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Kessara Jitniyom 2012: Adsorption of Lead, Copper, Zinc and Cadmium of Smectite in
Upland Vertisols. Master of Science (Soil Science), Major Field: Soil Science, Department of

Soil Science. Thesis Advisor: Associate Professor Anchalee Suddhiprakarn, Ph.D. 134 pages.

The study on adsorption of lead, copper, zinc and cadmium by smectite in upland Vertisols was
conducted using clay fraction samples from topsoil and subsoil of Buri Rum (Br), Lop Buri (Lb), Chai
Badan (Cdl1, Cd2), Samo Thod (Satl, Sat2) and Wang Chomphu (Wcl, Wc2) series, where smectite
dominates their clay fraction. The batch experiment technique was employed emphasizing on the effects

of pH and concentrations of heavy metals in the soil solution.

Results of the study revealed that the ability of smectite for adsorption tended to increase with
increasing pH. The highest amount of lead, copper and zinc were selectively adsorbed in the pH range
between 5-8 at 89.48, 84.94 and 85.91 percent respectively. Cadmium was best adsorbed in pH range
between 6-8 at 49.77 percent. For study on the effect of lead, copper, zinc and cadmium concentrations
on adsorption capacity, it was found that the adsorptive capacity increased with the increase of heavy
metal concentrations up to 50 mg L" where the constant rate for adsorption was observed. The highest
content of lead, copper, zinc and cadmium adsorbed were 44.59, 42.43, 42.37 and 22.17 mg g_1
respectively. Adsorption capacity for heavy metals depended on the amount of smectite in the clay. Clay
samples with high smectite content (80-90%) had the highest capacity for adsorption whereas the ones
with low smectite contents (20-40%) had the lowest adsorption capacity. Based on the highest
adsorption values obtained, smectite could adsorb lead highest followed by zinc and copper. Cadmium

was adsorbed lowest. The equation suitable for characterizing the adsorption was Langmuir equation.

Adsorption of heavy metals depends on the content of smectite in the clay fraction. The
highsolution pH can increase the adsorption capacity. Kind and concentration of heavy metals are
limiting factors for ability to adsorb heavy metals of smectite. Therefore, the upland neutral-alkaline
Vertisols dominated by stable smectite clay could effectively limit the distribution of heavy metals. This
also depends on soil pH, kind and concentration of heavy metals. These parameters should thus provide

the index for assessing toxicity of heavy metals in soil environmental setting.

Student’s signature Thesis Advisor’s signature
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Subgroup Species Idealized formula
Montmorillonite Ca, H,O[(Si)(AlMg), .0, (OH), ]
Dioctahedral Beidellite Ca, H,O[(Si,,,Al, )(AL)O, (OH),]
Nontronite Ca, , H,0[(Si, ,,Al, )(Fe,” )0, (OH),]
Saponite Ca, H,0[(Si,,,Al, . )(Mg)O,(OH),]
Trioctahedral Hectorite Ca, HO[(Si, Al Mg, .Li  )O,(0OH),]
Sauconite Ca, , H,O[(Si, (Al )(Zn,Mg )0, (OH),]

31: Thomas (1998)
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AuAeEIsaza18 1 M KC1 N 1:1 (National Soil Survey Center, 1996)
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ANADUAIVDIAY (saturation extract) IANOUNNY 25 OIAUTAFIA A101AT09 electrical

a QU

conductivity bridge (Richards, 1954)
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3.2.6 TnunadeundulseTowd (available potassium) laganadig 1 M
NH,0Ac Miluna1a (pH 7.0) (Thomas, 1982b) udriadsua TnunaFeudoin3ed atomic

absorption spectrophotometer (AAS)
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Surrounding

Slope  Elevation

Soil series Classification Landform Parent material landform (%)  (mMsSL) Coordination Land use
Upland Vertisols
Buri Ram (Br) Typic Haplustert Dissected lower  Local alluvium Gently 15 40 47P 0723218 E  Sugarcane, chili,
footslope derived from undulating 1669816 N  teak, tamarind,
limestone mango,
Chai Badan 1 Calcic Haplustert Dissected upper  Local alluvium Undulating 2 52 47P 0721140 E  Mung bean, cassava,
(Cd1) footslope derived from lime 1668275 N  sugarcane,
containing rocks
Chai Badan 2 Typic Haplustert Lower middle Residuum derived Undulating 1 99 47Q 0722140 E  Mung bean and corn
(Cd2) slope on basalt from weathered basalt 1771808 N
corrosion plain
Lop Buri 3 (Lb3) Typic Haplustert Lower footslope  Local alluvium Undulating 2 35 47P 0681855 E  Sesame and sorghum
derived from 1660992 N
limestone
Samo Thod 1 Chromic Haplustert  Dissected upper  Local alluvium on Undulating 1 83 47P 0715371 E  Mung bean field,
(Satl) footslope residuum derived 1745008 N bamboo, coconut,
from both weathered local trees and chili
andesite and limestone
Samo Thod 2 Chromic Haplustert ~ Upper footslope  Local alluvium Undulating 2 93 47P 0711956 E  Corn and mung bean
(Sat2) derived from 1745327 N
limestone on residuum
derived from
weathered andesite
Wang Chomphu 1l  Chromic Haplustert  Lower footslope  Local alluvium mixed — Undulating 1 96 47Q 0720488 E  Mango intercropped
(Wc1) wash over residuum 1787343 N with mung bean,
derived from teak, eucalyptus and
calcareous rocks banana
Wang Chomphu 2  Typic Haplustert Lower dissected  Local alluvium Undulating 1 102 47Q 0722441 E  Pasture for grazing,
(Wc2) footslope derived from 1795993 N  livestock

calcareous rocks

[4%
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<3| 3 9 a = a a o = 9
gunilunsaaniios (field pH 6.5) AUa19an 25-182+ iuamas aaduias dimduuaudy
1 g 1 (%} 1 g 1 (%)
1A ANEAUTLHINTNANLNONDOUNUTINAINLNON AHAUTLHINTUIAANLADNDDUNY
2

A 1 = 4 =) %,‘ = 1 v A A %‘ g a
Fimatluimaseeeu tasdnauszINTIMaluvassounuamassluiiaia oAy

Fudumtien feanluanuduaiaunai (field pH 8.0)

o Y R ) ~ o =
‘W‘Uiﬂﬂll@]ﬂﬁz!tWQﬂJUTQLaﬂiuﬂ‘%NTmu@ﬂﬂQﬂQHTTQNWﬂﬂjgﬂUﬂQTNaﬂ 0-48 L1ay

100-182+ HUALAT TAsnUUT AR UTINNINNTZAVANNEN 0-25 FUAILAT TRILANTNAY
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= 1 d' [ =2 a =Y 1 9 d' Y =
DIVNAIUNTZAUANVAN 25-48 s uAuaT tazwululSuaasuviauiniszauauan
150-180+ (HFUANAT WUSNHUZUDIRINUININDANUNTZAVAIVAN 0-70 (5 UAUAT 11
= 1 9 =y A [ =3 a [ = dy
Fuanou19unuaz I aNInNTLAUANMVAN 70-150 FUANAT TUTZAUANNANUNY
' Yy Y R 9 1 9 a Y a A ) =
soo'loalutSinunoudnaivedsiosuazAvudnunuuA IR URNTZAUAILED 150-182+
FUAMATHUAT VAU T EIVUHNIIFDI7190a 1A sFAaUNTEAUAMUAN 25-182+
sUAas TaenylulFuans Ut 19N NTZAUANEN 70-150 LEUAIATUAZTINUATIVAY
=\ Aa 3 a 1 (Y ] 9 ~ @ = a
mtlgnuuRiaauua lusanululSnaaoud1ann uazNszauaNuan 150-182+ LEUANAT
a = a Y a 2 A = I A o =
WUATIUAUIHUIIVURAINTIVOIR UK FIRURTVUIAEaN TAgWUNTZAVAIINEAN 0-70
a 1 9 d' [ = a a =Y Y
UANAT TUUSIaAoUIIINN HAaZNIZAVANVAN 70-100 LEUALAT WuHUR TS uMTDe
Y < a [ H @
Taswudounssuuvesyuvuiaanluliuadestiaeudaniniszauniuan 100-150

EEUALNAT
A Aala _ d a
2. anvamananaveIdu

a 4 o aa 4 A A A o =* 9
WamsaTIzHavUaneland (MITNN 3) YDIAUNNINTANYN Usznaualy N15uan

9 Y 4
ﬂi$i]18"ll®\1@HﬂWﬂLLﬁ$%ULﬁ@ﬂu ANUNUILUUTIVUDIAU ngﬁﬂJﬂi%ﬁﬂﬁﬂ1ﬁﬂJﬂ1ﬂGl’JL%\u’&ju
y X a
2.1 MSUINNTTIDYMALUATFULUBDAU

a 4 ¥ a [} H 1
MSAATIZHMIUINNTZIwo YA luiloAuaudaslua1seh 3 wuan
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@]’Ji’)ﬂ”lx‘]ﬂl!“lﬂ!ﬂl!klﬁ%ﬁNﬁﬁﬁ‘lﬁﬁﬂkﬂ ﬁ’Ju3J1ﬂfl’e)lﬁ;!ﬂ1ﬂ51]1“@@11!L1’iﬁﬂ’3%1ﬂﬂ’3161§ﬂ1ﬂﬂ51EJ
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uaznsroudls Tasgaauajisud yaaudouinia 1 gaauToU1A1a 2 gAALTUONDA 2 LAZYA

q
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AUNTNY 2 ﬁ%’aﬂazmaq@uﬂmﬂumﬁmmﬂm“luﬂuwuuuazaN

q
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' o a H A { o
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armlugeduani)s gaauanonea 1 tazyagaauIavNg 1 NSIavesoyma

[

a = Y| 2 Y A 29
VHIAAULN U YD ﬂiWElL!ﬂ\i lm%ﬂﬂﬂiuﬂﬂﬂmiﬂﬁlﬂ&lﬂﬂuIﬂﬂN'i’t)EJa%"lJfN61§ﬂ1ﬂﬂju1ﬂ

'
Y o Aa

a =] : a A @ a %}
@ulﬂﬁﬂﬂhWﬂﬂﬂHaﬂﬁl@ﬂ %Qﬁ@ﬂ‘ﬁwaﬂ'ﬁﬂﬂﬁ@ﬂﬁuﬂ'llu@‘ﬂlﬂ@ﬁ]'lﬂﬂ'liNﬁﬂﬂlﬂﬂﬁ%ﬂ@uu’lv\n

Q
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H oA ara o % ] a g}/ 1 { o
msn"ﬁ 3 guianuiandlualedeausuuy !LﬁzﬁNﬁﬂWﬂﬁﬁﬂ‘HW

Depth Horizon  Particle size distribution (g kg_l) Textural” Bulk COLE?
Soil series
(cm) (USDA grading) Class density

Sand Silt Clay Mgm~™)  Lm/Ld”
Br 0-20 Ap 87 168 746 C 1.72 0.30
60-90 Bss2 54 170 776 C 1.71 0.26
Cdl 0-20 Apk 36 83 881 C 1.48 0.28
47-80 Bssl 43 72 885 C 1.51 0.23
Cd2 0-15 Ap 199 224 577 C 1.59 0.22
40-40/70  Btc 276 214 510 C 1.37 0.19
Lb 0-25 Apk 135 461 404 SiC 1.81 0.22
70-93 Bssk2 132 156 712 C 1.91 0.21
Satl 0-20 Apk 291 237 473 C 1.61 0.15
70-90 Bt3 218 200 512 C 1.72 0.29
Sat2 0-18/20  Apk 112 167 721 C 1.60 0.26
40-60 Btk2 86 172 742 C 1.62 0.25
Wel 0-20 Ap 490 194 316 SCL 1.63 0.09
45-75 Btcl 446 228 346 C 1.78 0.14
We2 0-25 Ap 364 214 422 C 1.60 0.10
70-100  2Btkl 223 131 646 C 1.77 0.27

'scL= sandy clay loam, SC= sandy clay, SiC= silty clay, C= clay
¥ Coefficient of Linear Extensibility

3/ 1A A dy > 1 Aa A Y
“ Lm = 2NN NIAUNDYU (moist), Ld = ANNYIUNIAUNDDULNA (dry)
2.2 ANUHUWUUIINVOIAY

a 4 1 a A, ] a 1
HAN1TUATIENANUHUILUUTINUDIAUTAIT clod method WU AUN
° = y ~ A ' a ' o 9 o = A '
WMnsAnEINg 8 fiaouliminnununinsinvesauedluszaunoudwdnags Iaeglu
Aa o Y] 1 4 ] a
Wdo 1.37-1.91 wnzniuaognuIAnuas tazanuruiuswvesanlunniinouiinua Ty
maueaaAnINAAAY

J Y

v a [ Ja 2 = 4 a 1
ﬂ’]UJWLHLL‘L!ui’JlIGU’EJ\1ﬂu’e]L!ﬂ‘1JL’JfJ3“VI“]SE)@ﬁeﬁuﬂﬂﬂﬂﬂﬁu1mﬂ’ﬂu%u1uﬂu A

u

a

d‘ a = % = 'o d‘ a =} % d' o = 1 1 d’Q %
FUNDAUNNITHAAWULASHAIAUNDAUNNITVEIYAD ﬂu‘ﬂunﬂﬁﬂ‘ﬂ1@@114“15’3\‘11’1@1!14@@’3
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A A A o = a Y a dy a I a ~ o Y
118491INUTNUMNMIANYINDIBIUANTEUMIUUHININAY uaziloAuduaurTieId
iamsdadinuuniudinaldnnuruiniusinvesanegluszauaoudiaganage

(Bhattacharyya et al., 2008)

2.3 dulszansmsvenefnsadu (COLE)

A o 9

a J o a £ ) 9 ay Y Aa
nanNs AT IEHaNdsEansmIveneausudu Iag s U luvazNauouaae
=

¥ 1 a g}/ 1 % a Qe’ % a 1 U
U1 (soil paste) WU AUNYT 8 ﬁﬂ@uﬁﬂ1ﬁ‘JJ‘]Ji$ﬁ“l/l‘ﬁfﬂﬁ‘llEJTEJG]’JL‘NL’&JH’OQGlUigﬂ‘]J‘]JTUﬂ’ﬁNﬂQ
[

= ] A o = = 9 'o
wn Tasliaed luids 0.09-0.30 uazniaoutuul Tl 1aye

r'd
AUIZVUNMITUNAUVDINTENITNUNBATANTTOWT N FUTZANTMTUeI967
a 9 A d A 1 . I VoA [l [
waduveaIeINsoad UA1MIANI 0.09 (Soil Survey Staff, 1999) 1iluaINvY lUszAUFINN
4 i a . I ) o
(Thomas et al., 2000) ANANIANHINTLAVANNAN 18-50 (FUANATHFIVUTLAVFUA N
o @ A o’z:; 9 a2 A a = 1 Y] 1T A Y] [
AN NNYDIIVINTOAdNABINUT VAR UEININNI 300 NTUABN TANTy WU 9N
1 U a Q( %3 =) 1 a o [~ =) Qﬂi U =)
finouilindulszansmsvenoandaduogluides 0.09-0.30 Tasduilszansnisveroa s
Y 9
iduesanduegnulSafumiieon nagriaveusaumilon uaszliuegnuytiauoasau
[ a 1 S 3 4 [ . A
#18911AN 31 (Chinn and Pillai, 2008) Tagauniamn Inailueedilsenounanaaliauaialy
1 (%3 =) Q( %3 a =} 1
msnaue1el ld danalidulsz@ninsverednFuduresauiings (Pal et al, 2009)

P P Y > ' ' y
u@ﬂmﬂﬁ ﬁllﬂigﬁﬂ‘ﬁﬂﬁ"l]fﬂf]@]’)!‘b’\‘lL’Lgfluﬂﬁ‘ﬁuﬂﬂﬂﬂﬂ’ﬂﬂ‘ﬂlmﬂlﬂaﬂullﬂﬂ”l@ﬂ@u !ﬁ@\i‘ﬂ”lﬂﬂu

QU q

9 %

A a = 1 o -

VI?Jﬂ’JTNﬂLLﬁﬂ!ﬂﬁﬂullﬂﬁll@ﬂﬂuq\iﬂWﬁﬁ@ﬂ?iﬁi%‘l@nﬂl@\‘]ﬁmﬂqﬂﬁ (Biihmann and Schoeman,
o v A Aa o 9| = o 9 % a 9

1995) mmmumamwmiuﬂwwwqqumuwﬂwmmmmsaiumﬁmmammmﬂuu’aﬂm

(Nayak et al., 2006)
3. anvAMuaN

a 4 o = a g‘/ =1 A 9 o ] [ 1
WaN1IFAUATIEUANUANIUANYDIAUNL 8 WADU (151NN 4) Taalmnumuueszavun

[

a 4 A & a J aa dy
AUATIEH AMUATTNHNUINN 2 BINANTITAATIEUNTUANNAIU
=
3.1 WY

v A a Yy 1 9o’ o 1 1T A I
Wﬁfﬂﬁ')ﬂWlﬂcﬁﬂlﬂﬂﬂuiﬂﬂﬁl‘ﬁﬂuﬂﬂlﬂﬁlu as1au 1:1 wunawdunsatunais

=) a L% a

1 @ 1 ] a o a [ o
neaeda laglimiieyod lunide 5.8-8.5 Taegaauls5ud gaausouIaa 1 gaaussIaIa 2

E] qQ
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v Y '
5199 4 ausamanilludied AT taza19NiInsAnY

Soil Depth  Horizon pH EC OM Total N Avail.  Avail CEC BS
series (Sat.) P K NH,OAc
(cm) HO KCI dsm’ (...g kg'1 ..... ) (....mg kg'l.. ..) (cmol kg'l) %
Br 0-20 Ap 76 63 040 200 037 8.3 58 67.77 86.7
60-90  Bss2 6.8 5.7 034 109 0.23 5.9 51 83.31 81.8
Cdl1 0-20 Apk 79 6.5 031 249 1.22 8.3 126 96.80 82.0
47-80  Bssl 80 6.7 028 149 0.35 1.3 71 93.79 85.0
Cd2 0-15 Ap 6.8 52 029 254 1.31 13.8 110 48.95 76.0
40-40/70 Btc 74 5.7 022 134  0.64 1.2 29 41.47 71.0
Lb 0-25 Apk 81 69 0.67 27.0 1.05 19.7 71 56.27 78.0
70-93 Bssk2 85 7.0 0.88 143 0.37 6.7 48 34.32 78.0
Satl 0-20 Apk 82 6.8 034 159 0.91 18.7 86 34.32 90.4
70-90  Bt3 83 63 0.30 6.3 0.25 0.7 67 38.30 82.4
Sat2 0-18/20  Apk 8.0 6.8 0.32 19.2 0.93 21.1 121 4481 82.3
40-60 Btk2 8.4 7.0 0.49 21.8 0.91 6.5 67 44.09 92.3
Wel 0-20 Ap 6.3 5.1 0.20 21.5 1.03 4.4 41 27.09 81.0
45-75 Btcl 5.8 4.5 0.11 5.3 0.31 0.7 21 27.29 68.0
Wce2 0-25 Ap 6.3 5.0 0.20 30.3 1.07 1.3 77 30.67 65.0
70-100  2Btkl 7.3 5.9 0.24 5.4 0.22 0.5 46 42.16 78.0

= v

a a a % v Q)
gAAUANONOA I YAAUANONOA 2 Lazgaauans alimiesegluszaiu
naNdIaTa Taslianneyedluiids 6.8-8.5 drulugaduisyug 1 vazdasug 2 ogluszau
3 = 1 = O = 1 a o ] L= d' [
Hunsathunansdeealunanliaesegluide 5.8-8.4 Taswanavaamiiernialuy
= o =\ Aa 1 g 1 VoA Y 1 (] = Y I Ta A
Tnunenounae lsauaziesauaoiil Wy A laegluye -1.1 99 2.0 naasldmunaud

Ysunaeatlszgaumnninlszguan

[

A A = ' Vg ' 3 v 2K 1 o I
ﬂu‘VWI’]ﬂWﬁﬁﬂH’]ﬁ?uiﬁﬂJ lﬂuﬂTQlﬁﬂu@ﬂﬂQﬂ’]\iﬂﬂ (pH 7.4-8.5) !ﬂJuWﬁﬂJTﬂ’]ﬂﬂ’]ﬁ

Y o

garedrutanduniiia In1sdaadasesaniunizuuau taznelunindaaudany

Q

o 14 2 A a a 4 o Y
@15U52NoUTININAITUOIUA "’]Nlllﬂlﬂﬂﬂ'§$‘]J’Jl!ﬂ']illaiﬂﬁlla%'ﬁﬁllaﬁﬁTi'W'Jﬂﬂ'lﬁ‘]J@lu@]Vl'lblﬁ

fievauaglugraiiluais (Bloom, 2000)

mitantlassFamnniagduduia duilsy Temilumsdunsiziamn lndaw

a Y  Aaa Yy A
‘ﬁi‘iﬁJ‘mﬁiuﬁﬂWWLnﬂﬁﬁ)NWNWL@‘BGU’ENQM?N (Polyak and Guven, 2000) Gluﬁmwumaanmﬂu

! 3 vy o X ' . A A = .

AN mm”lmmmmmnmmuclwu (neoformation) vsenamsilasuanin (transformation)
1 Aa ' a Y . ~ a K2 g @

WnusAY tazasegluszuuau 1@ (Khresat, 2007; Furquim ef al., 2008) fitosanduiluilady

Ao q 9 7 g ' s o a ~ a Ao =
‘VI‘VHGIJ’T‘W‘]Jﬁl,llﬂul‘ﬂ@llﬂul!i@ﬁﬂﬂi%ﬂf]’]J‘Viﬁﬂ51,1!’E]1§fﬂﬂ"Uu1@@ul‘ﬁuﬂ’)ﬂl@ﬂﬂuﬂﬂ1ﬂ1iﬁﬂ‘]&l1
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3.2 anmnsiin Wi

a 4 o v A [ @ 1 a
Naﬂ'liilmi'lz‘Vi’f’fﬂW‘Wfﬂiu'llh\l‘%/}‘l1"’IJ’E]Qﬁ"liﬁﬂﬂ’i]llﬁ’ﬂ]’ﬂ\i@?ﬂﬂ?ﬂﬂu (saturation
Y Y
extract) INFUAUTUUULAzATunnyaay wuanmnsih lWihegluide 0.11-0.38
ad g a A o EY 9 1 as d i a A
IAKHEINUTANDINAT IﬂEJ‘IQﬂﬂgﬂﬂuZJQWﬂWiu'lllT\IW'lu@ﬂﬂ’ﬂ 2 IAKKINUAADIUAT LTAIIAUN
o = v & a a =) A (=) 1
‘V]TﬂﬁﬁﬂB1%@Lﬂuﬂu‘1ﬂllllllﬂ'liﬁ'$ﬁlllﬂﬂ’ﬂ (Khresat, 2007) LlazlliJllNﬁ@ﬁ]ﬂ’ﬂﬂfﬂiﬂiﬂiﬂﬂ?i

venedvesau ivhldauvensdd ldieeas (Nayak er al., 2006)

9
= v % =

HaNI RISt unseinguesauns 8 inou wud Ysmaduvsoinge

q

e, eR.

luszauamneneudegelintegluiide 53-30.3 niuden lansu auuuilSudunieiage

Q

S 1 1

lusgaviunansdeneudegelinteglunde 15.9-30.3 nfuaon lansy aualellsuin

U

[
[ ] [ o

a = =2 IS ' A o [ 1A [ = IS
aumm@maﬂ“luszﬂmwmﬂwuﬂmmmag“luwm 53-21.8 nSuAen lansu HAagNNWAd U

Q U

LLH?IﬁMﬁﬂﬁQﬁTNﬂ’NNﬂ’NNﬁﬂ

a = a A W 1A 1 I o o a A J
ﬂuuumﬂ?mmaumamqqqmmuaNnJuNai]1ﬂmivgwqamﬂmmmmymmaumﬂ

Nezanod luAUMUTITUNA HIPAIUANANIMUNEATNTTY AaDAIUTINNINUNAQUAIAL

l
[ =~

2 (Y] @ a G < 1 < a o Y
GUiLlZL@‘(’J’Jﬂu@GIi1ﬂ15’(3fﬁ1‘(’JGI'JGU@Qf]lﬁ/lifJ’NIQ‘VIL“]J‘L!Vl'll@81\15’Jﬂlijiuﬂuﬂuﬂ1iﬁﬂ15

a 1 a 3 Y 4 a % g’u a 1 Aa 1
°15$agawm"lﬂ“lu@umqm@%uuaﬂ Lﬁ’é)l,ﬂ@fﬂi’ﬁﬁ1‘(’JGI3§Qﬁ$ﬁhﬁlu%u@uﬂuh1ﬂﬂ’ﬂﬂuﬁN

(Virgo and Holmes, 1977; Baize, 1993; Brady and Weil, 2008)
3.4 Tulasnusiy

a I A a g‘/ ~ ' =
pansaneilsn lulasnusiuveaduna 8 iaou wualsmalulasion
sawegluszaudundedlasliaeglunds 0.22-1.31 nfuaen lansy Auvueglunide
037-131  niuaenlaniu Auaisedluiide 0.22-0.91 nudenlaniy Auuuilsuw
[ g‘/ a 1 = Y = I o = o
Tulasusingannruauanlastivur Tdvaaasamanuaniuldludnvaziferny

4 Y VA o Aa A g’; [

duUN3eIAY (Brady and Weil, 2008) 109910 Taena i unazusnldiutaauiinliiis g

Y

TuTaswuiuesatlsznou anudlullsz Tevvveslulasnulududrulvavuedsuns

o U

nasugdueslulasnudunidiilululasoueiunid (Mengesha, 2004) Auiidlsura
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o ] A A o v
VI,HIGISL"U‘L!S’JllGﬂllTﬂﬂWHL‘JJ‘L!WE]?JT‘[Hﬂﬁ]a‘Ll‘Vli8LLﬂ$W%u11ﬂlﬂfi}1ﬂﬂ5$ﬂ’Juﬂ'li PYEASANY 1N

Q

Jaa

[ A = 9 1a =1 d' 1a =1 d a
msqtgwwcl,ugﬂsuaumﬁ HIDYNATIAVYLUTAUITUEYD mmmmssﬂumumnmum"laﬁ RIS

14 J 1 1a
Tad vazawn IndamnsaaiwenTuiionliogmelulnseaiwvowiaumiienla

3.5 Woaresandluilse Towd

v

wamsdnneiSinaoaesanidulse Tomiveadunia 8 finou nud Sna
Woarlesaiiiluls: Towioglussaudmniedoudragaiiaegludide 0.521.1 Hadnsude
Alansu TasauuuiitSinarearesaiifudss Towiogluszaudunndneusragaiiaied
luiide 1.3-21.1 fadnsuaen Tansy uasduaaiitSinuveaesaiidudse Tomioglussdu

andetiaeg luide 0.5-6.7 Haaniuaen laniu

aunuiiveawesaiiulszTomigeniiauais ilesnnlSinaearesa

v é IS) 1

[ [y Jd o =Y a = [Y] = 1 Iy a = a
duiiusnulsnaounseing Tesimsdaatlaesneaesaanaunsaingalioguinluau

Q U

= v

v A [ < o 1A o A a
vugsmaudeaesanilulse Temiunauaimnsoiila laemsiiudunsoing (Meena er
. I U o [ a 1 =Y
al., 2007; Seiksepour et al., 2008) W3oo1unaninmslaijendl drusuluauaieSum
v A g P v o o a o
Noavesamiulselosuuanuaunus luntavnulsviaunaideunisvoius lag
v v o =~ a 3| = ~ % Y 2 A
WealeSasunuuaameunanisanazneunaailuuaameueamlanazarerirldenn sais
] ) o - i o (=
Tdaunsein 119152 Toni'ld (Halajnia e al., 2009; Zhuan-xi et al., 2009) 11151
o g o a ] = 1A 4 a 1 =1 =
oavlesaniluilse TowiluauaraliaiosnnauuuiisannaualainsasauvosunalFaw

asvewagai liwealoFanglugali lidludlsy Temivuiy
3.6 TwunaFouiiilualse Tond

a J A = A g J a g ~ '

Han13nsgHlsna Inenaseuniduilsg Teriveaauna g fiaeu Wy
a {3 4 1 [ :, 1 [l A o
PSnaTwmadeuiniulse levvdegluszavdwndaganiniinieglunds 21-125.6
A a o 1A v a a ;| = A< Jd 1 v o K a '
waansuaen lansy auuullsna Inunawenniulsg Temiogluszauadaganniinieg

A o A a o 1A @ a 1 =y ! g d 1Y)
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< { J 1A

Tnunagomiusigermsinslduinnnisdanlasslasusaumiioanas
dunieiag nie maiudlo TnunaFenaslludu (Sparks, 1987; Jalali, 2008) i ldauLul]
= { g J 1A ' a ' { d 4
Y Tnunageniiiluilsy Tesigannanais avarilsma Tnumadeundulse Tow

o A a ' Y I A =2 =
antlosnnneluduaisiszneudisaun Inanianuansalunses s Tnunadougs

. = da A a = 1 (&)
(Nursyamsi e al., 2008) 1INM3ANY DI Nwoad ludu@AenyI luaa ladlanuawisalu
= ~ Y J 14 a 4 a 14 Jaa 4

m3asalnunadon laannueuduesala lud luni 8alad vazneiiailad (Murthy ef al.,
. v 3 = A a 49! o Y = 1 1
1987; Nursyamsi ez al., 2008) dnbzM3n3d Inunaieunnau i v InumaiFeunadiuey
{ ] ¢ 3 =] !
Tusduan)asulild (non-exchangeable K) Tnunandeugiiisaduuvasinnu Inuna@oun

o w a 4 4 . .
mﬂﬂﬂuﬂmﬁaiﬁ’ﬁ%“l%’ﬂﬁﬂwu (Mengel and Uhlenbecker, 1993; Jalali and Zarabi, 2006;

. d’ 1a = = % 1
Jalali, 2008) 19 1ALIAUM TN s2IAN 2:1 Banwansalumsgaduuaziaaidoy
1 L) & v

TnunaiFon'laganimsaumtion 1:1 (Nursyamsi et al., 2008) W3 ldalse Tomi ladiogn

Vaatlaesesninluglivanlasu lddioaniwludumunzan
3.7 anuguanilasunnaloosu

a 4 i a g’/ 1 ]
wamsamiwwmmfguamﬂ'ﬁﬂmmm‘l@a@mamum 8 WADU WU asﬂu
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szaugadagannimegluids 27.09-96.8 tsud Tuaaen lansy nniineulinug Iduaitaue

A v a o a
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4.1. ONTNAVDINILDY

MIANYIDNTNAVDINIDFADNTRATUAZND TNz T Nouas uazuaadionlu
7 o = 1A ) Y 9 o A A a o 1 a
awn Indviimsanulusieiies 3-8 TagldnnududuvesTarzming 50 Jadansuasdas
=2 ' = o @ o 1 ~ J g =
1ANsANE1 MU YSanisgaguaes Tareminvesamn Indlugieditesais o wuil
o { 1 [ 4 < @
Pnamsgaduiuanaeny emsuaaswansnaaes Idmudsanuamsonentsuanms

o k) S (] a =} [ dy
qadueen lamwiSunavesawn lnaniieglueymavinaquimtisrastl
4 9y
4.1.1 PSwnmenun Indge Gooaz 80-90)

1 (% 1 { J ' o o =
Tunquassdregnniifsmuaunlndge Wi azna neuas dangd gn
@ 9 1 = & v A I 9 o = v Y
gadulagegalugasiies 5-8 Tasaznignaasuamiiudosas 89.48 danzdgneaduiosay
85.91 1Az NOILAIYNAATUTETAZ 84.94 MNAIAY druuaaiougaduTesay 49.77 Tuwig

No¥ 6-8 (MNN 7)



58

4.12 Psunaawn Indihunas Gesas 50-60)

1 ( 1 { = o ' <
Tunguuesdireg sl uiumun Indhunais wuan azna nowuag

[

danz@ gnaasuldgegalugieiiers 58 Tasaznigngadudosas 6933 danzdgngady

U U Y

Fovaz 60.33 1az NowWAIRNYATV308az 60.94 MU daunaaliongngaduiesas 39.94

Tu9299it0% 6-8 (NNN 8)
4.1.3 Psunaaunlndd Govaz30-40)

1 o ' { 7o ' o o
Tunguaesiegaiiifsuamun Indd wui azna noauas danzd gnaa

U

v 1dgegalusaeiiey 5-8 Taoaznignaaduiosas 35.85 nowuasgnaaduiosas 65.81 uaz

U Q

= v Y

danzdgnaaduiosas 50.02 mudny diunaaiisugnaaduiosas 35.56 Tugeiies 6-8

LT AT

(NN 9)

o { o ' . 4 a [ v o J

MIYAFUNG K UAURNIE (specific  adsorption) ILINAVINANNANHUTAUTLNI
o T A a I 1 = A A & a Y o a =\ =
aunianatlungu OH  uInauAIMIIaEMIUANNYBIOYNIAAUIMTHEITINIG
a dsg % 1 o Y a d' 1T A A dg! d' + -
mavuaInai inalszgauemiemiuyy mynldsunlasves H © wagy oH lu

] [ 1 d v a 1a [ Y]

dsazavIzdawanenguuoslenFuuAihuewsaumier ludnyuzvesnssuTlsaou
(protonate) tazMIgadeT15aTou (deprotonate) 1ABNTAATUVDI H 130 OH  &ufion

panulugvesaums (5) uaz (6) (Sparks, 2007)

SOH + H* — S-OH," (5)
SOH —_—rr SO +H* (6)

A 2 a g Y 9 + 2 - R A
AMFINVUUVDIND W UNITAAANTNTIUVDI H Lagiiy OH galunuinluns

2+

gaduleoouTanzmin (Pb™, cu”, zn”, cd™) Tasmiiwlugie 5-8 dawali lovonves

Tangwineglugilved Pb(OH)', Zn(OH)', Cu(OH) ag Cd(OH)” Faglugilveannlooou

o A o oA g a Y A
ﬁ"llﬂ3ﬂ@,ﬂ@‘ﬂ%ﬂﬂ@]1llﬂuﬂﬂlﬂuﬂ5$i]all‘]JuW’JWu"l i’)ﬂ‘VNENlﬂﬂﬂTiLLaﬂLﬂaﬂullﬂ@@uﬂ1fl‘1u

9
Wﬁﬂi%ﬁ?ﬁ%lﬂlﬂﬂl!i



59

100 - 100 -
go { CU
60-
40 -
5 20 -
4 0 -
< 3 4 5 6 7 8
X
100 - 100 -
Zn
80 - g { Cd
60 - 60 -
40 40
20 A 20 A
0 - 0 -
3 4 5 6 7 8 3 4 5 6 7 8
pH pH

B H1 =Br Topsoil, @H2 = Br Subsoil,  H3 =Cdl Topsoil, @H4 = Cdl_Subsoil

3 9 @ o o o ]
ﬂTWﬁ 7 IRYATNITINAFUVDIAS NI NOILUAN ﬁdﬂ:?’f llagLlﬂﬂlflﬂﬂﬁlUﬁU@ﬂW\i'ﬂl&lﬂ'lﬂsUu'lﬂ

a ~ A IY A1 A
ﬂumummaﬁmmamﬂ"lmﬁ@ﬂaz 80-90 NATNLDY 3-8



60

100 - 100 1 o
Pb u
80 - 80 -
60 60 -
40 - 40 -
20 - 20 -
;::0' 0 -
£ 3 4 5 6 7 8 3 4 5 6 7 8
Z 100 - 100 -
° Zn Cd
80 A 80 -
60 A 60 -
40 -
20 -
0-

pH
B M1 = Satl Subsoil,i M2 = Sat2 Topsoil, mM3 = Sat2 Subsoil,ll M4 = Wcl Topsoil,

MS5 =Wc2 Subsoil,ll M6 =Lb Subsoil

M 8 JoaznigatuvoInzn neuas danzd uazuaalionludiedneyninvuia

a =\ Aa sY Al a
ﬂumummﬂ%mmmuﬂ"lmmaﬂaz 50-60 NATNLDY 3-8



61

100 - 100 -
Pb Cu

80 - 80 -

60 1 60 - g I

20

0 K | -

5 3 4 5 6 7 8
&
2 100 1 100 -
<§ Zn Cd
g0 - 80 -

60 4 60 -

40 - 40 -

20 - 20

0 0

3 4 3 4
pH pH

BL1=Lb Topsoil, L2 =Cd2 Subsoil, L3 = Satl Topsoil, B L4 =Wcl Topsoil,
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I. Information on the site
Profile symbol
Soil name
Classification
Date of examination
Described by

Location

Elevation

Map sheet number

Landform

1. Physiographic position

2. Surrounding land form

3. Slope on which profile site
Land use

Annual rainfall
Mean temperature
Climate
I1. General information on the soil

Parent material

Drainage

Permeability

Runoff

Depth of groundwater
I11. Profile description

Horizon Depth (cm)
Ap 0-20
BA 20-40

Bssl 40-60
Bss2 60-90
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Buri Ram (Br)

: Br

: Buri Ram variant

: Typic Haplustert, very fine, smectitic, isohyperthermic

: 9 November 2007

. Irb Kheoruenromne, Chutamart Kaewmano, Natthapol
Chittamart, Worachart Wisawapipat, Timthong
Darunsonthaya and Kokkorn Hemtanon.

. Ban Chai Badan Yuk Mai , Tumbon Chai Badan, Amphoe
Chai Badan, Lop Buri Province.

: Approximately 40 m(MSL)

: 5256111 Coordination ~ 47P 0723218F, 1669816"

. Dissected lower footslope

: Gently undulating

: 15%  Aspect: 336 Azimuth

. Sugarcane, chilli, teak, tamarind, mango and other house
green tree crops, and agriculture and settlement

. Approximately 1,207

. Approximately 28 °C

. Tropical savanna

: Local alluvial derived from Limestone
. Moderately well drained

. Slow

: Slow

: >180 cm at time of sampling

Description

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

Mixed very dark gray (10YR 3/1) 89% and black (10YR 2/1)
10%, few fine distinct yellowish brown (10YR 5/8) mottles;
clay; strong medium and coarse angular blocky structure; very
hard dry, very firm moist, very sticky and very plastic;
common pressure faces of various sizes; few very fine and
fine vesicular and few fine simple tubular pores; few very fine
and fine roots; common vertical krotovinas, some crossing
horizon boundary, common fine cracks and traces of dead
roots; slightly acid (field pH 6.5); clear and smooth boundary
to Bssl.

Very dark gray (10YR 3/1); few fine distinct dark brown
(10YR 3/3) mottles; clay; strong fine and medium semi-
angular blocky structure; very hard dry, very firm moist, very
sticky and very plastic; many pressure faces and cracks of
various sizes and common fine and medium slickensides; few
very fine and fine vesicular and few fine simple tubular pores;
very few very fine and fine roots; few vertical krotovinas and
few traces of dead roots; moderately acid (field pH 6.0); clear
and smooth boundary to Bss2.

Black (10YR 2/1); clay; strong fine and medium angular



Bk1

Bk2

Bk3

90-110

110-140

140-170+
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blocky structure; very hard dry, very firm moist, very sticky
and very plastic; many pressure faces, cracks and slickensides
of various sizes; few very fine and fine vesicular and very few
fine simple tubular pores; very few very fine and fine roots;
few traces of dead roots; moderately alkaline (field pH 8.0);
clear and smooth boundary to Bk1.

Very dark gray (10YR 3/1); clay; moderate fine and medium
semi-angular blocky structure; very hard dry, very firm moist,
very sticky and very plastic; common pressure faces and few
fine rock and lime fragments; common very fine and fine
vesicular and few very fine simple tubular pores; very few
very fine and fine roots; very few traces of dead roots;
strongly alkaline (field pH 8.5); abrupt and smooth boundary
to Bk2.

Dark gray (10YR 4/1); slightly gravelly clay loam; moderate
fine and medium subangular blocky structure; hard dry, firm
moist, moderately sticky and moderately plastic; few fine
cracks and pressure faces, common rock and lime fragments
and nodules; common very fine and fine vesicular pores;
practically no roots; common hardened lime nodules; strongly
alkaline (field pH 8.5); gradual and smooth boundary to BKk3.

Dark gray (10YR 4/1); slightly gravelly clay loam; moderate
fine and medium subangular blocky structure; hard dry, firm
moist, moderately sticky and moderately plastic; few fine
cracks and pressure faces, common rock and lime fragments
and lime nodules; common very fine and fine vesicular pores;
practically no roots; fewer hardened lime nodules; strongly
alkaline (field pH 8.5).



I. Information on the site
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Lop Buri (Lb)

Profile symbol

Soil name
Classification

Date of examination
Described by

: Lb
. Lop Buri series
. Typic Haplustert, very fine, smectitic, isohyperthermic
: May 3, 2007
. Irb Kheoruenromne, Chutharmard Kaewmano,
Natthapol Chittamart, Worachart Wisawapipat,
and Timtong Darunsontaya

Location : Ban Wung Khon Kwang, Tambon Wung Khon Kwang,
Amphoe Khok Samrong, Lop Buri province
Elevation : Approximately 35 m (MSL)
Map sheet number :5139 111 Coordination : 47 P 0681855F, 1660992
Landform
1. Physiographic position . Lower footslope
2. Surrounding land form : Undulating
3. Slope on which profile site : 2% Aspect : 318 Azimuth
Land use : Sesame and sorghum

Annual rainfall
Mean temperature
Climate

Other

: Approximately 1,207 mm
. Approximately 28 °C

. Tropical savanna

. Livestock pasture

I1. General information on the soil

Parent material
Drainage
Permeability

Runoff

Depth of groundwater

I11. Profile description

Horizon  Depth (cm)

Apk 0-25
Bkl 25-45
Bsskl 45-70
Bssk2 70-93

: Local alluvium derived from limestone
: Well drained

: Slow

: Slow

. Deeper than 200 cm at time of sampling

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

Black (10YR 2/1); clay; strong medium and coarse angular blocky
structure; very hard dry, very firm moist, very sticky and very plastic;
common fine cracks and few faint slickensides and pressure faces; very
few very fine and fine vesicular pores and very few fine simple tubular
pores; few very fine and fine roots; common fine lime fragments and traces
of dead roots; moderately alkaline (field pH 8.0); gradual and smooth
boundary to Bssk1.

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

Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse angular blocky structure; very hard dry,
very firm moist, very sticky and very plastic; common fine cracks, many



Bssk3

Bssk4

Bk2

Bk3

93-115

115-140

140-170

170-200+
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faint pressure faces and distinct slickensides; very few very fine, fine
and medium vesicular pores and fine simple tubular pores; very few
very fine and fine roots; common fine lime fragments and very few
traces of dead roots; strongly alkaline (field pH 8.5); gradual and smooth
boundary to Bssk3.

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

Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse semi-angular blocky structure; very
hard dry, very firm moist, very sticky and very plastic; common fine
cracks, faint and many faint slickensides; very few very fine and fine
vesicular pores and few fine simple tubular pores; very few very fine and
fine roots; common fine lime fragments; strongly alkaline (field pH
8.5); clear and smooth boundary to BK2.

Very dark gray (10YR 3/1), very pale brown (10YR 8/2) lime fragment;
clay; strong medium and coarse semi-angular blocky structure; hard dry,
firm moist, moderately sticky and very plastic; common fine faint
pressure faces and few fine cracks; few very fine and fine vesicular
pores and fine simple tubular pores; practically no roots; common soft
lime accumulation and lime fragments; strongly alkaline (field pH 8.5);
clear and smooth boundary to BKk3.

Dark gray (10YR 4/1), very pale brown (10YR 8/2) lime fragment;
slightly gravelly clay; moderate medium and coarse semi-angular
blocky structure; hard dry, firm moist, moderately sticky and very
plastic; few fine faint pressure faces and few fine cracks; common very
fine and fine vesicular pores; practically no roots; many soft lime
accumulations and fine lime fragments; strongly alkaline (field pH 8.5).



Information on the site
Profile symbol

Soil name

Classification

Date of examination
Described by

Location

Elevation

Map sheet number

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

Land use

Annual rainfall

Mean temperature

Climate

Other

General information on the soil

Parent materiall
Drainage
Permeability

Runoff

Depth of groundwater
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Chai Badan 1 (Cd1)

;. Cdl
. Chai Badan variant 1
. Calcic Haplustert, very fine, smectitic isohyperthermic

November 9, 2007
Irb Kheoruenromne, Chutharmard Kaewmano,

Natthapol Chittamart, Worachart Wisawapipat, Timtong

Darunsontaya and Kokkorn Hemtanon
Ban Thanon Kong, Tambon Chai Badan, Amphoe
Chai Badan, Lop Buri province

. Approximately 52 m (MSL)
: 5239 11l Coordination : 47 0721140F, 1668275

. Dissected upper footslope
: Undulating
1 2% Aspect : 330 Azimuth

Mung bean, cassava and sugarcane

. Approximately 1,207 mm

: Approximately 28 °C

. Tropical savanna

. Agricultural-Poultry farm and settlement

. Local alluvium derived from lime producing rocks
: Well drained

: Moderate

: Moderate

. Deeper than 160 cm at time of sampling

I11. Profile description

Horizon  Depth (cm)
Apk 0-20
ABK 20-47
Bssl 47-80
Bss2 80-110

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

Very dark gray (10YR 3/1); clay; strong medium and coarse semi-
angular blocky structure; very hard dry, very firm moist, very sticky and
very plastic; few fine pressure faces; common very fine and fine
vesicular pores and few fine and medium simple tubular pores; few very
fine and fine roots; few traces of dead roots and few fine cracks;
moderately alkaline (field pH 8.0); clear and smooth boundary to Bss1.

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

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



Bk1

Bk2

110-130/140

140-160+
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moderately alkaline (field pH 8.0); clear and smooth boundary to Bk1.

Black (10YR 2/1); clay; moderate fine and medium semi-angular
blocky structure; hard dry, firm moist, moderately sticky and
moderately plastic; many spots of lime soft nodules and few fine cracks;
very few very fine and few fine vesicular pores and simple tubular
pores; practically no root; few rock fragments; moderately alkaline
(field pH 8.0); abrupt and smooth boundary to Bk2.

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



l. Information on the site

Profile symbol
Soil name
Classification

Date of examination

Described by

Location

Elevation

Map sheet number

Landform

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

Land use
Annual rainfal

Mean temperature

Climate
Other

1. General information on the soil

Parent material
Drainage
Permeability
Runoff

Depth of groundwater

I11. Profile description

Horizon
Ap

Bt

Btc

Depth (cm)
0-15

15-30/40

40-40/70
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Chai Badan 2 (Cd2)

: Cd2

. Chai Badan variant 2

. Typic Haplustert, fine, smectitic, isohyperthermic
November 11, 2007
Irb Kheoruenromne, Chutharmard Keawmano,
Natthapol Chittamart, \Worachat Wisawapipat, Timtong
Darunsontaya and Kokkorn Hemtanon
Mung bean and corn growing area, Ban Noi, Tambon
Nong Phai, Amphoe Nong Phai, Petchabun province

. Approximately 99 m(MSL)

: 5241 111 Coordination: 47Q 0722140%, 1771808"

: Lower middle slope on basalt corrosion plain
: Undulating

1% Aspect: 270 Azimuth

: Mung bean and corn

. Approximately 1,207 mm

: Approximately 28 °C

. Tropical savanna

. Agricultural and settlements

: Residuum derived from weathered basalt
: Well drained
. Moderate

Moderate

Deeper than 130 cm at time of sampling

Description

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

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

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



Crtl

Crt2

70-100

100-130+
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fragments and few fine clay balls; moderately alkaline (field pH
8.0); clear and wavy boundary to Crtl.

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

Dark grayish brown (10YR 4/2), common medium and coarse
prominent strong brown (7.5YR 5/8), common medium distinct
brownish yellow (10YR 6/8) mottles and black (10 YR 2/1) of
Mn nodules; gravelly sandy clay; moderate fine and medium
semi-angular blocky structure and some part retaining weathered
rock structure; hard dry, firm moist, very sticky and very plastic;
few faint clay coats on pore walls and mangan on weathered rock
fragment surfaces; few faint pressure faces, many weathered rock
fragments and manganiferous rocks; few very fine and fine
vesicular pores, and few fine simple tubular pores; few fine
cracks; neutral (field pH 7.0).



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

Location

Elevation

Map sheet number

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

Land use

Annual rainfall

Mean temperature

Climate

Other

1. General information on the soil

Parent material

Drainag

Permeability

Runoff
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Samo Thod 1 (Satl)

» Satl

. Samo Thod variant 1

. Chromic Haplustert, fine, smectitic, isohyperthermic
November 10, 2007
Irb Kheoruenromne, Chutharmard Keawmano,
Natthapol Chittamart, Worachat Wisawapipat,
Timtong Darunsontaya and Kokkorn Hemtanon

. Soil Sukhaphiban 24, Tambon Buengsamphan,
Amphoe Buengsamphan, Petchabun provice

. Approximately 83 m (MSL)

: 5240 IV Coordination: 47Q 0715371, 1745008"

. Dissected upper footslope

: Undulating

1% Aspect: 125 Azimuth

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

. Approximately 28 °C

. Tropical savanna

. Agricultural and settlement

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

: Well drained

. Moderate

. Moderate

. Deeper than 140 cm at time of sampling

Description
Brown (10YR 4/3); clay; moderate medium and coarse angular
blocky structure; hard dry, firm moist, moderately sticky and
moderately plastic; few faint pressure faces and few fine rock
fragments and manganese nodules; common very fine and fine
vesicular pores and few fine simple tubular pores; few very fine
and fine roots; some spots of divided lime fragments, few fine
cracks and few traces of dead roots; moderately alkaline (field pH
8.0); clear and smooth boundary to Bt1.

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

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

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

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

Gray (10YR 5/1), common medium and coarse distinct yellowish
brown (10YR 5/6), common medium and coarse prominent light
reddish brown (2.5YR 7/4) and few fine distinct black (10YR
2/1) mottles; slightly gravelly clay; moderate fine and medium
semi-angular blocky structure; hard dry, firm moist, moderately
sticky and moderately plastic; few faint clay coats on pore walls;
common faint pressure faces and many white spots of weathered
rock fragments; few very fine and fine wvesicular pores;
practically no roots; few fine rock fragments and cracks;
moderately alkaline (field pH 8.0).
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Samo Thod 2 (Sat2)

 Sat2

. Samo Thod

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

Described by . Irb Kheoruenromne, Chutharmard Keawmano,
Natthapol Chittamart, Worachat Wisawapipat, Timtong
Darunsontaya and Kokkorn Hemtanon
Location : Old corn field, Tambon Sap Samo Thod, Amphoe
Buengsamphan, Petchabun province
Elevation . Approximately 93 m(MSL)
Map sheet number © 5140 1 Coordination: 47P 0711956, 1745327"
Landform
1. Physiographic position . Upper footslope
2. Surrounding land form : Undulating
3. Slope on which profile site 2% Aspect: 310 Azimuth

Land use

Annual rainfall
Mean temperature
Climate

Other

: Corn and mung bean

. Approximately 1,207 mm

. Approximately 28 °C

. Tropical savanna

. Agricultural and settlement

I1. General information on the soil

Parent material

Drainage
Permeability

Runoff

Depth of groundwater

I11. Profile description

Horizon Depth (cm)
Apk 0-18/20
Btkl 20-40
Btk2 40-60

. Local alluvium derived from limestone on residuum
derived from weathered andesite

: Well

. Moderate

. Moderate

. Deeper than 160 cm at time of sampling

Description

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

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

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

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

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

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

Grayish brown (10YR 5/2), common fine distinct dark yellowish
brown (10YR 4/6) and few fine distinct dark (10YR 2/1) mottles;
gravelly clay; weak medium and coarse angular blocky plus
weathered basalt retaining rock structure; hard dry, firm moist, very
sticky and very plastic fine earth; few faint clay coats on pores walls
and rock fragment surfaces; some accumulations of lime materials and
common faint pressure faces; few very fine and fine vesicular pores
and few fine simple tubular pores; very few very fine and fine roots;
more large rock fragments exist; moderately alkaline (field pH 8.0).
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Map sheet number
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110

Wang Chomphu 1 (Wc1)

: Wel

: Wang Chomphu variant 1

: Chromic Haplustert, fine, smectitic, isohyperthermic

© November 11, 2007

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

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

: Approximately 96 m(MSL)

: 5241 111 Coordination: 47Q 0720488°, 1787343"

. Lower footslope

: Undulating

1% Aspect: 290 Azimuth

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

. Approximately 1,207 mm

. Approximately 28 °C

. Tropical savanna

. Agricultural mainly

. Local alluvium and wash over residuum derived from
lime containing rock

- Well drained

. Moderate

. Moderate

. Deeper than 160 cm at time of sampling

Description

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

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

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

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

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

Mixed light olive brown (2.5Y 5/3) and dark gray (2.5Y 4/1),
few fine distinct light olive brown (2.5Y 5/6) mottles; clay;
moderate medium and coarse semi-angular blocky structure; very
hard dry, very firm moist, very sticky and very plastic; few faint
clay coats on pore walls and nodule surfaces; few faint pressure
faces and common fine dark spots of Mn-oxides; few very fine
and fine vesicular pores; very few very fine roots; many fine
lime materials in soil matrix, few traces of dead roots and few
fine cracks; moderately alkaline (field pH 8.0).
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Parent material
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Horizon Depth (cm)
Ap 0-25
Btl 25-48
Bt2 48-70
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Wang Chomphu 2 (Wc2)

: We2

: Wang Chomphu variant 2

. Typic Haplustert, fine, smectitic, isohyperthermic

: November 11, 2007

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

: Livestock pasture area about 80 m west of road
Number 21, Ban Chai Charoen, Tambon Huay Sakae,
Amphoe Mueng, Petchabun province

: Approximately 102 m(MSL)

: 5241 IV Coordination: 47Q 0722441F, 1795993"

. Lower dissected footslope

: Undulating

1% Aspect: 70 Azimuth
. Livestock pasture for grazing
. Approximately 1,207 mm

. Approximately 28 °C

. Tropical savanna

. Agricultural and settlement

: Local alluvium on residuum derived from calcareous rock
: Well drained

. Moderate

. Moderate

. Deeper than 180 cm at time of sampling

Description

Reddish black (2.5YR 2.5/1); clay; strong medium and coarse
semi-angular blocky structure; very hard dry, very firm moist,
very sticky and very plastic; common faint pressure faces and fine
rock fragments; common very fine and fine vesicular pores and
few fine simple tubular pores; common very fine and fine roots
and few medium roots; common vertical cracks down to upper
part of Bt, some traces of dead roots; slightly acid (field pH 6.5);
clear and smooth boundary to Bt1.

Reddish black (2.5YR 2.5/1), common fine prominent red
(25YR 4/6) mottles; clay; moderate medium and coarse
angular blocky structure; very hard dry, very firm moist, very
sticky and very plastic; few faint clay coats on pore walls and
rock fragment surfaces; common faint pressure faces and fine
rock fragments; common very fine and fine vesicular pores and
few fine simple tubular pores; few very fine, fine and medium
roots; few fine cracks and traces of dead roots; slightly acid (field
pH 6.5); gradual and smooth boundary to Bt2.

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

Mixed light olive brown (2.5Y 5/3) 85%, olive yellow (2.5Y 6/6)
10% and gray (25Y 6/1) 5%; clay; strong medium and coarse
angular blocky structure; very hard dry, very firm moist, very
sticky and very plastic; common faint clay coats on pore walls
and ped faces; many faint pressure faces and few slickensides;
common very fine and fine vesicular pores and few tubular pores;
very few very fine and fine roots; few rock fragments and Fe-
Mn oxides nodules and few fine lime nodules; moderately
alkaline (field pH 8.0); gradual and smooth boundary to 2Btk2.

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

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

Mixed light yellowish brown (2.5Y 6/4) 35%, brownish yellow
(10YR 6/6) 35%, light gray (10YR 7/1) 20% and white (2.5Y
8/1) 10%; clay; strong medium and coarse angular blocky
retaining weathered rock structure; hard dry, firm moist,
moderately sticky and moderately plastic; few faint clay coats on
pore walls and some on planar weathered rock surfaces; common
pressure faces on planar rock structure surfaces; very few very
fine and fine vesicular pores; practically no roots; common fine
cracks; moderately alkaline (field pH 8.0).
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;19U (2552); Soil Survey Division Staff (1993)
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d' 9 o d‘ X a 1Y A = a
ATINNUINN 2 ﬂl@ﬂWWuﬂﬂi%iuﬂWﬁﬂﬁ%mui%ﬂUﬁN‘UﬂﬂNLﬂN Ltasﬂﬁﬂﬁzmummqm
ﬁll‘],luiiﬁsllmau (LS‘]J,2548; Land Classification Division and FAO Project

Staff, 1973; Soil Survey Division Staff, 1993)

1. WoFVDIAU (Soil pH) (AN:H1 = 1:1)

€

FZA1 (rating) nao (range)
Lﬂuﬂiﬂguuimm‘ﬁ'qw (ultra acid) <3.5
Lﬂuﬂiﬂguuiﬂmm (extremely acid) 3.5-4.4
Hunsadaun (very strongly acid) 4.5-5.0
Hunsada ('strongly acid) 5.1-5.5
Funsarmna1e (moderately acid) 5.6-6.0
Hunsadniies (slightly acid) 6.1-6.5
L‘]dJuﬂaN (neutral) 6.6-7.3
Huaradnilos (slightly alkaline) 7.4-7.8
iTua19tunaa (moderately alkaline) 7.9-8.4
Huada (strongly alkaline) 8.5-9.0
Hhuaresaun (very strongly alkaline) >9.0
2. UM Elilﬂq (organic matter) (organic carbon x 1.724)

32AU (rating) Wele (g kg_l)
10 (VL) <s

M (L) 5-10
oL (ML) 10-15
1hunais (M) 15-25
AouG19ga (MH) 25-35
44 (H) 35-45

9310 (VH) > 45




3. 151 luTa519u59% (total nitrogen)
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521 (ratin 2)

Qe

1l

o (gke)

ss:mnﬂ (VL)
M (L)
1huna (M)
a9 (1)

gaun (VH)

<1.0
1.0-2.0
2.0-5.0
5.0-7.5

>17.5

o 9 A o 9 ’
4. 90913080 ANNUDUAINWIU T (base saturation)

F2A1 (rating)

Nae (%)

W (L)
1unars (M)

I (H)

<35
35-75

> 75

5. anuguanilasuunaleosu (CEC)

FZA1 (rating)

Wde (cmol kg_l)

Gzﬁiﬂﬂ (VL)

M (L)
AOUTF (ML)
1thunae (M)
AouG19ga (MH)
I (H)

g0 (VH)

<3

3-5
5-10
10-15
15-20
20-30

>30
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6. ﬂ%n1mﬂ®ﬁﬂ®§ﬁﬁlﬂuﬂiziﬂ%ﬁ (available P) (Bray II)

32A1 (rating) Wy (mg kg-l)
&1 (VL) <3
M (L) 3-6
AoUT1R (ML) 6-10
1thunae (M) 10-15
AouT19g (MH) 15-25
qPH) 25-45
guuIn (VH) > 45
7. B Twmadeuiisiuilse Teand (available K) (NH,OAc)
32A (rating) ey (mg kg
sszhmﬂ (VL) <30
M (L) 30-60
1huna1e (M) 60-90
49 (H) 90-120
1N (VH) > 120

Hnentn VL = ¢@1u1n (Very low)
L = ¢ (Low)
ML = AUV (Moderately low)

M = 11una1s (Medium)

MH ﬂl’tJuélsJ)NQ’ 3 (Moderate high)
H = g3 (High)

VH = g3u1n (Very high)
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FZA1 (rating)

Wds (Mg g')

AN

A

11unang
! 9

ADUVGY

g

gaun

<12
1.2-1.4
1.4-1.6
1.6-1.8
1.8-2.0

>2.0

N: UINTIY (2529)

d' A a & = v A <3 a a a < a
AINANUINT 4 ﬁ'il‘UWUﬂﬁﬂuﬂﬂqﬂlﬁﬂﬂlﬂﬂﬂﬂﬂﬂumﬂ aulwan tazaway lyan

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

Normal 6.7-7.2 <4 <13

Saline <8.5 >4 <13

Sodic >8.5 <4 >13

Saline-Sodic <8.5 >4 >13

An: Brady and Weil (2008)
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MINHINN 5 X-ray diffraction spacing obtained from (001) planes of layer-silicate species

related to sample treatment.

Diffraction spacing (nm)

Mineral (or minerals) Indicated

1.4-15
0.99-1.01
0.72-0.75

0.715

1.77-1.80
1.4-15
1.08
0.99-1.01
0.72-0.75
0.75

1.4-15

1.24-1.28
0.99-1.01
0.72-0.75

0.715

14
0.99-1.01

0.715

Mg-saturated, air-dried

Smectite, vermiculite, chlorite

Mica (illite), halloysite

Metahalloysite

Kaolinite, chlorite (2nd-order maximum)

Mg-saturated, glycerol-solvated

Smectite

Vermiculite, chlorite

Halloysite

Mica (illite)

Metahalloysite

Kaolinite, chlorite (2nd-order maximum)

K-saturated, air-dried

Chlorite, vermiculite (with interlayer 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)

#i31: Whittig and Allardice (1986)
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4 a 4 s a 1 1 a
MINAUINN 6 WamsuATzHsmaentlsznoudaus lunquaymaviaaumiie)

Soil Depth Clay fraction
. Horizon
series cm Sm Kao Inters Vm m Qtz Cal

Br Ap 0-20 XXXX tr - - - tr -
Bss2 60-90 XXXX tr - - - tr -

Cdl Apk 0-20 XXXX tr = - - -
Bssl 47-80 XXXX tr - - - tr -

Cd2 Ap 0-15 XXXX X = tr - tr -
Btc 40-40/70 XXXX X - X - tr -

Lb Apk 0-25 XXXX tr - - - tr >
Bssk2 70-93 XXXX tr 3 > . tr -

Satl Apk 0-20 XXXX tr - X = tr -
Bt3 70-90 XXXX X 3 tr = tr -

Sat2 Apk 0-18/20 XXXX XX = tr E tr -
Btk2 40-60 XXXX X 2 tr 7 tr -

Wel Ap 0-20 XXXX X 2 v - tr -
Btcl 45-75 XXXX X = - - tr =

Wc2 Ap 0-25 XXXX X v 3 - tr -
2Btkl 70-100 XXXX X = - - tr -

HUEHA: xxxx = Dominant (> 60%), xxx = Large (40-60%), xx = Moderate (20-40%),
x = Small (5-20%), tr = trace (<5%), - = non-detectable, Sm = smectite, Kao =

kaolinite, Inters = interstratified kaolinite-smectite, Vm = vermiculite, 11l = illite, Qtz

= quartz, Cal = calcite
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MINHUING 7 WANIINAABIDNTNAVDINDFNUNAADNITYATY AZNI NOWAI FINTAY

uaalley TudI19e190UMAVINAAUINIE)

Removed metal (mg kg)

Clay sample pH 0 Cu 7n Cd
Br Topsoil 3 26.67 19.17 28.67 16.67
26.65 19.15 28.64 16.64
26.47 19.13 28.63 16.65
4 29.58 24.08 35.58 19.58
29.56 24.06 35.55 19.55
29.38 24.04 35.54 19.56
5 44.36 42.86 42.44 20.36
44.34 42.84 42.41 20.33
44.16 42.82 42.40 20.34
6 44.59 42.39 42.45 22.19
44.57 42.37 42.42 22.16
44.39 42.35 42.41 22.17
7 44.70 42.78 42.48 22.40
44.68 42.76 42.45 22.37
44.50 42.74 42.44 22.38
8 44 .81 42.97 42.49 22.41
44.79 42.95 42.46 22.38
44.61 42.93 42.45 22.39
Br_Subsoil 3 26.67 19.17 28.67 16.67
26.65 19.13 28.64 16.64
26.47 19.15 28.63 16.65
4 29.58 24.08 35.58 19.58
29.56 24.04 35.55 19.55
29.38 24.06 35.54 19.56
5 44.36 29.86 42.44 20.36
44.34 29.82 42.41 20.33
44.16 29.84 42.40 20.34
6 44.59 30.99 42.45 22.19
44.57 30.95 42.42 22.16
44.39 30.97 42.41 22.17
7 44.70 31.00 42.48 22.40
44.68 30.96 42.45 22.37
44.50 30.98 42.44 22.38
8 44 .81 30.31 42.49 22.41
44.79 30.27 42.46 22.38
44.61 30.29 42.45 22.39
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Clay sample

pH

Removed metal (mg kg)

Pb Cu Zn cd

Lb_Topsoil 3 10.67 19.17 11.05 16.47
10.65 19.14 11.02 16.44

10.47 19.12 11.01 16.45

4 11.58 24.08 11.47 16.58
11.56 24.05 11.44 16.55

11.38 24.03 11.43 16.56

5 19.36 29.86 31.63 17.06
19.34 29.83 31.60 17.03

19.16 29.81 31.59 17.04

6 19.49 32.50 31.65 17.25
19.47 32.47 31.62 17.22

19.29 32.45 31.61 17.23

7 19.50 32.78 31.65 17.25
19.48 32.75 31.62 17.22

19.30 32.73 31.61 17.23

8 19.50 32.93 31.70 17.26
19.48 32.90 31.67 17.23

19.30 32.88 31.66 17.24
Lb_Subsoil 3 26.67 19.17 18.67 12.67
26.65 19.15 18.64 12.64

26.47 19.13 18.63 12.65

4 29.58 24.08 15.58 13.58
29.56 24.06 15.55 13.55

29.38 24.04 15.54 13.56

5 34.36 30.13 30.44 16.36
34.34 30.11 30.41 16.33

34.16 30.09 30.40 16.34

6 34.49 30.15 30.45 16.50
34.47 30.13 30.42 16.47

34.29 30.11 30.41 16.48

7 34.70 30.18 30.48 16.98
34.68 30.16 30.45 16.95

34.50 30.14 30.44 16.96

8 34.74 30.18 30.49 16.99
34.72 30.16 30.46 16.96

34.54 30.14 30.45 16.97
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Clay sample

pH

Removed metal (mg kg )

Pb Cu Zn cd
Cdl1_Topsoil 3 26.67 19.17 28.67 16.67
26.65 19.15 28.64 16.64
26.47 19.13 28.63 16.65
4 29.58 24.08 35.58 19.58
29.56 24.06 35.55 19.55
29.38 24.04 35.54 19.56
5 43.36 41.13 41.44 20.36
43.34 41.11 41.41 20.33
43.16 41.09 41.40 20.34
6 43.59 41.15 41.45 21.19
43.57 41.13 41.42 21.16
43.39 41.11 41.41 21.17
7 43.70 41.18 41.48 21.40
43.68 41.16 41.45 21.37
43.50 41.14 41.44 21.38
8 43.81 41.18 41.49 21.41
43.79 41.16 41.46 21.38
43.61 41.14 41.45 21.39
Cdl1_Subsoil 3 26.67 19.17 28.67 16.67
26.65 19.15 28.64 16.64
26.47 19.13 28.63 16.65
4 29.58 24.08 35.58 19.58
29.56 24.06 35.55 19.55
29.38 24.04 35.54 19.56
5 44.36 42.86 42.44 20.36
44.34 42.84 42.41 20.33
44.16 42.82 42.40 20.34
6 44.59 42.39 42.45 22.19
44.57 42.37 42.42 22.16
44.39 42.35 42.41 22.17
7 44.70 42.78 42.48 22.40
44.68 42.76 42.45 22.37
44.50 42.74 42.44 22.38
8 44.81 42.97 42.49 22.41
44.79 42.95 42.46 22.38
44.61 42.93 42.45 22.39




MS1INUINN 7 (919)

125

Clay sample

pH

Removed metal (mg kg )

Pb Cu Zn cd

Cd2_Topsoil 3 16.67 14.17 18.67 10.67
16.65 14.15 18.64 10.27

16.47 14.13 18.63 10.64

4 17.58 14.08 21.58 11.58
17.56 14.06 21.55 11.18

17.38 14.05 21.54 11.55

5 18.36 23.46 22.36 11.99
18.34 23.44 22.33 11.59

18.16 23.43 22.32 11.96

6 25.46 23.99 22.59 12.25
25.44 23.97 22.56 11.85

25.26 23.96 22.55 12.21

7 25.48 24.00 22.40 12.30
25.46 23.98 22.37 11.90

25.28 23.97 22.36 12.26

8 25.49 23.99 22.40 12.30
25.47 23.97 22.37 11.90

25.29 23.96 22.36 12.26
Cd2_Subsoil 3 10.67 19.17 11.05 16.47
10.65 19.13 11.02 16.44

10.47 19.15 11.01 16.45

4 11.58 24.08 11.47 16.58
11.56 24.04 11.44 16.55

11.38 24.06 11.43 16.56

5 19.36 29.86 16.63 17.06
19.34 29.82 16.60 17.03

19.16 29.84 16.59 17.04

6 19.49 30.99 16.65 17.79
19.47 30.95 16.62 17.76

19.29 30.97 16.61 17.77

7 19.50 31.00 16.65 17.80
19.48 30.96 16.62 17.77

19.30 30.98 16.61 17.78

8 19.50 30.31 16.70 17.80
19.48 30.27 16.67 17.77

19.30 30.29 16.66 17.78
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Clay sample

pH

Removed metal (mg kg)

Pb Cu Zn cd

Satl_Topsoil 3 10.67 14.17 11.05 16.47
10.65 14.15 11.02 16.44

10.47 14.13 11.01 16.45

4 11.58 14.80 11.47 16.58
11.56 14.78 11.44 16.55

11.38 14.76 11.43 16.56

5 19.36 17.43 16.63 17.06
19.34 17.41 16.60 17.03

19.16 17.39 16.59 17.04

6 19.49 17.45 16.65 17.79
19.47 17.43 16.62 17.76

19.29 17.41 16.61 17.77

7 19.50 17.48 16.65 17.80
19.48 17.46 16.62 17.77

19.30 17.44 16.61 17.78

8 19.50 17.48 16.70 17.80
19.48 17.46 16.67 17.77

19.30 17.44 16.66 17.78
Satl_Subsoil 3 16.67 14.17 18.67 10.67
16.65 14.17 18.64 10.27

16.47 14.17 18.63 10.64

4 17.58 14.08 21.58 11.58
17.56 14.06 21.55 11.18

17.38 14.04 21.54 11.55

5 18.36 17.46 23.36 11.99
18.34 17.43 23.33 11.59

18.16 17.40 23.32 11.96

6 26.46 17.99 23.59 13.25
26.44 17.97 23.56 12.85

26.26 17.95 23.55 13.21

7 26.48 18.00 23.40 13.30
26.46 17.98 23.37 12.90

26.28 17.96 23.36 13.26

8 26.49 17.99 23.40 13.26
26.47 17.97 23.37 12.86

26.29 17.95 23.36 13.23
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Clay sample

pH

Removed metal (mg kg)

Pb Cu Zn cd

Sat2_Topsoil 3 16.67 14.17 18.67 10.67
16.65 14.15 18.64 10.27

16.47 14.13 18.63 10.64

4 17.58 14.08 19.58 11.58
17.56 14.05 19.55 11.18

17.38 14.02 19.54 11.55

5 18.36 22.46 21.36 11.99
18.34 22.44 21.33 11.59

18.16 22.42 21.32 11.96

6 24.46 22.99 21.59 12.25
24.44 22.95 21.56 11.85

24.26 22.91 21.55 12.21

7 24.48 23.00 21.40 12.28
24.46 22.98 21.37 11.88

24.28 22.96 21.36 12.24

8 24.94 22.99 21.40 12.46
24.92 22.96 21.37 12.06

24.74 22.93 21.36 12.43
Sat2_Subsoil 3 16.67 14.17 18.67 10.67
16.65 14.17 18.64 10.27

16.47 14.17 18.63 10.64

4 17.58 14.08 21.58 11.58
17.56 14.05 21.55 11.18

17.38 14.06 21.54 11.55

5 18.36 17.46 23.36 11.99
18.34 17.43 23.33 11.59

18.16 17.44 23.32 11.96

6 26.46 17.99 23.59 13.25
26.44 17.96 23.56 12.85

26.26 17.97 23.55 13.21

7 26.48 18.00 23.40 13.30
26.46 17.97 23.37 12.90

26.28 17.98 23.36 13.26

8 26.49 17.99 23.40 13.26
26.47 17.96 23.37 12.86

26.29 17.97 23.36 13.23
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Clay sample

pH

Removed metal (mg kg)

Pb Cu Zn cd
Wel Topsoil 3 10.67 9.05 9.05 4.47
10.65 9.02 9.02 4.44

10.47 9.01 9.01 445

4 11.58 9.47 9.47 4.58
11.56 9.44 9.44 4.55

11.38 9.43 9.43 4.56

5 14.36 12.43 11.63 4.06
14.34 12.40 11.60 4.03

14.16 12.39 11.59 4.04

6 14.49 12.45 11.65 7.79
14.47 12.42 11.62 7.76

14.29 12.41 11.61 7.77

7 14.50 12.45 11.65 7.80
14.48 12.42 11.62 7.77

14.30 12.41 11.61 7.78

8 14.50 12.50 11.70 7.80
14.48 12.47 11.67 7.77

14.30 12.46 11.66 7.78
Wcl_Subsoil 3 11.17 10.05 10.55 5.47
11.15 10.02 10.52 5.44

10.97 10.01 10.51 5.45

4 12.08 10.47 10.97 5.58
12.06 10.44 10.94 5.55

11.88 10.43 10.93 5.56

5 15.86 14.43 14.73 5.06
15.84 14.40 14.70 5.03

15.66 14.39 14.69 5.04

6 15.99 14.45 14.75 8.95
15.97 14.42 14.72 8.92

15.79 14.41 14.71 8.93

7 16.00 14.45 14.75 8.98
15.98 14.42 14.72 8.95

15.80 14.41 14.71 8.96

8 16.00 14.50 14.76 8.98
15.98 14.47 14.73 8.95

15.80 14.46 14.72 8.96
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Clay sample

pH

Removed metal (mg kg )

Pb Cu Zn cd

Wc2_Topsoil 3 10.67 19.17 11.05 16.47
10.65 19.13 11.02 16.44

10.47 19.15 11.01 16.45

4 11.58 23.08 11.47 16.58
11.56 23.04 11.44 16.55

11.38 23.06 11.43 16.56

5 19.36 24.86 16.63 17.06
19.34 24.82 16.60 17.03

19.16 24.84 16.59 17.04

6 19.49 25.99 16.65 17.79
19.47 25.95 16.62 17.76

19.29 25.97 16.61 17.77

7 19.50 26.00 16.65 17.80
19.48 25.96 16.62 17.77

19.30 25.98 16.61 17.78

8 19.50 25.31 16.70 17.80
19.48 25.27 16.67 17.77

19.30 25.29 16.66 17.78
Wc2_Subsoil 3 26.67 19.17 18.67 12.67
26.65 19.15 18.64 12.64

26.47 19.13 18.63 12.65

4 29.58 24.08 15.58 13.58
29.56 24.06 15.55 13.55

29.38 24.04 15.54 13.56

5 32.36 30.13 30.44 16.36
32.34 30.11 30.41 16.33

32.16 30.09 30.40 16.34

6 32.59 30.15 30.45 16.50
32.57 30.13 30.42 16.47

32.39 30.11 30.41 16.48

7 32.70 30.18 30.48 16.98
32.68 30.16 30.45 16.95

32.50 30.14 30.44 16.96

8 32.81 30.18 30.49 16.99
32.79 30.16 30.46 16.96

32.61 30.14 30.45 16.97
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3 ' v o IA o
ﬂ'l'i'NN‘H'Jﬂﬁ 8 ﬂ’lﬁﬁﬁuwu'ﬁﬁqﬁ}%'lﬂﬁuﬂ'ﬁ Langmuir U@ NN1T Freundlich 611!ﬂ’]3ﬂﬂ“]51]

AT NOAAY FINTT LazuAAIgL

Pb
Clay sample Langmuir parameter Freundlich parameter
R’ b Qm R’ 1/n Kf
Br_Topsoil 0.9653 0.1288 13.1665 0.8891 1.3065 1.7624
Br_Subsoil 0.9640 0.1286 13.7812 0.8934 1.3165 1.8264
Lb_Topsoil 0.9638 0.2980 5.9990 0.8938 1.3148 0.7945
Lb_Subsoil 0.9641 0.1690 10.7037 0.8942 1.3243 1.4391
Cdl_Topsoil 0.9629 0.1341 13.7088 0.8928 1.3323 1.8574
Cdl_Subsoil 0.9942 0.1196 12.2539 0.9287 1.2601 1.6546
Cd2_Topsoil 0.9486 0.2347 8.0046 0.8807 1.3254 1.0452
Cd2_Topsoil 0.9648 0.2961 5.9763 0.8949 1.3106 0.7890
Satl_Topsoil 0.9638 0.2980 5.9990 0.8957 1.3004 1.0394
Satl_Subsoil 0.9655 0.2181 7.9767 0.8938 1.3148 0.7945
Sat2_Topsoil 0.9680 0.2318 7.2749 0.8993 1.2903 0.9447
Sat2 Subsoil 0.9649 0.2178 7.9827 0.8953 1.2997 1.0385
Wcl_Topsoil 0.9646 0.3995 44312 0.8943 1.3077 0.5812
Wecl_Subsoil 0.9579 0.3808 5.0563 0.8876 1.3514 0.6944
Wc2_Topsoil 0.9650 0.2962 5.9744 0.8951 1.3108 0.7892
Wc2_ Subsoil 0.9639 0.1794 10.1864 0.8944 1.3342 1.3912
Cu
Br_Topsoil 0.9575 0.1344 12.1743 0.8819 1.2082 1.3038
Br_Subsoil 0.9565 0.1475 13.3528 0.8861 1.3650 1.8715
Lb_Topsoil 0.7772 0.3273 10.2417 0.7598 1.5662 1.5592
Lb_Subsoil 0.9662 0.1805 8.1766 0.8857 1.1425 0.7793
Cdl_Topsoil 0.9552 0.1375 12.0162 0.8788 1.2044 1.2653
Cdl_Subsoil 0.9575 0.1344 12.1743 0.8819 1.2082 1.3038
Cd2_Topsoil 0.9986 0.1840 3.6569 0.9361 0.9399 0.3085
Cd2_Topsoil 0.7138 0.3584 14.5440 0.7202 2.2222 3.8842
Satl_Topsoil 0.9436 0.3102 4.2569 0.8713 0.7882 0.1020
Satl_Subsoil 0.9638 0.2386 3.0034 0.8520 0.9781 0.2416
Sat2_Topsoil 0.9611 0.2308 5.2834 0.8693 0.9837 0.3265
Sat2_Subsoil 0.9962 0.2541 2.7087 0.8822 0.8015 0.1070
Wecl Topsoil 0.9762 0.3917 2.2921 0.8602 0.8167 0.0788
Wel Subsoil 0.9723 0.3726 2.8727 0.8297 5.0125 1.3041
Wc2_ Topsoil 0.7570 0.7343 18.8063 0.7400 6.7249 16.8927

Wc2_Subsoil 0.9575 0.1344 12.1743 0.8857 1.1425 0.7793
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MSHUINN 8 (71D)

Zn
Clay sample Langmuir parameter Freundlich parameter
R’ b Qm R’ 1/n Kf
Br_Topsoil 0.9550 0.1304 11.7896 0.8778 1.1511 1.1153
Br_Subsoil 0.9550 0.1304 11.7896 0.8778 1.1511 1.1153
Lb_Topsoil 0.8134 0.3094 9.5643 0.7762 1.4445 1.2560
Lb_Subsoil 0.9652 0.1780 7.7886 0.8690 6.0459 4.2306
Cdl_Topsoil 0.9593 0.1339 11.2978 0.8811 1.1494 1.0770
Cdl_Subsoil 0.9550 0.1304 11.7896 0.8778 1.1511 1.1153
Cd2_Topsoil 0.8857 0.2256 6.1372 0.8400 0.9863 0.3440
Cd2_Topsoil 0.9644 0.2991 3.4786 0.8590 0.8734 0.1460
Satl_Topsoil 0.9624 0.3049 3.4786 0.8755 1.0308 0.4098
Satl_Subsoil 0.9628 0.2251 5.7336 0.8560 0.8798 0.1393
Sat2_Topsoil 0.9412 0.2521 5.4452 0.8533 1.0045 0.1795
Sat2_Subsoil 0.9628 0.2251 5.7336 0.8755 1.0308 0.4098
Wecl Topsoil 0.9676 0.4059 1.9102 0.8013 0.6427 0.0198
Wcl_Subsoil 0.9524 0.3772 2.5743 0.8103 0.6427 0.0198
Wc2_Topsoil 0.9679 0.3014 3.4495 0.8602 0.8752 0.1461
Wc2_ Subsoil 0.9550 0.1304 11.7896 0.8890 1.0928 0.6634
Cd
Br_Topsoil 0.9666 0.2625 6.7190 0.8891 1.3259 0.9207
Br_Subsoil 0.9553 0.2686 6.9076 0.8934 1.3435 0.9486
Lb_Topsoil 0.7416 0.7644 6.0162 0.8938 2.0683 1.4699
Lb_Subsoil 0.9598 0.3546 5.2475 0.8942 1.3432 0.7214
Cdl_Topsoil 0.9609 0.2710 6.8666 0.8928 1.3374 0.9335
Cdl_Subsoil 0.9553 0.2686 6.9076 0.9287 1.3435 0.9335
Cd2_Topsoil 0.9648 0.4722 3.5795 0.8807 1.2698 0.4414
Cd2_Topsoil 0.8928 0.5023 3.2926 0.8949 1.2098 0.3442
Satl_Topsoil 0.8843 0.4467 3.2806 0.8957 1.2525 0.4657
Satl_Subsoil 0.9734 0.4225 3.7977 0.8938 1.1435 0.6971
Sat2_Topsoil 0.9733 0.4543 3.4632 0.8993 1.2461 2.3648
Sat2_Subsoil 0.9528 0.4609 4.0468 0.8953 1.3086 0.5137
Wcl_Topsoil 0.9621 0.7499 2.1366 0.8943 1.2789 0.2777
Wcl_Subsoil 0.9413 0.7580 2.5551 0.8876 1.3323 0.3320
Wc2_ Topsoil 0.9320 0.5252 3.1436 0.8951 1.2361 0.3570
Wc2_Subsoil 0.9666 0.2625 6.7190 0.8944 1.3392 0.7168

Wi R = manduniussgninntSuansgadunazanuduiuves lanzwinluais
azay
b = ANANIUIINNIYATY
Qm =MANNTINID IuMIAFY

Kf, 1/n = MA9NU0958 11
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S S = Smectite

K = Kaolinite

Q = Quartz

Mg-gly
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