
DYNANIUNUAZIDIAIUL open porphyric YBIAUNADU 5 o Ap FNANUDN
0-30 LEUALNAT (x-nicols)

HAAIANTABUNANILIL typic nodules (1) HAZMIVTITYVOMTAUMTTEIT WA LIMAD
oonlsdFosiufudnng 9 Tu%¥®9719 (microlaminated clay mixed with iron oxide
infillings) (2) ﬁﬁmmﬁ'uﬁuﬁ’swﬂngmﬂwamﬁ’uamﬁﬂmmu nealy clay monic
VOIAUTADY 5 F1t 2Bt4 FHANEN 90-115 [HUANAT (x-nicols)
HAAINTUTTYOLs AumiloT i umaneen lad luseain (clay mixed with
iron oxide infilling) 11@%¥©9471UVY planar voids ﬁﬁmmﬁuﬁuﬁ"smiwaqmﬂ
NOIUNVAZIDAUUL nealy clay monic VOIAUNADU 5 #u2Bt6 $29nmAN
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AR T U IR T LLe LA AN T (1) vazuIaumtenndo UM
FOIIN (2) ‘ﬁﬁmmﬁ’uﬁuﬁ’izwjnaumﬂwamﬁuazﬁﬂmmu nealy clay monic

VDIAUNADY 5 FU 2Bt6 ¥IANNAN 142-165/170 LUAINAT (x-nicols)
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9 < 9 =® =~ ay (] a ad 1 = ~ I
VIUANUDY TINDINMINUTUAIUVOINUFTA (chert) dIUBYMAAZDIAN NI UOYMAYUIA
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gangdLaznuasAeunNaNvestianaen lsAniins e NaIN LU IuIHeAY (impregnative

{ Y <
nodules) HaAMINOUNANVDILIN T ANTIWFINUIMAD (manganiferrous nodules)
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4 ] a 3 1
INTYLLIN (greywacke) 7119149290080 65-85  IFUANAT (YU BCrt2) @IUdUNINVUINA
= ~ I a = 2 A =2 A g’ A £ o @
a$LE)fJ@TIW‘]JL‘]JHE]HﬂWﬂﬂJHM@HMU?J’J BIGRN "lﬂi]umammamam GN’E]‘lgﬂMWEJﬁJNQWJ
I = I a . = v A Y = A
'0g‘lumgmﬂmumazmﬂmﬂmmmﬂ@ (open porphyric) UNTIALTIIAIVOIDYNINASLDIAN
1 o 1 1 g
muwmuiwmgﬂmmu stipple speckled b-fabric U@i& porostriated b-fabric WUMSIAADUVDY

a ~ C2N] ' =~ v o . . =
AUIMHYINUHUIFDII LazuuuG oA ndusuuig 9] (microlaminated) i’JlIul‘]Jﬂ\TWUﬂ1i



MU 15 HAAIENHUSNNadagIUINGVOIAUNADY 6

i)

V)

f)

3)

WHAN  manganiferrous impregnative nodules (1) Lmzuﬁmamcﬁﬁﬁiaaum ﬁﬁ
ANNANTUT 72131991 NI UAUAIBEALLL open to closed porphyric YDA
finow 6 71 Ap FMANUAN 0-25 IFUAWAT (x-nicols)

IEAANLLS runi quartz (1) LAY Q) ﬁﬁmmﬁuﬁu‘ﬁ'szﬁ'jnaumﬂwﬂm
fUazDeALLY open to closed porphyric YOIAUNADU 6 Fu Ap FNANVUAN 0-25
HUALUAT (plane light)

uEAIIAIBAT (1) LaMTIAADYEIS AL TIEIM NI T vughs (2) Ti
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Horizo Depth (cm) Microstructure Basic mineral components c/f related b-fabric Pedofeature
structure voids c/f ratio Coarse Fine distribution
at 10 um  fraction fraction
Pedon 1 Typic Paleudult, very fine, kaolinitic, isohyperthermic
Ap 0-30/40 Granular, Compound packing, 2:98 Quartz ~ Brown to dark brown clay ~ Open porphyric Undifferentiated Iron oxide impregnative nodules
Subangular planar, vughs
blocky
Btl 40-61 Subangular Planar 5:95 Quartz  Yellowish brown clay Open porphyric Undifferentiated,  Clay-iron oxide coatings,
blocky porostriated iron oxide impregnative nodules,
soil animal excrement
Bt3 81-103 Subangular Planar, vughs 2:98 Quartz  Yellowish brown clay to Open porphyric Undifferentiated,  Clay-iron oxide coatings, typic nodules
blocky fine silt mosaic-speckled,
porostriated
Bt5 131-154 Subangular Planar, vughs 5:95 Quartz  Yellowish brown clay to Open porphyric Undifferentiated,  Clay-iron oxide coatings, typic nodules
blocky fine silt mosaic-speckled,
porostriated
Bt7 179-200+ Subangular Planar, channels, 2:98 Quartz ~ Reddish brown & light Open porphyric Undifferentiated,  Clay-iron oxide coatings, typic nodules
blocky vesicles yellow clay to fine silt stipple speckled
Pedon 2 Typic Paleudult, fine, kaolinitic, isohyperthermic
Ap 0-20 Vughy Vughs, channels 50:50 Quartz ~ Dark brown clay to fine Closed porphyric ~ Undifferentiated Clay-iron oxide coatings,
silt
Btl 51-72 Granular, Compound packing, 40:60 Quartz  Yellowish brown clay to Closed porphyric Undifferentiated Clay coatings
spongy vughs fine silt Iron oxide impregnative nodules
Bt3 102-130 Vughy Vughs, vesicles, 40:60 Quartz  Yellowish brown clay to Closed porphyric Stipple speckled,  Clay coatings
chambers fine silt undifferentiated,
granostriated

9L
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Horizo Depth (cm) Microstructure Basic components c/f related b-fabric Pedofeature
structure voids c/f ratio Coarse Fine distribution
at 10 um fraction fraction
Pedon 2 (cont.)
BtS 160-200+ Vughy Vughs, vesicles, 40:60 Quartz Yellowish brown clay to  Closed porphyric Stipple speckled,  Clay infillings
chambers fine silt undifferentiated,
granostriated
Pedon 3 Typic Paleudult, very fine, kaolinitic, isohyperthermic
Ap 0-10 Subangular Planar 2:98 Quartz Brown to dark brown Nearly clay monic ~ Mosaic-speckled,  Clay coatings,
blocky clay to fine silt undifferentiated iron oxides impregnative nodules
Btl 10-31 Subangular Planar 1:99 Quartz Brown to yellowish Nearly clay monic ~ Undifferentiated, = Clay coatings,
blocky brown clay porostriated iron oxides impregnative nodules
Bt3 56-81 Subangular Planar 1:99 Quartz Brown to yellowish Nearly clay monic ~ Undifferentiated Clay coatings,
blocky brown clay iron oxides impregnative nodules
Bt5 112-142 Subangular Planar 1:99 Quartz Brown to yellowish Nearly clay monic ~ Undifferentiated Clay coatings,
blocky brown clay iron oxides impregnative nodules
Bt7 175-200+ Subangular Planar 1:99 Quartz Brown to yellowish Nearly clay monic ~ Undifferentiated Clay coatings,
blocky brown clay iron oxides impregnative nodules
Pedon 4 Typic Paleudalf, fine-loamy, mixed, active, isohyperthermic
Apl 0-25 Subangular Planar, vughs 5:95 Quartz, Brown to dark brown Open porphyric Stipple speckled Transported typic nodules,
blocky feldspar, clay to fine silt pseudomorphic nodules
rhyolitic tuff
rock fragments
AB 45-60 Subangular Planar, vughs 5:95 Quartz, Brown to dark brown Open porphyric Stipple speckled Transported typic nodules,
blocky feldspar, clay to fine silt pseudomorphic nodules
rhyolitic tuff

rock fragments
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M319N 7 (90)

Horizo Depth (cm) Microstructure Basic mineral components c/f related b-fabric Pedofeature
structure voids c/f ratio Coarse Fine distribution
at 10 pm fraction fraction
Pedon 4 (cont.)
Btc 60-82 Subangular Planar, vughs 30:70 Quartz, Yellowish brown to  Open porphyric Stipple speckled Clay coatings and infillings,
blocky feldspar, dark brown clay to porostriated typic nodules, nucleic nodules
rhyolitic tuff fine silt
rock fragments
Btl 82-100 Vughy Vughs 40:60 Rhyolitic tuff Brown to dark brown  Open porphyric Mosaic speckled Clay coatings and infillings,
rock fragments,  clay to fine silt grano-porostriated  amorphous iron oxides impregnated
quartz
2Bt2 100-122 Subangular Vughs, planar 40:60 Rhyolitic tuff Brown to dark brown  Open porphyric Mosaic speckled Clay coatingss and infillings,
blocky, rock fragments, clay to fine silt grano-porostriated ~ amorphous iron oxides impregnated
angular blocky quartz
2Crtl 150-180 Rocks - 70:30 Rhyolitic tuff Brown to dark brown  Open porphyric - Iron oxide coatings,
rock fragments  clay to fine silt goethite and hematite pseudomorph
after biotite
Pedon 5 Vertic Hapludalf, very fine, kaolinitic, isohyperthermic
Ap 0-30 Vughy Vughs, vesicles, 2:98 Quartz, Brown to dark brown  Open porphyric Stipple speckled, Clay-iron oxide microlaminated
craks chalcedony clay to fine silt porostriated, coatings, typic nodules
grano-porostriated
Btl 30-50 Vughy Vughs, vesicles, 2:98 Quartz, Brown to dark brown  Open porphyric Stipple speckled, Clay-iron oxide microlaminated
craks lithorelicts, clay to fine silt porostriated coatings, typic nodules

andesitic tuff

rock fragments
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M319N 7 (90)

Horizo Depth (¢cm) Microstructure Basic mineral components c/f related b-fabric Pedofeature
structure voids c/f ratio Coarse Fine distribution
at 10 pm fraction fraction
Pedon 5 (cont.)
Bt3 70-90 Vughy Vughs, planar 1:99 Quartz, Brown to dark brown  Nearly clay monic ~ Reticulate striated, ~ Clay-iron oxide coatings & infillings,
andesitic tuff clay to fine silt mosaic-speckled typic nodules
rock fragments
2Bt4 90-115 Subangular Vughs, planar 1:99 Quartz, Yellowish brown to Nearly clay monic ~ Reticulate striated,  Clay-iron oxide coatings & infillings,
blocky andesitic tuff yellowish red mosaic-speckled typic nodules
rock fragments  clay to fine silt grano-porostriated
2Bt6 142-165/170 Subangular Vughs, planar 1:99 Quartz, Yellowish brown to Nearly clay monic  Reticulate striated,  Clay-iron oxide coatings & infillings,
blocky andesitic tuff yellowish red mosaic-speckled typic nodules
rock fragments  clay to fine silt
Pedon 6 Typic Paleudult, fine, mixed, semiactive, isohyperthermic
Ap 0-25 Subangular Vughs, planar 25:75 Quartz, Brown clay to fine Open to closed Stipple speckled Manganiferrous & iron oxide
blocky chert rocks silt porphyric impregnative nodules
Bt 25-34/50 Subangular Planar 5:95 Quartz Light yellow to Open porphyric Stipple speckled Microlaminated clay coatings
blocky yellowish brown clay porostriated & infillings
BCrt2 65-85 Subangular Planar, vughs 5:95 Quartz, Light yellow to Open porphyric Stipple speckled Clay-iron oxide coatings & infillings,
blocky greywacks yellowish brown clay porostriated iron oxide & manganiferrous
rock fregments aggregate nodules
Cr 125-200+ Rocks - - Shale fragments, Red clay - - Microlaminated clay coatings

chert fragments,
quartz grains,
rhyorite
fragments,

micas

6L
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Tamdonluginuanulasu ldnaunoeguinniifinoudu « Gwd, 2534) wagmsnilium
= a Y] Y Y A dg’ 3 A v o o Y o A a o
TyReunana laiuur Tumvduniounanany lisitauevesiagduiuiaau uazoas
d‘ [ Y Y o Aa 1 =\ a d' d' o =
myszazarwh lhnulurihdadaulundaziaouvesdunganiinIsAny1 (Greenland  and
Kowel, 1960; Sanchez ef al., 1983; Brady and Weil, 2002) 59% ldsauluiinou 4 deeglugisves
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waaslimiud iWemifnsonaudaslSinuezgiiivazazaeeonun launau uazdsuw-
a o a A 9 d? a 1 A a a o a A a
pzgiiuTuaulnu Tuygavuluauais iesnnlsunaezgitinluduasauielsua
v A
BuNseIAgNLAIL INT1ZzINANTTUA0gI WA UBUNToIAg TuAY (Kaiser and Guggenberger,
[ 4 a o a o Y a dgj v A a = [
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amnIuawanudn Mldensogaduezginiylaunniu utazmsnauaeualsilgnse
a ] [ o I o a o
Auagluszaunsasaniguusann iunaildezgiiinazateoenuiuin tazamisoudna
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Extr. bases (cmol kg?) Extr. acidity (cmol kg™?) Extr. aluminum (cmol kg?)
0 4 8 12 16 20 0 3 6 9 12 15 01 2 3 4 5 6 7
0 0+t 0
20 - 20 - 20
40 40 40
60 - 60 60
5 80 5 80 5 80|
£ £ £
g 100 § 100 | g 100
a [a] [a]
120 - 120 - 120 |
140 - 140 - 140 |
160 - 160 - 160 -
180 A 180 - 180 |
200 200 200
(M) (V) (M)

—B—pedonl T Pedon2 —A Pedon3 A Pedon4 —@— Pedon5 —O— Pedon6

4 v o a { @ a < : %
ﬂ'l“l/‘lﬁ 26 ﬂ’N?JﬁiJ“W‘Ll‘ﬁigﬁ??ﬂﬂﬁﬂ"lﬂ!iﬂﬁi')ﬂﬁﬁﬂﬂulé]} (n) ‘]JS?J"Iﬂ!ﬂ'J'IiJL‘].]Uﬂiﬂﬁﬁﬂﬂll% (v)

v
v A [

a a Y o = Y o a Ao =
Llazﬂﬁm’lﬂ!@ggu Nﬂﬁﬂﬂllﬂ (ﬂ) AUAIUANUBDIHUINAAUNNINITANHN

| o
5| et
9 o ¥ T S % Q s e
* ]
= y =-0.1473x + 3.7963 y =-0.0872x +4.2684
R? = 0.4757 14 R? =0.3366

. . . . . . . 0 . . : .

1 2 3 4 5 6 7 0 5 10 15 20

Extr. aluminum (cmol kg?) Extr. acidity (cmol kg™)

() (V)

o~ 151 .
o
X 124
o
g b 2 y = 1.2132x + 6.2161
— * _
g Ll R? =0.7287
o 1 2 3 4 5 6 7
Extr. aluminum (cmol kg?)
Q)

4 v o 1 a A o a < { o 1Y
M 27 anuduiusszranadSunaezgiiy (n) vazilSinannuiunsaiadia 1@ (v) fu
v o 1 Aa Av A o Y o a I A
pH-KCl LLazmmfmWu‘ﬁizﬂ?mﬂimmazgmuum’dﬂﬂllﬂﬂuﬂimmﬂamrﬂuﬂimn

[} Y a d' ) =<
ﬁﬂﬂllﬂ (M) VDIAUNMNTANY



99
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EC, (dSm™) Al saturation (%)
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1 I a o < <3 & A o A =
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Roscoe, 1982; #1994, 2545) m3anaozgiitinIaedsil vz livhate Tnseadwveausdumiion

a

v
929U IUTBAINA (Mehra and Jackson, 1960) HAMIANHING 6 HaoU WU Usuaezgiiiy

a

= 1

Y
daszvearunulunaaznindgaau dawanaany Taglinaiedlunds 2.97-16.79  nsude

U

9
alaniu drnlFunaesgiiviudass luruauaralisiegluide 1.23-16.72 nfuson laniu

41522 ﬂ?mmazgﬁﬁ’uﬁﬁﬁﬂﬁ'ﬁﬂ%’%uaﬂmﬁﬂnaaﬂmmﬁ (ammonium oxalate;
Al deglugiledagm guliitedldemuAnufasouadi ctive AD nazgilmsisznoudunid
150U (McKeague and Day, 1996; National Soil Survey Center, 1996) HAMIANENG 6 Tino
WUN ﬂ?mmazgﬁﬁﬂuﬂ?uﬁuuu uAegluNdy 1.95404  niudeonlaniy diuilsua

Y
azgiriyluduauaiinedlunds 1.30-4.86 nudan lansuy

41523 Usumezgiiunanad03T TwdouInlsWodla (sodium
pyrophosphate; Fe ) cdﬁqaéiuz dnsilsznevdunidizadou (McKeague, 1997; National Soil Survey
Center, 1996) HAMIANEING 6 iAo wuN Usinmezgiiulusuanuu taeglunds 4.78-17.22

4
n3uaen laniu drulTinaesgiiiyluduanarsinmedluide 4.92-43 81 nfusen lansuy

a o

a J 1 a <
ﬁmwmﬂélmflumimﬂazguuueﬂﬂllcm Lmﬂmﬂﬂ%mmimﬂmaﬂ

14
=) ]

= = ~ 1 g’ AN A A 1a =\ a
@ﬂﬂvl“]fﬂ ﬂ@@]@\mﬂﬁm1ﬂlu1ﬂu°ﬂh1ﬂﬂ31 !Lﬁ$ﬂ1ii$ﬂwu1ﬂﬂlﬂu1ﬂ Lummﬂmﬂumuﬂﬂuﬂu

1 a o

1 I 1 a aa A 9 aa I [V [V as/' A 1
muiwmﬂuusazgﬂumamﬂ Wﬂi%ﬂﬂﬂﬂ?ﬂ‘ﬁ?ﬁ]“ﬁﬁﬂ@u uaz@zgmumﬂu‘ﬁmﬁaﬂ PNUUNBLLT

g

a = v I 1 Y an 19 A (Aa 09/ a
Aurdggaea Nz dantasgeza ity azganoueonu uanlUs i unIznams

a

aa a a o @ [ J a I
%azmwaﬂau@’aﬂ”lﬂmﬂﬂu @3'&3111!Mﬂzllﬂﬂ@'JﬂﬂﬂiJTi?ﬂJﬂUﬂHHﬁulﬂﬂﬁ@ﬂll“]fﬂ ety
a o Jd A 1A Ed o’::g} A a 2 a o
avilsznouezgiitivlansen lod nieusAul leatu (Hsy, 1989) WonasamlSinaezgiriuly
1 ax 1 ' 1 A A d?’ = 09/1 a = g// a
Lmamﬂugﬂma WU T%mu”lwaumﬂ”nwmmmummaﬂmﬂ%uﬂuuu%um%uﬂumuﬂmﬁ

v A

v Y 1 v Y
udndvanasawaduauaounanasll msiezgiiiulisigelusuduasunaisi mad

a

A a Y v Aa Y A A g v
HownnMananszuIuNIrzazmenelumidaan melaanmnadernidlunsa usigugi
uazusAumilerozgh Tusdmasiia 2:1 awnsoameda uazlimstimeiusznd Si-0-Al 12
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a a2 A v Y ad = .
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Lliﬂﬁﬂklﬁﬂ Iﬂﬂllfﬂill‘t]ﬂﬂi%’l]”lfﬂﬂﬂﬁiﬂﬂ!ijﬂ (40-60%) dadunan (20-40%) saDAUINAAY
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uazwumaa”laé{ Lliﬂﬁﬂﬁ“ﬁalliﬂu!ﬂﬁﬂ’lﬁ@ﬂsﬁu 0.7& 1.0 w1 luuas ez 1.0& 14 TRRRITETCE

a < v A
Usunanantiosnasanindanil

[ 9 1

autiamas o unguoymaveaurisivesauigeans 6 inou Nimsanm

1 [ A a A ] a 4 Y =\ d‘d 1 [ Y a 4
wWolswan huneunnusnu Ao usalod lua snduluiiaou 6 NNusvanszneudinlod Tua

s & 1 a S A 1 @ Qa}l 1A =* a
uazaae 15@ Feluuazsnailsunammnaiany Aualsunathunaedegwin Teusnumy
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USAUNEITANADY 9] TINOIAIY 1FU 150NN Jad usoa lad usdwn Ind usaumiien
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Depth Horizon Clay Fraction Silt Fraction
(cm) Kao. Ver. Chl. Smec. 1L Otz. Inter. Inter. Others Otz.  Kao. Mica Feld.
0.7&1.0nm  0.7&1.4 nm
Pedon 1 Typic Paleudult, very fine, kaolinitic, isohyperthermic
0-30/40 Ap XXXX tr. - - - tr. - tr. - XXXX tr. tr. -
81-103 Bt3 XXXX tr. - - - tr. - tr. - XXXX tr. tr. -
131-154 Bt5 XXXX tr. - - - tr. - tr. - XXXX tr. tr. -
179-200+ Bt7 XXXX tr. - - - tr. - tr. - XXXX tr. tr. -
Pedon 2 Typic Paleudult, fine, kaolinitic, isohyperthermic
0-20 Ap XXX X - - tr. tr. tr. tr. - XXXX tr. tr. -
51-72 Btl XXX X - - tr. tr. tr. tr. - XXXX tr. tr. -
102-130 Bt3 XXX X - - tr. tr. tr. tr. - XXXX tr. tr. -
160-200+ Bt5 XXX X - - tr. tr. tr. tr. - XXXX tr. tr. -
Pedon 3 Typic Paleudult, very fine, kaolinitic, isohyperthermic
0-10 Ap XXXX - - - tr. tr. - tr. 1.4 nm clay minerals (tr.) | xxxx tr. tr. -
56-81 Bt3 XXXX - - - tr. tr. - tr. 1.4 nm clay minerals (tr.) | xxxx  tr. tr. -
112-142 Bt5 XXXX - - - tr. tr. - tr. 1.4 nm clay minerals (tr.) | xxxx tr. tr. -
175-200+ Bt7 XXXX - - - tr. tr. - tr. 1.4 nm clay minerals (tr.) | xxxx tr. tr. -
Pedon 4 Typic Paleudalf, fine-loamy, mixed, active, isohyperthermic
0-25 Apl XX - - X - X tr. tr. Goe. (ir.) XXXX I, tr. tr.
45-60 AB XX - - X - X tr. tr. Goe. (tr.) XXXX I, tr. tr.
60-82 Btc XX - - X - X tr. tr. Goe. (tr.) XXXX I, tr. tr.
82-100 Btl XX - - X - X tr. tr. Goe. (tr.) XXXX I, tr. tr.
100-122 2Bt2 XX - - X - X tr. tr. Goe. (tr.), Feld. (tr.) XXXX - tr. tr.
150-180 2Crtl XX X - - - X tr. tr. Goe. (tr.), Feld. (tr.) XXXX - tr. tr.

011
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Depth Horizon Clay Fraction Silt Fraction
(cm) Kao. Ver. Chl. Smec. 1L Otz. Inter. Inter. Others Otz.  Kao. Mica Feld.
0.7&1.0nm  0.7&1.4 nm

Pedon 5 Vertic Hapludalf, very fine, kaolinitic, isohyperthermic
0-30 Ap XXXX - - - tr. tr. tr. tr. 1.4 nm clay minerals (tr.) | xxxx tr. tr. -
70-90 Bt3 XXXX - - - tr. tr. tr. tr. 1.4 nm clay minerals (tr.) | xxxx tr. tr. -
90-115 2Bt4 XXXX - - - tr. tr. tr. tr. 1.4 nm clay minerals (tr.) | xxxx tr. tr. -
142-165/170  2Bt6 XXXX - - - tr. tr. tr. tr. 1.4 nm clay minerals (tr.) | xxxx tr. tr. -
Pedon 6 Typic Paleudult, fine, mixed, semiactive, isohyperthermic
0-25 Ap XXX - XXX - tr. tr. tr. tr. - XXXX - - -
25-39/50 Bt XXX - XXX - tr. tr. tr. tr. - XXXX tr. tr. -
65-85 BCrt2 XX - XX - tr. tr. tr. tr. - XXXX tr. tr. -
125-200+ Cr XXX - XXX - tr. tr. tr. tr. - XXXX tr. tr. -
nnenyn - Kao. = Kaolinite XXXX Dominant (> 60%)

Ver. Vermiculite XXX Large (40 - 60%)

Smec. Smectite XX Medium (20 - 40%)

Chl. = Chlorite X Small (5 - 20%)

1. Ilite tr. Trace (<5%)

Feld. = Feldspar - not detected

Goe. Goethite

Qtz = Quartz

Inter 0.7&1.0 nm
Inter 1.0&1.4 nm

Interstratified 0.7&1.0 nm clay minerals

Interstratified 1.0&1.4 nm clay minerals

IT1
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Site Orders Suborders Great groups Subgroups family

Pedon 1 Ultisol Udult Paleudult Typic Paleudult Very-fine,
Kaolinitic,
isohyperthermic

Pedon 2 Ultisol Udult Paleudult Typic Paleudult Fine,

Kaolinitic,

isohyperthermic
Pedon 3 Ultisol Udult Paleudult Typic Paleudult Very-fine,

Kaolinitic,

isohyperthermic
Pedon 4 Alfisol Udalf Paleudalf Typic Paleudalf Fine-loamy,

mixed, active

isohyperthermic
Pedon 5 Alfisol Udalf Hapludalf Vertic Hapludalf Very-fine,

Kaolinitic,

isohyperthermic
Pedon 6 Ultisol Udult Paleudult Typic Paleudult Fine,

mixed, semiactive

isohyperthermic
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KKA 1

Location: Tambon Khao Kho, Amphoe Khao Kho, Changwat Phetchabun

Elevation: 970 m (MSL) ‘ Slope: 8% | Aspect: 240 Azimuth ‘ Coordination: 47 0713869°, 18 39174"

Physiographic position: Crestal spur slope Surrounding land form: Hilly

Land use: upland rice Parent material: Residuum derived from weathered rhyolitic tuff

KKA 2

Location: Tambon Khao Kho, Amphoe Khao Kho, Changwat Phetchabun

Elevation: 917 m (MSL) | Slope: 27 % | Aspect: 50 Azimuth l Coordination: 47 0714231E, 18 41683"

Physiographic position: Shoulder of highland rolling hilly area Surrounding land form: Hilly

Land use: Banana Parent material: Residuum derived from weathered rhyolitic tuff

KKA 3

Location: Tambon Thung Samoh , Amphoe Khao Kho, Changwat Phetchabun

Elevation: 743 m (MSL) Slope: 20 % ‘ Aspect: South North Coordination: 47 0718280E, 18 46925N

Physiographic position: Lower backslope of highland rolling slope plain Surrounding land form: Hilly

Land use: upland rice Parent material: Residuum derived from weathered andesitic tuff

KKA 4

Location: Tambon Thung Samoh , Amphoe Khao Kho, Changwat Phetchabun

Elevation: 830 m (MSL) ‘ Slope: 28 % ‘ Aspect: 70 Azimuth Coordination: 47 0717856", 18 51007"

Physiographic position: Shoulder slope of highland hilly area Surrounding land form: Hilly

Land use: Litchie Parent material: Residuum derived from weathered andesitic tuff

KKA S

Location: Tambon Camp Son, Amphoe Khao Kho, Changwat Phetchabun

Elevation: 786 m (MSL)

Slope: 8 % Aspect: 172 Azimuth l Coordination: 47 0715370E, 18 53494"

Physiographic position: Upper backslope on highland rolling plain Surrounding land form: Hilly

Land use: Pine Dipterocarp Forest Parent material: Residuum derived from weathered andesitic tuff
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= a 9 A =
mmsany UsziuTaelgauianiaaiinng

AUy Anwan oM Avail P¥ Avail K¥ cec” BS” AZUUY  STAVAY
(cm) gkg' mg kg mg kg cmol kg % EletY qmauuﬂitﬁ
Pedon1 Topsoil” 421 (3) 144 () 735 @ 179 2 496 (2 10 1hunans
Subsoil” 184 (2) 0.75 (1) 21.1 1) 134 (2 264 (1) 7 Gah
Pedon2 Topsoil 264 (2) 931 (1) 1661 () 91 (1) 474 (2 9 1hunais
Subsoil 103 (1) 0.87 (1) 1185 (3) 7.8 (1) 440 (2) 8 1hunans
Pedon3  Topsoil 379  (3) 0.85 (1) 2490 @) 166 () 372 (2 11 1hunais
Subsoil 207 (20 002 (1) 675 (2 146 (2 132 (1) 8 thunan
Pedon4  Topsoil 273 (2) 1.77 (1) 78.7 2) 185 () 71.1 ?2) 9 1hunare
Subsoil 179  (2) 1.56 1) 32.8 1) 175 (2) 655 (2 8 1hunais
Pedon5 Topsoil 245 (2) 110 (1) 324 () 197 2 629 (2 8 1hunais
Subsoil 153 (2 032 (1) 192 (1) 207 (2 658 (2 8 1hunan
Pedon 6  Topsoil 325  (2) 6.61 (1) 51.0 1) 257 @3) 303 (1 8 1hunais
Subsoil 155 (2) 050 (1) 345 (1) 213 (2 182 (1) 7 f
MsAnEIFIERNAY
KKA1  Topsoil 243 (2) 3804 (3 371 (1) 93 (IO 62 (1) 8 1hunais
Subsoil 2.8 (1) 0.38 (1) 17.4 (1) 8.1 (1) 6.0 (1) 5 6%1
KKA2  Topsoil 363 (3 073 (1) 557 (1) 184 (@ 107 (1) 8 1hunais
Subsoil 136 (1) 039 (1) 538 (1) 188 (@ 50 (D) 6 f
KKA3  Topsoil 320 (2 020 (1) 668 (2) 144 (2 459 (2 9 1hunans
Subsoil 134 (1) 020 (1) 149 (1) 147 (@ 508 (2) 7 f
KKA4  Topsoil 728 (3 019 (1) 379 (1) 299 (3) 595 (2) 10 1hunais
Subsoil 62 (1) 020 (1) 220 (1) 249 (@ 609 (2 7 8
KKAS  Topsoil 236 (2) 039 (1) 333 (1) 146 (@ 141 (1) 7 f
Subsoil 43 (1) 039 (D) 69 (1) 198 (@ 65 (1) 6 f

HIUYi ¥ OM = organic matter,

potassium * CEC = cation exchange capacity * BS = base saturation

“ Topsoil = FUANUU (Ap) * Subsoil = FUANAN (Ap-60 LFEUALUAT)

¥ Avail. P = available phosphorus * Avail. K = available
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AMENIN NNAY LAZUT NGV TLNST

Site Horizon"  Texture  2:1 expending pH Kreserved Gravel Alsat.  %Fe,O,/ Fec?

(cm) clay L1H,0  cmol kg' (%) (%) %clay

Pedon 1 Topsoil Clayey <50% 5.0 0.19 - 343 0.05 Chk
Subsoil Clayey <50% 5.1 0.14 - 15.33 -

Pedon 2 Topsoil Loamy <50% 5.7 0.42 - 1.21 Lh
Subsoil Loamy <50% 5.9 0.31 - 1.38 -

Pedon3  Topsoil Clayey <50% 53 0.62 - 4.47 0.09 Ch
Subsoil Clayey <50% 5.1 0.20 - 52.15

Pedon 4 Topsoil Loamy <50% 5.9 0.20 18.4 0.45 L’hk
Subsoil Loamy <50% 6.0 0.11 18.3 0.92 -

Pedon 5 Topsoil Clayey <50% 5.4 0.08 - 1.36 0.11 Chk
Subsoil Clayey <50% 5.5 0.06 - 1.46 -

Pedon 6 Topsoil Loamy <50% 4.8 0.13 - 22.80 - LCak
Subsoil Clayey <50% 4.6 0.09 - 61.12

MIANHIRIDEIAUIT LAY

KKA'1 Topsoil Loamy <50% 4.5 0.09 - 75.12 - LCak
Subsoil Clayey <50% 4.5 0.04 - 82.01 -

KKA 2 Topsoil Clayey <50% 4.9 0.14 - 64.52 0.06 Cak
Subsoil Clayey <50% 4.9 0.14 - 83.64 -

KKA 3 Topsoil Clayey <50% 5.2 0.17 - 3.96 0.11 Chk
Subsoil Clayey <50% 5.5 0.04 - 3.65 -

KKA 4 Topsoil Clayey <50% 5.7 0.09 - 3.09 0.08 Chk
Subsoil Clayey <50% 5.7 0.05 - 3.88 -

KKA 5 Topsoil Clayey <50% 5.6 0.08 - 61.79 0.09 Cak
Subsoil Clayey <50% 5.5 0.02 - 84.76 -

“r‘iNVJ!‘VWJ

v Topsoil = Ap or 0-20 cm, Subsoil = horizon under Ap or 20-50/60 cm depth interval
L= loamy, C = clayey, a = pH < 5.0 and Al saturation >60%, h = pH range 5.0-6.0, k = K

reserve <0.2 cmol, kg', = gravel 15-35%
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MeBUIEHINAAAY (Soil profile description)

Pedon 1
I Information on the site
Profile symbol : Pedon 1
Soil name : Khao Kho series 1
Classification : Typic Paleudult, very fine, kaolinitic, isohyperthermic
Date of examination . October 8, 2006
Described by : Irb  Kheoruenromne, Somchai Anusontpornperm, Suphicha
Thanachit, Bhannapitch Samrit, Worachart Wisawapipat and
Natthapol Chittamart
Location : Ban Petch Chouy, Tambon Rim Si Muong, Amphoe Khao Kho,
Changwat Phetchabun.
Elevation . Approximately 794 m (MSL)
Map sheet number 1 5242111 Coordination : 47 267414E, 18 55617"
Landform
1. Physiographic position : Lower backslope on highland hilly areas
2. Surrounding land form . Hilly
3. Slope on which profile site 0 28% Aspect : 215 Azimuth
Land use : Mixed cropping of para rubber and upland rice
Annual rainfall . Approximately 1,787.6 mm
Mean temperature . Approximately 28.0°C
Climate : Semi-humid subtropical
Other : Agricultural, Bamboo sp., Banana
II General information on the soil
Parent material : Residuum derived from weathered rhyolitic tuff
Drainage : Well drained
Permeability : Moderate
Runoff : Moderately rapid
Depth of groundwater : Deeper than 200 cm at time of sampling
I1I Profile description
Horizon  Depth (cm) Description
Ap 0-30/40 Dark brown (7.5YR 3/3); clay; strong fine and medium subangular

blocky structure; hard dry, firm moist, very sticky and very plastic; few
faint clay coats on ped faces; common very fine, fine and medium
vesicular pores; many very fine, fine and medium roots, few coarse roots;
few very fine weathered rock fragments common fine cracks; common
traces of dead roots, few surface cracks; moderately acid (field pH 6.0);
clear and wavy boundary to Btl.

Btl 40-61 Yellowish red (5YR 4/6); clay; strong fine and medium subangular
blocky structure; hard dry, firm moist, moderately sticky and very plastic;
common faint clay coats on ped faces and pore walls; few very fine,
common fine vesicular and few fine simple tubular pores; common very
fine, fine and medium roots; few fine charcoal fragments and few fine
cracks; few traces of dead roots; strongly acid (field pH 5.5); gradual and
smooth boundary to Bt2.

Bt2 61-81 Yellowish red (5YR 5/6); clay; strong fine and medium subangular
blocky structure; hard dry, very firm moist, moderately sticky and very



Bt3

Bt4

Bt5

Bt6

Bt7

81-103

103-131

131-154

154-179

179-200+

156

plastic; common faint clay coats on ped faces and pore walls; common
very fine, few fine vesicular and few fine simple tubular pores; common
very fine and fine roots; common fine cracks; common traces of dead
roots; moderately acid (field pH 6.0); clear and smooth boundary to Bt3.

Mixed yellowish brown (5YR 5/6) 90 %, brownish yellow (10YR 6/6)
7% and red (2.5YR 4/6) 3%; clay; strong fine and medium semi-angular
blocky structure; hard dry, firm moist, moderately sticky and moderately
plastic; common faint clay coats on ped faces and pore walls; few very
fine and fine vesicular and fine simple tubular pores; few very fine and
fine roots; common fine cracks; few traces of dead roots; moderately acid
(field pH 6.0); gradual and smooth boundary to Bt4.

Mixed yellowish red (5YR 4/6) 90%, brownish yellow (10YR 6/6) 7%
and red (2.5YR 5/6) 3%; clay; moderate fine and medium semi-angular
blocky structure; slightly hard dry, slightly firm moist, moderately sticky
and moderately plastic; common faint clay coats on ped faces and pore
walls; common very fine, few fine vesicular and fine simple tubular
pores; few very fine and fine roots; common fine cracks; few iron-
manganease oxide nodules, few traces of dead roots; moderately acid
(field pH 6.0); gradual and smooth boundary to Bt5.

Mixed red (2.5YR 4/6) 70%, brownish yellow (10YR 6/6) 30%; clay;
moderate fine and medium semi-angular blocky structure; slightly hard
dry, slightly firm moist, moderately sticky and moderately plastic;
common faint clay coats on ped faces and pore walls; few very fine, fine
vesicular and fine simple and dendritic tubular pores; few very fine and
fine roots; common fine cracks and accumulations of fecal pellets; few
iron-manganease oxide soft accumulations and few traces of dead roots;
moderately acid (field pH 6.0); clear and smooth boundary to Bt6.

Mixed red (2.5YR 4/8) 80%, very pale brown (I0YR 7/4) 20%; clay;
moderate fine and medium semi-angular blocky structure; slightly hard
dry, slightly firm moist, moderately sticky and moderately plastic; common
faint clay coats on ped faces and pore walls; common very fine, fine
vesicular and few fine simple dendritic tubular pores; few very fine and
fine roots; common fine cracks and accumulations of fecal pellets; spot
accumulations of white clayey materials; moderately acid (field pH 6.0);
gradual and smooth boundary to Bt7.

Mixed red (2.5YR 4/8) 80% and very pale brown (10YR 7/4) 20%; clay;
moderate fine and medium semi-angular blocky structure; slightly hard
dry, slightly firm moist, moderately sticky and moderately plastic; common
faint clay coats on ped faces and pore walls; common very fine and fine
vesicular and fine simple and dendritic tubular pores; few very fine and
fine roots; common fine cracks and accumulations of fecal pellets; spot
accumulations of white clayey materials and few traces of dead roots;
moderately acid (field pH 6.0).
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Pedon 2

Profile symbol : Pedon 2

Soil name Khao Kho series 2

Classification : Typic Paleudult, fine, kaolinitic, isohyperthermic

Date of examination . October 7, 2006

Described by : Irb Kheoruenromne, Somchai Anusontpornperm, Suphicha
Thanachit, Bhannapitch Samrit, Worachart Wisawapipat and
Natthapol Chittamart

Location : Agroforestry Plot Tambon Khao Kho, Amphoe Khao Kho,
Changwat Phetchabun.

Elevation . Approximately 783 m (MSL)

Map sheet number © 514211 Coordination : 47 0709924", 18 35326

Landform

1. Physiographic position : Upper footslope

2. Surrounding land form : Undulating

3. Slope on which profile site 4% Aspect : 190 Azimuth

Land use

Annual rainfall
Mean temperature
Climate

Other

: Mixed cropping of coffees and everygreen tree species
. Approximately 1,787.6 mm

. Approximately 28.0°C

: Semi-humid subtropical

: Agricultural

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon Depth (cm)

Ap 0-20
AB 20-46/51
Bil 51-72

: Residuum derived from weathered rhyolitic tuff
: Well drained

: Moderate

: Moderate

: Deeper than 200 cm at time of sampling

Description

Mixed brown (7.5YR 4/4) 95% and reddish yellow (5YR 6/6) 5%; fine
sandy clay loam; strong fine and medium subangular blocky structure;
hard dry, firm moist, slightly sticky and moderately plastic; few very
fine, fine and common medium and large vesicular pores; many very fine,
fine and common medium and coarse roots; common traces of dead roots;
few fine variegaled sands; slightly acid (field pH 6.5); clear and smooth
boundary to AB.

Reddish brown (5YR 4/4); fine sandy clay; moderate fine and medium
semi-angular blocky structure; hard dry, slightly firm moist, moderately
sticky and moderately plastic; few faint clay coats on ped faces and pores
walls; common very fine, fine and few medium vesicular and few fine
simple tubular pores; common fine and medium roots; common dark spots
of Ap materials; common traces of dead roots; slightly acid (field pH 6.5);
clear and wavy boundary to Btl.

Yellowish red (5YR 5/8); clay loam; moderate fine and medium angular
blocky structure; slightly hard dry, slightly firm moist, moderately sticky
and moderately plastic; few faint clay coats on ped faces and pore walls;
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common very fine, fine vesicular and few fine simple tubular pores;
common fine, medium and coarse roots; few traces of dead roots;
moderately acid (field pH 6.0); gradual and smooth boundary to Bt2.

Mixed yellowish red (5YR 5/8) 90%, yellow (10YR 7/8) 5% and red
(2.5YR 4/6) 5%, clay; moderate fine and medium subangular blocky
structure; slightly hard dry, slightly firm moist, moderately sticky and
moderate plastic; few faint clay coats on ped faces and pore walls;
common very fine and fine vesicular and few fine simple tubular pores;
common fine, medium and few very fine roots; few traces of dead roots;
strongly acid (field pH 5.5); gradual and smooth boundary to Bt3.

Yellowish red (5YR 5/8); clay; moderate fine and medium semi-angular
blocky; slightly hard dry, slightly firm moist, moderately sticky and
moderately plastic; few faint clay coats on ped faces and pore walls;
common very fine and fine vesicular and few fine simple tubular pores;
common fine and medium roots; few traces of dead roots; strongly acid
(field pH 5.5); gradual and smooth boundary to Bt4.

Yellowish red (5YR 5/8); clay; moderate fine and medium semi-angular
blocky structure; slightly hard dry, slightly firm moist, moderately sticky
and moderately plastic; very few faint clay coats on ped faces and pore
walls; common very fine and fine vesicular and few fine simple tubular
pores; common very fine, fine and medium roots; strongly acid (field pH
5.5); gradual and smooth boundary to Bt5.

Yellowish red (5YR 5/8); clay; moderate fine and medium semi-angular
blocky structure; slightly hard dry, slightly firm moist, moderately sticky
and moderately plastic; very few faint clay coats on ped faces and pore
walls; common very fine and fine vesicular and few fine simple tubular
pores; common fine and medium roots; strongly acid (field pH 5.5).
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Pedon 3

: Pedon 3

. Khao Kho series 3

: Typic Paleudult, very fine, kaolinitic, isohyperthermic

. October 8, 2006

: Irtb Kheoruenromne, Somchai Anusontpornperm, Suphicha
Thanachit, Bhannapitch Samrit, Worachart Wisawapipat and

Natthapol Chittamart

: Land Development Department Station, Amphoe Khao Kho,
Changwat Phetchabun.

. Approximately 942 m (MSL)

© 514211 Coordination : 47 0714965", 18 41039"

: Upper spur valley side slope on highland hilly areas
: Hilly

3. Slope on which profile site 2 7% Aspect : 155 Azimuth (South East)

Land use

Annual rainfall
Mean temperature
Climate

Other

: Litchie terrace

. Approximately 1,787.6 mm
. Approximately 28.0°C

: Semi-humid subtropical

: Agricultural

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon  Depth (cm)

Ap 0-10
Btl 10-31
B2 31-56

: Residuum derived from weathered andesitic tuff
: Well drained

: Moderate

: Moderate

: Deeper than 200 cm at time of sampling

Description

Brown (7.5YR 4/4); clay; strong fine and medium subangular blocky
structure; very hard dry, very firm moist, moderately sticky and
moderately plastic; few faint clay coats on ped faces and pore walls;
common very fine, fine and medium vesicular and few fine simple tubular
pores; many very fine and fine and few medium roots; common fine
cracks; common traces of dead roots common deep but narrow surface
cracks; slightly acid (field pH 6.5); clear and smooth boundary to Btl.

Strong brown (7.5YR 4/6); clay; strong fine and medium subangular
blocky structure; very hard dry, firm moist, moderately sticky and very
plastic; common faint clay coats on ped faces and pore walls; common
very fine, fine and few medium vesicular and few fine simple tubular
pores; common very fine and fine roots; common fine cracks; common
traces of dead roots; moderately acid (field pH 6.0); gradual and smooth
boundary to Bt2.

Mixed yellowish red (5YR 4/6) 95% and yellowish brown (10YR 5/4)
5%; clay; strong fine and medium subangular blocky structure; very hard
dry, firm moist, moderately sticky and very plastic; common faint clay
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coats on ped faces and pore walls; common very fine and fine and few
medium vesicular and few fine simple tubular pores; common very fine
and fine roots; common traces of dead roots; common fine cracks;
strongly acid (field pH 5.5); clear and smooth boundary to Bt3.

Mixed yellowish red (5YR 5/6) 95% and yellowish brown (10YR 5/4)
5%; clay; strong fine and medium subangular blocky structure; hard dry,
firm moist, moderately sticky and very plastic; common faint clay coats
on ped faces and pore walls; common very fine and fine and few medium
vesicular and few fine simple tubular pores; few very fine and fine roots;
common fine cracks; few fecal pellet accumulations; very strongly acid
(field pH 5.0); clear and smooth boundary to Bt4.

Mixed yellowish red (5YR 5/6) 90 % and brownish yellow (10YR 6/6)
10%; clay; strong fine and medium subangular blocky structure; hard
dry, firm moist, moderately sticky and moderately plastic; common faint
clay coats on ped faces and pore walls; common very fine and fine and
few medium vesicular and few fine simple tubular pores; few very fine
and fine roots; common fine cracks; very strongly acid (field pH 5.0);
gradual and smooth boundary to Bt5.

Mixed yellowish red (5YR 5/6) 83%, very pale brown (10YR 7/4) 10%,
brownish yellow (10YR 6/6) 5% and red (2.5YR 4/6) 2%, clay;
moderate fine and medium semi-angular blocky structure; slightly hard
dry, slightly firm moist, moderately sticky and moderately plastic;
common distinct clay coats on ped faces and pore walls; common fine
cracks; few very fine, fine and medium vesicular; very few, very fine and
fine roots; very strongly acid (field pH 5.0); clear and smooth boundary
to Bt6

Mixed yellowish red (5YR 5/6) 75%, very pale brown (10YR 7/4) 20%,
red (2.5YR 4/6) 3% and brownish yellow (10YR 6/6) 2%; clay;
moderate fine and medium semi-angular blocky structure; slightly hard
dry, slightly firm moist, moderately sticky and moderately plastic;
common distinct clay coats on ped faces and pore walls; common fine
cracks; common very fine, few fine medium vesicular and few fine simple
tubular pores; practically no roots; very strongly acid (field pH 5.0); clear
and smooth boundary to Bt7.

Mixed yellowish red (5YR 4/6) 70%, very pale brown (10YR 7/4) 20%,
red (2.5YR 4/6) 5% and brownish yellow (10YR 6/8) 5%; clay;
moderate fine and medium semi-angular blocky structure; slightly hard
dry, slightly firm moist, moderately sticky and moderately plastic;
common distinct clay coats on ped faces and pore walls; common very
fine, few fine and medium vesicular and few fine simple tubular pores;
practically no roots; common fine cracks; moderately acid (field pH 6.0).
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Pedon 4

: Pedon 4

: Khao Kho series 4

: Typic Paleudults, fine-loamy, mixed, active, isohyperthermic

. October 8, 2006

: Irb Kheoruenromne, Somchai Anusontpornperm, Suphicha
Thanachit, Bhannapitch Samrit, Worachart Wisawapipat and
Natthapol Chittamart

: 12.6 Kilometer from Tambon Camp Son on Khao Kho-Camp Son
Road Amphoe Khao Kho, Changwat Phetchabun.

. Approximately 800 m (MSL)

L 5242100 Coordination : 47 0717060", 18 44995"

: Lower midslope on highland hilly areas
. Hilly

3. Slope on which profile site 2 7% Aspect : 235 Azimuth (West)

Land use

Annual rainfall
Mean temperature
Climate

Other

: Upland rice left fallow at time of sampling under tall grasses
. Approximately 1,787.6 mm

. Approximately 28.0°C

: Semi-humid subtropical

. Agricultural, Bana, Bamboo sp., local weeds

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon  Depth (cm)

Apl 0-25
Ap2 25-45
AB 45-60

: Colluvium over residuum derived from rhyolitic tuff
: Well drained

: Moderate

: Moderate

: Deeper than 200 cm at time of sampling

Description

Brown (10YR 4/3); slightly gravelly sandy clay loam; moderate fine and
medium subangular blocky structure; slightly hard dry, slightly firm
moist, moderately sticky and moderately plastic; common very fine and
fine and few medium vesicular pores; many very fine, common fine, few
medium and coarse roots; common traces of dead roots; few quartz
fragments; neutral (field pH 7.0); gradual and smooth boundary to Ap2.

Brown (10YR 4/3); gravelly sandy clay loam; moderate fine and medium
subangular blocky structure; slightly hard dry, slightly firm moist,
moderately sticky and moderately plastic; common very fine, fine and
few medium vesicular pores; many very fine, common fine, few medium
and coarse roots; common rock fragments and iron-manganease oxide
nodules; neutral (field pH 7.0); clear and smooth boundary to AB.

Mixed brown (10YR 4/3) 80% and brown (7.5YR 4/4) 20%; gravelly sandy
clay loam; moderate fine and medium subangular blocky structure; slightly
hard dry, slightly firm moist, moderately sticky and moderately plastic; few
faint clay coats on pore walls mainly; common very fine and fine, few
medium vesicular and few fine simple tubular pores; common very fine, fine
and few medium roots; few fine cracks, few iron-manganease oxide nodules
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and rock fragments; common traces of dead roots; neutral (field pH 7.0);
abrupt and smooth boundary to Btc.

Brown (10YR 5/4); gravelly sandy clay; moderate fine and medium
subangular blocky structure; slightly hard dry, slightly firm moist,
moderately sticky and moderately plastic; few faint clay coats on pore
walls and ped faces; few fine cracks; common very fine and fine, few
medium vesicular and few fine simple tubular pores; common very fine
and fine roots; common iron-manganease oxide nodules (<0.5 ¢cm) and
rock fragments; few traces of dead roots; neutral (field pH 7.0); clear and
smooth boundary to Btl.

Mixed reddish yellow (5YR 6/6) 60%, pink (7.5YR 7/4) and red (2.5YR
4/6) 5%; slightly gravelly sandy clay; moderate fine and medium
subangular blocky structure; slightly hard dry, slightly firm moist,
moderately sticky and moderately plastic; common faint clay coats on
pore walls and ped faces; few very fine and fine, common medium
vesicular and few fine simple tubular pores; few very fine and fine roots;
few rock fragments and iron-manganease oxide nodules; few traces of
dead roots; strongly acid (field pH 5.5); clear and smooth boundary to
2Bt2.

Mixed strong brown (7.5YR 5/6) 90% and very pale brown (10YR 7/4)
10%; clay; strong fine and medium semi-angular blocky structure; hard dry,
firm moist, moderately sticky and moderately plastic; common faint clay
coats on ped faces and pore walls; few very fine, fine, medium vesicular and
fine simple tubular pores; few very fine and fine roots; few fine cracks;
strongly acid (field pH 5.5); clear and smooth boundary to 2Bt3.

Mixed very pale brown (10YR 7/4) 70%, reddish yellow (7.5YR 6/6)
20%, yellowish brown (10YR 5/8) 5% and yellow (10YR 7/8) 5%; clay;
moderate fine and medium angular blocky structure; hard dry, firm
moist, moderately sticky and moderately plastic; common faint clay
coats on ped faces and pore walls; few very fine, fine, medium vesicular
and fine simple tubular pores; few very fine and fine roots; few fine
cracks; strongly acid (field pH 6.0); clear and smooth boundary to 2Crtl

Mixed very dark grayish brown (10YR 3/2) 30%, light gray (10YR 7/2)
20%, yellowish brown (10YR 5/8) 25%, light yellowish brown (10YR
6/4) 10% and yellow (10YR 7/8) 5%; slightly gravelly sandy clay;
moderate medium and coarse angular blocky structure; hard dry, firm
moist, moderately sticky and moderately plastic; few faint clay coats on
pore walls mainly; common very fine, few fine and medium vesicular
and few fine simple tubular pores; very few, very fine and fine roots; few
fine cracks; strongly acid (field pH 5.5); clear and smooth boundary to
2Crt2.

Mixed very dark grayish brown (10YR 3/2) 65%, very pale brown (10YR
8/2) 20%, yellowish brown (10YR 5/8) 10% and yellow (10YR 7/8) 5%;
slightly gravelly clay; moderate medium and coarse angular blocky
structure; hard dry, firm moist, moderately sticky and moderately plastic;
few faint clay coats on pore walls mainly; common very fine, few medium
and coarse vesicular and few fine simple tubular pores; practically no
roots; few fine cracks; slightly acid (field pH 6.5).
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Pedon 5

: Pedon 5

: Khao Kho series 5

: Vertic Hapludalf, very fine, kaolinitic, isohyperthermic

. October 9, 2006

: Itb Kheoruenromne, Suphicha Thanachit, Bhannapitch Samirit,
Worachart Wisawapipat and Natthapol Chittamart

: Ban Na Yao, Tambon Thung Samoh, Amphoe Khao Kho,
Changwat Phetchabun.

. Approximately 740 m (MSL)

© 5242111 Coordination : 470716950, 18 51408"

: Lower backslope on highland hilly areas
. Hilly

3. Slope on which profile site 0 30% Aspect : 270 Azimuth (West)

Land use

Annual rainfall
Mean temperature
Climate

Other

: Chilli left idle at time of sampling
. Approximately 1,787.6 mm

. Approximately 28.0°C

: Semi-humid subtropical

: Agricultural

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon  Depth (cm)

Ap 0-30
Btl 30-50
Bt2 50-70

: Colluvium over residuum derived from andisitic tuff
. Well drained

: Moderate

: Rapid

: Deeper than 200 cm at time of sampling

Description

Brown (10YR 4/3); clay; strong coarse subangular blocky structure; very
hard dry, very firm moist, very sticky and very plastic; few faint clay
coats on ped faces and pore walls; few weathered rock fragments; few
very fine, fine vesicular and fine simple tubular pores; common very fine
and fine and few medium roots; common surface cracks and common
traces of dead roots; moderately acid (field pH 6.0); clear and smooth
boundary to Btl.

Brown (7.5YR 4/3); clay; strong medium and coarse semi-angular
blocky structure; very hard dry, very firm moist, very sticky and very
plastic; common faint clay coats on pore walls and ped faces; very few,
very fine vesicular and simple tubular pores; common very fine and fine
roots; few weathered rock fragments; common vertical cracks down to
60 cm depth; a large block of slightly weathered rock; moderately acid
(field pH 6.0); gradual and smooth boundary to Bt2.

Reddish brown (5YR 4/4); clay; strong medium and coarse semi-angular
blocky structure; very hard dry, very firm moist, very sticky and very
plastic; common faint clay coats on ped faces and pore walls; few very
fine, fine vesicular and fine simple tubular pores; few very fine and fine
roots; very few fine weathered rock fragments, few fine Mn-oxide
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nodules and few fine cracks; few large blocks of slightly weathered rock
fragments and traces of dead roots; moderately acid (field pH 6.0); clear
and smooth boundary to Bt3.

Mixed brown (7.5YR 5/4) 50% and Brown (7.5YR 4/4) 50%; clay;
strong medium and coarse semi-angular blocky structure; very hard dry,
firm moist, very sticky and very plastic; common faint clay coats on ped
faces and pore walls; few very fine, fine vesicular and fine simple tubular
pores; very few, very fine and fine roots; very few fine weathered rock
fragments, few fine Mn-oxide nodules and few fine cracks; few large
block of slightly weathered rock fragments and traces of dead roots;
moderately acid (field pH 6.0); clear and smooth boundary to 2Bt4.

Mixed brown (7.5YR 5/4) 80%, reddish brown (2.5YR 4/6) 10%, red
(2.5YR 5/6) 5% and yellowish red (5YR 5/6) 5%; clay; moderate
medium and coarse semi-angular blocky structure; hard dry, firm moist,
very sticky and very plastic; many faint clay coats on pore walls and ped
faces; few very fine, common fine, medium vesicular and tubular pores;
very few, very fine and fine roots; common accumulations of Mn-oxides,
Fe-oxides and few fine cracks; few traces of dead roots; moderately acid
(field pH 6.0); clear and smooth boundary to 2Bt5.

Mixed light brown (7.5YR 6/4) 65%, red (2.5YR 5/6) 15%, yellowish
red (5YR 5/6) 15% and black (5YR 2.5/1) 5%; clay; moderate fine and
medium semi-angular blocky structure; hard dry, firm moist, very sticky
and very plastic; many faint clay coats on pore walls and ped faces; very
few, very fine vesicular and few fine simple tubular pores; very few, very
fine and fine roots; common accumulations of Mn-oxides, Fe-oxides and
common fine cracks; few rock fragments; moderately acid (field pH 6.0);
clear and smooth boundary to 2Bt6.

Mixed light brown (7.5YR 6/4) 65%, red (2.5YR 5/6) 15%, yellowish red
(5YR 5/6) 15% and black (5YR 2.5/1) 5%, clay; moderate fine and medium
semi-angular blocky structure; hard dry, firm moist, very sticky and very
plastic; many faint clay coats on pore walls and ped faces; few very fine,
fine, medium vesicular and few fine simple tubular pores; very few, very fine
and fine roots; few fine cracks and black Mn-oxide accumulations; few rock
fragments; moderately acid (field pH 6.0); clear and wavy boundary to 2Bt7.

Mixed light brown (7.5YR 6/4) 70%, red (2.5YR 5/6) 18%, yellowish red
(5YR 5/6) 10% and black (5YR 2.5/1) 2%, clay; moderate fine and medium
semi-angular blocky structure; hard dry, firm moist, very sticky and very
plastic; common faint clay coats on pore walls and ped faces; common very
fine, fine vesicular pores; practically no roots; few fine cracks and black
Mn-oxide accumulations; moderately acid (field pH 6.0).
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Pedon 6

: Pedon 6

: Khao Kho series 6

: Typic Paleudult, fine, mixed, semiactive, isohyperthermic

. October 9, 2006

: Itb Kheoruenromne, Suphicha Thanachit, Bhannapitch Samrit,
Worachart Wisawapipat and Natthapol Chittamart

: Ban Huay Pai, Tambon Camp Son, Amphoe Khao Kho, Changwat

Phetchabun.
. Approximately 724 m (MSL)
© 52321V Coordination : 47 0717760, 18 54391"

: Lower footslope on highland undulating plain
: Undulating

3. Slope on which profile site 2 4% Aspect : 236 Azimuth (South West)

Land use

Annual rainfall
Mean temperature
Climate

Other

. Vegetable, Left fallow at time of sampling
. Approximately 1,787.6 mm

. Approximately 28.0°C

: Semi-humid subtropical

: Agricultural and settlement

II General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

III Profile description

Horizon  Depth (cm)

Ap 0-25
Bt 25-39/50
BCrtl 50-65

: Residuum derived from weathered greywacke
: Well drained

: Moderate

: Moderate

: Deeper than 200 cm at time of sampling

Description

Dark yellowish brown (I0YR 4/4); slightly gravelly sandy clay loam;
moderate fine and medium subangular blocky structure; slightly hard dry,
slightly firm moist, moderately sticky and very plastic; few very fine and
common fine vesicular pores, common very fine and fine roots; few fine
cracks; common traces of dead roots; very strongly acid (field pH 4.5);
abrupt, smooth boundary to Bt.

Mixed brown (10YR 5/4) 60%, dark red (2.5YR 3/6) 30% and red (2.5YR
5/6) 10%; slightly gravelly sandy clay; moderate fine and medium
subangular blocky structure; slightly hard dry, firm moist, moderately sticky
and very plastic; common faint clay coats on ped faces and pore walls; very
few, very fine, fine and few medium vesicular pores; few very fine and fine
roots; common fine cracks, common rock fragment and iron-manganease
oxide nodules; few traces of dead roots; very strongly acid (field pH 4.5);
clear and wavy boundary to BCrtl.

Mixed brown (10YR 5/4) 55% and dark red (2.5YR 2.5/4) 15%, yellowish
brown (I0YR 5/4) 15%, yellowish red (5YR 5/8) 10%; fine sandy clay;
moderate fine and medium subangular blocky structure; slightly hard dry,
firm moist, moderately sticky and very plastic; common faint clay coats on
ped faces and pore walls; few very fine, fine and medium vesicular and few
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fine simple tubular pores; very few, very fine and fine roots; few fine cracks
and weathered rock fragments of about 10%; few traces of dead roots;
extremely acid (field pH 4.0); clear and smooth boundary to BCrt2.

Mixed brown (7.5YR 5/4) 50%, dark red (2.5YR 3/6) 30%, yellowish
brown (10YR 5/4) 15%, light yellowish brown (I0YR 6/4) 10% and
yellowish red (5YR 5/8) 5%; fine sandy clay; moderate fine and medium
semi-angular blocky structure; slightly hard dry, slightly firm moist,
moderately sticky and moderately plastic; common faint clay coats on
ped faces and pore walls; few very fine, fine vesicular and few fine
tubular pores; very few very fine and fine roots; common fine cracks and
>10% weatherd rock fragments; extremely acid (field pH 4.0); abrupt
and smooth boundary to Crt.

Mixed weak red (10YR 4/3) 65%, dark red (2.5YR 3/6) 20%, pale brown
(I0YR 6/3) 15%; fine sandy clay; moderate fine and medium angular blocky
weathered rock retaining structure; slightly hard dry, slightly firm moist,
moderately sticky and very plastic; few faint clay coats on ped faces; few
very fine vesicular and very few, fine simple tubular pores; practically no
roots; most are weathered rock materials; weathered greywacke retaining
original structure mainly; extremely acid (field pH 4.0); abrupt and smooth
boundary to Cr.

Mixed weak red (10YR 4/3) 70%, dark red (2.5YR 3/6) 15% and pale
brown (I0YR 6/3) 15%; fine sandy clay; moderate fine and medium
angular blocky weathered rock retaining structure; slightly hard dry,
slightly firm moist, moderately sticky and moderately plastic; few very
fine vesicular and very few, fine simple tubular pores; practically no
roots; most are weathered rock materials; weathered greywacke retaining
original structure mainly; extremely acid (field pH 4.0).
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ABBLIEANYMZNIYAAHFIUINGIVBIAY (Soil Micromorphology)

Pedon 1 Typic Paleudult, very fine, kaolinitic, isohyperthermic

Horizon

Ap

Btl

Depth
(cm)
0-30/40

40-61

Description

Microstructure

Dominant granular structure and few subangular blocky structure; voids
are mainly compound packing voids, planar voids and wvughs, total
porosity is about 10-15% of the thin section area.

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

Coarse fraction: Quartz grains are mostly fine to medium sand, subangular
to subrounded; moderately sorted.

Fine fraction: Clay sized materials, brown to dark brown clay mixed with
iron oxides, dotted and speckled appearance under transmitted light.

Basic organic components

Few plant tissue residues. Abundant amorphous organic fine material, the
punctuation and the organic pigment staining to the micromass.

Groundmass

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

Pedofeatures

Amorphous pedofeature: The dark brown iron oxide impregnative nodules,
sized up to 25 pm in diameter with sharp boundaries, present about 5% of
the thin section area.

Microstructure

Subangular blocky structure is dominant, various sized peds; voids are
accommodated planar voids, total porosity is about 10-15 % of the thin
section area.

Basic mineral components

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

Coarse fraction: Quartz grains mostly are fine to medium sand, subangular

to subrounded; poorly sorted; very few runi-quartz and polycrystalline
quartz.

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

Basic organic components

Frequent organic pigment and punctuation, few highly plant decomposed
tissue residues.

Groundmass

The c/f distribution pattern is open porphyric, the b-fabric of the
micromass is undifferentiated, very few porostriated.

Pedofeatures

Textural pedofeature: The yellowish brown clay mixed with iron oxides
coating on the wall of voids, present about 1-2% of the thin section area.

Amorphous pedofeature: Common iron oxide impregnative nodules, sized
up to 700 um with sharp to diffuse boundaries, present about 10% of the
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thin section area.

Excrement pedofeature: The yellowish red soil animal excrement, sized
100 pm, present about 1% of the thin section area.

Microstructure

Weakly to moderately developed subangular blocky structure; voids
mainly are planar voids and few intrapedal vughs, total porosity is about
15-20 % of the thin section area.

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

Coarse fraction: Quartz grains mostly are very fine sand, rounded to
subrounded; well sorted.

Fine fraction: Clay to fine silt sized material, yellowish brown, cloudy
appearance under transmitted light.

Basic organic components

Very few amorphous organic fine material and punctuation.
Groundmass
The c/f distribution pattern is open porphyric, the b-fabric of the

micromass is mixture of mosaic-speckled to undifferentiated and few
porostriated.

Pedofeatures

Textural pedofeature: The light yellowish brown clay mixed with iron
oxides coatings present on the wall of voids and surrounded nodules, cover
about 2-4% of the thin section area.

Amorphous pedofeature: Few dark brown iron oxide typic nodules (sizes
25-875 pwm) with sharp to diffuse boundaries, present about 5% of the thin
section area.

Similar to above horizon, but the coarse fraction slightly increases, the c/f
ratio is approximately 5:95 and mostly are silt to very fine sand sizes.
Microstructure

Subangular blocky structure; voids mainly are plannar voids, few
intrapedal channels and vesicles; total porosity is about 10% of the thin
section area.

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

Coarse fraction: Quartz grains mostly are silt sized.

Fine fraction: Generally is reddish brown and locally is light yellow,
yellowish red, clay to fine silt sized materials, cloudy appearance under
transmitted light.

Basic organic components

Non present.
Groundmass

The c/f distribution pattern is open porphyric, the b-fabric of the micromass
mainly is undifferentiated, locally shows stipple speckled b-fabric.

Pedofeatures
Textural pedofeature: The yellow to yellowish brown clay mixed with iron

oxide coatings occur on the wall of voids, present about 2% of the thin
section area.
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Amorphous pedofeature: The dark brown iron oxide typic nodules, sized
up to 25 pm in diameter with sharp to diffuse boudaries, present about 2%
of the thin section area.

Pedon 2 Typic Paleudult, fine, kaolinitic, isohyperthermic

Horizon

Ap

Btl

Depth

(cm)

0-20

51-72

Description

Microstructure

Vughy structure; voids mainly are vughs, not interconnected, few channels;
total porosity is about 15-20% of the thin section area.

Basic mineral components
The c/f ratio limit at 10 um, ratio of 50:50.

Coarse fraction: The mineral grains mainly are quartz grains, very fine
sand to medium sand sizes (50-500 um), subangular to subrounded; very
few runi-quartz and broken quartz; moderately sorted.

Fine fraction: clay to fine silt sized material, dark brown, dotted and
speckled appearance under transmitted light.

Basic organic components

Generally are amorphous organic fine materials, puntuation and organic
pigment, staining to the micromass.

Groundmass

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

Pedofeatures

Textural pedofeature: The yellowish red clay mixed with iron oxide

coatings present on wall of voids, thickness about 10-50 um, cover about
1% of the thin section area.

Microstructure

Complex structure which is mixture of granular structure and spongy
structure, various sized peds; voids mainly are compound packing voids,
few vughs; total porosity is about 20-25% of the thin section area.

Basic mineral components
The c/f ratio limit at 10 pm, ratio of 40:60.

Coarse fraction: Quartz grains are dominant, very fine sand to medium
sand sizes (50-400 pm), subangular to subrounded; very few runi-quartz
and metamorphic quartz; well sorted.

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

Basic organic component

Generally punctuations.
Groundmass

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

Pedofeature

Textural pedofeature: Clay coating on quartz grains, present about 1% of
the thin section area.
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Amorphous pedofeature: The dark brown iron oxide impregnative nodules,
sized 1,100 um with sharp boundaries, present about 1% of the thin
section area.

Bt3 102-130 Microstructure

Vughy structure; voids mainly are vughs not, interconnected, few vesicles
and chambers; total porosity is about 30-35% of the thin section area.

Basic mineral components
The c/f ratio limit at 10 pm, ratio of 40:60.

Coarse fraction: Quartz grains are dominant, very fine sand to medium
sand sizes (50-400 pm), subangular to subrounded; well sorted.

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

Basic organic components

Few punctuation, very few plant tissues.
Groundmass

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

Pedofeatures
Textural pedofeature: The textural clay coatings on grain, present about 1-2%
of the thin section area.

Bt5 160-200+ Similar to the overlying horizon but the textural clay, present as clay
infillings, pale yellow in color and limpid aspect, cover about 5% of the
thin section area.

Pedon 3 Typic Paleudult, very fine, kaolinitic, isohyperthermic

Horizon Depth Description
(cm)
Ap 0-10 Microstructure

Subangular blocky structure, various sized peds; voids are planar voids
with frequent interpedal chambers; porosity is about 40% of the thin
section area.

Basic mineral components

The c:fratio at 10 um is 2:98.

Coarse fraction: The mineral grains mostly are subangular to angular
quartz, fine sand to medium sand sizes.

Fine fraction: Clay to fine silt sized minerals, brown to dark brown, dotted
and speckled appearance under transmitted light.

Basic organic components

Very few amorphous organic fine material present as punctuation.
Ground mass

The c/f related distribution is nearly clay monic, the b-fabric of the
micromass is mosaic-speckled to undifferentiated.

Pedofeatures

Textural pedofeature; The yellow textural clay can be observed on some
ped surfaces, present about 1% of the thin section area.
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Amorphous pedofeature; The dark brown iron oxide impregnative nodules
sized 10-1,600 pm weakly to moderately impregnated, present about 5%
of the thin section area.

Microstructure

Subangular blocky structure; voids generally are planar voids; porosity is
about 15% of the thin section area.

Basic mineral components

The c:fratio at 10 um is 1:99.

Coarse fraction: The mineral grains mostly are subangular quartz grains,
fine sand sized.

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

Basic organic components

Very few punctuations.
Ground mass

The c/f related distribution is nearly clay monic, the b-fabric of the
micromass is undifferentiated, few porostriated.

Pedofeatures

Textural pedofeature; The yellow textural clay, locally present on pore
wall and ped surfaces, present about 5% of the thin section area.

Amorphous pedofeature; The dark brown iron oxides impregnative
nodules, sized 10-500 um weakly to moderately impregnated, present
about 10% of the thin section area.

Similar to the above horizon, but the amorphous iron oxide is much more
impregnated s-matrix and give undifferentiated b-fabric. The textural clay
is yellow to orangish yellow, slightly decreasing to occupy about 2-4% of
the thin section area. The amorphous pedofeatures are dark brown iron
oxide impregnative nodules sized 10-250 um with sharp to diffuse
boundaries, present about 30% of the thin section area.

Similar to the above horizon, but the dark brown iron oxides impregnetive
nodules increase in size, up to 1,400 um with sharp boundaries.

Similar to the above horizon, but the amorphous pedofeatures; the dark
brown iron oxide impregnative nodules usually have irregular shape.

Pedon 4 Typic Paleudalf, fine-loamy, mixed, active, isohyperthermic

Horizon Depth
(cm)

Apl 0-25

Description

Microstructure

Subangular blocky structure, strongly developed and various sized peds;
voids mainly are planar voids and frequent intrapedal vughs, total porosity
is about 20% of the thin section area.

Basic mineral components

The c/f ratio limit at 10 pm is 5:95.

Coarse fraction: Single quartz grains are dominant (size ranging from 50-500

um), mostly angular to subangular, poorly sorted, feldspar can be observed,
common rhyolitic rock fragments, size ranging from 175-2000 pum.




AB

Btc

Btl

45-60

60-82

82-100

172

Fine fraction: Clay and few fine silt sized materials, brown to yellowish
brown, dotted and spekled appearance under transmitted light.

Basic organic components

Common amorphous organic fine material, punctuation and organic
pigment staining to the micromass.

Groundmass

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

Pedofeatures

Amorphous pedofeature: The local transported iron oxide typic nodules
and some iron oxide pseudomorphic nodules with sharp boundaries, sized
100-4000 pm, occupy about 30% of the thin section area.

Similar to the Ap horizon but the interpedal vughs slightly increase. The
iron oxide typic nodules, sized ranging from 100-6000 pm, increase to
50% of the thin section area. The organic components are much more
decreased.

Microstructure

Subangular blocky structure, strongly developed; voids dominant in planar
voids and frequent intrapedal and interpedal vughs, total porosity is about
10% of the thin section area.

Basic mineral components
The c/f ratio limit at 10 pm is 30:70.

Coarse fraction: Single quartz grains ranging from 50-375 pm, mostly
angular to subangular, poorly sorted, feldspar can be observed (ranging
from 50-250 pum), common rhyolitic fragments size ranging from 250-
1,750 pum.

Fine fraction: Yellowish brown to dark brown clay and few fine silt sized
materials, dotted and speckled appearance under transmitted light.

Basic organic components

Very few punctuation and the organic pigment.
Groundmass

The c/f distribution pattern is open porphyric, the b-fabric of the
micromass is weakly stipple speckled, few porostriated.

Pedofeatures

Textural pedofeature: The textural clay, orangish yellow clay coatings and
infillings present about 2-3% of the thin section area.

Amorphous pedofeature: The iron oxide typic nodules and nucleic nodules
with quartz grains inside with sharp boundaries ranging from 125-4,000
pum, occupy about 30% of the thin section area.

Microstructure

Vughy structure, voids mainly are vughs, total porosity is about 10% of
the thin section area.

Basic mineral components
The c/f ratio limit at 10 pm is 40:60.

Coarse fraction: Dominant rhyolitic rock fragments sized 250 um-1.30 cm,
very few single quartz grains, sizes 50-125 pm.

Fine fraction: Clay and few fine silt sized materials, brown to dark brown,
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dotted and speckled appearance under transmitted light.

Basic organic components

As the upper horizon.
Groundmass

The c/f distribution pattern is open porphyric; the b-fabric of micromass is
mosaic speckled and frequent grano-porostriated.

Pedofeatures

Textural pedofeatures: The textural clay, clay coatings and infillings
increase to occupy about 5-7% of the thin section area.

Amorphous pedofeature: The amorphous iron oxide impregnated
s-matrix, various shape and size, cover about 10% of the thin section area.

Similar to the above horizon but microstructure is subangular blocky
structure and few angular blocky structure, weakly to moderately
developed; voids mainly are vughs and planar voids. The rhyolitic rock
fragments size ranging from 500-5000 um decrease to present about 20%.

The major difference from the above horizon are: 1) The total porosity
decrease to cover about 5% of the thin section area. 2) The c/f ratio is
approximately.70:30. 3) The rhyolitic rock fragments increase, size ranging
from 100 pm -1.2 cm. occupy about 70% of the thin section area. In some
lithorelicts, the plagioclase feldspar and the goethite yellow in color and
hematite red to redish brown in color pseudomorph after biotite can be
observed.

Pedon 5 Vertic Hapludalf, very fine, kaolinitic, isohyperthermic

Horizon

Ap

Depth
(cm)

0-30

Description

Microstructure

Vughy structure; voids mainly are vughs and few vesicles and cracks; total
porosity is about 15% of the thin section area.

Basic mineral components
The c/f ratio limit at 10 pum, ratio is 2:98.

Coarse fraction: Quartz grains are dominant very fine sand to medium
sand, subrounded to rounded; very few runi-quartz, very few chalcedony
sized 1,000 um.

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

Basic organic component

Common amorphous organic fine material, few highly decomposed plant
tissure residues.

Groundmass

The c/f distribution pattern is open porphyric, the b-fabric of the
micromass is weakly stipple speckled, few porostriated.

Pedofeatures

Textural pedofeature: The light yellow to yellowish red clay mixed with
iron oxides, sometimes show microlaminated, present about 5% of the thin
section area.

Amorphous pedofeature: The dark brown typic nodules are sized 100-
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1,750 um with sharp boundaries, present about 5% of the thin section area.

Similar to above horizon but the total porosity is about 20%. In coarse
fraction, few lithorelicts, andesitic tuff rock fragments sized 500 um can
be observed.

Soil material is dominant in clay. Voids mainly are vughs and few planar
voids. The c:f ratio at 10 pm is 1:99. The c/f distribution pattern is nealy
clay monic, the b-fabric of micromass is reticulate striated and mosaic-
speckled. The textural pedofeature is light yellow to yellowish red clay
coating and infillings present in voids, covering about 10%. The
amorphous pedofeature is dark brown typic nodules, sized 50-2,250 pum,
present about 10-15% of the thin section area.

Similar to above horizon but microstructure is subangular blocky structure,
voids mainly are planar voids. The amorphous iron oxide is much more
impregnated s-matrix and locally give yellowish red color. The b-fabric of
the micromass is reticulate striated, mosaic-speckled and few grano-
porostriated. The amorphous pedofeatures: The dark brown typic nodules,
sized 75-2,875 pm, increase to occupy about 20% of the thin section area.

Similar to above horizon but in coarse fraction, few andesitic tuff rock
fragments (700 pm) can be observed. The amorphous pedofeatures are
dark brown typic nodules, sized 750-1,000 pm, decrease to occupy about
1-2% of the thin section area.

Pedon 6 Typic Paleudult, fine, mixed, semiactive, isohyperthermic

Horizon Depth
(cm)

Ap 0-25

Description

Microstructure

Subangular blocky structure, various sized peds; voids mainly are intra and
interpedal vughs and few planar voids; porosity is about 30% of the thin
section area.

Basic mineral components
The c:fratio at 10 um is 25:75.

Coarse fraction: Dominant subangular to angular and few rounded quartz
grains, fine sand to very coarse sand (sized 10-2,250 pm), poorly sorted.
Few broken and runi-quartz, rare chert rock fragments (sized 100 um).

Fine fraction: Clay to fine silt sized minerals, brown, dotted and speckled
appearance under transmitted light.

Basic organic components

Freqgent amorphous organic fine material, punctuation and few living plant
tissue residures.

Ground mass

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

Pedofeatures

Amorphous pedofeature; The reddish brown to black manganiferrous and
iron oxide impregnative nodules sized 250-3,200 um, weakly to strongly
impregnated, sharp to diffuse bounderies, present about 10% of the thin
sectin area.
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Microstructure

Subangular blocky structure; dominant voids are planar voids; porosity is
about 40% of the thin section area.

Basic mineral components
The c:fratio at 10 pm is 5:95.

Coarse fraction: The mineral grains are almost single quartz grains, silt
size to medium sand size (10-400 um).

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

Basic organic components

Non present.
Ground mass

The c/f related distribution is open porphyric, the b-fabric of the
micromass is stipple speckled with frequent porostriated.

Pedofeatures

Textural pedofeature; Light yellow to yellowish red, sometimes show
microlaminated clay coatings and infillings, cover about 5-10% of the thin
section area.

Amorphous pedofeature; The dark brown typic nodules sized 100-5,000
um, sharp to diffuse bounderies, present about 10% of the thin section
area.

Similar to the above horizon, but voids are planar voids and wvughs,
porosity is about 25%. Coarse fraction, the sandstone rock fragments sized
9 mm, present about 25% of the area of the slide. The b-fabric of the
micromass is stipple speckled. The textural pedofeatures are yellow to
yellowish brown clay mixed with iron oxide coatings and infillings present
on pore wall and crack of sandstone rock fragments, present about 3-4%.
The amorphous pedofeatures are red to reddish brown iron oxide and
manganiferrous aggregate nodules, various size and shape, cover about
25% of the thin section area.

Soil material mainly are sandstone fragments which cover about 90% of
the thin section. The mineral grains in sandstone (greywacke) generally
consist of shale fragments, rhyolite fragments, chert, few single quartz
grains and micas. The textural clay present about 2-3%.
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@wou/d yf5ynaniin (Hadway) aoriiusen s ieuuanilau sunomnde I w.e. 2540-2549 Ay

2540 2541 2542 2543 2544 2545 2546 2547 2548 2549 181
.9, 0.5 0.0 1.2 0.0 3.0 36.6 0.0 60.7 0.3 0.0 10.2
N.N. 0.2 45.0 6.6 86.9 0.0 17.0 7.4 81.4 0.5 20.9 26.6
.a. 176.9 29.1 4.1 25.0 116.1 4.0 136.3 0.0 42.0 133.6 66.7
130.9. 1322 1008 2877  519.9 244 980 1083 3312  330.1 3942 2327
.A. 73.0 3667 3441 3268 3314 2145 1253 3750 2046 7267  308.8
.. 1182 1637 1267 2395 1389 2840 1562 4751 2485 3612 2312
f.9. 2242 1760 1441 2529 1383 556 2040 2068  360.8 2794 2042
o.9. 214.3 187.9 173.9 234.1 197.7 486.2 123.1 208.2 98.6 358.3 228.2
.8, 246.8 237.8 208.0 347.1 189.4 466.1 321.6 354.2 411.4 521.0 330.3
f.9. 161.0 65.6 140.1 161.1 109.1 280.7 233 0.6 10.8 204.1 115.6
n.8. 5.5 68.6 34.1 1.5 0.0 14.0 0.0 0.8 142.8 62.4 33.0
5.0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
aaoAll 13528 14412 1470.6 21948 12483 19567 12055 20940 18504 3061.8 1787.6

el ([adwns) aoilasivermalsesisanTamasysel 1 w.a. 2540-2549
1.9, 1.3 0.0 8.6 0.0 0.0 35 0.0 38.0 7.7 0.0 5.9
L. 8.5 20.8 00 304 0.0 0.4 142 49.7 0.0 21.9 14.6
ia. 70.4 6.8 246 176 727 1194 1399 265 18.6 432 540
190.9. 83.7 89.1 1907  147.1 36.2 504 4338 29.7 68.9  176.1 91.6
W.A. 72.0 273.4 247.2 186.7 186.9 176.1 134.2 147.4 82.5 219.3 172.6
1.9. 87.6 127.2 129.5 181.9 159.3 261.4 235.5 217.1 198.2 219.8 181.8
.f. 259.8 168.1 144.6 105.6 128.1 102.5 83.3 167.9 165.5 205.7 153.1
a.9. 199.5 123.6 180.2 321.3 143.9 337.8 223.4 100.9 152.5 251.2 203.4
n.8. 273.3 747 1497 3580 1343 3219 2403 1515 1497 4232 2277
a.9. 151.8 400 1198 1434 732 103.1 20.5 0.5 195 1195  79.1
.o, 1.0 32.1 43 0.0 5.4 0.6 0.0 2.9 54.9 2.5 10.4
5.0. 0.0 0.0 0.1 0.0 0.3 15.9 0.0 0.0 1.7 0.0 1.8
aaoall 1208.9 955.8 1199.3 1492.0 940.3 1493.0 1135.1 932.1 919.7 16824 11959
$Sududuen aonfiuTin s Touuaudau sunemwide I w.e. 2540-2549

1.9, 1.0 0.0 1.0 0.0 1.0 2.0 0.0 4.0 1.0 0.0 1.0
.. 1.0 3.0 2.0 4.0 0.0 1.0 3.0 4.0 1.0 2.0 2.1
i.a. 7.0 4.0 3.0 5.0 10.0 2.0 15.0 0.0 5.0 7.0 5.8
1.8, 9.0 60 190 220 40 70 120 110 170 180 125
.A. 8.0 180 240 250 200 15.0 1.0 200 11.0 26.0 17.8
1.9, 10.0 13.0 170 23.0 12.0 17.0 15.0 18.0 19.0 19.0 16.3
f.9. 20.0 17.0 18.0 17.0 13.0 14.0 16.0 180 240 200 17.7
o.9. 21.0 15.0 17.0 16.0 20.0 20.0 15.0 17.0 18.0 20.0 17.9
n.9. 230 190 200 190 140 190 200 170 210 180  19.0
f.9. 11.0 6.0 17.0 15.0 11.0 13.0 6.0 1.0 4.0 10.0 9.4
n.o. 2.0 2.0 5.0 1.0 0.0 1.0 0.0 1.0 9.0 4.0 2.5
5.9. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aaall 1130  103.0 1430 1470 1050 111.0 113.0 111.0  130.0 1440 122.0
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o /T §rauSuduan anfinsnomeasziidaniamysysal 1 e 2540-2549 inde

2540 2541 2542 2543 2544 2545 2546 2547 2548 2549 511
A, 1.0 0.0 4.0 0.0 0.0 1.0 0.0 3.0 1.0 0.0 1.0
AN, 3.0 5.0 0.0 4.0 0.0 1.0 3.0 3.0 0.0 3.0 22
.. 7.0 3.0 4.0 3.0 8.0 7.0 10.0 4.0 6.0 6.0 5.8
.8, 9.0 50 150 130 5.0 9.0 4.0 60 110 140 9.1
n.A. 70 190 200 170 230 230 100 170 140 200 170
e, 130 130 140 220 230 170 170 210 180 200 178
.9 230 140 160 160 170 190 170 180 170 210 178
a.a. 19.0 21.0 21.0 17.0 19.0 23.0 19.0 19.0 24.0 21.0 20.3
n.8. 20.0 14.0 18.0 18.0 19.0 22.0 17.0 17.0 20.0 19.0 18.4
f.9. 11.0 10.0 18.0 13.0 15.0 11.0 6.0 1.0 6.0 11.0 10.2
n.g. 2.0 2.0 4.0 0.0 1.0 2.0 0.0 2.0 7.0 1.0 2.1
5.0. 0.0 0.0 1.0 0.0 1.0 5.0 0.0 0.0 1.0 0.0 0.8
Aaoal) 1150 1060 1350 1230 131.0 1400 103.0 1110 1250 1360 1225

mm%yua“’uﬁwﬁ'(%) ﬁmﬁ@]fm}mmﬁﬂim‘iﬁm%’mwmy‘sﬂf‘i’J .71, 2540-2549
w.A. 683 655 624 632 691 660 688 684 697 624 664
AN, 624 626 563 653 636 665 679 715 666 637 647
.. 637 580 569 619 754 661 708  63.6 619 635 642
1.8, 712 632 772 742 669 703 727 638 708 725 703
N.f. 68.9 76.0 82.4 81.1 82.6 81.0 76.2 80.2 71.7 80.7 78.7
i.e. 69.8 75.5 81.1 84.5 85.1 81.4 80.0 83.8 84.4 79.7 80.5
f.f. 84.2 81.9 80.9 83.7 84.5 84.6 81.4 83.0 86.4 84.8 83.5
a.a. 85.3 82.8 85.3 83.8 86.5 86.4 84.5 83.8 87.2 83.8 84.9
n.g. 850 814 843 853 847 8.4 8.5 8.0 8.0 8.0 850
f.9. 8.7 770 807 8.0 813 793 749 738 791 8.1  79.1
.o, 721 705 742 720 724 745 702 708 791  7L4 727
5.0. 69.1 634 604 689 725 732 639 651 701 639 671
AnAY 73.5 71.5 73.5 75.6 77.1 76.3 74.8 74.2 76.8 74.3 74.8
Ysinamsmeszmeni (fadwns) anfinsrvermailsysisanamasysel 1 w.a. 2540-2549

u.A. 1054 1147 1302  127.1 1209 1209 1085 1178  117.8 1364 1200
N, 1232 1288 1400 1204 1232 1176 117.6 1148 1288 1344 1249
in. 155.0 173.6 170.5 170.5 139.5 158.1 145.7 164.3 164.3 179.8 162.1
1.8, 153.0 1830 1320 1560 201.0 1650 171.0 1920 1740 1770  170.4
n.A. 1643 1643 1085 1364 1457 1333 1674 1488 1612 1395 1469
e, 153.0 1440 1080 1200 1170 1410 1200 123.0 1200  153.0 1299
n.A. 1085 1178 1178 1116 1364 1085 1302 1240 1147 1271 1197
a.f. 105.4 111.6 93.0 111.6 105.4 124.0 114.7 108.5 108.5 111.6 109.4
n.8. 102.0 105.0 93.0 102.0 108.0 96.0 102.0 111.0 120.0 126.0 106.5
f1.9. 117.8 114.7 117.8 114.7 120.9 117.8 124.0 130.2 120.9 130.2 120.9
N, 111.0 1140 1050 1260 1170 1080 1260 1350 1200 1200 1182
5.0, 1116 1333 1364 1271 1302 1116 1302 1209 1240 127.1 1252
aaoall 15102  1604.8 14522 15234 15652 1501.8 15573 15903 15742 1662.1 1554.2
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Bou /3l aavigillgeganas (esruraidea) anflnsaveimelsz$isanSamasysal T wa. 2540-2549 Ay
2540 2541 2542 2543 2544 2545 2546 2547 2543 2549 0l

.9, 31.4 344 33.0 33.0 33.7 324 31.2 32.7 329 33.6 32.8
.N. 34.1 36.1 34.9 34.0 35.2 35.0 34.8 32.7 36.9 345 34.8
. 36.1 38.6 38.1 36.8 344 36.2 354 37.5 36.0 37.3 36.6
.g. 353 382 346 356 392 371 372 388 379 362 37.0
nA. 364 362 327 335 337 343 361 345 366 336 34.8
i.e. 364 350 322 324 326 335 330 327 335 341 33.5
n.A. 3.7 329 323 320 326 323 334 327 327 323 325
a.f. 31.9 33.1 31.4 323 32.0 32.0 324 325 32.0 32.1 322
n.8. 31.8 33.0 31.5 31.5 324 313 31.6 32.8 323 322 32.0
f.9. 325 333 31.7 33.0 33.1 329 33.2 335 334 325 32.9
n.g. 32.8 322 314 31.8 30.8 32.1 33.8 33.9 324 33.9 325
5.0, 334 3166 284 324 319 324 310 321 307 _ 314 315
Aaen 336 346 327 332 335 335 336 339 339 336 33.6

qavigiidgamas (esmaifod) amilasvomelsziiionTamasysal w.a. 2540-2549
u.a. 167 187 191 188 201 175 173 182 175 175 18.1
nwn. 195 207 204 194 201 209 202 189 217 214 203
.. 215 238 227 212 231 228 222 224 224 239 226
1.8, 225 251 242 244 260 240 247 248 250 244 24.5
n.a. 248 254 241 244 248 246 253 249 257 243 24.8
e, 248 259 243 244 245 249 248 244 251 249 24.8
f.f. 23.9 24.8 24.4 243 24.7 24.7 24.6 24.2 24.6 24.7 24.5
a.f. 24.1 24.7 23.9 24.4 24.8 24.2 24.6 24.6 24.6 24.4 24.4
n.a. 236 244 241 235 242 243 244 239 245 242 24.1
a0 236 235 235 238 238 230 231 217 236 233 233
N, 207 208 216 196 186 2.6 207 204 221 210 207
5.0. 192 192 164 191 193 206 165 156 191 181 183
Aaoa 221 231 224 223 228 228 224 220 230 227 25
qumgimas (esrnmaiFea) anriiaseimelssSivanTamaaysal w, 2540-2549

u.A. 240 265 260 259 268 249 242 254 252 255 25.5
NN, 26.8 28.3 27.7 26.7 27.6 27.9 27.5 25.8 29.3 27.9 27.5
.. 288 312 304 290 288 295 288 299 292  30.6 29.6
1.8, 28.9 31.6 29.4 30.0 32.6 30.5 30.9 31.7 314 30.3 30.7
nA. 305 308 284 289 292 294 307 297 311 290 29.8
i.e. 306 304 283 284 285 292 288 285 293 295 29.1
n.A. 278 288 283 281 286 285 290 284 286 285 28.5
a.f. 28.0 28.9 27.6 28.3 28.4 28.1 28.5 28.5 28.3 28.3 28.3
n.9. 277 286 278 275 283 278 280 283 284 281 28.0
f1.9. 28.1 28.4 27.5 28.4 28.4 27.9 28.2 27.6 28.4 27.9 28.1
W 267 265 265 256 247 268 272 271 272 266 26.5
5.0. 262 253 224 257 256 265 237 238 249 239 24.8
Aaon 278 288 275 277 281 281 280 279 284 280 28.0
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MINWUING 2 FuiianNIMenIMeIaUNgINinsAny

Depth Horizon  Particle size distribution (gkg') ~ Textural class  Bulk density ~ Hydraulic conductivity
(cm) (USDA grading) (Mgm”) (emhr')
Sand Silt Clay
Pedon 1 Typic Paleudult, very fine, kaolinitic, isohyperthermic
0-30/40 Ap 81 357 562 C 1.07 0.71
40-61 Btl 66 305 629 C 1.09 6.33
61-81 Bt2 39 228 733 C 1.15 0.27
81-103 Bt3 29 215 757 C 1.34 3.74x10°
103-131 Bt4 28 246 726 C 1.33 2.67x10°
131-154 Bt5 38 374 588 C 1.32 0.14
154-179 Bt6 41 343 617 C 1.17 7.88x 107
179-200+ Bt7 63 424 513 SiC 1.23 3.20x 10°
Pedon 2 Typic Paleudult, fine, kaolinitic, isohyperthermic
0-20 Ap 435 288 277 SCL 1.08 1.26
20-46/51 AB 377 293 330 CL 1.14 16.12
51-72 Btl 338 244 417 C 1.34 1.60
72-102 Bt2 300 232 468 C 1.34 1.04
102-130 Bt3 305 236 460 C 1.28 1.85
130-160 Bt4 314 244 441 C 1.35 6.34
160-200+ BtS 337 214 449 C 1.32 8.75
Pedon 3 Typic Paleudult, very fine, kaolinitic, isohyperthermic
0-10 Ap 108 298 594 C 1.11 11.25
10-31 Btl 79 256 665 C 1.19 0.89
31-56 Bt2 69 234 697 C 1.23 0.25
56-81 Bt3 41 230 729 C 1.35 0.16
81-112 Bt4 29 237 734 C 1.32 1.88 x 107
112-142 BtS 35 252 714 C 1.33 240x10°
142-175 Bt6 27 275 698 C 1.24 3.22x10°
175-200+ Bt7 26 307 667 C 1.29 428x10°
Pedon 4 Typic Paleudalf, fine-loamy, mixed, active, isohyperthermic
0-25 Apl 307 397 297 CL (GCL)' 1.12 3.70
25-45 Ap2 330 351 319 CL (GCL) 1.07 4.16
45-60 AB 340 383 277 CL 1.47 8.60
60-82 Btc 284 377 339 CL 1.21 2.18
82-100 Btl 229 382 389 C 1.45 482x10°
100-122 2Bt2 215 341 444 C 1.39 120x10”
122-146/150 2Bt3 230 367 403 C 1.37 3.49x10°
150-180 2Crtl 348 378 274 CL 1.43 591x10°
180-200+ 2Crt2 412 362 225 L 1.60 1.15x 107
Pedon 5 Vertic Hapludalf, very fine, kaolinitic, isohyperthermic
0-30 Ap 85 312 603 C 1.07 0.29
30-50 Btl 105 323 572 C 1.29 1.51
50-70 Bt2 79 242 679 C 1.35 3.72x10°
70-90 Bt3 56 219 725 C 1.32 4.59x10°
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AS1INUINT 2 (510)

Depth Horizon  Particle size distribution (gkg')  Textural class  Bulk density ~ Hydraulic conductivity
(cm) (USDA grading) Mg m>) (cm hr')
Sand Silt Clay

Pedon 5 (continued)
90-115 2Bt4 76 217 707 C 1.35 1.86x 10°
115-142 2Bt5 80 302 618 C 1.50 1.06x 10°
142-165/170 2Bt6 82 330 588 C 1.42 1.06x 10”
170-200+ 2Bt7 151 352 497 C 1.22 3.74x10°
Pedon 6 Typic Paleudult, fine, mixed, semiactive, isohyperthermic
0-25 Ap 337 376 287 CL 1.16 0.59
25-34/50 Bt 163 272 565 C 1.41 0.23
50-65 BCrtl 89 278 634 C 1.41 6.71x10°
65-85 BCrt2 120 315 565 C 1.39 0.19
85-125 Crt 167 199 634 C 1.37 1.09x 107
125-200+ Cr 280 408 311 CL 1.63 1.12x10°
msfnufIeduAuRANRszAUAWEN 0-100 1ruRIA
KKA 1
0-30 Topsoil 527 208 265 SCL nd nd
30-60 Subsoil 456 197 347 C nd nd
60-100+ Subsoil 450 195 355 C nd nd
KKA 2
0-26 Topsoil 184 414 402 SiC nd nd
26-60 Subsoil 62 340 598 C nd nd
60-100+ Subsoil 77 457 465 SiC nd nd
KKA 3
0-30 Topsoil 118 334 548 C nd nd
30-60 Subsoil 58 277 665 C nd nd
60-100+ Subsoil 58 286 655 C nd nd
KKA 4
0-20 Topsoil 174 335 492 C nd nd
20-60 Subsoil 114 343 543 C nd nd
60-100+ Subsoil 163 383 453 C nd nd
KKA S
0-20 Topsoil 285 232 482 C nd nd
20-60 Subsoil 241 240 519 C nd nd
60-100+ Subsoil 243 273 485 C nd nd
wnawn  C = clay, SiC = silty clay, CL = clay loam,

L = loam, SCL = sandy clay loam

nd = notdata
Y
1 wuninsaduluiienusosas 18.4 Taeilsuas
= dy a 9 a
2 nununsatuluwieausssas 18.3 Tasilsuias



d‘ L2 = a A A o =2
AN HINT 3 FUUANNUANUDIAUNGINMINITANY

Depth Horizon pH L:1 EC, OM  Total  Avail Avail. Extractable bases Sum Extr. Extr. ECEC CEC Al BS
(cm) H,O0 KCl N P K Ca Mg K Na  bases acidity Al By sum NH,OAc saturation by sum
@Sm)  (—gkg'—) (—mgkg' ) ( emol kg )
Pedon 1 Typic Paleudult, very fine, kaolinitic, isohyperthermic
0-30/40 Ap 5.0 4.1 0.33 42.1 187 1.44 7353 548 199 0.19 026 791 8.05 028 819 16.0 17.9 3.43 49.55
40-61 Btl 53 34 0.16 184 0.82 0.75 21.08 1.68 137 0.05 022 331 9.23 2.13 544 125 134 39.12 26.43
61-81 Bt2 5.6 3.6 0.07 11.7  0.70 1.43 1195 072 081 0.03 029 184 9.07 202 386 109 144 52.24 16.88
81-103 Bt3 54 3.5 0.07 74 0.50 0.56 1898 052 043 005 024 123 822 1.94  3.17 9.5 15.5 61.20 13.03
103-131 Bt4 5.8 3.5 0.05 54 047 0.46 1791 062 039 0.04 027 132 941 1.82  3.14 107 14.7 58.02 12.29
131-154 Bt5 5.6 3.5 0.10 7.1 0.54 0.46 1249 056 026 0.03 026 1.11 9.54 1.95 3.06 10.6 14.5 63.82 10.39
154-179 Bt6 5.5 3.4 0.08 52 041 0.45 1398  0.62 023 0.03 026 1.14 851 2.67  3.81 9.7 13.2 69.99 11.86
179-200+ Bt7 54 33 0.12 28 044 0.74 1588 047 0.17 0.04 024 092 8.04 336 428 9.0 12.7 78.43 10.29
Pedon 2 Typic Paleudult, fine, kaolinitic, isohyperthermic
0-20 Ap 57 4.1 0.51 264 1.78 9.31 166.05 3.13 095 042 029 479 531 006 485 10.1 9.1 1.21 47.42
20-46/51 AB 59 4.1 0.32 11.5 0.86 0.72 12380 262 0.70 031 024 386 5.06 0.05 3.92 8.9 7.4 1.38 43.31
51-72 Btl 5.7 3.7 0.25 6.1 0.58 1.39 100.10 238 0.88 0.25 024 374 430 027  4.01 8.0 9.4 6.62 46.56
72-102 Bt2 5.0 3.3 0.18 72 0.69 7.35 2689 0.69 056 0.07 022 153 639 125 278 7.9 10.5 45.03 19.30
102-130 Bt3 4.7 3.4 0.23 42 047 0.10 1065 021 036 003 020 080 6.56 134 2.14 7.4 8.1 62.52 10.87
130-160 Bt4 4.8 3.4 0.55 34 051 0.11 12.15 0.14 032 0.03 020 0.69 4.78 1.10 1.79 5.5 9.2 61.58 12.59
160-200+ Bts 4.6 33 0.68 3.8 048 0.11 1556  0.17 024 0.04 022 066 577 1.25 1.91 6.4 7.4 65.54 10.22
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MIINUINN 3 (71D)

Depth pH 1:1 EC, OM  Total Avail.  Avail Extractable bases Sum Extr.  Extr. ECEC CEC Al BS
(cm) H,0 KCI N P K Ca Mg K Na bases  acidity Al By sum NH,OAc saturation by sum
@Sm") (~-gkg'-) (--mgkg'-) ( cmol kg’ )

Pedon 3 Typic Paleudult, very fine, kaolinitic, isohyperthermic

0-10 Ap 53 37 0.42 379 238 0.85 2489 384 155 0.62 029 6.30 10.66 029 6.60 17.0 16.6 4.47 37.16
10-31 Btl 51 34 0.44 258 1.73 0.02 1102 135 059 028 028 249 1054 148 3.98 13.0 14.6 37.29 19.13
31-56 Bt2 52 33 0.26 17.7  0.81 0.02 38.64 045 026 0.10 024 1.04 10.69 227 331 11.7 14.9 68.57 8.87
56-81 Bt3 54 33 0.10 133  0.84 0.02 23.00 028 042 0.06 025 1.00 929  2.06 3.06 10.3 13.3 67.35 9.73
81-112 B4 55 34 0.18 73 0.63 0.02 1436 0.14 041 0.04 020 0.78 8.21 1.86 2.64 9.0 13.7 70.42 8.70
112-142 Bt5 55 35 0.06 57 053 0.02 19.58 020 048 0.05 020 093 875 2.06 2.99 9.7 12.7 68.81 9.64
142-175 Bt6 56 34 0.05 39 049 1.45 16.08 0.09 031 0.04 0.16 0.60 9.01 221 2.80 9.6 13.3 78.71 6.21
175-200+ Bt7 56 34 0.43 28 052 0.20 2787 007 026 0.07 025 0.66 883 2.08 274 9.5 14.3 75.94 6.94
Pedon 4 Typic Paleudalf, fine-loamy, mixed, active, isohyperthermic

0-25 Apl 59 41 0.45 273 1.96 1.77 78.69 9.19 3.03 020 027 12.68 515  0.06 12.74 178 18.5 0.45 71.12
25-45 Ap2 60 42 0.37 18.1 133 0.11 40.79 873 249 0.10 028 11.60 561 011 1171 172 17.9 0.95 67.42
45-60 AB 59 41 0.36 17.7 141 3.51 2210 880 235 0.06 024 1144 672  0.14 11.58 182 16.9 1.22 63.01
60-82 Btc 6.0 38 0.61 9.7 0.70 0.11 1645 871 271 0.04 025 11.72 540 0.17 11.89 17.1 16.0 1.46 68.47
82-100 Btl 6.0 3.1 0.24 73 055 0.73 21.56  9.46 404 0.05 035 1391 725 072 14.63 212 20.8 4.93 65.73
100-122 2Bt2 58 3.1 0.23 58 057 0.11 3525 106 520 0.09 040 1631 9.63 236 18.67 259 26.9 12.63 62.87
122-146/150  2Bt3 6.0 3.0 0.21 43 046 0.11 3392 978 579 0.08 0.73 16.39 10.70 331 19.70 27.1 28.7 16.81 60.50
150-180 2Crtl 59 3.0 0.25 34 042 0.11 32.11 898 563 0.08 1.09 15.78 850 191 17.69 243 243 10.78 64.99
180-200+ 2Crt2 59 3.0 0.31 1.8 025 0.02 2267 112 653 0.06 1.71 19.55 646 0.88 2042 260 243 4.30 75.15

(43!



AS1INUINN 3 (919)

Depth Horizon pH 1:1 EC, OM Total Avail. Avail Extractable bases Sum  Extr. Extr.  ECEC CEC Al BS
(cm) H,0 KCl N P K Ca Mg K Na  bases acidity Al By sum NH,OAc  saturation by sum
@Sm) (—gkg'-) (—mgkg'—)  ( cmol kg’ ) (%) )

Pedon 5 Vertic Hapludalf, very fine, kaolinitic, isohyperthermic
0-30 Ap 54 40 0.29 245 144 1.10  32.44 9.69 270 0.08 026 12.74 7.51  0.18 1291 20.2 19.7 1.36 62.91
30-50 Btl 56 4.0 0.25 163 087 011 2261 1041 275 0.06 027 1348 6.71 021 13.69 202 20.3 1.50 66.77
50-70 Bt2 55 39 0.29 133 0.65 075  12.44 986 2.72 0.03 020 12.81 729 025 13.05 20.1 21.6 1.90 63.73
70-90 Bt3 55 39 0.26 12.1 1.00  0.11 2354 972 3.02 0.06 028 13.08 7.07 030 1338 20.1 20.2 222 64.92
90-115 2Bt4 57 39 0.22 106 084  0.11 13.63 997 3.10 0.03 023 13.33 756 036 13.70 209 20.6 2.66 63.82
115-142 2Bt5 57 4.1 0.20 73 054  0.02 27.10 931 3.10 0.07 027 1275 6.50 038 13.12 19.2 25.2 2.88 66.23
142-165/170  2Bt6 59 4.0 0.17 56 036 0.02 4326 1248 436 011 026 1721 6.52 051 17.72 237 235 2.88 72.51
170-200+ 2Bt7 59 39 0.35 43 048 0.02 3159 1143 427 0.08 030 16.08 656 0.17 1626 22.6 24.7 1.08 71.04
Pedon 6 Typic Paleudult, fine, mixed, semiactive, isohyperthermic
0-25 Ap 48 33 0.39 325 1.67 6.61  50.98 223 1.05 0.13 0.19 3.60 830 1.06 4.67 119 25.7 22.80 30.27
25-34/50 Bt 45 32 0.28 16,6 1.10 039 3413 2.01 098 0.09 028 335 1271 421 7.56  16.1 18.4 55.70 20.85
50-65 BCrtl 45 3.1 0.33 126 093 0.75  35.35 080 0.70 0.09 026 1.85 1432 5091 777 16.2 28.5 76.14 11.46
65-85 BCrt2 43 32 0.25 7.6 054 022 2529 039 048 0.06 028 1.21 1406 6.28 749 153 23.8 83.79 7.95
85-125 Crt 42 3.1 0.28 72 057  0.04 1553 0.18 0.35 0.04 026 083 1391 6.50 732 147 25.0 88.73 5.60
125-200+ Cr 42 32 0.27 1.8 039 038 16.56 0.01 0.15 0.04 028 048 1152 584 631 12.0 19.2 92.45 3.97
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AS1INUINN 3 (919)

Depth Horizon pH 1:1 EC, OM  Total Avail. Avail Extractable bases Sum  Extr.  Extr. ECEC CEC Al BS
(cm) H,O0 KCl N P K Ca Mg K  Na bases acidity Al Bysum NH,OAc saturation by sum
@Sm)  (——gkg') (—mgkg'—) ( cmol kg I G )
MsAnEIFIERINALATE A UAIEN 0-100 wUAIIAT
KKA 1
0-30 Topsoil 4.5 32 0.30 2427 122 3804 3706 0.09 008 009 024 050 759 152 202 8.1 9.3 75.12 6.22
30-60 Subsoil 45 3.2 0.23 276 0.66 038 1738 0.04 007 004 025 040 626 183 223 67 81 82.01 6.02
60-100+  Subsoil 49 33 0.20 6.49 0.7 038 946 002 006 002 025 035 608 193 229 64 95 84.53 5.50
KKA 2
0-26 Topsoil 49 3.4 0.28 3631 175 073 5569 0.17 052 014 027 110 918 201 311 103 184 64.52 10.73
26-60 Subsoil 49 3.3 0.21 1357  1.05 039 5379 005 0.13 013 024 056 1066 427 482 112 188 88.42 4.98
60-100+  Subsoil 4.8 33 0.21 554 0.68 0.73 5346 005 025 013 024 068 1100 412 48 11.7 186 85.92 5.79
KKA 3
0-30 Topsoil 52 38 0.26 3205  1.64 020 6679 329 180 017 027 552 652 023 575 120 144 3.96 4587
30-60 Subsoil 55 4.6 0.22 1343 0.63 020 1495 342 176 004 066 588 570 022 610 116 147 3.65 50.76
60-100+  Subsoil 5.6 4.0 0.14 976 0.68 019 750 234 152 002 025 413 645 027 440 106 142 6.04 39.05
KKA 4
0-20 Topsoil 57 39 0.23 7284  1.18 0.19 3792 660 335 009 027 1031 7.03 033 106 173 299 3.09 59.45
20-60 Subsoil 5.7 3.8 0.22 6.24  0.64 020 2198 627 389 005 035 1056 679 043 109 174 249 3.88 60.86
60-100+  Subsoil 6.0 39 0.22 594 053 020 2395 7.02 433 006 036 1177 647 056 123 182 233 4.54 64.53
KKA 5
0-20 Topsoil 5.6 3.3 0.17 2363 0.84 039 3333 049 078 008 024 159 970 257 417 113 146 61.79 14.10
20-60 Subsoil 55 3.3 0.08 430 041 039 688 007 036 002 026 071 1021 397 469 109 198 84.76 6.54
60-100+  Subsoil 54 32 0.12 398  0.42 049 854 006 038 002 025 071 1055 423 494 113 177 85.54 6.35
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- a I3 A o A A v Y J a o
MWW 4 Usmauan ozgliiy sazuuemiananaaelals lo Tud-Fmsa-lumsvema,

] ]
A o =2

ponyan uaz Inlsoamlavesduiganihmsan

Depth Horizon  Fe, Fe, Fe, Fe /Fe, Al Al Al Mn, Mn, Mn,

(cm) ( gkg' ) ( g kg’ )

Pedon 1 Typic Paleudult, very fine, kaolinitic, isohyperthermic

0-30/40 Ap 2834 641 8.56 0.23 16.79 4.04 9.34 5.71 1.62 0.24
40-61 Btl 5514  7.71 13.28 0.14 9.48 448 17.66 1.66 1.09 0.16
61-81 Bt2 5540 277 15.83 0.05 9.47 411 19.85 0.61 0.25 0.13
81-103 Bt3 5736 258  16.72 0.05 9.77 479 19.08 0.44 0.16 0.11
103-131 Bt4 5343  3.16  14.58 0.06 8.60 4.07 1838 0.36 0.16 0.09
131-154 Bt5 5397 327 14.02 0.06 8.76 382 1595 0.27 0.10 0.07
154-179 Bt6 51.66 2.4l 9.23 0.05 6.73 3.72 9.29 0.18 0.09 0.03
179-200+ Bt7 56.88 221 5.42 0.04 5.64 330 492 0.11 0.06 0.01

Pedon 2 Typic Paleudult, fine, kaolinitic, isohyperthermic

0-20 Ap 1195 294 4.78 0.25 2.97 2,64 1235 0.39 0.36 0.12
20-46/51 AB 19.17  3.92 8.33 0.20 3.46 3.06 2325 0.25 0.25 0.05
51-72 Btl 1740 254 1122 0.15 3.45 248 33.73 0.07 0.06 0.04
72-102 Bt2 21.67 339 12.19 0.16 4.13 3.07 36.12 0.06 0.06 0.04
102-130 Bt3 25.64 216 1491 0.08 5.03 294 4381 0.05 0.05 0.04
130-160 Bt4 19.59 280 14.23 0.14 433 3.48  40.90 0.05 0.05 0.04
160-200+ Bt5 19.79 196 11.54 0.10 4.60 4.05 32.56 0.04 0.05 0.03

Pedon 3 Typic Paleudult, very fine, kaolinitic, isohyperthermic

0-10 Ap 5330 6.05 11.29 0.11 15.94 3.65 17.13 1.36 0.41 0.14
10-31 Btl 48.69 553  14.27 0.11 16.72 330 2044 1.19 0.34 0.10
31-56 Bt2 51.37  5.60 14.56 0.11 9.43 486 23.12 0.32 0.17 0.05
56-81 Bt3 49.01 222 1347 0.05 8.30 3.64 2427 0.20 0.06 0.04
81-112 Bt4 49.87 341 11.37 0.07 8.15 433  19.69 0.19 0.06 0.04
112-142 Bt5 52.16 126 10.33 0.02 7.68 435 17.05 0.24 0.06 0.04
142-175 Bt6 4890 1.39 9.56 0.03 6.18 435 16.34 0.19 0.07 0.03
175-200+ Bt7 50.87 1.34 7.49 0.03 5.67 331 11.13 0.20 0.07 0.02

Pedon 4 Typic Paleudalf, fine-loamy, mixed, active, isohyperthermic

0-25 Apl 4533 519 3.30 0.11 4.08 1.95 4.78 0.76 0.63 0.11
25-45 Ap2 5377 5.14 4.65 0.10 466 212 7.04 0.90 0.67 0.09
45-60 AB 48.22  3.88 3.80 0.08 4.12 1.71 5.57 1.11 0.77 0.09
60-82 Btc 5427 3.86 5.35 0.07 5.21 1.61 9.28 0.83 0.51 0.05
82-100 Btl 42.17 236 6.40 0.06 4.47 1.91 11.12 0.38 0.28 0.04

100-122 2Bt2 2623  1.82 5.28 0.07 4.02 312 12.67 0.51 0.34 0.03
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MSEUINN 4 (71D)

Depth Horizon Fe, Fe, Fe, Fe /Fe, Al Al Al Mn,
(cm) ( gkg' ) ( gkg' )

Pedon 4 (continued)

122-146/150 2Bt3 2357 220 6.33 0.09 3.84 338 13.49 0.45 0.29 0.02
150-180 2Crtl 17.38 241 4.53 0.14 4.80 290 12.65 0.38 0.27 0.03
180-200+ 2Crt2 1329  2.09 3.43 0.16 1.23 1.30 9.06 0.43 0.32 0.03

Pedon 5 Vertic Hapludalf, very fine, kaolinitic, isohyperthermic

0-30 Ap 66.04  5.67 9.47 0.09 14.49 326 1722 3.75 1.10 0.13
30-50 Btl 52.11  4.96 9.55 0.10 6.10 296 18.76 1.51 0.86 0.11
50-70 Bt2 48.39  2.89 12.39 0.06 6.11 253  26.15 0.49 0.23 0.07
70-90 Bt3 4434 292 13.00 0.07 6.84 2.74  29.08 0.37 0.21 0.05
90-115 2Bt4 46.80 3.42 11.63 0.07 5.90 2.79 2837 0.38 0.24 0.03
115-142 2Bt5 4583 297 12.15 0.06 5.75 345 2873 0.44 0.27 0.03

142-165/170 2Bt6 41.00 237 7.87 0.06 4.63 3.13 2143 0.42 0.26 0.02
170-200+ 2Bt7 38.97 241 6.90 0.06 4.09 294 17.36 0.36 0.22 0.02

Pedon 6 Typic Paleudult, fine, mixed, semiactive, isohyperthermic

0-25 Ap 2938 4.71 5.36 0.16 3.25 2.00 11.05 0.36 0.31 0.14
25-34/50 Bt 4530  4.02 14.48 0.09 5.32 3.14  36.90 0.05 0.07 0.05
50-65 BCrtl 49.69 5.22 12.72 0.11 6.67 4.67 38.08 0.02 0.06 0.04
65-85 BCrt2  49.66 3.41 9.02 0.07 5.72 437 3321 0.03 0.07 0.03
85-125 Crt 3695 3.43 8.31 0.09 5.25 4.04 32.20 0.01 0.03 0.03
125-200+ Cr 33.79 247 3.45 0.07 2.92 3.07 14.00 0.69 0.06 0.02

MIANHIRIDINAUNUAVNTEAVANNEN 0-100 IEUANAT

KKA 1
0-30 Topsoil 9.85 3.12 6.00 0.32 2.33 1.44  11.80 0.32 0.27 0.09
30-60 Subsoil 12.43 2.65 7.38 0.21 2.49 1.39  16.77 0.16 0.16 0.05
60-100+ Subsoil 15.85 1.52 7.81 0.10 2.87 1.59  17.96 0.06 0.07 0.03
KKA 2
0-26 Topsoil 22.59 5.92 9.49 0.26 3.77 255 1718 0.46 0.37 0.10
26-60 Subsoil 32.53 329 13.42 0.10 4.77 251 27.05 0.07 0.08 0.03
60-100+ Subsoil 28.55 1.03 4.43 0.04 2.93 2.14  12.65 0.07 0.06 0.01
KKA 3
0-30 Topsoil 60.84 5.53 9.48 0.09 6.88 230  16.60 1.20 0.74 0.13
30-60 Subsoil 59.35 227 1143 0.04 7.54 1.78  19.93 0.37 0.12 0.05
60-100+ Subsoil 55.38 1.98  10.74 0.04 7.10 2.02  18.30 0.41 0.08 0.04
KKA 4

0-20 Topsoil  37.06 4.18 8.16 0.11 4.42 .51 19.52 0.96 0.48 0.15
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AS1INUINN 4 (919)

Depth Horizon Fe, Fe, Fe, Fe /Fe, Al Al Al Mn, Mn, Mn
(cm) ( gke' ) ( gke' )
KKA 4 (continued)
20-60 Subsoil  34.99 3.62 8.26 0.10 3.57 2.00 21.92 1.11 0.53 0.07
60-100+ Subsoil ~ 23.57 3.89 6.35 0.16 2.05 2.07 17.77 1.12 0.62 0.03
KKA S
0-20 Topsoil ~ 44.15 141 1395 0.03 9.35 2.28 38.55 0.04 0.04 0.04
20-60 Subsoil ~ 36.18 1.55  11.01 0.04 8.75 294 3691 0.01 0.02 0.03
60-100+ Subsoil  39.15 0.91 5.50 0.02 7.12 2.05 2526 0.01 0.05 0.02

ana é’]} 18 dithionite-citrate-bicarbonate (DCB)

naneme Fe, Al, Mn,

ANAA28 ammonium oxalate (pH 3.0) (AOE)

Fe,, Al , Mn_

AnAA18 0.1 M sodium pyrophosphate (pH 10) (SPE)

Fep, Alp, Mn,
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o G O'J d’ 3 dy a %
Aseniia FOFUVDUUDAUNAN
a dy Y U a J 3 1 =
AUNTIY 1OHEN 1dun n3rexiian1e 9 AWANIIBHIUNIND
=) a 1 =1
(sandy) NIWATIDIANN LAEZNI1UUAUTIUDING 1Y
=S =) 1
azpeaNNUuAUTIU
Y Y
=} 9 LY L a 1 % T
Woreulunag 18un Ausvdunsresiianig o daue
a ] 2K A ] =)
AuIUYuUNTIereIUIAUI W uUNIeazidea
a 1 dy 9 1A 1 =) a 1
AUTIU wolunaig Taun ausrulunsreazdenin ausu
(loamy) aumunseuils uaznseudls
dy = Y L) 1 = a 1 =
Woazwealunaig Taun Ausnuviled aud v unie
Ausmiendunseudls
a = dy a = 9 1 Aa = a =
AU TN 1HDAUAZIDYNA 1dun Aumiienunse aumdierlunsendls
(clayey) HaZAUIHE

;181 (2530); Soil Survey Division Staff (1993)
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d’ Y o w 1 A 9 a ] va = a
AITNHHINN 6 VDITNAN Vli“]fiuﬂ’liﬂi%LNU?Z@UE‘TNU@%TQ!?}N LLﬁZﬂWi‘]JiZLiJHﬂ’J'llIQﬂiJ
4 a a
qUYTUVDIAU (10D, 25420; Land Classification Division and FAO Project

Staff, 1973; Soil Survey Division Staff, 1993)

1. ﬂﬁﬁ?mmmﬁu (soil reaction), pH @u i =1:1)

FZA1 (rating) Wele (range)
LﬂUﬂﬁQEULL'iQNWﬂﬁq@ (ultra acid) <3.5
Lﬂuﬂﬁﬂquuimm (extremely acid) 3.5-4.5
Wunsadiaun (very strongly acid) 4.5-5.0
Wunsaia (strongly acid) 5.1-5.5
1unsANa1e (moderately acid) 5.6-6.0
unsaaniies (slightly acid) 6.1-6.5
L’ﬂuﬂmﬂ (neutral) 6.6-7.3
Wuaadniies (slightly alkaline) 7.4-7.8
LﬂuﬂlNﬂWHﬂaN (moderately alkaline) 7.9-8.4
Wuaada (strongly alkaline) 8.5-9.0
Wuaesann (very strongly alkaline) >9.0
2. Suw?ﬂi’mq (organic matter) (% organic carbon x 1.724 x 10)
32A1 (rating) Welo (g kg'l)

&0 (VL) <5

(L) 5-10

Aoudad (ML) 10-15

1hunaia (M) 15-25

ADUN 9GS (MH) 25-35

P H) 35-45

N (VH) > 45
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3. U512 11 T9519159% (total nitrogen)

32AU (rating) Ndo (gkg')
A1n (VL) <1.0
A1 (L) 1.0-2.0
1unars (M) 2.0-5.0
qa (H) 5.0-7.5
N (VH) >17.5
4. 991315 0883ANUDNAIVE (bases saturation)
FLAL (rating) nde (%)
A1(L) <35
11una1s (M) 35-75
a3 (H) >175
5. mmmmmﬂﬁﬂmmﬁ%aau (CEC)
32A1 (rating) N&Y (cmol kgil)
A0 (VL) <3
A1 (L) 3-5
AU (ML) 5-10
11unats (M) 10-15
ADUN G (MH) 15-20
49 (H) 20-30

4110 (VH) >30
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6. YsunaeanesaniluiszTom (available P) (Bray 1)

56U (rating) Wefo (mgkg)
@11 (VL) <3
é1 (L) 3-6
ADUYIAT (ML) 6-10
1unae (M) 10-15
AU (MH) 15-25
a4 (H) 25-45
gaun (VH) > 45

7. Usna Twnan@euiiluise Tond (available K) (NH40AC)

5@ (rating) Wefe (mg kg )
@110 (VL) <30
M (L) 30-60
1hunais (M) 60-90
93 (H) 90-120

4110 (VH) > 120




8. Uswmanuasinania’ld (extractable bases) (NH40Ac)
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FZA1 (rating)

Wy (cmol kg-l)

extr. Ca extr.Mg extr.K extr.Na extr. bases
11N (VL) <2.0 <03 <0.2 <0.1 <2.6
A1 (L) 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
1unag ™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

HAEITIA VL = @m0 (Very Low)

L = @1 (Low)

ML = AU (Moderately Low)

M = 1 unare (Medium)

MH = ﬂ'ﬁ)usfljﬁq 1 (Moderately High)

H = Q3 (High)

VH = q@3u1n (Very High)

d‘ 4 [ @ a 3 ~ [ 9
MAINAUINN 7 Lﬂﬂ!“l/]ﬂ?ﬁ!!ﬁﬂ\ﬁﬁﬂUﬂiNTmﬂ'ﬂﬂJ!ﬂuﬂﬁﬂﬂﬁﬂﬂqﬂ

52U (rating)

YSinaanuiunsanadiald

(cmol kg'l)
§17n <1.0
@%1 1.0-2.0
thunan 2.0-5.0
AU 5.0-10.0
ox 10.0-20.0
qaun >20.0

M31: 1IN Y (2529)
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Y 4 ] 1Y ] a
ﬂ1§NN1!'Jﬂﬁ 8 NUNNITHUITEAUAITNUULUUTINVDIAY

52A1 (rating) ANUARUIUUTIN Mg m)
& <12
AoUTa 1.2-1.4
1hunag 1.4-1.6
AU 1.6-1.8
q9 1.8-2.0
qaun >2.0

31 UIATIY (2529)

Y
g

v v ¢ v '
ﬂ1§NN‘N'Jﬂﬁ9 6]51!GU’E]\1fffllﬂi%ﬁﬂ‘ﬁﬂ?iﬂWHWﬂJ@\‘lﬂuﬂJﬂ‘!g@N 'Jg]I’JEIlH

v v
Q U 1 Qv 3 o o

FLAUFY AmMaulseansmsii

' v
o 9 o

VYDIAUNDNAINY (cm hr )

#1370 (very slow) <0.125
1 (slow) 0.125-0.50
$11unana (moderately slow) 0.50-2.00
114nA19 (moderate) 2.00-6.25
591unag (moderately rapid) 6.25-12.50
3 .

137 (rapid) 12.50-25.00
159310 (very rapid) > 25.00

31: O'Neal (1952)
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Tagn1ssziiuanwans

ANTIZHAU
32U IEETRL ons1300az AY IEETRL IEETRLY
anueay  duniedag anwduduve  uanwdeu  veaweSai  TwunaiFuwi
auysal uaalosou Wudlszlond WuilseTond
YDA (gke) (%) (cmolkg)  (mgkg) (mgkg")
M <15 (1) <35(1) <10(1) <10 <60(D)
hupan  15-35(02) 35-75(2) 10-25(2) 10-25(2)  60-90(2)
N >35(3) >75(3) >25(3) >25(3) >90(3)
fan: nesd13nAu (2523)
winema  aanszaunNugananysaivesauliat Idazuuy  @uavazuuuegluiuayly

v
1

A

9

M5 Snzuuuiy 7 wietoonn denauliszauaugauduysaii
AZHUUBGTZHIN 8-12 DoNAulianuganauysaiunan salinzuuy 13 v

AN deAuliAugANAYTEIga

d' L2 a o =~ ~ v A <] a <} a a a
AINHEUINN 11 ﬁJJ‘]JW’IJ@\‘lﬂLWI’JUlﬂL‘ﬂifl”].lWlEJUﬂllﬂLlLﬂll awaulyan tazau loan

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

Normal 6.7-7.2 <4 <13-15

Saline <8.5 >4 <13-15

Sodic >8.5 <4 >13-15

Saline-Sodic <8.5 >4 >13-15

fan: Brady

and Weil (2002)
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M1519WUINA 12 X-ray diffraction spacing obtained from (001) planes of layer-silicate species

as related to sample treatment.

Diffraction spacing (nm)

Mineral (or minerals) Indicated

14-15
9.9-10.1
72-175
7.15
17.7-18.0
14-15
10.8
9.9-10.1
72-17.5
7.5
14-15
12.4-12.8
9.9-10.1
72-175
7.15

14
9.9-10.1
7.15

Mg-saturated, air-dried

Smectite, vermiculite, chlorite

Mica (illite), halloysite

Metahalloysite

Kaolinite, chlorite (2nd-order maximum)

Mg-saturated, glycerol-solvated

Smectite

Vermiculite, chlorite

Halloysite

Mica (illite)

Metahalloysite

Kaolinite, chlorite (2nd-order maximum)

K-saturated, air-dried

Chlorite, vermiculite (with interlayer aluminium)

Smectite

Mica (illite), halloysite, vermiculite (contracted)

Metahalloysite
Kaolinite, chlorite (2nd-order maximum)

K-saturated, heated (550 C)

Chlorite

Mica, vermiculite (contracted), smectite (contracted)

Chlorite (2nd-order maximum)

131 Whittig (1965)
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K K = Kaolinite
V = Vermiculite
Q = Quartz
Int. = 1.0&1.4nm

clay minerals

Mg-sat
Mg-gly
K-sat
WWMW K-550°C
0 10 20 30 40
CoK degree 20

4 Y % 4 J a 1 '
ﬂ1WN14’Jﬂﬁ 1 ﬂ'iTI/\ILlﬁ'ﬂ\1ﬂ”lil,aEJ’JL‘]J‘L!5\1ﬁ'l@ﬂ"]ﬁl@\iE’Nﬂﬂi%ﬂ@ﬂl%ﬁlliiuﬂqu@uﬂiﬂﬂlu"Iﬂ

Y
AUNTIENUBIAUNADY 1 FU Bt3 $29ANUAN 81-103 (EUALIAT

K = Kaolinite

V = Vermiculite
K Q = Quartz

Int. = 1.0&1.4nm

clay minerals

Mg-sat
Mg-gly
K-sat
WWMMMN K-550°C
0 10 20 30 40
CoK degree 20

3 Y o 4 d a 1 J
MWAUINN 2 NI AAINITASNUUTITONFUOI09AYTLNBLIFINT TUNGUBUNIAYUIA

9
AUIMIIEIVDIAUTIADY 2 FU Btl H29A21WaN 51-72 ¥ UAUAT
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= Kaolinite

= [Illite

= 1.4 nm clay minerals
Quartz

1.0 & 1.4 nm

clay minerals

K

I

C

Q =
Int.

Mg-sat
Mg-gly
K-sat
WWMMMM K-550 °C
0 10 20 30 40
CoK degree 20

H Y [Y] 4 4 a [ ]
MUHUINA 3 N3 INUEAINITIReNUUTITonTvoI0IAlsznouFus lungueymavuia
Y
AUNTIEIUBIAUNADU 3 FU Bt3 ¥39ANUAN 56-81 1B UALAT

= Kaolinite
Smectite

= Quartz

Q Int. = 1.0&1.4nm

clay mineral

o »n R
I

Int.

‘ Mg-sat
Mg-gly
K-sat

K-550°C

0 10 20 30 40

CoK, degree 20

3 J [ 4 s a ' J
MEINN 4 nludaImsidenuuiIdengyeenlsznoudas lungueynInvUIa

k4
AU HEIVIAUNADY 4 FU Btc GIf’Nﬂ’JﬁJﬁﬂ 60-82 1Y UAUANT
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K = Kaolinite
K C = 1.4 nm clay minerals
Int. = 1.0&1.4nm

clay minerals

Mg-sat
Mg-gly
K-sat
WMMWWMW K-550°C
0 10 20 30 40
CoK degree 20

4 4 % 4 s a v J
ﬂ1WN14’Jﬂﬁ 5 ﬂiT’V\ILLﬁﬂQﬂTiLaﬂ’JLU‘Lli\i?ﬂf’]ﬂ"]ﬁli’)\‘]@Qﬂ‘]J58ﬂ@ﬂl%ﬂlliiﬂﬂ@ﬂﬂl§ﬂ1ﬂﬂlu1@

Y
AUNTEIUDIAUNADY 5 FU 2Bt4 BIANUAN 90-115 LHUAUAT

K = Kaolinite
Chl. = Chlorite
K Chl K 1 = Illite
Q = Quartz
Int. = 1.0& 1.4nm

clay minerals

Mg-sat
Mg-gly
K-sat
K-550 °C
0 10 20 30 40
CoK degree 20

3 Y o 4 d a 1 J
MUHUINT 6 NI AAINITIAENVUTITDNFYDI99AYTZNDVIFIUI TUNgUaMIAUYUIA

9
AU HEIVDIAUNADY 6 FU Bt FIIAINAN 25-39/50 L UANAT
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K = Kaolinite
Q Q = Quartz
M = Mica

0 10 20 30 40 50 60 70
CoK degree 20

4 Y o 4 J a 1 J
ﬂ1WN14’Jﬂﬁ 7 ﬂi1WLLﬁﬂ\1ﬂT5L§8’JL‘Uuiﬁﬁlﬂﬂ"]ﬁl@\iﬂﬂﬂ‘ﬂigﬂi’)‘]JL%QLLiSlUﬂQlJﬂ‘Lgﬂ"IﬂGUU"Iﬂ

9
V]ﬁ'lfJLL‘lsjﬂ VOIAUNADY 3 FU BtS $9ANNAN 112-142 15UAIAT

Q Q = Quartz
M = Mica
F = Feldspar

0 10 20 30

CoK, degree 20
d’ 49’ v A 4 d a ] '
MNNUINN 8 ﬂi'lwuﬁﬂ\?ﬂ'lﬁLﬁfl'JL'lJHﬁ\‘]’(ffl@ﬂ"]ﬂl@Q'ﬂ\?ﬂﬂigﬂﬂﬂl%ﬁlliluﬂ@‘ﬂﬂuﬂ'lﬂGllu'lﬂ

9
‘1/]518“‘]9]\1 YOIAUNADY 4 FU 2BL2 F19ANVAN 112-142 LYUALUAT
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K = Kaolinite
Q Q = Quartz
M = Mica

0 10 20 30 40 50 60 70
CoK degree 20
d' dy v A 4 4 a 1 ]
MAUNANHINN 9 ﬂi']‘V‘ILLf‘TﬂQﬂTiLﬁﬂﬁlﬂuﬁﬁﬁlﬂﬂ"]ﬁl@\iﬂﬂﬂﬂigﬂ@ﬂlsﬁQLLﬁSlUﬂquﬂléﬂTﬂellU']ﬂ
Y
V]ﬁ'lﬂlltls_‘l\i ﬂlﬂﬂﬂuﬁ%u 5 %1 2Bt4 GI)"Nﬂ'J']llgﬂ 90-115 IBUALNAT

Q = Quartz

CoKy degree 20

3 4 o o J a 1 1
MUHUINN 10 N3 MLaAINTReNVUTITDNFV0I09AY T ND VT TUNgUaYMATUUIA

4
mmuﬁwamuﬁﬂ@u 6 T Ap GI)"N?‘I’JnJﬁﬂ 0-25 1BUALNAT
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