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Orapin Kliaklom 2010: Properties of Plough Pan in Cassava and Sugarcane Growing Soils, Khon
Kaen Province. Master of Science (Soil Science), Major Field: Soil Science, Department of Soil

Science. Thesis Advisor: Miss Suphicha Thanachit, Ph.D. 145 pages.

A study on agricultural limitation of plough pan, which is likely to affect the growth of cassava and
sugarcane, comprised the analyses of morphological, physical and chemical properties of plough pan bearing
soils and the measurement of soil resistance. Five areas studied included Satuk, high base subsoil variant (PP-
1; Ultic Haplustalf), Phonphisai, sandy variant (PP-2; Typic Plinthustult), Yasothon soils series (PP-3; Typic
Haplustult), and Satuk soil series (PP-4, PP-5; Typic Paleustults), all located in Khon Kaen province. They
were deep soils, having gap graded distribution with the texture ranging from loamy sand to sand clay loam.
The soils were extremely acid to neutral (pH 4.4-6.8) with low fertility and cation exchange capacity (0.5-6.8

cmol kg') levels.

Plough pan was found in all soils except Phonphisai, sandy variant soil. The pans formed at depths of
20-25 cm from soil surface with approximate thickness of 15-20 cm. Bulk density (1.69-1.85 Mg m”) and
strength (0.3-3.3 kg cm_z) of plough pan were higher than that of the topsoil and layer directly below the pan
but porosity (30.1-36.2%), saturated hydraulic conductivity (0.04-1.21 cm hr') and available water capacity
(4.95-7.63% by volume) were lower. However, plant nutrient and organic matter contents in these compacted

layers were indifferent from subsoils but lower than that in the topsoil.

Penetrometer resistance in cassava and sugarcane growing soils ranged between 2-8 and 3-10 MPa,
respectively and the values were higher than 6 MPa at the soil surface in some areas. Depths of plough pan
found in cassava growing areas, approximately at 10 cm from the surface, were shallower than those of
sugarcane growing soils (20 cm). Pysico-chemical properties of plough pan in the areas of growing both crops
were quite similar. Bulk density values in plough pan (1.70-1.83 Mg m-3) under cassava cultivated soils were
higher than those under the use for growing sugarcane (1.56-1.80 Mg m-3), which was in contrast to soil
strength that the former soils had higher values (0.43-2.79 kg cm”) than did the latter soils (0.28-6.87 kg em”).

In addition, the amounts of root distribution in these layers were clearly lower than that in the topsoils.

Plough pan had some properties that slightly severely limited the growth of both plants. High bulk
density can restrict root penetration. Slow saturated hydraulic conductivity retards up and down movement of
water, which results in the reduction of available water during drought season due to the impediment of
capillary rise. Water runoff can be accumulated after the rain pelt, which in turn, increases the risk of soil
erosion, especially in the sloping areas. Plough pan, however, has no effect on plant nutrient accumulation on

the top of the layer.

Student’s signature Thesis Advisor’s signature
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9.3 ANHAULNNTINING
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Kandiustults
I Aa K a I a Aa [ A A 1 = g’ 9 A
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Kandiaquults
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A A oy a 1 3 a 1 = A A 1 c?/’ a 1 a
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o Y Y o Iy A o =
mmuﬂuumaam"la E]’E]ﬂul,ﬂﬂ'l‘Llﬂ% 50 LU Iﬂ&m1ﬂﬁ’m1/]ﬂ € 5 1UAT NTTAUANNAN 0-5, 5-
v Y

10, 10-15, 15-20, 20-25, 25-30, 30-35, 35-40, 40-45 L1ag 45-50 EHUALNAT (mwﬁ 6) w%auﬁﬂﬁ1

dy a 1 [ = d' d' 9 =) 1=} 1
ﬂWiVHﬂ’NN%u“U’E)\‘lﬂuiu!mﬁ&i‘éﬁﬂﬂﬂ’ﬂhaﬂ (ﬂWﬂW‘Ll’Jﬂ“VI 7) LW’E]S],GI)’GI,uﬂ1iHJ‘iEl’UL“I/IEJ’]JﬂHL‘i\i

Y a
ATUNIUNTUINNE AU



28
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Y 1
nuuwndesn laaluuSnanlgniudnlzvduaydoe
1.3 P39 site characterization

wmsyanquuindaauumia 31 1.5 was 917 2 was an 2 was luaay

a i o o [ Y v Aa Y 3 [ a a Y o
vinanhimsane fimsanuaanihaaduliaunsoveuiudugiuinoivesau ldFanu

Y F4 14
MMTUUIFUAUMUFUR UHAAY (genetic  horizon) AsIV@oUANUAAUIULABZFU Hidn
Y o A Y o dy A o I o 1 a asn

viseenIAaauazanminadoun lvesiiui waziimanudedvauauisunasgiu
a . C. . ° a J wa A Yy v o a A
(191, 2547, Soil Survey Division Staff, 1993) ¥hnuaszvauiaive lniuveyadunuaun
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MMINVAIDENAUMUTUSUTAAU TAsTMINUAIDE1NAY 2 SNHUL A

@ 1 a 4 g a g
2.1 maﬁnmuﬁgﬂiumu (disturbed soil ~samples) (NUAUNNFU Az Tz 1-2
a [ d‘ Y a 4 vAa =1 a
Alansy s l¥lumsianzraviiamaniveiny

3w 1 a A 3 o 1
2.2 1nufale19aui lignsunIU (undisturbed soil samples) Tagl¥nszUonAUAI0E1

U
Y

4 a J o o ] a < a
(core) Lﬁ@ﬁl%}iuﬂ'li')l,ﬂ51$1’iﬁﬂ'l°l/\|ﬂ'liu'lu1 AITUURUUUUTIUUDNAU HASAITULLUIUDIAU
a da
3. MIIATHAY

o w 1 a ] : 1 ]
ummmmuﬁm‘umﬂmﬂﬁummﬁﬂaﬂﬁ’uﬁ’q VA HALTOU WNIUAZUNTIVUIA 2

4
a A Y o a L a wva
Haawas nnlnhunanizd lunealfians
a 4
3.1 MITAUATIEUNWNNIYNIN

3.1.1 MINTLVYUIAUDIDUNIAAU (soil particle size distribution) TAsITHUENAY
1 I~ 1
AZLNTI (sieving method) luvuiaeynianste utuilu 5 vuia laun nsrereruun (2.00-
1.00 Hadtuas) N394 (1.00-0.50 Haawas) Nsrere1ui1unaid (0.50-0.25 Haatuas)
= Aa A = Aa A ax
N319a21089 (0.25-0.10 NAAINAT) HATNTIWALIDEANIN (0.10-0.05 Hadas) uaz laeas
e (pipette method) (Kilmer and Alexander, 1949; Day, 1965) Glumumaumﬂmwuﬂmaz
a =} A ¥ a o o dy a .
pumAAumiien wah laninmsinsiziihmsanilszinnveailodu (soil textural class)
v Y
[ [ a 4 [ a
TaomslssufounusuloAUA NN VOINTENIIUNHATANTTOMTNT (USDA textural

class) (Soil Survey Division Staff, 1993)

a 4 ] a a 3
3.1.2 MIUATITHANUURUIUUTINUYDIAU (bulk density) T%’Fﬂ%ﬂizuamﬂu

fretnaaui lishate 1nsead1a (core method) (Blake and Hartge, 1986)
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a J o g} a A A o oy .
3.13 fﬂi'Jlﬂﬁ13WWTﬁﬂ'I‘WHTHWGUﬂQﬂu‘Uﬂlgﬂu@Mﬂﬂﬁﬂﬂu"l (saturated hydraulic

conductivity) Tagldwaanuauiniumls (variable head method) (Klute, 1965)

314 mﬁ5@@13mﬁmmumsummqmmﬁuiuﬁum (penetration resistance) Tag

4 m?aﬁﬂﬂ3ms§fmmummmmqmaqﬁu (penetrometer) Tuamwauy (Bradford, 1986)

<3 a 4
3.1.5 AU (soil strength) ¥osau TaalHinToananeunsa (Norfleep et dl.,

1996)

3.1.6 ﬂ’JﬁJW;U’i’J?JﬂJ?Nﬁu (porosity) (Danielson and Sutherland, 1986)

Bulk density

Porosity (%) = [1 - ] x 100

Particle density

& . <3| & a A = o
3.1.7  aNUIANUFUTUIY (field capacity, FC) WuANUFUVIAUNLTIAIH

10U 33 N lawana (Klute, 1986)

= = . < & a A = J
3.1.8 Q111890177 (permanent wilting point, PWP) WUANUFUVDIAUNLTIAIUN

91100 1500 N lawdna (Klute, 1986)

f { g o
3.1.9 anuganudunilulse Tend (available water capacity, AWC) fuaatla

NNYAT (Klute, 1986)

AWC (% by vol.) = (FC-PWP) x Bulk density
a o =
3.2 MIUATIEUNNIAY

[ Y
3.2.1 We¥AYU (soil pH) MenToliodndfiey (pH meter) 1¥9nT1a8HAUADYN

azauasaIsazaly IN KClny 1:1 (National Soil Survey Center, 1996)
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322 UsaluTasusin (total nitrogen) 1ae75 Kjeldahl method (Jackson,

1965)

3.2.3 Ysmnalealeaniluilse Toani (available phosphorus) ana laes Bray 1T
(Bray and Kurtz, 1945) waziiinsialsuaneanesalaeds chlorostannous reduced

molybdophosphoric blue color (Chapman and Pratt, 1961)

324 USinaTwmaFeuiniulselomi (available potassium) laeld 1 M
NH,0Ac fiflunans (pH 7.0) (Pratt, 1965) udr3avSuna lnunaFoudioinTos Atomic

Absorption Spectrophotometer

32,5 USnumsueusunss (organic carbon) Tae75 Walkley and Black Titration

(Walkley and Black, 1934) 91n1iuih lldnnamilSinadunsoiag ngas
Organic matter (%) = %Organic carbon x 1.724

326  USuanuasounanald (extractable bases) #91UTLnoUAY LAY
== =\ = v Y A
uuntidon Tsdey uaz InundiFoy Tavanaaoaisazale 1 M NH,0Ac Mtiluna1s (pH 7.0)

(Peech, 1945) 1ainlsuadiensea Atomic Absorption Spectrophotometer

I { @ a
327 anuilunsanana'ld (extractable  acidity)  Iae3suuiSeunaslsa

Tasiens Tuaiiu (barium chloride-triethanolamine) 7 pH 8.2 (Peech, 1965)

328 aanuquani/asuunalooou (cation exchange capacity) lagl¥nisyy
. .
azarouna lepoudleaisazals 1M NH,0Ac milunas (pH 7.0) uazunuiunalooouvos
=1 Y =\ 4 A 3 o
wou Tuiisn lovoudreasazarelmdenaan lsa  (10%) luamwinddunia  adun

uowTudloy ooy udrduramaanuyuanilasuuna lopouvesdu (Chapman, 1965)
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32,9 A19AI1308aTANNIVAIUA (bases saturation percentage) 1AEAITAIUIN
' A o Yy I~ A o gy .- .
NNANVATINNANA 18 (sum bases) wazanulunsanana’la (extractable acidity) (National
Soil Survey Center, 1996) 31NYAT

Sum bases

%B.S. = x 100
Extractable bases + Extractable acidity
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(13199 2)

M990 1 anNIAAouVIAUNIIMTANEI

Site Elevation  Slope Relief Landfrom Parent material
(m MSL) (%)
PP-1 177 2 Slightly undulating Lower middle Local alluvium
terrace
PP-2 195 4 Undulating Middle terrace Wash over residuum
derived from
sandstone
PP-3 189 6 Undulating Crestal slope of low  Residuum derived
hill from sandstone
PP-4 181 2 Slightly undulating Middle terrace Local alluvium
PP-5 197 2 Slightly undulating Lower middle Local alluvium

terrace
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M990 2 aulianuduguIneduinvedan lagge

Horizon Depth Matrix Texture  Structure Consistence  Field pH Pore Others
(cm) Mottle Dry, moist, wet
PP-1 Ultic Haplustalf

Ap 0-22 5YRA4/4 LS 1, f, sbk S, Fri, NS/NP 6.5 c,1-2,v Many very fine variegated sands

Btd 22-40 5YRY5/4 SL 2,f-m,abk  SH, F, SS/SP 5.5 f,1-2,v Common distinct clay coatings on face of peds
- and clay bridges between sand grains

Btl 40-61 Mixed 7.5YR 5/6, 7.5YR 6/4 SL 2, f-m, sbk  SH, Fri, SS/SP 5.0 f,1-2,v “
7.5YR5/8

Bt2 61-88 Mixed 7.5YR 6/4, 7.5YR 6/6 SL 2, f-m, sbk S, Fri, SS/MP 55 c,1l,v “
7.5YR 5/8

Bt3 88-112 7.5YR 6/4, SL 3,f-m, sbk  H, Fri, SS/MP 6.5 ¢, lv Many clay coatings on face of peds and clay
7.5YR 5/6, 5YR 5/8 bridges between sand grains

Btgl 112-142 5YR 6/2 SCL 3, m,sbk  VH, F, MS/MP 6.0 f,1,v “
5YR 5/8

Btg2 142-171 5YR 6/2 SCL 3, m, semi abk VH, F, MS/MP 6.0 c,1-2,t “
2.5YR 5/8, 5YR 5/8

Btg3 171-200+ 5YR 7/2 SCL 3, m, semi abk VH, F, MS/MP 5.5 c,1-2,t “
2.5YR5/8

93



M3519N 2 (910)

Horizon Depth Matrix Texture  Structure Consistence  Field pH Pore Others
(cm) Mottle Dry, moist, wet
PP-2 Typic Plinthustult
Apl 0-20 10YR5/3 S 1, f-m, sbk S, Fri, NS/NP 7 m, 1-2, v Few very fine coated sands
Ap2 20-36 10YR5/3 S 1, f, semiabk S, Fri, NS/NP 6.5 f,1-2,v
BE 36-37/44 10YR 7/4 LS 1, f, sbk S, Fri, NS/NP 6.5 c,lv
Btl 44-65 10YR6/4 LS 1, f, shk S, Fri, NS/NP 6.5 m,1,v Few faint clay bridges between sand grains
Bt2 65-72/90 Mixed 5YR 5/8,5YR 6/8 LS 1, f, sbk S, Fri, NS/NP 6 m, 1-2, v Few distinct clay coatings on face of peds and
- clay bridges between sand grains
Bt3 90-108 Mixed 5YR 6/6, 5YR 6/8 SL 1, f, sbk S, Fri, SS/SP 6 m, 1-2, v-t  Many distinct clay coatings on face of peds and
- clay bridges between sand grains
Bt4 108-127 Mixed 7.5YR 6/6, 5YR 7/8 SL 1, f, sbk SH, Fri, SS/NP 6.5 m,1,v Common distinct clay coatings on face of peds
- and clay bridges between sand grains
Bv 127-140+ 5YR 6/6 SL laterite SH, Fri, SS/NP 6.5 m,1,v

9¢



M3519N 2 (910)

Horizon Depth Matrix Texture Structure Consistence Field pH Pore Others
(cm) Mottle Dry, moist, wet
PP-3 Typic Haplustult

Ap 0-20/25 10YR5/6 LS 1, f-m, sbk S, Fri, NS/NP 7 m,1,v Very few very fine coated sands
Btd 25-40 7.5YR5/8 LS 2, f,sbk  SH, Fri, NS/NP 6.5 m,2,v  Few faint clay bridges between sand grains
Bt1 40-59 25YR4/8 SL 2, m,sbk  SH, F, SS/SP 5.5 m,1,v  Common faint clay bridges between sand grains
Bt2 59-82 2.5YR 4/6 SL 2, m, shk S, F, SSIMP 5.5 m, 1,c-t  Common faint clay bridges between sand grains
Bt3 82-105 2.5YR4/8 SCL 2,f-m,sbk S, F, SS/MP 5 ¢, 1-2,t  Common distinct clay bridges between sand

- grains
Bt4 105-129 2.5YR4/8 SCL 2, f, sbk S, Fri, SS/MP 45 ¢, 1,v-t  Many prominent clay bridges between sand

- grains, pore wall and clay bridges between sand

grains

Bt5 129-156 2.5YR 4/8 SCL 2,f,sbk S, Fri, SS/MP 5.5 m, 1-2, v-t
Bt6 156-177 2.5YR 4/8 SCL 2, f, sbk S, Fri, VS/VP 6 ¢, 1,v-t  Many distinct clay coatings between sand

- grains
Bt7 177-200+ 2.5YR 4/8 SCL 2, f, sbk S, F, VSIVP 6.5 m, 1, v-t

LE



MS519N 2 (910)

Horizon Depth Matrix Texture Structure Consistence Field pH Pore Others
(cm) Mottle Dry, moist, wet
PP-4 Typic Paleustult
Ap 0-20 7.5YR4/3 SL 2, f-m, sbk  SH, Fri, NS/NP 6 c, 1-3, v-t Common very fine and fine coated sands
Btd 20-35 7.5YR4/6 SL 2,f-m,sbk  SH, Fri, NS/NP 6 c,lv Few faint clay coatings on face of peds and clay
- bridges between sand grains
Bt1 35-53 7.5YR5/6 SCL 3, f-m,sbk  SH, Fri, SS/SP 5.5 c,1-2, v Common faint clay coatings on face of peds and clay
- bridges between sand grains
Bt2 53-73 7.5YR4/6 SCL 2,f-m,sbk SH, Fri, MS/SP 5 c,1-2,t
Bt3 73-91 7.5YR5/8 SCL 2, f-m, sbk  SH, Fri, MS/MP 5.5 f,1-2,v Many fiant clay coatings on face of peds and clay
- bridges between sand grains
Bt4 91-116 7.5YR5/8 SCL 2,f,sbk  SH, Fri, MS/MP 5.5 m, 1-2, v
Bt5 116-143 7.5YR 5/6 SCL 2,f,sbk  H, Fri, MS/IMP 55 c, 1-2, v-t
Bt6 143-170 7.5YR 5/6 SCL 2,f, sbk  SH, Fri, MS/IMP 45 c, 1-2, v-t Many prominent clay coatings on face of peds
- and clay bridges between sand grains
Bt7 170-200+ 7.5YR5/6 SCL 2,f,sbk  SH, Fri, MS/MP 4.5 c, 1-2, v-t

8¢



MS519N 2 (910)

Horizon Depth Matrix Texture Structure Consistence  Field pH Pore Others

(cm) Mottle Dry, moist, wet

PP-5 Typic Paleustult

Ap 0-22 7.5YR4/4 LS 1, f, sbk S, Fri, NS/NP 6 c, 1-2, v-t Many very fine and few fine coated sands
2, f-m, semi  H, Fri, NS/NP 6 f1-2,v Common distinct clay coatings on face of peds
Btd 22-43 7.5YR5/6 SL abk and clay bridges between sand grains
Btl 43-65 7.5YR5/6 SCL 2, f-m, sbk  SH, Fri, SS/NP 6 c,1-2,v Many prominent clay coatings on face of peds
- and clay bridges between sand grains
Bt2 65-89 Mixed 7.5YR 5/8, 7.5YR 7/4 SCL 2, m,sbk  SH, Fri, SS/SP 6 m, 1-2, v-t
Bt3 89-112 Mixed 7.5YR 6/6, 7.5YR 7/4 SCL 2, f-m, sbk  SH, Fri, SS/SP 55 m, 1-2, v-t
Bt4 112-135 Mixed 7.5YR 6/6, 7.5YR 7/4 SCL 2, f-m, sbk  H, Fri, SS/SP 55 m, 1-2, v-t
Bt5 135-160+ Mixed 7.5YR 6/6, 7.5YR 7/4 SCL 2, f-m, sbk H, Fri, SS/SP 5 ¢, 1-2,v

6¢



M3519N 2 (919)

HNYLYA

2 a
oAU (Texture)

S =
LS =
SL =
SCL =

Sandy

Loamy sand
Sandy loam
Sandy clay loam

= o .
N158A6 7 (Consistence)

1R (Dry)

SH =
H =
VH =
S =
L =

Slightly hard
Hard

Very hard
Soft

Loose

Tn398514 (Structure)

EH‘;O W N =

abk
sbk
semi-abk

¥y (Moist)
Fri

SF

F

VF

Weak

Moderate

Strong

Coarse

Fine

Medium

Angular blocky
Subangular blocky
Semi- angular blocky

Friable
Slightly friable
Firm

Very firm

¥99214

f
c
m
1
2
3
4
5
\
t

lan (Wet)

NS
SS

MS
VS
NP
SP

MP
VP

(Pore)

Few

Common
Many

Very fine
Fine

Medium
Coarse

Very coarse
Vesicular pore
Tubular pore

Non sticky
Slightly sticky
Moderately sticky
Very sticky

Non plastic
Slightly plastic
Moderately plastic
Very sticky plastic
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2008) ddsma ldauiidsunaearesa Tulasu uazsinemsou q luaud1ale (Landon,

1991)
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3.3 UsualuTasmusu

a

auiilSna lulasusinluszdudunn egluiide 0.07-0.77 nfuaen Tansuy

(i 17) Faldwal ludeamadordudSinadunieiagludu naadldimuinluaniw

an [ I~ 1 1 { o w 1A .
sssumasunseiaguuvalanlaselulasnuidagliunau (Brady and Weil, 2008)

091} dy = 1 1 AAa A 1 A | J @ 3
wetininmsne hinuhiidunioussialandlulaswwiuesddsznon daiu

4 v
anudulsy Temives luTasnuluauiusgiumsnlasuziveslulasnusunididu

U

A d A '

- “ o 9 ; -

TuTasuetiunidifivand1ufod (Mengesha,  2004) M3naull luTasausiudwinernil
o a o a 1

anrguinnmsii il ldvesiisuazgaunidludu vinnszuiumsszazais nazuedIu
) a 4

v lnngilveamaTudu (Inyad, 2528; Orlov, 1992; Kononova, 1996)

OM (g kg™) Total N (g kg'™)
2 4 02 04 06 038

0.0 1.0
0 0 ‘
20 | 20 -
40 - 20
60 | 60 |
= 8- 80 |
S
= 100 - 100 |
=
T 120 | 120 |
A
140 | 140 |
160 | 160 |
180 | 180 |
200 200
(M (V)

—A—PP-1 —5-PP2 —A—PP3 —l-PP-4 —@—PP5

M 17 USinasunisiag (0) vazdlsnalulasmusw @) Tuauinimsdnm
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3.4 Ysinaeanesanduilss Towi

d'o =

uiiimsanullsunarearesaegluszdudiniaganin (0.44-59.86

nsuaen lansu) Tasluanuuegluszauaoudiesdifagauin aglunde 8.81-59.86

)
D)

3]

1A

o [ =2 ' ] A 094' dy <3| A
ﬂﬁﬂ@@ﬂjﬁﬂill HAZAAAININANINANDYWFAIU (NIWN 18) nadoudumnaioanIn

fg))
D)

a
mitamsileveunyainsluudazuTne Rdwalisunaeaesafiduilse Tomivesan

1 1 ] 1 ll Y J v {
vululslsauge ualasarulngiaeglussavuganin uazuonaniiveanesmilusign

. a o ' a -4 a a
wnaoudie ldtosluau Jainidusighandisedluau (aannsdnalsmlgiane, 254s;

Sanchez, 1976; Brady and Weil, 2008)

v [ {2 o a v o Jo a Aa o
Tagm livleanesaniluils: Tesi luauvzlinnuduiusnulsuudunioiag
a a a a [ I~ 1
Tudu uazdSaAumile) (Sanchez, 1976; Brady and Weil, 2008) Tnsduniginguiluviag
a { = v A g Pl
voadunsevoaauazazilasuuilas lifueareSaniluilse Towl (Sanchez,  1976:
. . Ao T dy < 4 [ dgl (%]
California Fertilizer Association, 1995) uonaintanuiluilsg leyivesneanesaazvuadiv
1A a 1a = . £ 1a = a (5 J
AfitesIaz ¥UAUDIUTAUWTLED (Brady and Weil, 2008) Gusaumiionnlod luatingu
v v v Y

leasongaluduszgiufamnsonanidsunudeanosa’ld (Halvin er al., 2005) dariulu
a’/‘ A AR 09/’ a a A & J a A a = 1 QaJJ
Fuaunanad lnaruauuy Mnanwaundunsauinnuaz HUSuaaumilenunn g

auvu Jedawaldlsunaoawesaniuilss Towidinn
3.5 Usuna TnunenFeundluse Tomnd

a I'd ~ A 3 4 I a Ao =2 g/} a =\
NaNSAATIEH Inunadseunilulse Towd WU AUNIIMITAAYING 5 VSN U
a { g S @ o ° A a o 1 A o
Ysma TnunaFauindlulss Teniogluszdudmndadi (4.4-59.0 Hadniuaen lansw) uas
= 9 = 9 a PR 9 3 "o z
U Tinanasauanuan enulugaduelass (PP-3) nluwd Idvaaasluguegdinaintgu

v 9 Y v I
auuuadly Btd) uaszmuvulusunegiaalUnszduanuanilszana 25-40 sUAUAT

U
4

Y = d! Y KX v a a d‘ d'
INUUITANDININANVANTIAA1AAINVAU TUDTIUDU ] (NINN 18)

IS a =

TasmsnuSua Twmadeuniuilse Tesidamasluauuunaziuu Iuanag

U

A a a a

2K o Y a + S v
ﬂWﬂJﬂ']nJaﬂﬂ_luWalﬂﬂiﬂﬂﬂ15ﬂﬂﬂwﬁﬂullagﬂﬂGlUﬂ']jﬂQﬂW% !Laz@%‘ﬁwaﬂl@\iﬂuvlif]qwqglu

&

a 4 o 1 09.1’ a A ! a A @ d‘d
AU cmTﬂﬂmllﬂi]zazﬁuagiumu@uuumnmmuma f]u‘ﬂ'i83@]@Lﬂﬂﬁ1iﬂnﬂ’31nﬁ1h1iﬂ1u
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9
M3gadUs1g lopeuuanIdge nazduaoulumsaarsdivesdunsearsvzimsiaaildes
Twunadouiiiuilse Toniveduldiuau Tedawald TnumaFeuiduls: Tomisgluau

VUNNINeS sueUA U UANAI (Sanchez, 1976; Brady and Weil, 2008)

1 3 A Ao =2 I a dy A (a a =} o =R o YA
’e)EJN]lianll auNtIMsAneuduauteey YUsuaauvten ﬁN‘VIﬂ‘VilI
anvansnlumsqaduuna looou lavies dawalnunmBougnrzazatveon llonnnida

a Y v o a a (A a S o v Ao o =2 o a S o = @ Y
auldde Usznovnuauiilsunadunisiagedluided windd dunieingiedatedn 14

[ [

S Yy 9 dya A g a ~ 1 ]
IWLL‘I/]?[LGB?J?JVI,@H’E]EJ ‘L!’Oﬂ"l]'lﬂuﬂ‘L!‘V]L‘]J‘L!ﬂiﬂ@lgﬂ’lﬂﬂlﬂﬂﬂulﬂufJ’J’ﬁ’JuleﬂJUfllgﬂﬂi]Uﬂ

U

a o % { g '
laTasiuleoounazezgiiulooon Feliusegadanudussge dewald Inunaidonlu

U U
Y

a ! 9 ¥ 1 A o 9 < Y a @
arsazarean iawnsodr ldunun 18 uaefiudwunerdosiunanisgapde’lidy

nszuaumsszazaoiluaiulng (Sanchez, 1976; Brady and Weil, 2008)

. R ! 1
Avail. P (mg kg™ Avail. K (mg kg™)
0 20 40 60 0 10 20 30 40 50 60
0 Il O 1 1 Il L L I}
20 20
40 40
60 60 -
e 807 80 -
8 .
= 100 100
2 120
120 & .
s 10K
140 & 140 -
200 200 -

(M) (V)

—A—PP-1 -B-PP-2 —A—PP-3 —l-PP-4 —@—PP5

o 18 USinaearesandlulszTewd (n) uazdSuna InunaFeoudual e Towd (v)
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3.6 Usuanuananald

Usuanuanana'ld Usznoudle upaFoy ununthden Inunaden taz Imndoy

=1 A o dy d‘
NAMIANEINAIT (AINA 19)
= A o 9y
1. upaFeunana’ld

Usuauaadounana ldvesdauniinmsanyiogluszaudmindd (0.14-
2.35 U@ Tuaaen lansy) Taearinislasunilaslurrwaugnelunindady wazl

v Tl T
A A d' [ 9
2. nuntiEsunanald

a { [ Y [ (; a 1
YsnamuntiFeuiana laegluszaudmndageuin (0.04-12.65 wua Tuaae
a % { % 1 [ 9 Y v a
Alansy) msnasuulassesuvesunii@eunaia lduanuulsdsunmeluningasau uas

=\ 9 "o
Huua Ty sy
3. TnunaFeunana la

YSualnunadeunanaldogluszdudiuin (0.01-0.15 1wua Tuado
Alansy) USua TnunaFeunanalduaulasunaslusrsuan nelunihdaau nazil

v Tl T oo
4. ToReunanala

s lmdeunanalaegluszandinindege (0.04-0.91 tyudluade

a @ A a v o = A o Yo Y == N Y o Aa
Alansy ionnsananuduiusveslmdsuidana ldnuszauanuanlundaznihdaau
1A Y o a A = A A o :j
wu duun Wuduusunnlunnusne iesnn Ixndeuaunsnazatsuazinaoud liuiin

14416 (Brady and Weil, 2008)



- -1
Extractable Ca (cmol kg™) Extractable Mg (cmol kg™)
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< 100 -
=
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0 1 1 1 | O 1 | 1 1 |
20 - 20 )
[
40 - 40 - T
60 - 60 - [\
e 80 80 -
)
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o
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—A—PP-1 -B-PP-2 —A—PP-3 —l-PP-4 —@—PP-5
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M 19 YSunaaaFeunanald (n) wunilFeunana’ld @) TnunaFsunanald (@) uay

Tm@eunana’ld (3)
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tﬂ' a 1 a 1 1 = a S A ti'
WoNsa lasn1ngiu Wy audrulvgszulsunauuniiGeuninnga

2 1 s = = o w A (a =
spdaaulaun uaaFen TnunaiFey uaz Iw@en a1ua1ay uazn1snlsSuauaaisey
A A ~ =) A [ 9 a 1 a = 1 [ =
uunthdey Tnunaden uaz Tsnfeunadald veeauluuaazusnadiinnuuana1ady uazil

Y o a I~ [ (; [y 9 o a a

anuulsdsrumelunihdadu ornduwamanans luainauevesiagduiutiaau uag
8NI1IMITBLALANUANA1AU 1UUADTIIY (Greenland and Kowel, 1960; Sanchez et al., 1976;

Brady and Weil, 2008)
3.7 Sanuasiunadiald

a { % { d { U
Ysuanuasauanald 1dunnamasivuessig lesouviniiwuanada’la
9 1 =~ A A =~ =) A L] a o a
laun naadeoy uuniiBon InunaFou uaz lafeoy Tasiiareglundy 0.30-15.14 15ua lua
1A [ = [} [ 4 = = 9 A d? = a 9
aan lansy ¥30d luszaudndIge taginud Inumuvumuauan Tagmwizluduadiy

Y
1 % v

a =2 Aa a 1 AA A A v FY d? ! g
%ﬂﬂuﬁ@]ﬂﬂmut’fijﬂuﬂuﬁN (PP-1) ‘VliJ“lJiiﬂmL‘]J’di’JﬂJ‘ﬂ’L‘Tﬂﬂllﬂl‘wZJGquJEJNGIfﬂLﬂUGNLLGIﬁzﬂ‘U

a a

=< a ~ Y 1A 1 " Yo
ﬂ'ﬂﬂ\laﬂﬂigiﬂﬂ‘l 120 1 UALUAT (DINWN 20) uﬁmslwmmmumuimﬂmuamwammﬂmi

F4
A A 1

d' v A d’d [] 1 T A dy o 9
yeazareNjuLse Usznounvaunlieaudiulnajeglunauanioniy shldanueaunsa
lumsgadulossuvind1 wadegnazazasoon lunnuihdaaulddie (Bloom, 2000; Buol

etal.,2003)
3.8 1sansananala

A A o ] A Ao = o a ' o =
Usmansaiana ldvesduniimsanying s usne egluszauiunaedaga
1 [ Aa o a =N Y] 4 a [ [ o a
1 Waeglunde 6.98-20.99 wud Tuaden Tansu) Weinsananuduiusvelsmunsa
A [ Y v [ = Y o Aa J = [] c': [ (=
fanalanuszauanuanlunididaau wudt Insnszarebiaduaue Taodrulvual

Y A d? Y o Aa 1 ~
LL‘N'J}L!‘JJLW?JWJHGlHWQUﬂaTQﬂJﬂQﬁuWﬂﬂﬂu Llﬁgﬁﬂﬁﬁiu@ﬂUﬁW\i (m1mn 20)

a { Y] [ o 4 [ LY
sinansanana ldianuduwus lasasidunszuiumsyzazareneluniiga
AU LA HAUINITUDIAY (Currie and Aber, 1997; Czepinska-Kaminska et al., 2003) MsNAUY
a § [ (] [ < {
Ysmmnsananaldedluszauihunandsgann uaadddmudansszazatouna losoui

< ' Y o a = Ay a o Aa
Wuaseenldannuidaau taziimsunuidielaTasoulesounazezqiiinlooouiim
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a = 2 1 dy Y I 1T A A o 1 o =2 9
"’U’f)\i’f)iéﬂ']ﬂﬂuﬂ’iufJ'J“]Nﬁ']ll"liﬂ‘]_l\‘]GD'Gh’iL'ﬂu'31@u‘JJWV’JJu']ﬂ']ﬁE]Eﬁlcl‘HﬁzﬂU‘]_]'l‘Hﬂa']\iﬂ\?ﬂ@u‘ll"IQQQ

(Sanchez, 1976; Brady and Weil, 2008; Buol et al., 2003)
3.9 anuguanilasuunaleoou

a d d‘ a d‘ o = a d'
HamsanszRaInNuuanlasunna loosuvesauniimsane lunsnui 1

= 1 a o a 1A [ o w = 1 1Y o = 1 9 o
849 5 oglunde 0.50-6.75 1sud Tuadan laniu Mua1ay Faedluszaudndansudiam

=

' v & 2 = A
Tagaru v luur Tduwuuauauan (nwi 20)
1 d‘ a dgl T o 1 = a a
annuguandasunna lesouludusziusgnuamifitoyvesdu Usua
F2
a 1Y a a a 4 a
dunseing 1Ay tazytiavewsaumiien (AN115901AdgianeT, 2548; Sanchez, 1976;
Young, 1976; Brady and Weil, 2008) d15uauluusnuiiiimsany audiulvaiidsum
a A o ° Y] I a dy ~ o a KX o gya
auNIeInga Uszneunuiluauiione1unaa1sa 119N TUNIT I8 39N IHaulaInINY
~ o 1 [ 4 a o Jya A J
sanasunaalossudl dananonnugauauyssivesan mldauiisigermisimiu

Usz TomiaenslugillosounaniiSunadi1ide (Foth and Schafer, 1980)
3.10 9931508aANNDNA NV

a v A @ a 1 o ] Aa v
HAN13IAT1ZHOAT13 DoRzANUBUA ML FYRIAUNINIANEIeg lundesooaz
B ] [ c'; = = 9 a = Y] [ =
1.4-46.7 ¥3ogluszaudinaunandsdiwa ld Tlunamadernuduanuguaniasuune
a A o Y ~ A A v o d o 9
lesounazilsurauuananald (n1wh 20) tleNNTAIANUFURUTVDIOAT 1T R8AZTANY
Q‘ Y [ = 1 Y v a 1 ! [P= Y o d‘ A a
pudNuanuaANNAnuaazHidgaauwL daulngluun Idudunls 91teanaIndnina
WoIMsvzazale luguussnnweuas liaiuane lunii@adu (Thomson and Troeh, 1978;

Sanchez, 1976; Brady and Weil, 2008)
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—A—PP-1 —5-PP-2 —A—PP-3 ——-PP-4 —@—PP5

Mnii 20 Ysinanuasawdiadald (n) Usuansaiadald (v anuuanalaeunas

looou () LAZdNIITBEAZANUBNA LT (3)
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4. MSMUNAY

=

MITUUNAUAINTZVUOYNTUITIUAU (Soil  Survey Staff, 2006) laslddoyah

k)

MeateenuanbaENIFUTIUINGT AUTAN1INMENIN HazaulANIUATUBIAY WU AUND

q

1 ] Y k4
VsnalimsazauvessynInvuIaauMilerindoud e nFuauUuaIgIuAua190619

a J [ Ja A

o : g @ QBJ’ aa . a a {
FARU «dﬁuﬂuaﬂymmawuﬂummmﬂﬂmﬁ%aaﬂ (argillic horizon) wazauluusnun 1 (PP-

v Y " Y

A o 9 A 2K o Y 1 [ v A a 4
1) UINTIDYALANINDUAINWYLUTFININTDYAL 35 %Nﬂﬂﬁlﬁegaluauﬂmﬂuu@awmaaﬁ

QU

[ 9

(Alfisol) Tuvarznauluusnui 2 99 5 (PP-2 94 PP-5) 921100313 0azanududid ooy
"9 A [ = a =K o Yo [ v v A v A 4
ANToYA 35 NIzAUANVANYIZIY 145-150 ruamas 1M 1udaeg luduavaudansoad

(Ultisols)

9 k4
2 £ v A

Y
AN 5 VTN HILVDUVANVFUAULVUDAAN (Ustic soil miosture regium) At uA
TuuSnad 1 (PP-1) 9aegluduauAuges Ustalf uaz@uiinaedn 4 Usm (PP-2 84 PP-5)

AN30TA0g IUBUAVANEDY Ustults

Y 1

madmunludunquanlvg (great group) WunAuluuTIUN 1 (PP-1) tag 3 (PP-3)
S A a =~ U Y o Aa v 9 2R o 1 1 a 1
uilsmadumitetanasluneuavesnindaaauuInnIdosas 20 39daedlunquaulng

1 Y
Haplustalf 118 Haplustult MU&180 §1m50u50ui 2 (PP-2) aenusudawassounelu 140
FUANATNAIAY Tedsadtaeglunguanivg Plinthustult vazauluuinui 4 uag s
) a = 1 Y o a Y 1" 9 =R o

(PP-4 wag PP-5) zddSuaaumteranaslunouannveosntdnautiosniniosas 20 3930
aglunguanlvgy Paleustults

a 1

Y )
M3t wun ludunguAneges (subgroup) WuMAUMeUNNUTM liudasanyazoula

o @ Y

~ ] 1T A 1R o 3 . Y a A A
ﬂllﬁﬂ@n\?ulﬂ’ﬂ']ﬂﬂijuﬂuﬁlﬂﬂl ORRLZRR RIS YY) Typic fJﬂL'JuGlu‘Uﬁl'Jﬂ!V] 1 (PP-1) NUDAT1TDIRY
v
2

g

a

A o ° [ QaJJ a ] AAa o o A =2 o Yo I .
AUDUNUUTAAINITBYAL 75 ANDATUAUAINIUIRYDAIAAN ﬁ]\‘]ﬂ’ﬂﬁﬂ’]!luﬂl‘l 171 Ultic

zﬂ' o = 1 a d‘ (% = A )
!,11me"hJmfmmﬂﬁzmWuawuaaﬂgﬂﬂu‘wwu“lumﬂmma@ﬂmmmu@ (NI

Aa 1A a A I Aa 9 a =2 Aa 1 Aa Aa
AU, 2532) WUNAUUTNIUN 1 (PP-1) LﬂuﬂuﬂaWﬂﬁﬂﬂuﬁ@ﬂﬂulﬂﬁqxialu@ﬂua%? ﬂuﬁlumnm
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{ I a a A v A g a a a { I a
12 (pP-2) Wluaundegaan Inundeidudunite auluusnun 3 (Pp-3) Wuyaduelass

a a A < a =
LLﬁZﬂuGlU‘]JiL'JﬂWI 4 1ag 5 (PP-4 1ag PP-5) Lﬂuslgﬂﬂuﬁﬂﬂ

A Ao = o a a Y I .
ﬁﬁq‘]JIﬂfJﬁ'Jll ﬂu%ﬂTﬂTiﬁﬂEWfﬁlﬂiﬂ’i]”ILLHﬂ@'I”I?Ji%‘]J‘]J@Hﬂill')‘ﬁ?l.!ﬂuhlﬂlﬂu Ultic
Haplusalf, Typic Plinthustult 8% Typic Haplustult é’fm%’uﬁuﬂ%wmﬁuﬁﬁﬂﬁﬁmaqa”lu
1 a 9 a Av A d a a
foUaNN (PP-1) ﬂuﬂﬁ18“];@@111WHW?TEJTIL‘1JH@HTI§1EJ (PP-2) uag ﬂ;ﬂﬂu&jﬁ‘ﬁﬁ (PP-3)
Y
o w [ [ a % a o I
Ay dmSugeauaAniegesusm (P-4 uay PP-5)  ansadwunlaiu Typic

Paleustults
a d a
5. msﬂszmummqﬂuauuﬁmmmﬂu

m3dszfiunnuearauyssivesin Tasldudninasiveansuianniiau (nead1sae
ﬁu, 2523; Land Classification Division and FAO Project Staff, 1973) Tﬂai%’waﬁaﬂﬁwzﬁwquﬂﬁ
veaau 18un Ysuaduniesag Usinaveanesaiifuss Tewd Usina TnumenFouiii
UszTowi annuquandsunanlesou nazmsnndesazanuduiuud §1duandds
manziuszdunugavauysaivesau Flumsnd 3 wud fuia s U TU5inu
Sunseing Usinaveanesauas TnunaiFeuiiudls: Towl anwquanideunaalesen
wazdandesazanmdnduvdedluszaud  uaadldiiuinnuganauyseivesinedly

[

[ Yy 9 2 4 14
FTAUAITUAN LY (Ap) Fuau Tansdau (Bd) tazduaudiualsvessuau lansiu By

a ] 4 a Y I I A Ao = =1
nneanslsziiuszauanuganauugsivesan uaasliaua auidimsdneil

o & A 9 = @ 9y a A W &£ A a Ao v A dy a
anwsuiunvzdelimstanmsaudunieiagdaliogludlsinandnnn Uszneusuiiiieau

1 9 A A a a = 1 9 c; 1 d'

Apud1ane1y wielidTumeyninvuiadumileanoudedr dananuuanasuuna

a o 1 [ = ya A Y A g’ 3 = =
looouvosaudnsuiu Jeldauiiuur Tdunezviahisaunimsgudosige1mis iy
Tagmnizsgesn lwunnilen ldmudulade Fazdiwasedszaninmaiumsianms

o uazs190 1INy (15199 3)
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Horizon oM Avail.P  Avail.K CEC BS  Total Fertility
(kg™  (------ mg kg™t ------)  (cmol kg™) %  score level
PP-1 Ultic Haplustalf
Ap 3.00(1) 11.90(2) 15.93(1) 2.25(1) 3.14(1) 6 Low
Btd 143(1) 1.70(1) 28.85(1) 3.75(1) 4.20(1) 5 Low
Bt 1.08(1)  1.04(1) 19.65(1) 3.58(1) 35.11(2) 6 Low
PP-2 Typic Plinthustult
Ap 559(1) 15.44(2) 27.20(1) 550(1) 515(1) 6 Low
Btd 3.67(1) 12.88(2) 1549(1) 2.50(1) 3.76(1) 6 Low
Bt 1.14(1)  1.74(1) 587(1) 1.62(1) 3.031) 5 Low
PP-3 Typic Haplustult
Ap 5.36(1) 59.86(3) 44.55(1) 2.50(1) 28.98(1) 7 Low
Btd 381(1) 2.68(1)  967(1) 275(1) 23.94(1) 5 Low
Bt 2.27(1)  0.68(1) 27.19(1) 4.33(1) 21.74(1) 5 Low
PP-4 Typic Paleustult
Ap 5.02(1) 46.18(3) 23.84(1) 450(1) 10.83(1) 7 Low
Btd 3.64(1) 25.29(3) 21.72(1) 3.75(1) 1596(1) 7 Low
Bt 3.16(1) 7.67(1) 2393(1) 4.00(1) 927(1) 5 Low
PP-5 Typic Paleustult
Ap 3.78(1) 8.81(1) 36.49(1) 2.25(1) 4.671) 5 Low
Btd 1.67(1)  3.68(1) 27.16(1) 3.75(1) 1261(1) 5 Low
Bt 1.65(1)  6.07(1) 34.15(1) 4.08(1) 1387(1) 5 Low

Waneme Ap N3zAuANNANYIZNI 0-20/25 IHUANAT

Btd N3zauAMuanUIzInaL 25- 30/40 EUAIAT

Bt N52AUANNANUTLIY 35/40-100 (FUAUAT

ada o 4 a Jaqg Y <3

TAATEAUANURANANYIAVRIAY 193T Inazuuy (udulumsg)

9 LY A 9 T A 1T a A [ do'

DMAZUUUIINMINY 7 HTR108NI DO NAUNTEAVANNYANTUYIAI
1 1 1T Aa [y} 4
MAZUUUTINOYTTUIN 8-12 Do NAuilszAuANUgANANY I unA1
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Collected oM Total N Avail. P Avail. K
layer
( gkg” ) Cgg— Mg kg-----e-eeeone )
C S Cc S C S Cc S
In row
PP-1 Ap-b 3.7 24 0.28 0.42 10 3 15 5
Btd-t 1.9 1.9 0.56 0.35 6 2 27 4
PP-2 Ap-b 55 4.3 0.42 0.28 9 9 18 11
Btd-t 3.2 43 0.35 0.28 3 6 13 15
PP-3 Ap-b 4.5 2.7 0.49 0.28 26 11 50 110
Btd-t 2.6 25 0.35 0.21 15 6 57 25
PP-4 Ap-b 4.2 34 0.28 0.21 52 3 8 7
Btd-t 5.1 3.6 0.21 0.14 28 7 12 8
PP-5 Ap-b 2.7 15 0.21 0.14 5 6 11 22
Btd-t 19 1.8 0.21 0.14 6 4 8 14
Between row
PP-1 Ap-b 14 1.8 0.35 0.49 2 2 11 5
Btd-t 14 21 0.35 0.42 2 2 15 10
PP-2 Ap-b 3.9 3.7 0.35 0.35 8 8 7 11
Btd-t 2.1 4.2 0.28 0.35 9 6 7 5
PP-3 Ap-b 5.2 35 0.35 0.35 50 5 71 62
Btd-t 34 35 0.35 0.56 35 2 92 64
PP-4 Ap-b 4.6 3.7 0.35 0.28 5 14 14 9
Btd-t 4.3 39 0.21 0.21 18 15 18 10
PP-5 Ap-b 18.9 14 0.21 0.14 3 4 12 13
Btd-t 19.0 2.8 0.28 0.07 6 4 9 12
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Soil Profile Description

Site Characterization of the Area

Location 1
I. Information on the site
Profile symbol : PP-1
Classification : Ultic Haplustalf
Date of examination : November 5, 2009
Described by : Somchai Anusontpornperm, Suphicha Thanachit, Orapin

Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut

Hongjaturun
Location : Ban Kud Nam Sai, Tambon Kud Nam Sai, Amphoe Nam Pong,
Changwat Khon Kaen
Elevation : 177 m (MSL)
Map sheet number : Coordination : 48Q64557F,45924"
Landform . o \
1. Physiographic position : Lower middle terrace
2. Surrounding land form : Slightly undulating
3. Slope on which profile site 2% Aspect : 252 Azi
Landuse : Cassava
Annual rainfall : Approximately 1039 mm yr*
Mean temperature : Approximately 27 ° C
Climate : Tropical savanna
Others ;-
11. General information on the soil
Parent material : Local alluvium
Drainage : Well drained
Permeability : Rapid
Runoff : Moderate
Depth of ground water : Deeper than 200 cm at time of sampling
I11. Profile description
Horizon Depth Description
Ap 0-22 Reddish brown (5 YR 4/4); loamy sand; weak very fine and fine

subangular blocky structure partly breaking into single grains; soft dry,
very friable moist, non sticky and non plastic; many very fine variegated
sands; common very fine vesicular pores; common very fine and fine
roots; few trace of dead roots, few trace of charcoal; slightly acid (field pH
6.5); abrupt, smooth boundary to Btd

Btd 22-40 Reddish brown (5 YR 5/4); sandy loam; moderate fine and medium
angular blocky structure; hard dry, firm moist, slightly sticky and slightly
plastic; common faint clay coating on faces of peds and clay bridge
between sand grains, many very fine variegated sands; few very fine and



Btl

Bt2

Bt3

Btgl

Btg2

Btg3

40-61

61-88

88-112

112-142

142-171

171-200+
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few fine vesicular pores; very few very fine roots.; few spots of shifted
sand accumulation.; strongly acid (field pH 5.5); clear, smooth boundary to
Btl

Mixed strong brown (7.5 YR 5/6) (60%) with light brown (7.5 YR 6/4)
(35%), common distinct strong brown (7.5 YR 5/8) mottles; sandy loam;
moderate fine and medium subangular blocky structure; slightly hard dry,
friable moist, slightly sticky and slightly plastic; common faint clay
coating on faces of peds and clay bridges between sand grains; many very
fine variegated sands; few very fine and few fine vesicular pores; very few
very fine roots; very strongly acid (field pH 5.0); clear, smooth boundary
to Bt2

Mixed light brown (7.5 YR 6/4) (60%) with reddish yellow (7.5 YR 6/6)
(35%), common distinct strong brown (7.5 YR 5/8) mottles; sandy loam;
moderate fine and medium subangular blocky structure; hard dry, friable
moist, slightly sticky and moderately plastic; common faint clay coating on
faces of peds and clay bridges between sand grains; many very fine
variegated sands; common very fine vesicular pores; very few very fine
roots; strongly acid (field pH 5.5); gradual, smooth boundary to Bt3

Mixed light brown (7.5 YR 6/4) (60%) with reddish yellow (7.5 YR 6/6)
(35%), common distinct yellowish red (5 YR 5/8) 5% mottles; sandy loam;
strong fine and medium subangular blocky structure; hard dry, friable
moist, slightly sticky and moderately plastic; many distinct clay coating on
faces of peds and clay bridges between sand grains; many very fine
variegated sands; common very fine vesicular pores; very few very fine
roots; slightly acid (field pH 6.5); clear, smooth boundary to Btgl

Pinkish gray (5YR 6/2) (70%), many distinct yellowish red (5 YR 5/8)
mottles; sandy clay loam; strong medium subangular blocky structure; very
hard dry, firm moist, moderately sticky and moderately plastic; many
distinct clay coating on face of peds and clay bridges between sand grains;
many very fine variegated sands; few very fine vesicular pores; very few
very fine roots; moderately acid (field pH 6.0); clear, smooth boundary to
Btg2

Pinkish gray (5YR 6/2) (80%), common distinct red (2.5 YR 5/8) ,
yellowish red (5 YR 5/8) mottles; sandy clay loam; strong medium semi
angular blocky structure; very hard dry, firm moist, moderately sticky and
moderately plastic; many distinct clay coating on faces of peds and clay
bridges between sand grains; many very fine variegated sands; common
very fine and few very fine simple tubular pores; very few very fine roots;
moderately acid (field pH 6.0) ; few medium clay balls, few traces of dead
roots.; clear, smooth boundary to Btg3

Pale red (5YR 7/2) (75%), common distinct red (2.5 YR 5/8) mottles;
sandy clay loam; strong medium semi-angular blocky structure; very hard
dry, firm moist, moderately sticky and moderately plastic; many distinct
clay coating on faces of peds, pore walls and clay bridges between sand
grains; many very fine variegated sands; common very fine and few very
fine simple tubular pores; very few very fine roots; few medium clay balls,
few traces of charcoal; strongly acid (field pH 5.5).
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Classification

Date of examination
Described by

Location

Elevation : Approximately
Map sheet number

Landform ] -
1. Physiographic position
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Location 2

: PP-2

: Typic Plinthustult

: November 6, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut
Hongjaturun

: Ban Kud Nam Sai, Tambon Kud Nam Sai, Amphoe Nam
Pong, Changwat Khon Kaen

: 195 m (MSL)

; Coordination : 48Q65505F,45688"

: Middle terrace

2. Surrounding land form : Undulating
3. Slope on which profile site 4% Aspect : 22 Azi
Landuse : Sugarcane

Annual rainfall
Mean temperature
Climate

Others

: Approximately 1039 mm yr *
: Approximately 27 ° C
: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Apl 0-20
Ap2 20-36

BE 36-37/44

: Wash over residuum derived from sandstone
: Well drained

: Rapid

: Moderate

: Deeper than 140 cm at time of sampling

Description

Brown (10 YR 5/3); sand; very weak fine and medium subangular blocky
partly breaking into single grains; soft dry, very friable moist, non sticky
and non plastic; few very fine coated sands; many very fine vesicular
pores; many very fine and fine roots; few small semi-angular gravel of
fresh quartz, few traces of dead roots; neutral (field pH 7.0); clear, smooth
boundary to Ap2

Brown (10 YR 5/3); sand; weak fine semi-angular blocky structure; soft
dry, very friable moist, non sticky and non plastic; few very fine coated
sands; common very fine vesicular pores; few very fine and fine roots; few
traces of dead roots; slightly acid (field pH 6.5); abrupt, smooth boundary
to BE

Very pale brown (10 YR 7/4); loamy sand; very weak very fine and fine
subangular blocky structure; soft dry, very friable moist, non sticky and
non plastic; few very fine coated sands; very fine vesicular pores; few very



Btl 44-65
Bt2 65-72/90
Bt3 90-108
Bt4 108-127
Bv 127-140
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fine roots; few traces of charcoal; slightly acid (field pH 6.5); abrupt, wavy
boundary to Btl

Light yellowish brown (10 YR 6/4); loamy sand; very weak very fine and
fine subangular blocky structure; soft dry, very friable moist, non sticky
and non plastic; very few faint clay bridges between sand grains; few very
fine coated sands; many very fine vesicular pores; very few very fine roots;
few small angular gravel of weathered sandstone; slightly acid (field pH
6.5); clear, smooth boundary to Bt2

Mixed yellowish red (5 YR 5/8) (90%) with reddish yellow (5 YR 6/8)
(10%); sandy loam; very weak very fine and fine subangular blocky
structure; soft dry, very friable moist, non sticky and non plastic; few
distinct clay coating on faces of peds and clay bridges between sand
grains; common very fine coated sands; many very fine and few fine
vesicular pores; few very fine roots; few traces of charcoal; moderately
acid (field pH 6.0); abrupt, smooth boundary to Bt3

Mixed reddish yellow (5 YR 6/6) (50%) with reddish yellow (5 YR 6/8)
(50%); sandy loam; weak fine subangular blocky structure; soft dry, friable
moist, slightly sticky and slightly plastic;  many distinct clay coating on
faces of peds and clay bridges between sand grains; many very fine coated
sands; many very fine vesicular and common very fine simple tubular
pores; very few very fine roots; few small subrounded gravel of fresh
quartz.; moderately acid (field pH 6.0); abrupt, wavy boundary to Bt4

Mixed reddish yellow (7.5 YR 6/6) (70%) with reddish yellow (5 YR7/8)
(30%); sandy loam; weak fine subangular blocky structure; slightly hard
dry, friable moist, slightly sticky and slightly plastic; common distinct clay
coating on faces of peds and clay bridges between sand grains; common
very fine coated sands; many very fine vesicular pores; very few very fine
roots; few small subrounded gravel of fresh quartz with some bring coated,
few traces of dead roots; slightly acid (field pH 6.5); clear, smooth
boundary to Bv

Reddish yellow (5 YR 6/6); sandy loam; mainly containing consolidated
laterite structure; slightly hard dry, friable moist, slightly sticky and non
plastic; common distinct clay coating on faces of peds and Fe-Mn
indurated nodules; common very fine coated sands; many very fine
vesicular pores; very few very fine roots; few traces of dead roots; slightly
acid (field pH 6.5) .
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Location

Elevation
Map sheet number
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Location 3

- PP-3

: Typic Haplustult

: November 5, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut
Hongjaturun

: Ban Kambong, Tambon Sa-ad, Amphoe Nam Pong,
Changwat Khon Kaen

: 189 m (MSL)

; Coordination : 48Q67588%,56565"

: Crestal slope of low hill

2. Surrounding land form : Undulating
3. Slope on which profile site 16% Aspect : 4 Azi
Landuse : Cassava

Annual rainfall
Mean temperature
Climate

Others

: Approximately 1039 mm yr*
: Approximately 27 ° C
: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Ap 0-20/25
Btd 25-40

Btl 40-59

: Residuum derived from sandstone

: Well drained

: Rapid

: Moderate

: Deeper than 200 cm at time of sampling

Description

Yellowish brown (10YR 5/6); loamy sand; weak fine and medium
subangular blocky structure; soft dry, very friable moist, non sticky and
non plastic; very few very fine coated sands; many very fine vesicular
pores; common very fine and very few fine roots; many fine soil organic
condition through the horizon (black colour); neutral (field 7.0); abrupt,
wavy boundary to Btd

Strong brown (7.5YR 5/8); loamy sand; moderate fine subangular blocky
structure; slightly hard dry, very friable moist, non sticky and non plastic;
few faint clay bridges between sand grains; common very fine coated
sands; common very fine vesicular pores; very few fine roots; moderately
acid (field 6.0 ) ; clear, wary boundary to Btl

Red (2.5 YR 4/8); sandy loam; moderate fine subangular blocky structure;



Bt2

Bt3

Bt4

Bt5

Bt6

Bt7

59-82

82-105

105-129

129-156

156-177

177-200+
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slightly hard dry, firm moist, slightly sticky and moderately plastic;
common faint clay bridges between sand grains; many very fine coated
sands; many very fine vesicular pores; few very fine roots; common
medium sand pockets; strongly acid (field pH 5.5); gradual, smooth
boundary to Bt2

Red (2.5 YR 4/6); sandy loam; moderate fine subangular blocky structure;
soft dry, firm moist, slightly sticky and moderately plastic; common faint
clay bridges between sand grains; many very fine and very few fine coated
sands; many very fine vesicular and few very fine simple tubular pores;
few very fine roots; few fine and medium sand pockets, very few small
angular gravel of fresh quartz; strongly acid (field pH 5.5); diffuse, smooth
boundary to Bt3

Red (2.5 YR 4/8); sandy clay loam; moderate fine subangular blocky
structure; soft dry, firm moist, slightly sticky and moderately plastic;
common distinct clay coating on faces of peds and clay bridges between
sand grains; many very fine and very few fine coated sands; common very
fine, few fine vesicular and few very fine simple tubular pores; few very
fine roots; few small angular gravel of fresh quartz.; strongly acid (field pH
5.5); diffuse, smooth boundary to Bt4

Red (2.5 YR 4/8); sandy clay loam; moderate fine subangular blocky
structure; soft dry, friable moist, slightly sticky and moderately plastic;
many prominent clay coating on faces of peds, pore walls and clay bridges
between sand grains; many very fine and very few fine coated sands;
common very fine vesicular and common very fine simple tubular pores;
few very fine roots; few fine Fe-Mn oxide nodules, few traces of dead
roots, few small angular gravel of fresh quartz; very strongly acid (field pH
4.5); diffuse, smooth boundary to Bt5

Red (2.5 YR 4/8); sandy clay loam; moderate fine subangular blocky
structure; soft dry, friable moist, slightly sticky and moderately plastic;
many prominent clay coating on faces of peds, pore wall and clay bridges
between sand grains; many very fine coated sands, few fine Fe-Mn oxide
nodules; many very fine, few fine vesicular and few very fine simple
tubular pores; few very fine roots; few small angular gravel of fresh quartz,
few traces of dead roots, few medium clay balls; strongly acid (field pH
5.5); diffuse, smooth boundary to Bt6

Red (2.5 YR 4/8); sandy clay loam; moderate fine subangular blocky
structure; soft dry, friable moist, very sticky and very plastic; many distinct
coating on faces of peds and clay bridges between sand grains; many very
fine coated sands, few fine Fe-Mn oxide nodules; common very fine
vesicular and few very fine simple tubular pores; few very fine roots; small
angular gravel of fresh quartz; diffuse, smooth boundary to Bt7.

Red (2.5 YR 4/8); sandy clay loam; moderate fine subangular blocky
structure; soft dry, firm moist, very sticky and very plastic; many
prominent clay coating on faces of peds, pore wall and clay bridges
between sand grains; many very fine and few fine coated sands; many very
fine vesicular common very fine and fine dendritic pores; few very fine
roots; few traces of dead roots, few very fine Fe-Mn oxide nodules;
slightly acid (field pH 6.5).
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Location 4

: PP-4
: Typic Pelaustult
: December 9, 2009
: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Sirintra Trasarika
: Ban Sawang, Tambon Suan Mon, Amphoe Manjakiri, Changwat
Khon Kaen
: 181 m (MSL)
: Coordination : 48Q39367F, 94424N

: Middle terrace
: Slightly undulating

3. Slope on which profile site 2% Aspect : 326 Azi

Landuse

Annual rainfall
Mean temperature
Climate

Others

: Cassava

: Approximately 1039 mm yr*
: Approximately 27 ° C

: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Ap 0-20
Btd 20-35
Bt1 35-53

: Local alluvium

: Well drained

: Moderate

: Rapid

: Deeper than 190 cm at time of sampling

Description

Brown (7.5 YR 4/3); sandy loam; moderate fine and medium subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; common very fine and fine coated sands; common very fine, few
medium vesicular and common very fine simple tubular pores; common
very fine and few fine roots; few medium sand pockets; moderately acid
(field pH 6.0); clear, smooth boundary to Btd

Brown (7.5 YR 4/4); sandy loam; moderate fine and medium subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; few faint clay coating on faces of peds; common very fine and fine
coated sands; common very fine vesicular pores; common very fine and
very few fine roots; few medium sand pockets; moderately acid (field pH
6.0); clear, smooth boundary to Btl

Strong brown (7.5 YR 5/6); sandy clay loam; strong fine and medium
subangular blocky structure; slightly hard dry, friable moist, slightly sticky
and slightly plastic; common faint clay coating on faces of peds and clay



Bt2

Bt3

Bt4

Bt5

Bt6

Bt7

53-73

73-91

91-116

116-143

143-170

170-200+
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bridges between sand grains; few very fine and few sand pockets, common
very fine coated sands; common very fine and very few fine vesicular
pores; common very fine and very few fine roots; few small angular gravel
of weathered quartz; strongly acid (field pH 5.5); clear, smooth boundary
to Bt2

Strong brown (7.5 YR 4/6); sandy clay loam; moderate fine and medium
subangular blocky structure; slightly hard dry, friable moist, moderately
sticky and slightly plastic; common faint clay coating on faces of peds and
clay bridges between sand grains; common very fine and fine coated sands;
common very fine, fine vesicular and few very fine simple tubular pores;
common very fine and very few fine roots; very strongly acid (field pH
5.0); gradual, smooth boundary to Bt3

Strong brown (7.5 YR 5/8); sandy clay loam; moderate fine subangular
blocky structure; slightly hard dry, very friable moist, moderately sticky
and moderately plastic; many faint clay coating on faces of peds and many
distinct clay bridges between sand grains; few spots of Mn oxide
accumulation; few very fine and fine vesicular pores; common very fine
roots; few small subrounded gravel of fresh quartz; strongly acid (field pH
5.5); gradual, smooth boundary to Bt4

Strong brown (7.5 YR 5/8); sandy clay loam; moderate fine subangular
blocky structure; slightly hard dry, very friable moist, moderately sticky
and moderately plastic; many distinct clay coating on faces of peds and
clay bridges between sand grains; many very fine and fine coated sands;
many very fine and common fine vesicular pores; few very fine and
medium roots; few traces of dead roots, few very fine spots of OM
accumulation, few small subrounded gravel of fresh quartz; strongly acid
(field pH 5.5); gradual, smooth boundary to Bt5

Strong brown (7.5 YR 5/6); sandy clay loam; moderate fine subangular
blocky structure; slightly hard dry, very friable moist, moderately sticky
and moderately plastic; many prominent clay coating on faces of peds and
clay bridges between sand grains; many very fine and fine coated sands;
common very fine, few fine vesicular and common very fine simple
tubular pores; very few very fine and medium roots; very strongly acid
(field pH 4.5); gradual, smooth boundary to Bt6

Strong brown (7.5 YR 5/6); sandy clay loam; moderate fine subangular
blocky structure; slightly hard dry, very friable moist, moderately sticky
and moderately plastic; many prominent clay coating on faces of peds and
clay bridges between sand grains; many very fine and fine coated sands;
common very fine, few fine vesicular and common very fine simple
tubular pores; very few very fine and medium roots; very strongly acid
(field pH 4.5); gradual, smooth boundary to Bt7

Mixed strong brown (7.5 YR 4/6) (60%) with light brown (7.5 YR 6/4)
(40%); sandy clay loam; moderate fine subangular blocky structure;
slightly hard dry, friable moist, moderately sticky and moderately plastic;
many distinct clay coating on faces of peds and clay bridges between sand
grains; many very fine and fine coated sands; common very fine vesicular
pores; very few very fine and few medium roots; few traces of dead roots;
few very fine spots of Mn oxide accumulation; strongly acid (field pH 5.5).
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Location 5

: PP-5

: Typic Pelaustult

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Sirintra Trasarika

: December 11, 2009

: Ban Num Kod, Tambon Suan Mon, Amphoe Manjakiri,
Changwat Khon Kaen

: 197 m (MSL)

: Coordination : 48Q39729F,97843"

: Lower middle terrace
: Slightly undulating

3. Slope on which profile site 2% Aspect : 90 Azi

Landuse

Annual rainfall
Mean temperature
Climate

Others

: Cassava

: Approximately 1039 mm yr*
: Approximately 27 ° C

: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description.

Horizon Depth
Ap 0-22
Btd 22-43
Bt1 43-65

: Local alluvium

: Well drained

: Moderate

: Moderate

: Deeper than 160 cm at time of sampling

Description

Brown (7.5 YR 4/4); loamy sand; weak very fine and fine subangular
blocky structure partly breaking into single grains; soft dry, very friable
moist, non sticky and non plastic; many very fine and few fine coated
sands; common very fine, few fine vesicular and very few very fine simple
tubular pores; common very fine and fine roots; few traces of dead roots;
moderately acid (field pH 6.0); abrupt, smooth boundary to Btd

Strong brown (7.5YR5/6); sandy loam; moderate fine and medium semi
angular blocky structure; hard dry, friable moist, non sticky and non
plastic; common distinct clay coating on faces of peds and clay bridges
between rains; many very fine and common fine coated sands; few very
fine and fine vesicular pores; very few very fine roots; few small semi
angular gravel of fresh quartz; moderately acid (field pH 6.0); Abrupt,
smooth boundary to Btl

Strong brown (7.5YR5/6); sandy loam; moderate fine and medium
subangular blocky structure; slightly hard dry, friable moist, slightly sticky
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Bt3

Bt4

Bt5

65-89

89-112

112-135

135-160
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and non plastic; many prominent clay coating on faces of peds, pore wall
and clay bridges between sand grains; many very fine and fine coated
sands; common very fine and few fine vesicular pores; very few very fine
roots; few small semi angular gravel of fresh quartz; moderately acid (field
pH 6.0); clear, smooth boundary to Bt2

Mixed strong brown (7.5 YR 5/8) (90%) with pink (7.5 YR 7/4) (10%);
sandy clay loam; moderate medium subangular blocky structure; slightly
hard dry, friable moist, slightly sticky and slightly plastic; many prominent
coating on faces of peds, pore wall and clay bridges between sand grains;
many very fine and fine coated sands; common very fine, few fine
vesicular and very few fine simple tubular pores; very few very fine roots;
few small semi angular gravel of fresh quartz; moderately acid (field pH
6.0); clear, smooth boundary to Bt3

Mixed reddish yellow (7.5 YR 6/6) (80%) with pink (7.5 YR 7/4) (20%);
sandy clay loam; moderate fine and medium subangular blocky structure;
slightly hard dry, friable moist, slightly sticky and slightly plastic; many
prominent clay coating on faces of peds, pore wall and clay bridges
between sand grains; many very fine and fine coated sands; few medium
sand pockets, few very fine spots of organic material accumulation; many
very fine few fine vesicular and very few very fine simple tubular pores;
very few very fine roots; few small semi angular gravel of fresh quartz;
strongly acid (field pH 5.5); gradual, smooth boundary to Bt4

Mixed reddish yellow (7.5 YR 6/6) (70%) with pink (7.5 YR 7/4) (30%);
sandy clay loam; moderate fine and medium subangular blocky structure;
hard dry, friable moist, slightly sticky and slightly plastic; many prominent
clay coating on faces of peds, pore wall and clay bridges between sand
grains; many very fine and fine coated sands; few traces of organic
material; many fine, few fine vesicular and common very fine simple
tubular pores; very few very fine roots; few small semi angular gravel of
fresh quartz; strongly acid (field pH 5.5); gradual, smooth boundary to Bt5

Mixed strong brown (7.5 YR 5/6) (60%) with pink (7.5 YR 7/4) (40%);
sandy clay loam; moderate fine and medium subangular blocky structure;
hard dry, friable moist, slightly sticky and slightly plastic;many prominent
clay coating on faces of peds, pore wall and clay bridges between sand
grains; many very fine and fine coated sands; common very fine, fine
vesicular and common very fine simple tubular pores; very few very fine
roots; few small semi angular gravel of fresh quartz; very strongly acid
(field pH 5.0);.
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Soil Profile Description

Cassava Growing Soils

: PP-1 CR/C

. Ultic Haplustalf

: November 5, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut
Hongjaturun

: Ban Kud Nam Sai, Tambon Kud Nam Sai, Amphoe Nam Pong,
Changwat Khon Kaen

: 177 m (MSL)

: Coordination : 48Q64557F45924"

: Lower middle terrace
: Slightly undulating

3. Slope on which profile site 2% Aspect : 252 Azi

Landuse
Annual rainfall

Mean temperature

Climate
Others

: Sugarcane field

: Approximately 1039 mm yr*
: Approximately 27 ° C

: Tropical savanna

I1. General information on the soil

Parent material
Drainage
Permeability
Runoff

Depth of ground water

I11. Profile description

Horizon

Ap

Btd

Depth

0-22

22-40

: Local alluvium

: Well drained

: Rapid

: Moderate

: Deeper than 200 cm at time of sampling

Cassava in row (CR)
Description

Reddish brown (5 YR 4/4); loamy sand; weak very fine and fine
subangular blocky structure partly breaking into single grains; soft dry,
very friable moist, non sticky and non plastic; many very fine variegated
sands; common very fine vesicular pores; common very fine and fine
roots; few trace of dead roots, few trace of charcoal; slightly acid (field pH
6.5); abrupt, smooth boundary to Btd

Reddish brown (5 YR 5/4); sandy loam; moderate fine and medium
angular blocky structure; hard dry, firm moist, slightly sticky and slightly
plastic; common faint clay coating on faces of peds and clay bridge
between sand grains, many very fine variegated sands; few very fine and
few fine vesicular pores; very few very fine roots.; few spots of shifted
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Bt2

40-61

61-88
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sand accumulation.; strongly acid (field pH 5.5); clear, smooth boundary to
Btl1

Mixed strong brown (7.5 YR 5/6) (60%) with light brown (7.5 YR 6/4)
(35%), common distinct strong brown (7.5 YR 5/8) mottles; sandy loam;
moderate fine and medium subangular blocky structure; slightly hard dry,
friable moist, slightly sticky and slightly plastic; common faint clay
coating on faces of peds and clay bridges between sand grains; many very
fine variegated sands; few very fine and few fine vesicular pores; very few
very fine roots; very strongly acid (field pH 5.0); clear, smooth boundary
to Bt2

Mixed light brown (7.5 YR 6/4) (60%) with reddish yellow (7.5 YR 6/6)
(35%), common distinct strong brown (7.5 YR 5/8) mottles; sandy loam;
moderate fine and medium subangular blocky structure; soft hard dry,
friable moist, slightly sticky and moderately plastic; common faint clay
coating on faces of peds and clay bridges between sand grains; many very
fine variegated sands; common very fine vesicular pores; very few very
fine roots; strongly acid (field pH 5.5).

Ap

Btd

Btl

Bt2

0-12

12-25

25-42

42-65

Cassava between row (C)

Light reddish brown (2.5 YR 6/4); loamy sand; weak fine and medium
subangular blocky structure partly breaking into single grains; soft dry,
very friable moist, non sticky and non plastic; many very fine variegated
sands; many very fine vesicular pore; few very fine and fine roots;
moderately acid (field pH 6.0); abrupt, smooth boundary to Btd

Strong brown (7.5YR5/6); sandy loam; moderate fine and medium semi
angular blocky structure; very hard dry, friable moist, non sticky and non
plastic; common faint clay coating on faces of peds and clay bridges
between sand grains; many very fine vesicular pore; few very fine and fine
roots; few trace of charcoal; strongly acid (field pH 5.5); clear, smooth
boundary to Btl

Reddish yellow (5YR7/8); sandy loam; moderate fine subangular blocky
structure; slight hard dry, friable moist, slightly sticky and moderately
plastic; common faint clay coating on faces of peds and clay bridges
between sand grains; many very fine variegated sands; many very fine
vesicular pore; few very fine and fine roots; very strongly acid (field pH
4.5); clear, smooth boundary to Bt2

Reddish yellow (5YR7/8); sandy loam; moderate fine subangular blocky
structure; slight hard dry, friable moist, slightly sticky and moderately
plastic; common faint clay coating on faces of peds and clay bridges
between sand grains; many very fine variegated sands; many very fine, few
very fine and few fine simple tubular pores; very few very fine roots;
strongly acid (field pH 5.5).
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: PP-2 CR/C

: Typic Plinthustult

: November 6, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut
Hongjaturun

: Ban Kud Nam Sai, Tambon Kud Nam Sai, Amphoe Nam
Pong, Changwat Khon Kaen

: 195 m (MSL)

; Coordination : 48Q65505F,45688"

: Middle terrace

2. Surrounding land form : Undulating
3. Slope on which profile site 4% Aspect : 22 Azi
Landuse : Sugarcane

Annual rainfall
Mean temperature
Climate

Others

: Approximately 1039 mm yr*
. Approximately 27 ° C
: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Apl 0-20
Ap2 20-37/42
Bt1 42-54

: Wash over residuum derived from sandstone
: Well drained

: Rapid

: Moderate

: Deeper than 140 cm at time of sampling

Cassava in row (CR)
Description

Reddish yellow (7.5YRG6/6); sand; very weak very fine and fine subangular
blocky structure; soft dry, very friable moist, non sticky and non plastic;
few faint clay bridges between sand grains; few very fine and fine coated
sand; common very fine vesicular pores; very few very fine roots; few
traces of dead roots; neutral (field pH 7.0); clear, smooth boundary to Ap2

Brown (10YRS5/3); sand; weak very fine and fine subangular blocky
structure; soft dry, very friable moist, non sticky and non plastic; common
very fine vesicular pores; very few very fine roots; few traces of dead roots
and charcoal; neutral (field pH 7.0); abrupt, smooth boundary to Btl

Reddish yellow (7.5YR7/6); sand; weak very fine and fine subangular
blocky structure; soft dry, very friable moist, non sticky and non plastic;
few faint clay bridges between sand grains; common very fine vesicular
pores; very few very fine roots; moderately acid (field pH 6.0); clear,
smooth boundary to Bt2
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54-70+

109

Mixed pink (7.5YR7/4)80%, reddish yellow (7.5YR7/6) 20%; sand; weak
very fine and fine subangular blocky structure; soft dry, very friable moist,
non sticky and non plastic; few faint clay bridges between sand grains;
many very fine vesicular pores; very few very fine roots; few spots of
organic material accumulaton; slightly acid (field pH 6.5).

Apl

Ap2

Btl

Bt2

0-21

21-30/35

35-52

52-72+

Cassava between row (C)

Yellowish brown (10YR5/4); sand; very weak very fine and fine
subangular blocky partly breaking into single grains; soft dry, very friable
moist, non sticky and non plastic; few very fine and fine coated sand;
many very fine vesicular pores; very few very fine roots; strongly acid
(field pH 5.5); clear, smooth boundary to Ap2

Dark yellowish brown (10YRA4/5); sand; weak very fine and fine
subangular structure; soft dry, very friable moist, non sticky and non
plastic; few very fine and fine coated sand; common very fine vesicular
pores; very few very fine roots; moderately acid (field pH 6.0); clear,
smooth boundary to Btl

Reddish yellow (7.5YR6/6); sand; weak very fine and fine subangular
structure; soft dry, very friable moist, non sticky and non plastic; few faint
clay bridges between sand grains; few very fine and fine coated sand,;
common very fine vesicular pores; very few very fine roots; moderately
acid (field pH 6.0); clear, smooth boundary to Bt2

Reddish yellow (7.5YR6/6); sand; weak very fine and fine subangular
structure; soft dry, very friable moist, non sticky and non plastic; few faint
clay bridges between sand grains; few very fine and fine coated sand;
common very fine vesicular pores; very few very fine roots; neutral (field
pH 7.0).
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: PP-3 CR/C

: Typic Haplustult

: November 5, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut
Hongjaturun

: Ban Kambong, Tambon Sa-ad, Amphoe Nam Pong,
Changwat Khon Kaen

: 189 m (MSL)

. Coordination : 48Q67588,56565"

Landform ] ). )

1. Physiographic position : Crestal slope of low hill

2. Surrounding land form : Undulating

3. Slope on which profile site 6% Aspect : 4 Azi
Landuse : Cassava

Annual rainfall
Mean temperature
Climate

Others

: Approximately 1039 mm yr*
. Approximately 27 ° C
: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Ap 0-20/25
Btd 25-40
Btl 40-59

: Residuum derive from sandstone

: Well drained

: Rapid

: Moderate

: Deeper than 200 cm at time of sampling

Cassava in row (CR)

Description

Yellowish brown (10YR 5/6); loamy sand; weak fine and medium
subangular blocky structure; soft dry, very friable moist, non sticky and
non plastic; very few very fine coated sands; many very fine vesicular
pores; common very fine and very few fine roots; many fine soil organic
condition through the horizon (black colour); neutral (field 7.0); abrupt,
wavy boundary to Btd

Strong brown (7.5YR 5/8); loamy sand; moderate fine subangular blocky
structure; slightly hard dry, very friable moist, non sticky and non plastic;
few faint clay bridges between sand grains; common very fine coated
sands; common very fine vesicular pores; very few fine roots; moderately
acid (field 6.0 ); clear, wary boundary to Btl

Red (2.5 YR 4/8); sandy loam; moderate fine subangular blocky structure;
slightly hard dry, firm moist, slightly sticky and moderately plastic;
common faint clay bridges between sand grains; many very fine coated
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sands; many very fine vesicular pores; few very fine roots; common
medium sand pockets; strongly acid (field pH 5.5); gradual, smooth
boundary to Bt2

Red (2.5 YR 4/6); sandy loam; moderate fine subangular blocky structure;
soft dry, firm moist, slightly sticky and moderately plastic; common faint
clay bridges between sand grains; many very fine and very few fine coated
sands; many very fine vesicular and few very fine simple tubular pores;
few very fine roots; few fine and medium sand pockets, very few small
angular gravel of fresh quartz; strongly acid (field pH 5.5).

Ap

Btd

Btl

Bt2

0-16

16-33

33-54

54-70+

Cassava between row (C)

Yellowish red (5YR5/6); loamy sand; very weak very fine and fine
subangular blocky partly breaking into single grains; soft dry, very friable
moist, non sticky and non plastic; common very fine vesicular pores;
common very fine and fine roots; neutral (field 7.0); ); abrupt, smooth
boundary to Btd

Red (2.5YR5/6); sandy loam; very weak very fine and fine subangular
blocky structure; soft dry, friable moist, non sticky and non plastic; few
faint clay bridges between sand grains; many very fine and very few fine
coated sands; many very fine vesicular and few very fine simple tubular
pores; few very fine roots; few traces of dead roots; slightly acid (field pH
6.5); clear, smooth boundary to Btl

Red (2.5YR4/8); sandy loam; very weak very fine and fine subangular
blocky structure; slightly hard dry, friable moist, slightly sticky and
moderately plastic; common faint clay bridges between sand grains; many
very fine and very few fine coated sands; many very fine vesicular pores;
common medium sand pockets; strongly acid (field pH 5.5); gradual,
smooth boundary to Bt2

Red (2.5YR4/6); sandy loam; very weak very fine and fine subangular
blocky structure; slightly hard dry, friable moist, slightly sticky and
moderately plastic; common faint clay bridges between sand grains; many
very fine and very few fine coated sands; many very fine vesicular pores;
very few very fine roots; common medium sand pockets; moderately acid
(field 6.0).
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: PP-4 CR/C

: Typic Pelaustult

: December 9, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Sirintra Trasarika

: Ban Sawang, Tambon Suan Mon, Amphoe Manjakiri, Changwat

: 181 m (MSL)
. Coordination : 48Q39367F,94424"

: Middle terrace
: Slightly undulating
2% Aspect : 326 Azi

: Cassava

: Approximately 1039 mm yr*
: Approximately 27 ° C

: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Ap 0-20
Btd 20-35
Btl 35-53

: Local alluvium

: Well drained

: Moderate

: Rapid

: Deeper than 190 cm at time of sampling

Cassava in row (CR)

Description

Brown (7.5 YR 4/3); sandy loam; moderate fine and medium subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; common very fine and fine coated sands; common very fine, few
medium vesicular and common very fine simple tubular pores; common
very fine and few fine roots; few medium sand pockets; moderately acid
(field pH 6.0); clear, smooth boundary to Btd

Brown (7.5 YR 4/4); sandy loam; moderate fine and medium subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; few faint clay coating on faces of peds; common very fine and
fine coated sands; common very fine vesicular pores; common very fine
and very few fine roots; few medium sand pockets; moderately acid (field
pH 6.0); clear, smooth boundary to Btl

Strong brown (7.5 YR 5/6); sandy clay loam; strong fine and medium
subangular blocky structure; slightly hard dry, friable moist, slightly
sticky and slightly plastic; common faint clay coating on faces of peds
and clay bridges between sand grains; few very fine and few sand
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pockets, common very fine coated sands; common very fine and very few
fine vesicular pores; common very fine and very few fine roots; few small
angular gravel of weathered quartz; strongly acid (field pH 5.5); clear,
smooth boundary to Bt2

Strong brown (7.5 YR 4/6); sandy clay loam; moderate fine and medium
subangular blocky structure; slightly hard dry, friable moist, moderately
sticky and slightly plastic; common faint clay coating on faces of peds
and clay bridges between sand grains; common very fine and fine coated
sands; common very fine, fine vesicular and few very fine simple tubular
pores; common very fine and very few fine roots; very strongly acid (field
pH 5.0).

Ap

Btd

Btl

Bt2

0-21

21-34

34-50

50-70+

Cassava between row (C)

Strong brown (7.5YR4/6); sandy loam; weak very fine subangular blocky
structure; slightly hard dry, very friable moist, non sticky and non plastic;
many very fine coated sands; many very fine vesicular pores; few very
fine and very few fine roots; few traces of charcoal; moderately acid
(field pH 6.0); clear, smooth boundary to Btd

Brown (7.5YR4/3); sandy loam; moderate fine subangular blocky
structure; slightly hard dry, friable moist, non sticky and non plastic; few
faint clay coating on faces of peds and clay bridges between sand grains;
many very fine coated sands; few very fine vesicular pores; few very few
fine roots; moderately acid (field pH 6.0); clear, smooth boundary to Btl

Stronng brown (7.5YRA4/6); sandy clay loam; moderate fine and medium
subangular blocky structure; slightly hard dry, friable moist, slightly
sticky and slightly plastic; common faint clay coating on faces of peds
and clay bridges between sand grains; many very fine and fine coated
sands; common very fine, fine vesicular and few very fine simple tubular
pores; very few very fine roots; moderately acid (field pH 6.0); gradual,
smooth boundary to Bt2

Stronng brown (7.5YRA4/6); sandy clay loam; moderate fine and medium
subangular blocky structure; slightly hard dry, friable moist, moderately
sticky and slightly plastic; common faint clay coating on faces of peds
and clay bridges between sand grains; many very fine and fine coated
sands; common very fine, fine vesicular and few very fine simple tubular
pores; very few very fine roots; strongly acid (field pH 5.5).
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: PP-5 CR/C

: Typic Pelaustult

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Sirintra Trasarika

: December 11, 2009

: Ban Num Kod, Tambon Suan Mon, Amphoe Manjakiri,
Changwat Khon Kaen

: 197 m (MSL)

- Coordination : 48Q39729F,97843"

: Lower middle terrace
: Slightly undulating

3. Slope on which profile site 2% Aspect : 90 Azi

Landuse

Annual rainfall
Mean temperature
Climate

Others

: Cassava

: Approximately 1039 mm yr*
: Approximately 27 ° C

: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description.

Horizon Depth
Ap 0-22
Btd 22-43
Btl 43-65

: Local alluvium

: Well drained

: Moderate

: Moderate

: Deeper than 160 cm at time of sampling

Cassava in row (CR)

Description

Brown (7.5 YR 4/4); lamy sand; weak very fine and fine subangular
blocky structure partly breaking into single grains; soft dry, very friable
moist, non sticky and non plastic; many very fine and few fine coated
sands; common very fine, few fine vesicular and very few very fine simple
tubular pores; common very fine and fine roots; few traces of dead roots;
moderately acid (field pH 6.0); abrupt, smooth boundary to Btd

Strong brown (7.5YR5/6); sandy loam;weak medium semi angular blocky
structure; hard dry, friable moist, non sticky and non plastic; common
distinct clay coating on faces of peds and clay bridges between sand gains;
many very fine and common fine coated sands; few very fine and fine
vesicular pores; very few very fine roots; few small semi angular gravel of
fresh quartz; moderately acid (field pH 6.0); abrupt, smooth boundary to
Btl

Strong brown (7.5YR5/6); sandy loam; weak medium subangular blocky
structure; slightly hard dry, friable moist, slightly sticky and non plastic;
many prominent clay coating on faces of peds, pore wall and clay bridges
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between sand grains; many very fine and fine coated sands; common very
fine and few fine vesicular pores; very few very fine roots; few small semi
angular gravel of fresh quartz; moderately acid (field pH 6.0) ); abrupt,
smooth boundary to Bt2

Mixed strong brown (7.5 YR 5/8)90% with pink (7.5 YR 7/4) 10%; sandy
clay loam; moderate medium subangular blocky structure; slightly hard
dry, friable moist, slightly sticky and slightly plastic; many prominent
coating on faces of peds, pore wall and clay bridges between sand grains;
many very fine and fine coated sands; common very fine, few fine
vesicular and very few fine simple tubular pores; very few very fine roots;
few small semi angular gravel of fresh quartz; moderately acid (field pH
6.0).

Ap

Btd

Btl

Bt2

0-20

20-35

35-50

50-70+

Cassava between row (C)

Brown (7.5YR4/4); loamy sand; weak very fine and fine subangular
blocky structure partly breaking into single grains; soft dry, very friable
moist, non sticky and non plastic; many very fine and few fine coated
sands; many very fine and few fine vesicular pores; few very fine and fine
roots; moderately acid (field pH 6.0); abrupt, smooth boundary to Btd

Brown (7.5YR4/4); sandy loam; moderate fine and medium semi angular
blocky structure; hard dry, friable moist, non sticky and non plastic;
common faint clay coating on faces of peds and clay bridges between sand
gains; many very fine and few fine coated sands; few very fine vesicular
pores; very few very fine roots; strongly acid (field pH 5.5); abrupt,
smooth boundary to Btl

Strong brown (7.5YR5/6); sandy clay loam; moderate fine and medium
subangular blocky structure; slightly hard dry, friable moist, slightly sticky
and non plastic; common faint clay coating on faces of peds and clay
bridges between sand gains; many very fine and few fine coated sands; few
very fine vesicular pores; few very fine roots; strongly acid (field pH 5.5);
clear, smooth boundary to Bt2

Reddish yellow (7.5YR6/8); sandy clay loam; moderate fine and medium
subangular blocky structure; slightly hard dry, friable moist, slightly sticky
and slightly plastic; many prominent clay coating on faces of peds, pore
wall and clay bridges between sand grains; many very fine and few fine
coated sands; few very fine vesicular pores; few very fine roots; strongly
acid (field pH 5.5).
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Soil Profile Description

Sugarcane Growing Soils

|. Information on the site

Profile symbol : PP-1 SR/S

Classification : Ultic Haplustalf

Date of examination : November 5, 2009

Described by : Somchai Anusontpornperm, Suphicha Thanachit, Orapin

Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut

Hongjaturun
Location : Ban Kud Nam Sai, Tambon Kud Nam Sai, Amphoe Nam Pong,
Changwat Khon Kaen
Elevation : 177 m (MSL)
Map sheet number ; Coordination : 48Q64557F,45924"
Landform
1. Physiographic position : Lower middle terrace
2. Surrounding land form : Slightly undulating
3. Slope on which profile site 2% Aspect : 252 Azi
Landuse : Sugarcane
Annual rainfall : Approximately 1039 mm/Y
Mean temperature : Approximately 27 ° C
Climate : Tropical savanna
Others |-
11. General information on the soil
Parent material : Local alluvium
Drainage : Well drained
Permeability : Rapid
Runoff : Moderate
Depth of ground water : Deeper than 200 cm at time of sampling

I11. Profile description
Sugarcane in row (SR)

Horizon Depth Description

Ap 0-27 Brown (5 YR 5/4); loamy sand; weak very fine and fine subangular blocky
structure; soft dry, very friable moist, non sticky and non plastic; many
very fine variegated sands; many very fine vesicular pores; many very fine
and fine roots; few trace of dead roots, few trace of charcoal; moderately
acid (field pH 6.0); abrupt, smooth boundary to Btd

Btd 27-45 Reddish yellow (5 YR 6/6); sandy loam; moderate fine semi angular
blocky structure; hard dry, friable moist, slightly sticky and non plastic;
common faint clay coating on faces of peds and clay bridge between sand
grains, many very fine variegated sands; common very fine and few fine
vesicular pores; few very fine and fine roots.; moderately acid (field pH
6.0); clear, smooth boundary to Btl



Btl

Bt2

45-60

60-72

117

Mixed yellowish red (5 YR 5/8) (78%) with pole red (2.5 YR 7/2) (20%),
common distinct strong brown (7.5 YR 5/8) mottles; sandy loam; moderate
fine subangular blocky structure; slightly hard dry, friable moist, slightly
sticky and slightly plastic; common faint clay coating on faces of peds and
clay bridges between sand grains; many very fine variegated sands;
common very fine and many fine vesicular pores; very few very fine and
fine roots; strongly acid (field pH 5.5); clear, smooth boundary to Bt2

Mixed yellowish red (5 YR 5/8) (60%) with red (5 YR 5/6) (30%),
common distinct strong brown (7.5 YR 5/8) mottles; sandy loam; moderate
fine subangular blocky structure; soft dry, friable moist, slightly sticky and
moderately plastic; many faint clay coating on faces of peds and clay
bridges between sand grains; many very fine variegated sands; common
very fine vesicular pores; very few very fine roots; strongly acid (field pH
5.5)

Ap

Btd

Btl

Bt2

0-19

19-35

35-60

42-65

Sugarcane between row (S)

Yellowish red (5 YR 4/4); loamy sand; weak fine and medium subangular
blocky structure partly breaking into single grains; soft dry, very friable
moist, non sticky and non plastic; many very fine variegated sands; many
very fine vesicular pore; few very fine and fine roots; slightly acid (field
pH 6.5); abrupt, smooth boundary to Btd

Mixed yellowish red (5 YR 5/8) (60%) with red (5 YR 5/6) (30%),
common distinct strong brown (7.5 YR 5/8) mottles; sandy loam; moderate
fine and medium semi angular blocky structure; very hard dry, friable
moist, slightly sticky and non plastic; common faint clay coating on faces
of peds and clay bridges between sand grains; many very fine vesicular
pore; few very fine and fine roots; few trace of charcoal; moderately acid
(field pH 6.0); gradual, smooth boundary to Btl

Mixed yellowish red (5 YR 5/8) (60%) with red (5 YR 5/6) (30%),
common distinct strong brown (7.5 YR 5/8) mottles; sandy loam; moderate
fine subangular blocky structure; slight hard dry, friable moist, slightly
sticky and moderately plastic; common faint clay coating on faces of peds
and clay bridges between sand grains; many very fine variegated sands;
common very fine and few fine vesicular pore; few very fine and fine
roots; strongly acid (field pH 5.5); gradual, smooth boundary to Bt2

Mixed yellowish red (5 YR 5/8) (60%) with red (5 YR 5/6) (30%),
common distinct strong brown (7.5 YR 5/8) mottles; sandy loam; moderate
fine subangular blocky structure; slight hard dry, friable moist, slightly
sticky and moderately plastic; many faint clay coating on faces of peds and
clay bridges between sand grains; many very fine variegated sands; few
very fine vesicular pores; very few very fine roots; strongly acid (field pH
5.5).
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Profile symbol
Classification

Date of examination
Described by

Location

Elevation : Approximately
Map sheet number

Landform { .
1. Physiographic position
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: PP-2 SR/S

: Typic Plinthustult

: November 6, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut
Hongjaturun

: Ban Kud Nam Sai, Tambon Kud Nam Sai, Amphoe Nam
Pong, Changwat Khon Kaen

: 195 m (MSL)

: Coordination : 48Q65505F,45688"

: Middle terrace

2. Surrounding land form : Undulating
3. Slope on which profile site 4% Aspect : 22 Azi
Landuse : Sugarcane

Annual rainfall
Mean temperature
Climate

Others

: Approximately 1039 mm yr*
: Approximately 27 ° C
: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Apl 0-20
Ap2 20-37/42
Btl 42-54

: Wash over residuum derived from sandstone
: Well drained

: Rapid

: Moderate

: Deeper than 140 cm at time of sampling

sugar cane in row (SR)
Description

Reddish yellow (7.5YRG6/6); sand; very weak very fine and fine subangular
blocky structure; soft dry, very friable moist, non sticky and non plastic;
few faint clay bridges between sand grains; few very fine and fine coated
sand; common very fine vesicular pores; very few very fine roots; few
traces of dead roots; neutral (field pH 7.0); clear, smooth boundary to Ap2

Brown (10YRS5/3); sand; weak very fine and fine subangular blocky
structure; soft dry, very friable moist, non sticky and non plastic; common
very fine vesicular pores; very few very fine roots; few traces of dead roots
and charcoal; neutral (field pH 7.0); abrupt, smooth boundary to Btl

Reddish yellow (7.5YR7/6); sand; weak very fine and fine subangular
blocky structure; soft dry, very friable moist, non sticky and non plastic;
few faint clay bridges between sand grains; common very fine vesicular
pores; very few very fine roots; moderately acid (field pH 6.0); clear,
smooth boundary to Bt2



Bt2

54-70+
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Mixed pink (7.5YR7/4) (80%) with reddish yellow (7.5YR7/6) (20%);
sand; weak very fine and fine subangular blocky structure; soft dry, very
friable moist, non sticky and non plastic; few faint clay bridges between
sand grains; many very fine vesicular pores; very few very fine roots; few
spots of organic material accumulaton; slightly acid (field pH 6.5).

Apl

Ap2

BE

Bt2

0-17

21-30/35

35-45

45-60+

Sugarcane between row (S)

Brown (10YRS5/3); sand; very weak very fine and fine subangular blocky
partly breaking into single grains; soft dry, very friable moist, non sticky
and non plastic; few very fine coated sand; many very fine vesicular pores;
very few very fine roots; slightly acid (field pH 6.5); clear, smooth
boundary to Ap2

Brown (10YR5/3); sand; very weak very fine and fine subangular blocky
partly breaking into single grains; soft dry, very friable moist, non sticky
and non plastic; few very fine coated sand; common few vesicular pores;
few very fine and fine roots; slightly acid (field pH 6.5); abrupt, smooth
boundary to BE

Pink (7.5YR7/4); sand; very weak very fine and fine subangular structure;
soft dry, very friable moist, non sticky and non plastic; few faint clay
bridges between sand grains; few very fine and fine coated sand; common
very fine vesicular pores; very few very fine roots; slightly acid (field pH
6.5); clear, smooth boundary to Bt2

Pink (7.5YR7/4); loamy sand; very weak very fine and fine subangular
structure; soft dry, very friable moist, non sticky and non plastic; few faint
clay bridges between sand grains; few very fine and fine coated sand;
common very fine vesicular pores; very few very fine roots; neutral (field
pH 7.0).
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: PP-3 SR/S

: Typic Haplustult

: November 5, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Pahon Ruksumroud, Sirintra Trasarika, Jiranut
Hongjaturun

: Ban Kambong, Tambon Sa-ad, Amphoe Nam Pong,
Changwat Khon Kaen

: 189 m (MSL)

; Coordination : 48Q67588F,56565"

: Crestal slope of low hill

2. Surrounding land form : Undulating
3. Slope on which profile site 6% Aspect : 4 Azi
Landuse : Sugarcane

Annual rainfall
Mean temperature
Climate

Others

: Approximately 1039 mm yr*
. Approximately 27 ° C
: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Apl 0-15
Ap2 15-31
Bt1 31-50

: Residuum derived from sandstone

: Well drained

: Rapid

: Moderate

: Deeper than 200 cm at time of sampling

Sugarcane in row (SR)

Description

Light yellowish brown (10YR 6/4); loamy sand; weak fine and medium
subangular blocky structure; soft dry, very friable moist, non sticky and
non plastic; very few very fine coated sands; many very fine vesicular
pores; many very fine and very few fine roots; slightly acid (field pH 6.5);
clear, smooth boundary to Ap2

Pole brown (10YR 6/3); loamy sand; weak fine subangular blocky
structure; soft dry, very friable moist, non sticky and non plastic; common
very fine coated sands; common very fine vesicular pores; few very fine
and fine roots; neutral (field 7.0); abrupt, smooth boundary to Bt1l

Reddish yellow (7.5 YR 6/6); loamy sand; moderate fine subangular
blocky structure; soft dry, firm moist, non sticky and non plastic; common
distinct clay bridges between sand grains; few very fine and fine coated
sands; common very fine and fine vesicular pores; few very fine roots;
slightly acid (field pH 6.5); clear, smooth boundary to Bt2



Bt2

50-68+
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Yellowish red (5YR5/8); sandy loam; moderate fine subangular blocky
structure; slightly hard dry, firm moist, non sticky and moderately plastic;
many faint clay bridges between sand grains; many very fine and very few
fine coated sands; common very fine vesicular and few very fine simple
tubular pores; few very fine roots; strongly acid (field pH 5.5).

Ap

Btd

Btl

Bt2

0-15

15-25

25-42

42-69

Sugarcane between row (S)

Yellowish brown (10YR5/4); loamy sand; weak very fine and fine
subangular blocky structure; soft dry, very friable moist, non sticky and
non plastic; very few very fine coated sands; many very fine vesicular
pores; many very fine and fine roots; neutral (field 7.0); clear, smooth
boundary to Btd

Strong brown (7.5YR5/6); loamy sand; weak very fine and fine subangular
blocky structure; slight hard dry, friable moist, non sticky and non plastic;
common faint clay bridges between sand grains; many very fine and very
few fine coated sands; commmon very fine vesicular pores; few very fine
and fine roots; few traces of dead roots; slightly acid (field pH 6.5); abrupt,
smooth boundary to Btl

Yellowish red (5YR5/6); sandy loam; moderate fine and medium
subangular blocky structure; slightly hard dry, firm moist, slightly sticky
and slightly plastic; common faint clay bridges between sand grains; many
very fine and very few fine coated sands; many very fine vesicular pores;
common medium sand pockets; strongly acid (field pH 5.5); gradual,
smooth boundary to Bt2

Red (2.5YRA4/6); sandy loam; moderate fine and medium subangular
blocky structure; slightly hard dry, firm moist, slightly sticky and
moderately plastic; common faint clay bridges between sand grains; many
very fine and very few fine coated sands; many very fine vesicular pores;
very few very fine roots; common medium sand pockets; strongly acid
(field pH 5.5);.
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Profile symbol
Classification
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Map sheet number

Landform ] .
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2. Surrounding land form

3. Slope on which profile site

Landuse

Annual rainfall
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Others
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: PP-4 SR/S

: Typic Pelaustult

: December 9, 2009

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Sirintra Trasarika

: Ban Sawang, Tambon Suan Mon, Amphoe Manjakiri, Changwat

: 181 m (MSL)
: Coordination : 48Q39367F,94424"

: Middle terrace
: Slightly undulating
2% Aspect : 326 Azi

: Sugarcane

: Approximately 1039 mm yr*
: Approximately 27 ° C

: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon Depth
Ap 0-18
Btd 18-31
Btl 31-45

: Local alluvium

: Well drained

: Moderate

: Rapid

: Deeper than 190 cm at time of sampling

sugarcane in row (SR)

Description

Brown (7.5 YR 4/4); loamy sand; weak very fine and fine subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; many very fine coated sands; many very fine vesicular pores; many
very fine and fine roots; few small gravel of fresh quartz; moderately acid
(field pH 6.0); clear, smooth boundary to Btd

Brown (7.5YRA4/3); sandy loam; moderate fine and medium subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; few faint clay coating on faces of peds; many very fine coated
sands; common very fine vesicular pores; common very fine and very few
fine roots; few medium sand pockets; slightly acid (field pH 6.5); clear,
smooth boundary to Btl

Brown (7.5YR4/3); sandy loam; strong fine and medium subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; common faint clay coating on faces of peds and clay bridges
between sand grains; few very fine and few sand pockets, many very fine
coated sands; common very fine and very few fine vesicular pores; few



Bt2

45-60
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very fine roots; slightly acid (field pH 6.5);clear, smooth boundary to Bt2

Brown (7.5YR4/4); sandy clay loam; moderate fine subangular blocky
structure; slightly hard dry, friable moist, non sticky and non plastic; many
faint clay coating on faces of peds and clay bridges between sand grains;
many very fine and fine coated sands; common very fine, fine vesicular
and few very fine simple tubular pores; common very fine and very few
fine roots; slightly acid (field pH 6.5).

Ap

Btd

Btl

Bt2

0-14

14-29

29-46

46-60+

Sugarcane between row (S)

Brown (7.5YR4/3); loamy sand; weak very fine and fine subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; many very fine coated sands; many very fine vesicular pores; few
very fine and very few fine roots; slightly acid (field pH 6.5); clear, smooth
boundary to Btd

Brown (7.5YRA4/4); sandy loam; weak fine subangular blocky structure;
slightly hard dry, friable moist, non sticky and non plastic; few faint clay
coating on faces of peds and clay bridges between sand grains; many very
fine coated sands; common very fine and few fine vesicular pores; few
very few fine roots; slightly acid (field pH 6.5); clear, smooth boundary to
Btl

Brown (7.5YR4/4); sandy loam; weak fine subangular blocky structure;
slightly hard dry, friable moist, non sticky and non plastic; few faint clay
coating on faces of peds and clay bridges between sand grains; many very
fine and fine coated sands; common very fine vesicular pores; few very
fine roots; slightly acid (field pH 6.5); clear, smooth boundary to Bt2

Brown (7.5YR4/4); sandy clay loam; moderate fine subangular blocky
structure; slightly hard dry, friable moist, non sticky and non plastic; many
distinct clay coating on faces of peds and clay bridges between sand
grains; many very fine and fine coated sands; common very fine, fine
vesicular and few very fine simple tubular pores; very few very fine roots;
slightly acid (field pH 6.5).
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: PP-5 SR/S

: Typic Pelaustult

: Somchai Anusontpornperm, Suphicha Thanachit, Orapin
Kliaklom, Sumrit Riyapun, Pattra Prasertsombut, Ruchanee
Khumdet, Sirintra Trasarika

: December 11, 2009

: Ban Num Kod, Tambon Suan Mon, Amphoe Manjakiri,
Changwat Khon Kaen

: 197 m (MSL)

- Coordination : 48Q39729F,97843"

: Lower middle terrace
: Slightly undulating

3. Slope on which profile site 2% Aspect : 90 Azi

Landuse

Annual rainfall
Mean temperature
Climate

Others

: Sugarcane

: Approximately 1039 mm/Y
: Approximately 27 ° C

: Tropical savanna

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description.

Horizon Depth
Ap 0-26
Btd 26-40
Btl 40-52

: Local alluvium

: Well drained

: Moderate

: Moderate

: Deeper than 160 cm at time of sampling

Sugarcane in row (SR)

Description

Brown (7.5 YR 4/4); lamy sand; weak very fine and fine subangular
blocky structure partly breaking into single grains; soft dry, very friable
moist, non sticky and non plastic; many very fine and few fine coated
sands; common very fine, few fine vesicular and very few very fine simple
tubular pores; common very fine and fine roots; few traces of dead roots;
slightly acid (field pH 6.5); clear, smooth boundary to Btd

Strong brown (7.5YR4/6); sandy loam; weak fine subangular blocky
structure; hard dry, friable moist, non sticky and non plastic; few faint clay
coating on faces of peds and clay bridges between sand gains; many very
fine and common fine coated sands; few very fine and fine vesicular pores;
very few very fine roots; few small semi angular gravel of fresh quartz;
moderately acid (field pH 6.0); clear, smooth boundary to Btl

Strong brown (7.5YR5/6); sandy clay loam; weak fine subangular blocky
structure; slightly hard dry, friable moist, slightly sticky and non plastic;
common distinct clay coating on faces of peds, pore wall and clay bridges
between sand grains; many very fine and fine coated sands; common very
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fine and few fine vesicular pores; very few very fine roots; few small semi
angular gravel of fresh quartz; moderately acid (field pH 6.0).

Ap

Btd

Btl

Bt2

0-17

17-30

30-47

47-60+

Sugarcane between row (S)

Brown (7.5YR4/3); loamy sand; weak very fine and fine subangular
blocky structure; slightly hard dry, very friable moist, non sticky and non
plastic; many very fine and few fine coated sands; few very fine and few
fine vesicular pores; few very fine and fine roots; slightly acid (field pH
6.5); clear, smooth boundary to Btd

Brown (7.5YR4/4); sandy loam; weak fine and medium subangular blocky
structure; hard dry, friable moist, non sticky and non plastic; common faint
clay coating on faces of peds and clay bridges between sand gains; many
very fine and few fine coated sands; few very fine vesicular pores; very
few very fine roots; moderately acid (field pH 6.0); clear, smooth boundary
to Btl

Strong brown (7.5YR5/6); sandy clay loam; weak fine subangular blocky
structure; slightly hard dry, friable moist, slightly sticky and non plastic;
many distinct clay coating on faces of peds and clay bridges between sand
gains; many very fine and few fine coated sands; few very fine vesicular
pores; few very fine roots; moderately acid (field pH 6.0); clear, smooth
boundary to Bt2

Brownish yellow (10YR6/6); sandy clay loam; moderate fine and medium
subangular blockly; slightly hard dry, friable moist, slightly sticky and
slightly plastic; many prominent clay coating on faces of peds, pore wall
and clay bridges between sand grains; many very fine and few fine coated
sands; few very fine vesicular pores; few very fine roots; strongly acid
(field pH 5.5).
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M £ Y
MINAUING 1 MINTLNBYUIRDUNIAAULAT FUITOAY

Depth Horizon Sand Silt Clay Texture class
(cm) VvC C M F VF  Total
( gkg? )

PP-1 Ultic Haplustalf
0-22 Ap 0.42 11 25 104 625 766 167 68 Loamy sand
22-40 Btd 1.12 56 88 132 382 659 198 143  Sandy loam
40-61 Bt1 1.02 87 92 143 322 645 196 159 Sandy loam
61-88 Bt2 0.48 94 94 127 334 649 200 151  Sandy loam
88-112 Bt3 0.86 136 119 104 276 636 190 175  Sandy loam
112-142 Btgl 0.66 75 78 94 298 546 163 292 Sandy clay loam
142-171 Btg2 1.16 76 89 99 274 539 181 279  Sandy clay loam
171-200 Btg3 1.06 92 95 106 246 540 205 255 Sandy clay loam
PP-2 Typic Plinthustult
0-20 Apl 0.54 11 34 154 597 797 147 56 Loamy sand
20-36 Ap2 0.60 15 36 120 640 812 129 60 Loamy sand
36-37/44 BE 1.22 62 33 108 604 808 136 56 Loamy sand
44-65 Btl 1.10 21 31 112 625 790 142 68 Loamy sand
65-72/90 Bt2 0.44 27 50 136 573 786 150 63 Loamy sand
90-108 Bt3 1.10 128 125 146 346 746 126 128 Loamy sand
108-127 Bt4 0.70 109 85 94 447 736 173 92 Loamy sand
127-144 Bv 1.56 113 93 132 401 741 152 108 Loamy sand
PP-3 Typic Haplustult
0-20/25 Ap 0.52 24 47 115 605 792 148 60 Loamy sand
25-40 Btd 0.64 97 73 119 404 694 170 135  Sandy loam
40-59 Btl 0.64 77 89 115 355 637 155 208  Sandy loam
59-82 Bt2 0.78 62 56 152 324 595 166 239  Sandy loam
82-105 Bt3 112 57 76 136 298 568 130 302  Sandy clay loam
105-129 Bt4 1.24 34 68 136 328 567 173 260 Sandy clay loam
129-156  Bt5 1.50 47 76 112 332 569 141 290  Sandy clay loam
156-177  Bt6 0.78 45 79 103 342 570 172 258  Sandy clay loam
177-200  Bt7 0.60 49 62 96 359 567 211 222 Sandy clay loam
PP-4 Typic Paleustult
0-20 Ap 0.76 34 71 134 459 699 165 136  Sandy loam
20-35 Btd 1.38 26 92 149 424 693 164 144 Sandy loam
35-53 Btl 0.86 39 94 136 408 678 146 176  Sandy loam
53-73 Bt2 0.60 99 82 148 343 673 149 179  Sandy loam
73-91 Bt3 2.06 56 122 148 313 641 148 211  Sandy clay loam
91-116 Bt4 0.56 39 110 140 355 645 128 227  Sandy clay loam
116-143  Bt5 1.20 48 115 128 355 647 142 211  Sandy clay loam
143-170  Bt6 0.92 52 128 136 336 653 152 195  Sandy loam

170-200  Bt7 0.96 51 95 159 344 650 146 204  Sandy clay loam
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MSWUINN 1 (910)

Depth Horizon Sand Silt Clay Texture class
(cm) VvC C M F VF  Total
( gkg* )

PP-5 Typic Paleustult
0-22 Ap 1.04 38 110 178 483 810 75 115 Loamy sand
22-45 Btd 0.84 77 128 157 395 758 115 127 Sandy loam
43-65 Bt1 0.86 81 119 149 339 689 124 186 Sandy loam
65-89 Bt2 1.04 99 108 127 310 645 151 204  Sandy loam
89-112 Bt3 0.90 78 108 138 324 649 145 206 Sandy loam
112-135 Bt4 1.12 84 99 148 349 681 129 190  Sandy loam
135-160 Bt5 1.04 69 85 115 381 651 154 195  Sandy loam

tidenti) VC = Very coarse sand (1.0-2.0 mm)
C = Coarse sand (0.5-1.0 mm)
M = Medium sand (0.25-0.50 mm)
F = Fine sand (0.10-0.25 mm)
VF = Very fine sand (0.05-0.10 mm)
Sand = 0.05-2.0 mm
Silt = 0.002-0.05 mm

Clay =< 0.002 mm
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MSNUINT 2 FUUANIIMTNINUDIAU

Depth Horizon BD Porosity Ksat Strength FC PWP AWC

(cm) (Mg m?®) (%) (emhrl)  (kg/cm?) [C— % by volume -------- )
PP-1 Ultic Haplustalf
0-22 Ap 1.42 46.44 1.85 0.20 11.27 3.68 7.59
22-40 Btd 1.69 36.19 0.04 2.61 17.39 6.97 10.41
40-61 Bt1 1.55 41.49 0.75 2.66 8.31 2.52 5.80
61-88 Bt2 1.69 36.18 0.20 1.45 17.69 9.36 8.33
88-112 Bt3 1.80 31.97 0.18 3.97 21.66 10.76 10.89
112-142 Btgl 1.83 30.79 0.14 5.40 26.00 16.80 9.20
142-171 Btg2 1.88 29.05 0.47 7.97 24.85 17.23 7.62
171-200 Btg3 1.88 28.96 0.25 2.88 21.44 16.11 5.33
PP-2 Typic plinthustult
0-20 Apl 1.50 43.35 7.30 ND 6.98 1.72 5.26
20-36 Ap2 1.26 52.43 1.21 0.30 6.49 1.54 4.95
36-37/44 BE 1.30 51.01 4.06 0.16 5.45 1.33 4.12
44-65 Btl 1.52 42.68 6.33 0.06 8.44 2.96 5.48
65-72/90 Bt2 1.54 41.95 2.23 0.00 7.99 2.32 5.67
90-108 Bt3 1.48 44.04 2.27 0.50 10.42 4.56 5.85
108-127 Bt4 1.66 37.34 1.55 1.12 14.40 7.70 6.70
127-144 Bv - - - - - - -
PP-3 Typic Haplustult
0-20/25 Ap 1.32 50.33 3.82 ND 7.62 1.91 5.72
25-40 Btd 1.75 33.99 0.36 1.89 13.90 7.06 6.84
40-59 Btl 1.44 45.69 2.85 1.47 16.88 10.77 6.11
59-82 Bt2 1.28 51.86 25.24 0.53 14.00 10.98 3.02
82-105 Bt3 1.17 55.72 2.60 0.09 16.73 8.26 8.47
105-129 Bt4 1.29 51.25 1.98 1.58 20.49 11.33 9.16
129-156 Bt5 1.56 41.02 0.83 1.07 18.85 12.56 6.28
156-177 Bt6 1.61 39.39 2.34 0.51 20.25 12.13 8.13
177-200 Bt7 1.54 41.92 0.72 1.07 13.07 5.51 7.56
PP-4 Typic Paleustult
0-20 Ap 1.63 38.60 9.78 ND 13.32 6.95 6.37
20-35 Btd 1.70 35.73 0.94 2.44 15.33 8.69 6.64
35-53 Btl 1.65 37.78 3.85 1.74 15.99 9.11 6.88
53-73 Bt2 1.66 37.31 2.58 0.45 17.18 10.47 6.71
73-91 Bt3 1.62 38.82 3.78 0.35 17.95 10.55 7.40
91-116 Bt4 1.55 41.38 2.70 1.67 18.17 10.12 8.05
116-143 Bt5 1.66 37.45 16.45 0.95 20.11 9.96 10.15
143-170 Bt6 1.72 35.15 6.71 1.13 21.75 10.51 11.25

170-200 Bt7 1.68 36.76 3.12 0.90 15.54 9.41 6.13




MIINUINN 2 (D)

Depth Horizon BD Porosity Ksat Strength FC PWP AWC

(cm) (Mg m?®) (%) (cmhr?Y)  (kglem?) [ % by volume ------—- )
PP-5 Typic Paleustult
0-22 Ap 1.58 40.49 0.68 0.30 13.60 8.33 5.27
22-45 Btd 1.85 30.10 0.22 3.38 10.08 245 7.63
45-65 Btl 1.60 39.60 117 241 11.39 6.74 4.65
65-89 Bt2 1.75 34.06 5.29 1.54 18.25 11.02 7.23
89-112 Bt3 1.74 34.37 0.57 0.89 18.99 9.32 9.68
112-135 Bt4 197 25.57 0.75 0.90 22.88 9.54 13.34
135-160 Bt5 1.55 41.60 14.15 0.65 9.40 2.63 6.77

YLK ND = Not determined

BD = Bulk density

Ksat = Hydraulic conductivity

FC = Field capacity

PWP = Permanent wilting point

AWC = Available water capacity

129



MS1INUINT 3 FUUANIUATVDIAY

Horizon Depth pH 1:1 OM  Total N Available Extractable bases Sum Extr. BS
(cm) H,0 KCI P K Ca Mg Na K bases acidity Bysum NH,OAc %
(g kg'--) (-——mg kg'-—--) cmol kg™
PP-1 Ultic Haplustalf
Ap 0-22 5.0 3.9 3.00 0.77 11.90 15.93 0.19 0.07 0.06 0.04 0.36 10.99 11.34 2.25 3.13
Btd 22-40 45 3.6 1.43 0.42 1.71 28.85 0.42 0.17 0.07 0.07 0.74 16.96 17.71 3.75 4.20
Btl 40-61 4.5 3.6 1.92 0.49 1.16 22.52 0.66 2.85 0.08 0.06 3.65 16.00 19.64 3.50 18.57
Bt2 61-88 4.8 3.8 1.07 0.35 0.80 15.74 0.85 474 014 004 5.77 6.98 12.75 3.25 45.24
Bt3 88-112 51 45 0.27 0.28 1.16 20.70 1.27 7.80 0.10 0.05 9.22 12.99 2221 4.00 41.52
Btgl 122-142 5.1 33 0.90 0.42 0.80 27.88 2.35 12.65 0.07 0.07 15.14 17.96 33.10 6.75 45.73
Btg2 142-171 5.2 3.7 1.43 0.35 0.62 27.01 1.92 11.95 0.05 0.07 13.99 15.99 29.98 5.75 46.67
Btg3 171-200 5.2 3.7 0.30 0.42 0.80 22.95 1.58 10.63  0.07 0.06 12.34 17.00 29.34 6.25 42.05
PP-2 Typic Plinthustult
Apl 0-20 55 48 5.59 0.49 15.44 27.20 0.48 0.13 0.08 0.07 0.76 13.97 14.73 5.50 5.15
Ap2 20-36 5.4 4.1 3.67 0.49 12.88 15.49 0.37 0.05 004 0.04 0.51 12.97 13.47 2.50 3.76
BE 36-37/44 55 4.4 141 0.28 3.29 5.54 0.19 0.04 0.06 0.01 0.31 11.98 12.29 2.25 2.53
Btl 44-65 5.6 4.2 1.00 0.42 1.53 4.44 0.18 0.04 0.07 0.01 0.30 14.99 15.29 0.50 1.95
Bt2 65-72/90 5.4 44 1.13 0.21 1.16 5.32 0.20 0.04 0.06 0.01 0.31 20.96 21.27 1.25 1.44
Bt3 90-108 5.2 4.0 1.03 0.21 0.98 8.26 0.54 0.15 0.08 0.02 0.79 11.96 12.75 2.50 6.20
Bt4 108-127 5.2 43 1.45 0.35 1.16 9.81 0.55 0.18 0.10 0.03 0.85 12.95 13.81 4.00 6.16
Bv 127-144 5.7 4.6 2.07 0.63 0.98 9.73 0.65 2.02 0.08 0.02 2.76 13.93 16.69 2.25 16.56

0¢I



MS19NUINN 3 (919)

Horizon Depth pH 1:1 OM  Total N Available Extractable bases Sum Extr. CEC BS
(cm) H,0 KCI P K Ca Mg Na K bases acidity Bysum NH,OAc %
(—gkgl)  (emgkgto) G cmol kg

PP-3 Typic Haplustult

Ap 0-20/25 6.8 5.9 5.36 0.70 59.86 44.55 1.09 3.63 0.06 0.11 4.89 11.98 16.87 2.50 28.98
Btd 25-40 5.3 4.0 3.81 0.56 2.68 9.67 0.46 2.29 0.05 0.02 2.83 8.98 11.81 2.75 23.94
Btl 40-59 4.4 3.6 3.66 0.63 0.80 59.02 0.45 2.77 0.08 0.15 3.45 17.94 21.38 3.75 16.12
Bt2 59-82 4.7 3.7 1.54 0.56 0.62 11.60 0.31 5.08 0.07 0.03 5.50 12.99 18.48 5.00 29.74
Bt3 82-105 4.8 3.7 1.62 0.63 0.62 10.97 0.15 4.77 0.08 0.03 5.02 20.99 26.01 4.25 19.29
Bt4 105-129 4.8 3.8 0.79 0.49 0.62 11.83 0.14 5.03 0.09 0.03 5.29 19.97 25.25 4.75 20.94
Bt5 129-156 4.5 3.7 2.00 0.35 0.62 10.62 0.16 4.32 0.10 0.03 4.61 19.96 24.57 2.00 18.77
Bt6 156-177 4.6 3.8 1.77 0.42 0.62 6.82 0.25 4.26 0.04 0.02 4.57 16.96 21.52 4.25 21.21
Bt7 177-200 4.7 3.9 2.13 0.42 0.44 8.62 0.48 5.02 0.07 0.02 5.59 14.97 20.56 3.75 27.18
PP-4 Typic Paleustult

Ap 0-20 5.1 4.5 5.02 0.28 46.18 23.84 1.79 0.43 0.15 0.06 2.42 19.97 22.39 4.50 10.83
Btd 20-35 5.3 41 3.64 0.21 25.29 21.72 1.71 0.46 0.81 0.06 3.04 15.98 19.02 3.75 15.96
Bt1 35-53 4.7 3.8 3.52 0.28 7.42 17.71 0.84 0.34 0.13 0.05 1.36 14.96 16.31 3.25 8.32
Bt2 53-73 5.0 3.8 3.05 0.28 10.62 23.75 0.70 0.50 0.91 0.06 2.17 18.99 21.16 4.50 10.26
Bt3 73-91 4.6 3.7 3.05 0.14 4.95 29.58 0.83 0.35 0.83 0.08 2.08 18.98 21.06 4.50 9.88
Bt4 91-116 49 3.8 3.02 0.21 7.69 24.68 0.86 0.32 0.45 0.06 1.69 17.96 19.66 3.75 8.61
Bt5 116-143 4.7 3.8 2.75 0.21 10.94 23.76 1.00 0.30 0.38 0.06 1.74 16.98 18.72 4.50 9.30
Bt6 143-170 5.2 4.1 2.23 0.21 4.50 21.98 1.00 0.32 0.25 0.06 1.62 18.96 20.59 4.50 7.89
Bt7 170-200 5.0 4.1 2.49 0.21 3.87 25.34 1.36 0.36 0.53 0.06 2.31 15.95 18.27 4.00 12.67
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MS19NUINN 3 (919)

Horizon Depth pH 1:1 OoM Total N Available Extractable bases Sum Extr. CEC BS

(cm) H,0 KCI P K Ca Mg Na K bases acidity Bysum NH;OAc %
(—gkgl)  (-mgkgt) L )

PP-5 Typic Paleustult

Ap 0-22 5.1 42 3.78 0.28 8.81 36.49 0.21 0.11 0.32 0.09 0.73 14.98 15.71 2.25 4.67

Btd 22-43 5.3 42 1.67 0.07 3.62 27.16 1.01 0.35 0.72 0.07 2.16 14.97 17.13 3.75 12.61

Btl 43-65 5.2 4.0 2.27 0.14 12.65 42.12 1.96 0.51 0.39 0.11 2.97 14.98 17.96 4.00 16.57

Bt2 65-89 49 3.9 1.13 0.28 2.38 31.67 1.20 0.53 0.65 0.08 2.46 12.95 15.41 4.25 15.94

Bt3 89-112 4.8 3.7 1.57 0.14 3.20 28.65 0.43 0.66 0.45 0.07 1.60 15.98 17.58 4.00 9.12

Bt4 112-135 5.1 3.8 1.12 0.21 2.58 24.71 0.55 0.56 0.55 0.06 1.73 16.99 18.72 4.00 9.24

Bt5 135-160 4.8 3.8 1.79 0.14 2.38 25.77 0.28 0.61 0.61 0.07 1.56 11.99 13.55 4.00 11.53

43!
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Soil Horizon BD Porosity Ksat Soil strength
Profile (Mg m?®) (%) (cm hr) (kg cm™)
In row C S C S C S C S
PP-1 Ap 1.55 129 4138 51.35 0.60 1.85 0.24 0.12
Btd 1.70 175 3587 33.86 0.44 0.04 2.79 6.87
Bt1 1.42 161 4650  39.25 4.64 1.14 1.72 5.00
PP-2 Apl 1.61 128 39.16 5153 6.50 7.31 0.21 0.00
Ap2 1.24 147 5323 4454 4.96 6.89 0.54 0.28
Bt1 1.49 120 4395 54.80 3.52 4.06 131 0.03
PP-3 Ap 1.32 147 5033  44.37 3.82 1.96 0.00 0.00
Btd 1.75 156 3399 41.28 0.62 5.82 0.53 0.36
Bt1 1.44 168 4569  36.72 2.85 0.89 0.50 0.35
PP-4 Ap 1.60 127 3974 5192 1.45 21.79 0.15 0.26
Btd 1.73 166 3484 3731 1.07 1.13 0.43 0.47
Bt1 1.67 163 3710 38.67 2.18 2.95 0.51 0.42
PP-5 Ap 1.58 173 4049  34.88 2.62 2.65 0.13 0.35
Btd 1.83 1.80 3080 3222 0.37 0.17 1.00 0.72
Btl 1.60 172 3960 3511 1.17 0.69 0.98 0.50
Between row
PP-1 Ap 1.42 158  46.44  40.38 1.70 3.54 0.06 0.13
Btd 1.69 175 36.19  33.87 0.57 0.14 1.47 1.99
Btl 1.78 179 3297 3245 0.31 2.12 2.86 3.22
PP-2 Apl 1.33 133 4970 49.70 0.60 0.60 0.16 0.16
Ap2 1.48 148 4413  44.13 3.24 3.24 1.73 1.73
Bt1 154 154 4208  42.08 2.60 2.60 0.12 0.12
PP-3 Ap 1.55 144 4166  45.65 1.25 1.60 0.23 0.00
Btd 1.57 149 4091  43.64 0.35 2.6 0.30 3.36
Bt1 1.50 175 4341  33.84 1.60 0.66 2.08 1.13
PP-4 Ap 1.42 154 4636  41.96 6.32 13.52 0.18 0.07
Btd 1.91 1.86 2787  29.77 0.89 1.81 1.61 0.49
Btl 1.69 151 36.10 4287 441 1.84 0.51 0.27
PP-5 Ap 1.74 174 3417  34.17 12.81 12.81 0.07 0.07
Btd 1.96 196 26.04 26.04 0.42 0.42 1.26 1.26
Btl 1.85 185 3021 3021 1.36 1.36 0.65 0.65

HwgLrg BD = Bulk density
Ksat = Hydraulic conductivity
C = Cassava growing soils

S = Sugarcane growing soils



134

[

d’ Y a Ao di’ o/ [ @
MINNUINN S mmmm/nﬂuﬂ15Lmqmqmmﬂumﬂluamﬂuwuwﬂaﬂuumﬂzwm

£

Soil resistance (MPa)

Depth Distance (m)

Site

(cm)
10 15 20 25 30 35 40 45 50

Soil resistance in row of cassava (CR)

PP-1 5 0.2 0.2 0.2 0.6 1.4 0.0 0.6 0.4 0.0 0.2
10 0.2 0.2 0.2 14 14 0.0 0.8 0.8 0.6 0.6
15 0.2 1.2 0.2 4.4 3.6 0.6 0.8 2.0 14 1.0
20 3.4 43 2.0 5.0 3.6 ral 11 2.0 3.3 3.0
25 4.6 4.6 7.2 3.7 4.0 1.8 4.6 3.7 4.1 4.0
30 4.8 8.4 7.6 2.4 5.2 2.8 5.9 5.9 4.8 4.0
35 5.8 8.8 6.4 2.2 5.7 2.8 5.4 0.0 5.0 3.8
40 7.2 2.9 6.2 2.0 5.0 3.0 5.0 0.0 5.8 3.6
45 4.0 2.8 5.6 1.6 4.0 6.4 44 0.0 5.9 3.6

PP-2 5 0.0 0.0 0.2 0.6 0.2 0.2 0.6 0.0 0.6 0.2
10 0.1 0.8 0.4 0.8 1.0 0.8 0.6 0.6 1.0 0.8
15 1.0 0.8 0.4 0.8 1.3 1.0 11 0.6 11 1.0
20 1.4 1.3 1.0 1.0 1.8 1.8 11 1.0 1.3 1.8
25 2.2 24 1.2 1.1 3.0 2.0 2.2 15 14 2.6
30 2.0 3.4 1.6 1.2 4.2 3.6 3.9 15 1.7 2.6
35 2.2 3.9 2.8 2.6 6.0 52 5.6 1.9 4.2 7.1
40 4.0 4.4 4.7 3.6 7.2 6.0 6.2 52 4.1 6.9
45 3.8 5.0 5.2 5.4 6.2 55 54 6.0 2.8 3.0

PP-3 5 0.0 0.2 1.0 0.5 1.0 1.2 0.2 4.0 2.7 14
10 0.2 1.2 2.6 6.0 3.4 2.2 2.7 6.0 44 2.6
15 3.4 1.2 3.6 6.6 3.4 4.0 3.7 7.6 3.4 2.8
20 8.0 3.0 44 7.0 3.0 52 7.0 8.0 8.0 5.1
25 7.0 4.3 44 6.8 2.5 5.0 6.6 6.9 8.2 6.6
30 8.0 3.8 4.6 4.2 2.6 2.8 5.6 3.4 6.9 6.0
35 7.6 45 44 3.8 2.0 2.6 3.8 1.6 44 4.2
40 6.2 4.0 2.8 3.0 2.2 2.0 3.4 1.0 6.2 3.2
45 6.2 3.9 2.8 2.8 2.0 14 25 1.0 6.0 2.2

PP-4 5 1.7 13 1.2 2.0 2.0 3.6 2.6 3.4 4.0 44
10 2.2 1.8 1.6 4.0 7.8 4.6 3.7 8.5 0.8 6.0
15 2.4 6.2 3.7 4.0 7.9 9.0 7.8 9.8 9.7 6.2
20 6.4 74 6.8 9.8 9.0 9.2 8.2 9.0 9.2 7.2
25 7.2 9.8 9.0 8.8 9.2 8.8 7.7 7.6 8.8 7.8
30 9.4 8.2 8.8 7.4 52 4.6 7.4 7.2 4.6 8.4
35 5.6 6.8 7.8 3.7 4.0 4.2 7.0 3.6 4.2 9.2
40 3.8 5.0 6.4 2.2 3.8 4.0 3.6 2.2 4.0 7.4
45 3.0 3.6 3.8 1.8 2.2 3.8 3.1 2.2 3.8 3.3

PP-5 5 1.3 4.0 0.2 0.2 1.4 5.0 1.8 1.2 0.8 0.6
10 1.8 6.0 0.2 1.0 2.6 54 3.3 24 1.2 2.2
15 6.2 7.6 0.2 2.6 2.8 7.0 54 3.8 1.8 2.5
20 7.4 8.0 2.0 3.6 5.1 9.0 7.9 4.6 29 3.8
25 9.8 6.9 7.2 4.4 6.6 9.2 5.6 41 44 4.6
30 8.2 3.4 7.6 4.4 6.0 7.4 4.0 3.6 5.6 4.0
35 6.8 1.6 6.4 4.6 4.2 6.0 3.4 2.8 6.0 2.2
40 5.0 1.0 6.2 4.4 3.2 4.0 2.0 2.6 7.8 2.7
45 3.6 1.0 5.6 2.8 2.2 3.4 1.5 2.0 8.0 2.0
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Soil resistance (MPa)

Depth Distance (m)

Site

(cm)
10 15 20 25 30 35 40 45 50

Soil resistance between row of cassava (C)

PP-1 5 0.6 0.6 0.0 0.8 0.0 0.6 1.2 1.0 0.0 1.2
10 0.8 0.8 0.2 14 0.8 2.2 2.4 24 0.2 1.6
15 20 14 0.4 2.0 3.6 2.5 3.8 29 0.8 14
20 3.0 1.6 0.4 3.2 4.2 3.8 4.6 4.2 1.7 3.8
25 6.4 1.6 6.2 4.4 4.1 4.6 4.1 53 4.2 4.2
30 7.2 4.7 8.0 4.4 3.6 4.0 3.6 52 52 6.0
35 4.8 51 6.9 4.4 3.0 2.2 2.8 4.3 5.0 6.2
40 29 4.3 5.0 35 2.4 2.7 2.6 4.0 52 6.1
45 2.8 29 2.4 2.8 1.7 2.0 2.0 3.4 4.6 4.5
PP-2 5 0.4 0.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
10 1.6 1.2 2.0 0.2 1.0 0.2 1.0 0.1 0.2 1.0
15 2.6 1.8 2.2 1.6 1.8 0.6 2.0 0.8 1.0 1.4
20 2.8 2.9 2.2 2.2 2.0 1.0 2.4 2.6 1.7 2.0
25 3.6 4.4 25 24 2.7 1.6 2.6 4.2 21 4.2
30 4.9 5.6 5.7 5.0 4.0 2.3 3.0 4.2 3.0 6.0
35 5.9 6.0 6.0 5.0 5.8 2.3 3.1 3.5 3.6 7.0
40 7.5 7.8 5.0 5.8 7.0 3.8 4.0 6.4 44 6.8
45 7.9 8.0 4.0 6.4 7.0 4.6 4.6 7.0 4.4 4.8
PP-3 5 0.0 0.2 1.0 0.5 1.0 1.2 0.2 4.0 2.7 14
10 0.2 1.2 2.6 6.0 3.4 2.2 2.7 6.0 44 2.6
15 3.4 1.2 3.6 6.6 3.4 4.0 3.7 7.6 3.4 2.8
20 8.0 3.0 44 7.0 3.0 52 7.0 8.0 8.0 5.1
25 7.0 4.3 4.4 6.8 2.5 5.0 6.6 6.9 8.2 6.6
30 8.0 3.8 4.6 4.2 2.6 2.8 5.6 3.4 6.9 6.0
35 7.6 45 44 3.8 2.0 2.6 3.8 1.6 44 4.2
40 6.2 4.0 2.8 3.0 2.2 2.0 3.4 1.0 6.2 3.2
45 6.2 3.9 2.8 2.8 2.0 14 25 1.0 6.0 2.2
PP-4 5 5.0 6.4 4.6 5.4 4.2 2.6 2.0 1.6 1.6 1.8
10 54 8.4 7.8 5.5 4.8 52 52 44 6.4 3.3
15 7.0 9.0 9.2 7.9 52 6.6 8.8 8.7 6.7 5.4
20 9.0 9.6 9.4 8.2 5.4 7.2 9.0 7.2 8.8 7.9
25 9.2 74 7.8 6.4 4.6 4.2 6.0 6.0 7.0 5.6
30 7.4 52 7.7 4.4 3.6 2.4 5.0 3.0 4.0 4.0
35 6.0 3.6 9.4 3.6 3.0 2.2 3.0 2.8 2.2 3.4
40 4.0 3.6 8.0 2.4 1.4 19 2.8 24 15 2.0
45 3.4 3.0 7.0 2.0 1.4 1.6 1.8 1.6 1.5 1.5
PP-5 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 44 0.0 0.0
15 0.0 0.0 0.2 0.8 2.0 2.0 2.7 8.2 24 14
20 3.6 1.7 2.6 5.0 2.8 5.8 8.3 9.0 45 7.2
25 9.6 50 4.2 4.0 4.5 8.2 8.7 8.9 6.0 8.4
30 9.8 8.8 5.2 5.2 7.8 9.4 8.9 4.0 6.5 9.0
35 94 9.6 6.7 4.7 9.7 8.8 58 2.5 8.0 9.8
40 9.2 9.5 7.2 6.7 9.7 54 52 2.0 8.2 8.9
45 7.2 6.9 6.4 9.2 10.0 3.5 3.2 1.8 8.6 8.0
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Soil resistance (MPa)

Site Depth Distance (m)
(cm)
10 15 20 25 30 35 40 45 50
Soil resistance in row of sugarcane (SR)
PP-1 5 2.8 1.2 0.2 0.6 0.6 11 0.6 0.6 0.0 0.0
10 3.1 1.6 0.2 2.2 0.8 1.4 0.6 0.6 0.0 0.0
15 6.0 3.0 0.2 2.7 0.8 1.4 0.6 0.6 0.2 0.0
20 7.8 3.8 0.2 2.7 0.8 15 0.6 1.2 0.2 0.0
25 6.0 3.3 0.4 3.2 0.8 25 0.8 1.2 0.2 0.0
30 4.0 3.2 0.8 4.2 15 2.8 2.2 15 0.4 0.0
35 3.2 4.2 2.8 6.0 3.6 34 34 4.8 1.8 2.3
40 24 4.0 4.6 6.0 4.9 3.7 5.8 6.2 6.2 4.2
45 2.4 3.3 4.7 3.8 4.6 3.2 7.0 1.5 5.8 4.2
PP-2 5 0.6 0.2 0.0 0.4 0.0 0.0 0.4 0.2 1.2 0.0
10 2.6 0.8 1.0 0.8 0.0 0.0 0.4 0.2 1.2 0.8
15 3.0 1.8 1.2 0.8 1.0 0.4 0.4 0.4 1.2 1.6
20 3.2 3.2 1.9 14 1.7 0.5 1.2 0.6 1.4 2.4
25 3.2 4.6 2.8 1.8 2.4 1.0 1.9 2.4 3.2 2.4
30 4.8 6.2 4.6 3.0 3.6 2.9 2.0 3.4 6.4 4.6
35 7.0 7.0 4.8 4.7 6.0 5.2 2.1 4.0 7.0 8.0
40 7.2 6.0 7.6 7.0 6.0 5.1 34 4.7 7.6 7.0
45 6.0 5.6 7.2 7.5 5.9 5.0 6.2 5.4 8.0 6.6
PP-3 5 3.2 0.6 1.0 3.4 1.6 0.4 1.0 0.8 1.6 1.6
10 3.5 2.8 3.6 4.5 2.0 1.8 2.2 0.8 2.8 2.9
15 4.0 3.0 3.0 5.0 3.2 3.6 3.6 1.6 3.2 2.9
20 7.0 3.2 6.5 7.2 3.9 3.8 3.6 3.4 3.8 4.2
25 6.2 4.0 6.0 8.0 2.6 5.4 4.0 3.6 2.8 4.8
30 6.0 7.0 7.0 6.0 4.2 5.8 4.4 6.0 2.5 6.6
35 6.0 6.2 6.2 3.1 4.6 5.4 5.2 6.4 5.2 6.6
40 7.2 4.0 6.4 2.0 2.4 6.0 1.8 5.8 6.7 2.6
45 7.2 1.8 1.6 1.8 14 4.0 1.0 3.6 6.2 1.6
PP-4 5 6.0 4.0 7.0 7.0 35 4.2 2.8 4.7 1.0 2.6
10 8.2 7.3 8.2 8.4 5.4 5.4 4.0 7.2 2.8 3.6
15 8.4 3.3 7.0 9.0 6.0 8.0 55 7.5 4.0 3.7
20 7.4 7.6 8.4 9.2 6.8 9.0 6.6 7.0 3.0 3.0
25 7.3 7.6 4.4 7.0 8.0 6.0 7.6 5.6 2.5 3.0
30 8.0 4.8 3.0 4.6 4.7 5.4 8.6 5.6 2.4 2.8
35 4.4 34 2.6 2.4 4.3 5.3 7.0 8.0 1.6 2.6
40 2.0 2.0 2.0 2.2 3.9 5.2 6.4 6.4 1.2 2.0
45 15 1.6 2.0 1.8 3.0 4.6 5.1 5.4 1.2 2.0
PP-5 5 0.0 0.0 0.0 1.0 1.0 0.0 1.0 0.8 0.0 0.0
10 0.0 0.0 0.0 1.0 1.0 0.8 1.1 1.0 0.6 0.8
15 0.0 0.0 0.0 1.0 1.0 1.8 2.4 0.6 1.6 1.4
20 1.0 1.2 1.4 1.2 1.0 2.2 4.0 1.4 3.0 2.2
25 1.7 1.4 2.6 1.2 2.2 2.8 5.0 2.8 44 3.0
30 2.8 1.6 7.0 14 3.8 7.6 6.0 4.4 7.6 4.4
35 5.4 5.0 7.4 8.8 5.2 8.8 5.6 5.3 9.0 45
40 2.0 7.2 6.6 9.2 4.4 6.2 4.6 8.8 9.8 2.8
45 2.4 7.4 5.0 6.0 3.8 2.8 3.2 9.2 9.8 2.5
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M51INUINT 6 (919)

Soil resistance (MPa)

Site Distance (m)

10 15 20 25 30 35 40 45 50

Soil resistance between row of sugarcane (S)

PP-1 5 0.2 1.8 0.0 1.0 1.0 14 14 0.4 0.8 0.2
10 1.4 2.2 0.0 1.6 1.2 1.6 1.6 1.2 1.0 0.6
15 1.4 2.2 0.0 2.0 14 1.8 1.4 1.3 2.0 0.6
20 2.0 24 0.0 2.2 1.4 2.0 14 1.4 2.0 0.8
25 2.0 3.2 0.8 2.2 3.2 5.0 3.3 1.7 2.0 2.4
30 2.0 3.0 1.6 2.6 34 8.0 4.2 1.7 1.2 3.8
35 4.0 7.0 3.8 3.9 3.2 6.8 4.2 25 1.7 4.0
40 5.2 6.8 6.6 8.6 8.8 5.0 3.5 2.0 1.8 2.4
45 5.0 4.5 6.2 8.4 9.2 4.8 3.2 2.4 0.8 2.6

PP-2 5 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.4 0.4 0.4
10 0.2 21 0.2 0.4 0.4 0.4 0.2 0.6 2.0 1.8
15 0.6 2.6 1.6 0.8 1.2 0.6 0.8 0.6 24 2.0
20 15 2.6 2.6 0.8 2.4 0.6 1.2 2.6 24 2.2
25 2.6 3.0 44 0.8 3.0 1.8 2.0 2.8 2.7 3.0
30 3.0 7.4 4.8 1.8 6.4 52 2.9 2.8 2.7 3.0
35 3.0 7.6 7.0 2.5 6.9 7.2 3.0 3.2 6.0 3.3
40 4.8 8.0 7.2 6.8 6.8 58 4.8 7.2 8.0 6.2
45 5.6 7.6 0.0 6.4 6.0 4.8 6.4 6.4 4.4 7.0

PP-3 5 5.6 0.3 0.8 1.2 6.0 1.6 0.8 2.4 54 0.6
10 6.6 54 4.4 3.7 6.2 1.6 0.8 6.2 55 4.0
15 6.8 59 6.2 3.7 6.6 14 0.8 6.4 4.6 6.2
20 7.2 6.2 5.0 6.8 5.0 1.0 1.2 4.2 3.3 6.4
25 6.2 5.8 4.6 6.6 3.9 1.5 2.8 50 2.6 6.0
30 54 35 6.8 5.7 2.0 7.2 5.0 50 6.0 6.8
35 50 3.4 7.0 4.2 1.9 6.0 5.6 4.9 7.2 6.2
40 2.8 3.4 6.8 2.6 1.2 4.7 4.8 3.6 6.0 5.0
45 1.6 0.0 5.0 1.8 0.6 2.9 2.0 1.8 4.6 45

PP-4 5 34 5.0 14 2.2 4.0 5.0 6.0 52 2.2 52
10 54 4.8 4.2 2.8 6.0 52 6.2 54 4.2 6.6
15 54 6.2 5.6 2.8 6.2 6.2 6.2 5.7 44 6.8
20 5.0 7.6 7.6 3.5 6.8 8.0 6.4 9.2 5.4 5.4
25 4.6 52 7.4 3.4 6.6 6.6 52 8.4 8.0 7.4
30 3.0 6.6 7.6 2.8 5.8 6.0 52 7.9 8.2 8.4
35 24 7.0 7.0 2.2 5.0 3.8 5.0 6.9 9.0 9.0
40 2.0 4.2 4.0 15 4.2 2.8 3.8 6.3 9.4 7.0
45 1.6 3.4 1.8 14 2.8 2.6 2.4 4.2 5.0 5.0

PP-5 5 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.8 0.0
10 0.0 0.0 1.0 14 0.0 0.0 0.0 0.0 0.8 0.0
15 0.8 0.0 1.6 0.8 0.0 0.0 14 0.0 0.8 0.6
20 2.0 1.6 1.6 5.2 0.6 0.0 2.8 1.2 1.0 1.6
25 3.6 4.2 14 8.0 2.0 1.0 3.7 2.0 3.2 2.8
30 45 5.0 24 8.4 4.2 1.8 6.8 3.4 6.2 3.8
35 4.8 4.6 3.0 6.0 5.6 3.8 8.4 3.4 7.6 6.2
40 3.5 4.0 2.8 3.8 5.6 6.8 8.8 4.0 7.8 8.0
45 2.2 2.8 2.6 2.6 4.0 7.8 7.2 8.0 6.4 7.2
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Depth Moisture (%)
(cm) PP-1 PP-2 PP-3 PP-4 PP-5

In row C S C S C S C S C S
5 6.7 6.9 4.2 4.6 6.1 5.6 6.2 6.2 6.2 5.6
10 7.4 7.3 4.8 5.1 6.4 5.4 6.8 6.3 6.7 6.4
15 7.5 5.6 5.1 5.6 6.3 6.2 6.6 6.4 6.1 6.7
20 7.2 7.2 5.6 5.8 7.2 6.2 5.8 6.9 5.8 7.3
25 8.3 8.5 5.4 6.3 7.8 6.7 5.0 7.0 7.0 7.0
30 8.9 8.7 7.0 7.2 8.4 6.6 7.6 7.1 75 8.2
35 9.2 9.2 6.9 7.3 7.9 7.1 7.4 7.6 7.2 8.4
40 9.2 9.5 7.4 8.0 8.0 7.4 7.6 7.8 7.9 8.5
45 10.0 10.0 8.0 8.2 8.2 7.5 7.0 8.0 8.0 9.0
50 11.2 10.3 8.6 8.1 9.3 7.9 7.8 8.2 8.7 9.3
Between row

5 7.2 5.1 5.1 5.1 6.8 5.9 6.5 6.0 6.7 5.2
10 7.6 6.5 5.2 5.6 8.4 6.2 6.2 6.3 6.2 6.6
15 7.4 5.8 5.0 5.4 8.8 6.7 6.1 6.1 6.8 6.8
20 8.1 6.7 5.9 6.2 7.2 6.5 6.7 6.5 6.5 5.4
25 8.2 7.2 6.2 6.1 7.0 6.8 7.4 7.2 7.0 74
30 8.7 7.9 6.7 6.5 6.9 7.0 7.2 7.3 7.3 8.4
35 9.5 8.6 6.5 7.2 7.0 7.1 8.9 7.1 7.8 9.0
40 10.2 9.7 7.2 8.1 8.4 7.0 9.1 8.5 8.0 7.0
45 11.0 10.5 7.6 8.6 8.5 7.6 9.5 8.9 7.8 8.6
50 12.3 11.3 8.1 9.3 9.3 8.2 10.1 8.8 7.9 9.2

HnNYLre C = Cassava growing soils

S = Sugarcane growing soils
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MIWUINT 8 MIUUINGUYDAUTTOAL (181, 2548; Soil Survey Division Staff, 1993)
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Rating Range (Mg m")
Very low <1.2

Low 1.2-1.4
Moderate 1.4-1.6
Moderately high 1.6-1.8

High 1.8-2.0

Very high >2.0

M3 U9ATIY (2529)

] Y Y v
MS19NUINT 10 TLAVFUVDIM AN N NNVULAUDUA

Rating Range (cm hr')
Very slow <0.125

Slow 0.125-0.50
Moderately slow 0.50-2.00
Moderate 2.00-6.25
Moderately rapid 6.25-12.50
Rapid 12.50-25.00
Very rapid >25.00

31: O'Neal (1952)
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d' Y o A ¥ a ] A =\ a
MINNNUINN 11 611’E'Jﬂ'WiL!ﬂ‘ﬂGL‘]fGLuﬂ'liﬂi&ﬂ‘lﬁ%ﬂﬂﬁﬂﬂ@]‘ﬂ'l\‘lmll uazmiﬂigmummqﬂu
4 a a
qUYTAUVDIAU(DY, 2548; Land Classification Division and FAO Project Staff,

1973; Soil Survey Division Staff, 1993)

1. ﬂﬁﬁ?ﬂwmﬁu (Soil reation), pH @u i =1:1)

Rating) Range
Ultra acid <35

Extremely aci 3.5-44
Very strongly acid 4.5-5.0
Strongly acid 5.1-5.5
Moderately acid 5.6-6.0
Slightly acid 6.1-6.5
Neutral 6.6-7.3
Slightly alkaline 7.4-7.8
Moderately alkaline 7.9-8.4
Strongly alkaline 8.5-9.0
Very strongly alkaline >9.0

2. 5141/1?81%&51‘@ (organic matter) (% organic carbon x 1.724)

Rating Range (g kg )
Very low <5

Low 5-10
Moderately low 10-15
Moderately 15-25
Moderately high 25-35

High 35-45

Very high > 45
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3. U512 I T9519U3W (total nitrogen) (NBINALHUMT 1FNAY, 2535)

Rating Range (gkg)
Very low <1.0

Low 1.0-2.0
Moderate 2.0-5.0

High 5.0-7.5

Very high >7.5

4. USmamlearesandluilss Tl (available P) (Bray II)

Rating Range (mg kg )
Very low <3

Low 3-6

Moderately low 6-10
Moderately 10-15
Moderately high 15-25

High 25-45

Very high > 45

5. Usmna TnumaFouiiidluilse Towd (available K) (NH,0AC)

Rating Range (mg kg_l)
Very low <30

Low 30-60
Moderate 60-90
High 90-120

Very high > 120
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6. wasnana’ld (extractable bases) (NH,OAc)

Rating Range (cmol (+) kg_l)

Extr.Ca Extr.Mg Extr.K Extr.Na Sum bases
Very low <20 <03 <0.2 <0.1 <2.6
Low 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
Moderate 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3
High 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2
Very high >20 > 8.0 >1.2 >2.0 >31.2

7. mmquamﬂﬁauu,m@l”laaau (CEC)

Rating) Range (cmol (+) kg'l)
Very low <3

Low 3-5
Moderately low 5-10
Moderate 10-15
Moderately high 15-20

High 20-30

Very high >30

8. 0A31308aLANUDUANUE (base saturation)

Rating Range (%)
Low <35
Moderate 35-75

High >75
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Rating Range (cmol (+) kgil)
Very low <1.0

Low 1.0-2.0
Moderate 2.0-5.0
Moderately high 5.0-10.0

High 10.0-20.0

Very high >20.0

31 UINTIY (2529)

Y A @ t4 a a
ﬂTi'NNH'Jﬂﬁ 13 'J%ﬂ?ﬂﬂ&ﬂﬁgﬂUﬂ??ﬂ@ﬂuﬁﬂyjimﬂlﬂﬁﬂu TagnsUseiunnans

a Ia ) a
AUNTITHAU (NDINTIVAU, 2523)

OM Avail. P Avail. K CEC BS
Soil fertility rating 1
-1 -1 -1 N
(gkg) (mgkg ) (mg kg ) (cmol kg ) (%)
Low <15(1) <10(1) <60 (1) <10(1) <35(1)
Medium 15-35(2) 10-20 (2) 60-90 (2) 10-20 (2) 35-75(2)
High >35(3) >20(3) >90 (3) >20(3) >175(3)
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