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Narissara Suksawat 2011: Effect of Tillage and Soil Amendments on Alleviating Pan Bearing Soils
Problem. Master of Science (Soil Science), Major Field: Soil Science, Department of Soil Science.

Thesis Advisor: Miss Suphicha Thanachit, Ph.D. 128 pages.

A study on the effect of rippering and soil amendments on the alleviation of plough pan problem
undertaken using cassava Huai Bong 80 variety grown on Warin soil series (Typic Kandiustult) that plough pan
was found at depths between 20-45 cm. The experiment was carried out in farmer field at Sikhiu district,
Nakhon Ratchasima province from May 2009 to March 2011. Split-plot in Randomized Complete Block design
was employed with the main plot comprising rippering and no rippering before normal land preparation (disk
plow followed by disk harrow and ridging across the slope) and subplot comprising no soil amendment, gypsum
(200 kg rai "), limestone dust (grinded CaCO, 200 kg rai ') and chicken manure (1,000 kg rai ). Application of
15-15-15 fertilizer at the rate of 100 kg rai (split at 50 kg each time) was done when cassava was two and four
months old. Cassava was harvested at 10 months of age and soil samples were collected one month before
harvesting time. In second year, there was no rippering but soil amendments at the same rates with that in the

first year were applied to subplots.

Rippering method gave fresh tuber yield of 5.43 ton rai’, which was significantly higher than that without
rippering (4.63 ton rai ) but there was no statistical difference between yields obtained from the main plots (4.41
compared to 4.84 ton rai'l, respectively) in the second year. The application of chicken manure gave the highest
fresh tuber yield of 6.17 ton rai-], while the uses of gypsum, limestone dust (grinded CaCO, 200 kg rai']) and no
soil amendment gave the yields ranging between 4.60-4.75 ton rai . Similar result was obtained in the second year
where the yield of 5.39 ton rai ' was obtained from the treatment using chicken manure. In addition, a combination

between rippering and chicken manure application tentatively gave the highest tuber yields in both years.

Rippering together with continued soil amendment application in both years rarely showed the effect
on soil properties changes. The rippering did not show trend to improve soil physical properties. Moreover,
bulk density and soil strength tended to increase while organic matter and aggregate stability tended to decrease
when compared to that of no rippering. It is possible that rippering can last for only one season and then the
plough pan can reoccur again. Using of gypsum increased available water capacity but tended to decrease soil
pH. Application of limestone dust (grinded CaCO, 200 kg rai ') tended to lower bulk density, improve aggregate

stability and increase soil organic matter content.

Student’s signature Thesis Advisor’s signature
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Total Fe (mg kg™) 0.20 0.41 250
Total Zn (mg kg™) 91 170 470
Total Cu (mg kg™) 134 217 4.0
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7.6 dasImssoamevoiudilzvas Taeldgas

FouazdnIINMIson = ax100

A ° Y A < A A gy & Aa 4
D a= ﬁ]qu?u@u‘ﬂﬁ']ll']'iﬂlﬂ‘]_llﬂfl'lﬂaWa@ulﬂcluwu‘ﬂlﬂﬂlﬂﬂ?
o 9 09/' dy Ad a
b= ﬁ]Tu’Ju@uV]QWNﬂiuWUWlﬂﬂlﬂﬂj

A A2
NNTzezlgnmiiy 1.20 x 0.80 (A3
d
8. MIIATILHAY
a 4 wAa arAa 4
8.1 MIpTITHaNanWland

= 0 g . 4 L . as 9

1) MINTLIYUUIAVDIDUNINAY (soil particle size distribution) IALITHINAY
ana o

AZUNI (sieving method) Tuvinaeymansteuaz Taea51ilad (pipette method) (Kilmer and
Alexander, 1949; Day, 1965) luvuiaeymanitouilwazeynnaumtieon naildainns

a d o dy a . =~ = @ 3 dy a
AT LINLLTNNVBUUBAY (soil textural class) lagnsulSoumeunusUiloan

4 [ a

MUNUNUYDINTENITNINHATANIIONINT (USDA textural class) (Soil Survey Division Staff,

1993)

1 a . a, 9 < % 1 a { [
2) ANUHUMUUIINYBIAU (bulk density) 1A83T ATz UONNUAIDE19ANN 13

Ma181A598314 (core method) (Blake and Hartge, 1986)

- a Al o Y x . L. ]
3) anniinivesaunoNAIAI811 (saturated  hydraulic  conductivity) Iae1d

WAL UTUIRNULAIS (variable head method) (Klute, 1965)
4) ANUUTIVDIAY (soil strength) TaalHinToananBUNTA (Norfleep ef al., 1993)

IS a { oy J
5) fovazvoadaauianesiin (wet aggregate stability) V9IDUNIAVUIA 1-2

Haawas 1ae7s wet sieving (Kemper and Rosenau, 1986)
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dy . < dy a a =2 oy Vo
6) ANUIANVFUTUIY (field capacity, FC) WUANUTUUOIAUNLT IR WA

33 nlawdana (Klute, 1965)

= . . <3| tﬂy A A = 3‘
7) AUNINTIG (permanent wilting point, PWP) WUANUFUVOIAUNUT IR

110U 1500 N lawana (Klute, 1965)

4 { 4 o
8) awugnuFuMiuilse Tomi (available water capacity, AWC) f1uaa 1da1n

a3 (Klute, 1986)
AWC =FC-PWP

a 4 B2
8.2 MIAATIEHANTAN A

) #itesau (Soil pH) TaslHaTesiledafiesdu (pH meter) Insl¥dnsiainau

9
A0 LazAUARE1SaZa18 1M KC1 110U 1:1 (National Soil Survey Center, 1996)

2) USuamsuoudunsd (Organic carbon) 1ae75 Walkley and Black Tritration
(Walkley and Black, 1934, Nelson and Sommers, 1996) 1w lddnaslsuu

a A v a A 9y [ dy
auN3eing luau (organic matter) Iaglognsaail
Organic matter = Organic carbon x 1.724

3) Ysunarlearesaniluilse Toani (available phosphorus) 1a@25 Bray 11 (Bray

and Kurzt, 1945) udriadSunalearlesadonies spectrophotometer

4) Usua Tnumadeuiniluilse Toand (available potassium) Iag3sn1saiadie
A g Y o (A ~ P A
91302018 1M NH,OAc nunaig (pH 7.0) (Pratt, 1987) udiadsua InuneaFeuaiunseg

atomic absorption spectrophotometer

5) @NINNIA nerfia'ld (extractable acidity) 1a8&7F barium chloride-triethanolamine

1 pH 8.2 (Thomas, 1996)
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6) USuanuasiunana'ld (extractable bases) UsznoUA8 uaadFeN AT
= = as v 9 A d
Ta@ey vaz Iwunaidey lagIsnsananlealsazals IM NH,OAc Miunaia (pH 7)
. p

(Thomas, 1982) warinlsunanuanna d A18IAT 04 atomic absorption spectrophotometer

7) 8n351500aZANUBNAUVE (base saturation percentage: %BS) A1UIUIINAIVO
v Y v
YSanvasiunadaldnavua uazmanimnsananald (Thomas, 1982; National Soil Survey

Center, 1996) 91NgA3

Sum bases

%BS = - x 100
Sum bases + Extractable acidity

a ¢ A
9. MIWATITHNY

o w 1 @ o [ 9 ~ a = I~ Y]
drednlutudnlenduneuniangmrgil 60 eerusarsed 1Whalszunm 3 u
o . Yy  a A Ay vq v a SO £ P v A wa
waedlndsain  valuiyi ldldaziBea andmirldamsziludeslianis

sznoudie

4
D dsualulasunamue Taomsgesaing1aiisdie H,SO,-Na,SO,-Se (digestion
mixture) (Gallaher et al., 1976) tdrindTuaveslulnsnudlenTea Nitrogen distillate

(Jackson, 1965)

Y
2) WSnanleaesaniiun Taensdeod10619920 H,SO,-Na,SO,-Se (digestion
mixture) (Johnson and Ulrich, 1959) uaralsuavesoaesadlansos spectrophotometer

(Westerman, 1990)

9
3) USunaTnumaFeuiaiug Taon156eea10619070 H,S0,Na,80,-Se (digestion
mixture) (Johnson and Ulrich, 1959) ué’ﬁﬂﬂ?mmmmmﬂiwgmm%uﬁ'wm?m Atomic

Absorption Spectrophotometer (Westerman, 1990)

a = A A [ ~ ' o 1 A
4) ﬂimmuﬂm%u UUNULHIN LU aN UUINTUT LAY NOILLAN Iﬂﬂﬂ1iﬂ@8@3ﬁ]ﬂ1ﬂw%
a 4 a
A HNO,-H,S0,-HCIO, acid mixture (Johnson and Ulrich, 1959) Haz AR nlTnaane

1504 atomic absorption spectrophotometer (Westerman, 1990)
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10. MIAAIICHUBYANNTDA

a g Y 09: a L4 aa . .
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Yo 9 Y 1 aa 9 .
Tihdeyatiuunlseuneumanuana19n19ana laale Duncan’s multiple range tests
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Soil color Soil structure Consistency Root
¢ Dry, moist, wet
7.5 YR 4/2 1,f,SG S, Fri, NS/INP 2,m-f
7.5 YR 4/4 2,f,SAB S, SH, NS/NP 1,vi-f
7.5 YR 6/6
5 YR 5/8 2,f,SAB S, Fri, NS/NP 1,vf
2.5YR5/8 2,f,SAB S, SH, NS/NP 1,vi-f

Root:

v v

d' A A R o o S
MNN 3 Wuﬂﬁﬂ‘]ﬂ']iuﬁ"lﬂﬁﬂi]ﬂﬂﬂ RRIYIRNG]

Fumunlglumsanu

Soil structure:
grade : 1= weak; 2 = moderately weak
size : f = fine (5-10 mm)
type SG = single grains, SAB = sub angular structure

content : 1 = few, 2 = common;
size : vf = very fine (<1 mm),

f = fine (1-2 mm)

m = fine (2-5 mm)

Soil consistency:

Dry : S = soft, SH = slightly hard

Moist : Fri = friable,

Wet : NS = non sticky, NP = non plastic

Y
A7 TandauassauIazIdaauIeIAY
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mieunled ludiluesndszneundifay (Cindy e al, 2007) 8819 lsAmuluammnamiy

5

=

{ o 1 1 a a o o a
nsa Teamnz lunsainfieydinii 5.5 szdudsuldezgiinazarweonuiuin suerailuiy

\ > & ¢ o A a &
Aoy 1@ (Halvin er al, 1999) 52unsaannuilulse Tewivesnearesaiiosninazinaiiy

o

a v =} a { [l a
mslsznouFedoununumanuazezgiiiniloguinluaisazaeau (Halvin et al., 1999)
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pH
H1

(]
H1

0O ApH
A KCl

@ pH (H,0)

Ap Btl Bt2 Bt3 Bt4 Bt5 Bt6 Bt7

Horizon

a ~ A~ AP e a @ Y 9
ann 6 Mesvosaunialuiwaz lumsazae ITnunaEeunan 158 Ay

4 [ 1 a a d‘ Y
1 Tuas ludasiaiu 1:1 voeauNnsun ¥ lumsnaasy

Ysmnadunieiaguesauiiniedluszaudmn Tagiaied luide 0.27-4.67 nsy
1 Aa ] ~ 9 = A A qul a I qs: A Y
aan lansuuaziuud T1NanaInuANNan (MW 7) e nduanuywiugunimsiuay
A A = Y o (a A
NIDTSANVDUAYNY (Thompson and Troeh, 1978) Faaeandoanvlsualulaswusiunil
Ysmnaegluszaudmnufedny Tasliaiogluindes 0.27-0.55 afudan laniy (n1un 7
d' 09.1’ dy d‘ a 1 1 9 -9
ez M3MANUING 2) Nediioanin lulasnuluaudiulngz Idunnmsaarsaives

sunsotagludu (lwyad, 2528; Brady and Weil, 2008)

a a [ { o [ v o
autidsnaveanese uaz Inunadenniduilsz Yo lusglussdudnin
Taolinog luide 0.87-6.17 uaz 14.75-46.25 Haaniuasn laniu awday uaziinud Ty
anasmuanuandslnwa ld lunemaderdusudsuuduniodag (1A 7) (Brady and
. £ Yy < Yy A o A A o
Weil, 2008) auaasliriuderntlunaanmeanuanmsiams luiuin lagmmzeaesa

&7 1

< A A A Y Y a = a a 09/’ 1A
mszdlusiginaeui Iddesluau Tuinszazauegludulaomwiz luaudunumnniau
Z J . Aa I a 1 @
FUAN (Tisdale ef al,, 1993) tagnnmsnauunsajuuss Tagmmzluauais Woaesalu
a [ [ [ a 9 3 Ao A 2’ v A
audlngazedlugdasiszneuridouveunanuazezgiiinnazareiien weanesan
I o ° o [ e o a
WulseTeminadt (Von  Uexkull, 1986) Tasna ldweavosanilulse Toamniluauazil
[ @ &Y a a [ a a a

anuduRusiulTuounTedIagluau nazlsuadumiiier (Sanchez, 1976; Brady and

. dy I~ 4 % 132’ Y] T A a
Weil,  2008) uenanianuiulsz Texuvesoaresarzyusgnuamiesuas yiaves
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1a =\ . = = tﬂl a d‘ o = =
HIAUYIUYI (Brady and Weil, 2008) Tunsalves InundFoutoaINAUNMIINTANEINNIS
1a =1 [ ] a I 1A ~ a c" 2K o Y =
FEaATAIITULI uiﬂumummualﬁty“luﬂmﬂuumumummﬂﬁmm WM I Inunansen
Y o A Y A A = 1 a KX A a c;
gﬂ%azmﬂ@’aﬂ"lﬂﬂmwummu"lmw IW!L“I/Iﬂ'!"]ffJiJ“VILﬁﬁE]@Qi“ﬂl&%ﬂllﬂih'lmﬁn

(Buol et al., 2003; Zhang et al., 2006; Akande et al., 2010)

d‘ a =4 a d‘ (% Y 1 a A (A = =
wenasandulsmanuaianala wua aullSunauaadey Tnunadoy uaz
A A d' [ 9 L] [y o' s 1 a o
uunil@euiana ldedluszdudunn Tasliaegluids 0.17-0.75, 0.04-0.12 uag 0.20-0.94

U@ Tuagen lansy awdwy uazll lsndounanaldedluszaudinaunais Taslineglu

[

Wy 0.19-0.70 tuA Tuadon lansy (MW 8) FIaeandodnUspeazANNONAIABIIAUD

A l Y

aunegluszaud Taoliseglundesosay  10-19 aaoanthdadu (MH 9) LazAY

u

o & o

d' -d' 1 U =l 1 a o a \ a 3
uanilasuuan loseunedluszdudinedmnn neglundy 2.25-3.00 isud Tuadon Tansu
Tuvaznaniwnsananaldvesavedluszdunoudiege Tasliaroglunde 7.0-12.0

LA TUanen 1aniy (MWA 9 LALAIT NAIANUINT 2)

g kg™t mg kg™
0 2 4 6 0 20 40 60
0 | | | 0 1 1 !
20 | 20
40 ~ 40 ~
60 ) 60 -
g 80 1 —m— Organic matter g 80 -
%_ 100 - —+ 10 %- 100 7 —m—Available P
0 120 + 0 120 —a— Available K
140 - 140 ~
160 - 160 Tt
180 180 -
200 - 200 f

a

amn 7 dSinadunieian Usua lulasusiy Usinavearedauas TnunaFeunilu

Q

sz Toxivosaunsunldlumsnaass
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ana lavosausunlyluninaass
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1.5 HUIEMSIUUAAY

o o a vAa arAa 4 wvAa a
wamiﬁﬂmaﬂumzmmmgmmm guianel@nd vazaudamauniivesan
Y
fﬁﬂﬂiﬂ’ﬁ”ILL“LAﬂﬂ‘LWﬂZJi%‘]J‘]J@HﬂﬁJ’J‘ﬁ1uﬂu (Soil Survey Staff, 2006) AuI1eazdeanane 111
a d' o = = a = u’j a U @ d‘d 1 09/’ a U
AUNMIMIANEIIMTaEaNAMH e TUTUANNTALIN NSENTUANA
Aaan [ da A Q' LY é 1 { [
IUINYD150aN (argillic horizon) waziifosazanududuadInIfosas 35 NszauANUan
a [ ) 1 [ @ v Aa 4
145-150 L5 UQUUNT %wmmuﬂagiuauﬂuaa%%aﬁ (Ultisols)

Y
o v =K w

A Aa (a ' Y o o qYa A & Y] &
WuVIll‘]JiiJWiMFJUﬂE]HGUNGH miwmmmm%umm mﬂmmﬂuizueummwu

Y Y
AUUDUDAAN (ustic soil moisture regium) MlkAuTlegluduAUAULGRs Ustult tagnusuay
Y Y
AaReuAuAn (kandic horizon) Meluszaun1uan 150 wudmas Tagluduauiiszinig
d’ (; 1 a 1 =) (% a = d'
vanldeuuna losoudindi 16 wud Tuaden lanSuvesaumtion uazanuyuanaounng

a A 1 a a 1 Aa @ a ~ Aa ~ a o &
'l@a@uﬂizﬁmwa”lmmu 12 l‘ﬂfuﬁillﬂﬂf)ﬂiaﬂiﬂﬂlﬂﬂﬂu!‘ﬂuﬂ? tazlAUHHEININTTUA Y U

v
~A o w v o

s @ 1 A ] I
pendsznouidinn Jedadmunluszaunguaulng) (great group) 18l Kandiustult

QVlldw o

aulitianvauzuazquaviaoulanuanarsldandnvaziauvesnguaulvg)

9
Y o

a d‘ o = osJ‘ dy
SUUHAUAINUNNINITANBIAIIU

[V

B Y] 1T A 1 I . Q
adwunluszaunguaudos 1Ay Typic Kandiustult
2. andiAAMNeUMINAADY

2.1 AUUY

a { @ a 1 a I @ 1w
AupuNszauAUANTZIIN 20 UALAT WU Awdunsataun Hewiiny

A A a A w v 1A @ v 1 Aa [ 9
4.8 HlSumdunieiag (1.85 niuaenlansy) lulasousiu (0.54 niudenlansu) Sovaz

A o ~ a 1 a o '

AMNBNABVA (15.70%) tazanuguanilasunaa looou (7.12 1wudluaden laniy) eglu
o o a v A d J o J Y A a o 1 Aa @
szaud HlSuaearesaiidluilsz Teminoudred Taslinunini 9.87 Naaniuaen lansuy
{ d Jd @ a 1w A a o 1 Aa o
Tnunaseunidulse Tesiod luszaulmunaralagiilsuanmny 85.10 Haansusen laniu

(913199 3)
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2.2 AuaN

a 1 A 1Y = a a < [ s A
AUANNIZAUANNANYIZIY 20-60 LruAAT AuTlunsATA (pH 5.1) NTuw
sunseiag (1.95 nfudonlaniu) lulasousiu 0.51 nsudenlansy) Usinaweaosean
I 4 A Aa o T A [ 9 A @ 1 [ o'
WuilszTomi (1.47 Hadnsuaenlansy) 308azANUBNAULE (9.33 %) 0dlusesaudmn
! a 1T A [ {2 -4
anuyuandasuuaalesou (9.93  wudTuanen laniu) uaz Inunadouiiluilse Tomd
(45.25 Haaniuaen Tanin) ogluszdud

IS) Q.

9
Auandiauiaauadonaenuauifvesuauuy uallSunadunioiaguaz s

v Y 1A os.z} Y I8 KX aAa a A o dy ~
DINITHANUBDYNINAUTUUU Llﬁﬂﬂiﬁlﬁuﬂ\‘l’E]‘V]‘ﬁ‘WﬁLu’fNiﬂﬂﬂ1ﬁ]ﬂﬂ'liﬂl’f]\ilﬂ‘]&lﬁiﬂigluwuﬂ

= .3

4
p1anAegluAuFuDY

M3190 3 aNUAVIAULY (0-20 LEUANAT) LaZ AUAN (20-60 IFUAINAT) NOURINITNABDI

Soil property Topsoil Subsoil
pH 48 5.1
Organic matter (g kg ) 1.85 1.95
Total N (g kg ) 0.54 0.51
Available P (mg kg ) 9.87 1.47
Available K (mg kg ) 85.10 45.25
Extractable Ca (cmol kg_l) 0.64 0.46
Extractable Mg (cmol kg ') 0.23 0.12
Extractable K (cmol kg_l) 0.01 0.03
Extractable Na (cmol kg_l) 0.24 0.32
BS (%) 15.70 9.33

CEC (cmol kg) 7.12 9.93
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a J a
2.3 msﬂizmuﬂa1uqﬂuﬁnysmmamu

m3dsziiiuanuganauysaivesAuamannusvesnTuTALTAY (nead13 30
ﬁu, 2523; Land Classification Division and FAO Project Staff, 1973) ﬁ’mmﬂuminwumﬁ
11 WuN ﬁu‘ﬁ‘ﬁ1msﬁﬂy1‘17?aﬁuuuuazﬁudnﬁszﬁummqﬂmwm‘fﬁw QTSI ESVREN
suniedag USnalearesamdudss Tend USuna TnunaGeuiidudse Towd anug

A o Y A o ' o o A
uamﬂaﬂmmm‘laa@u Llaxﬂ@]iWiﬂﬂi;wﬂ’J"IiJi’]lJGI’JL‘]Jﬁ’(’)QGLuiSﬁﬂUGI"I (MINN 4)

4 1Y 4 a a a 1 a
9’]1‘513‘?] 4 52AUNNNYANTNYTUVNAUUU (0-20 (FUALUAT) LASAUAN (20-60 LEUNUANT)

NOUNINITNADDY

Depth oM Avail. P Avail. K CEC Bs Total  Fertility level
SCore

(ecm)  (gkg!) (mgkg") (mgkg') (cmolkg’) (%)

0-30 1.85 9.87 85.10 7.12 1570 6 low
(D (D @) (D) (D

30-60 1.95 1.47 45.25 9.93 993 5 low
(1 (D (1) (1) (D

axAa Y] o a Jaqg Y
HIngIme 15ANITAUANNRANTNYIBIVRIAY 19T InAzuu

o (] <

@navazuuuag luauayluasn)

= (Y

[ 1 1A o"c;
5’1%1mu’5mmmu 7 ﬂ?@ﬁ@ﬂﬂ?W ﬂmmuﬁimummqﬂuﬁmyjimm

a [

' 1 ' d
MAZUUUTINOYTZNIN 8-12 DoNAuiiszauauganauysaiunaig

= 1

1 o 1 a @ J
fs]l"lﬂgllul‘li'lwlﬂ'lﬂﬂ 13 w?eumm f]f)']'lﬂuﬁi%ﬂﬂﬂ']'mq@]ﬂﬁuuiﬂqu
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3. waveamslasziianu sazyHalaalSulssdunemansyRvlavesiiudnlznas
3.1 wawaartudlendaaan

M3 145 Unles danaldmananriniudlzvdsaaganiinms li'lassidaauediall

E')
Y

v o w aa ~ 1 (= 1 o o v W o [ ~ 1 [l <

Wedwyneaoaluil 2553 ua lulinaaeiminiiudlzvasaaluil 2554 uave1alsnam
a YY) = 9 = oa.;l A 9y A 19 YA 4

waraaiiuaaiuu Iluanasnilusnuesmsnaassndlunsainimslevse lul¥sinles

(WA 10)

Tudl 2553 msl¥5Unlesee Iimandaiaiudulzudsaaniiiy 5.43 Faganiins
H E4 Y 4
1314511l05 (4.63 dusials) (M 10) Watititeannms 1451nles vz e lumsiareduaiu
Y v F4
wldauTdssiauage hilddse Tesl 1@ Tudwnuiu sinisdsenusasou 1o lunions

a a

oy Y= dg’ . = 1 1 a a R Q' dg’
nguﬂﬂaﬂmu (Brady and Weil, 2008) wmammsummmgmuimwawammmmu

e

a

dycu [} Y =< 3‘ 1 A R 1 Y 1 a A
uaﬂmnummﬂiwmﬁ'lwammmumazmsmﬂmmmﬁ“luﬂumm danalnyeeeluauil
v Y

[ d‘ d? d‘ d' g’ Q' Y v Aa Ql d? 09/’ tﬂ' A R
ANUABLUBININTY MTAAOUNVDIH TUUUIAUDIHTIAAAUNNNINVUTRIN AR UNVY

HazMInasunas (Hamza and Anderson, 2003; Albaladejo, 1990; Boer, 1999)

1 [ A o a o v o Y] 1
ualudl 2554 ms luldsdulestuur Tuldwandaiuindnlzndeaaganiims
I 4 a [ % 1 [ o w 1 <3 1 c?/‘
l451/inle5 Taglinanaaminy 4.84 uaz 4.41 duae'ls mud ey (MW 10) uaaaliiviuneg
a 1 dy 9y o [ oA 3 v Aa 1 Y dyl 3 [
aruludumaril ldndunidaniudnase aaniswauuneuniindNnguaIumasIngn
Y
Maerznaunoaududnasinialu 3-5 U (Raper er al. 1998; Subbulakshmi et al., 2009) 1@ 11
= :,’ dy ' z =\ Y @ @ [ = 3 £ < A = ~ o
msanasatnuNFuau lans i Tdunduudauiudnasmius Weonlseumeuny
~ = £ o 1 = ] I A o Y a v @ o [ ~
Npels ey FanaungaananIniazstiumgrani vnananiiudilsnaaluil 2554
l; A‘ =l = v A o QB:
aadaudonlSeumeunuilusnvesmsiiatesuaiu

a 1 a Y]

1 = %) =) -7 [ d'd U o QJ 1 =
WuReINUriaveIiaqlivleauninanenanaaiiud s vasanogiall

k4
v

wedagnatamwiz luiusnvesmsnaasuniiu (i 10) Taemsldyalnunaudas

o

1,000 ATansuaels Iwandaniudilzudeaagangaminu 6.17 duse 1s luvazinisld

gulan nisldnudu nazms lildiagusulysduaz Idnandaiiiuaa binanareiuTaell

q E]

USIaumi 4.60, 4.60 wag 4.75 Auae'ls awday waglunsdill 2554 Daudiwiiavesiag
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YFuleduas lufinasonandainiudlevdsaa ualiwa ldTuianiadernunuil 2553
TagmsldyalnunauTuua Ty ldmandaiidud e ndsaagangamniny 539 dudels
Tuvmgimsldaldn nsldiudu nazms hildiaqlsvlssauldnandaiiuaaminy
v 1 1 o o Z dyd' U aS A A
422, 4.55 uaz 435 auan 15 muday Meiliiesnnluya lnunaniUSinasigemisvesive

=) d‘ = U % % =) = =)
naesilaameunuiaqliulgsauan 2 ¥iia sz uazaue, 2550)
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g & < A A (a A o &£ 3
natidlunnnludndinidsnaduaninn Tasmmz ludouiunesutazganudaily

1
=K o 9

[} A o o [ 9 Y] ] A A [ oy a o = a
Frndudlenasaiini suindlzvauilunsh lddesse i (05ydAna, 2532) Te0191ha

a 1 &% 9
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The different letters in graph are significantly different at P<0.05.
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The different letters in graph are significantly different at P<0.05, which the small and capital letters
represent the year 2010 and 2011, respectively.

M 12 waveans loszidaniu (n) siavesiaqlsulieau (v) uag msloszidaaiu

Y
Fwfums 19 iaqusulieau () aethmindduveuiudlends



48

1.2

1.0 ‘L |

0.8 ~ a

Leaf and branch wt.
(trait)

1.0 - L _ ' T1= No soil amendment

E
e
8 —~ 08 179 G N oy Shaa Ty F - -} T2= Gypsum
g a l § 200 kg rai™
=

o = 06 Rl ARE b P\ & SN |~ | T3= Limestone dust
s~ 04 200 kg rai™*
“g ' : T4= Chicken manure
4 Wl DOSEE RS SSoas E 1000 kg rai*

0.0

T1 T2 T3 T4
1.2 -
| A
) 1.0 y |
= |
TR s
C ~ | — ]
& ] .
O O (.6 S R 9. — -
T = s e
c T 2
S :
‘s 5
q) i
- : _
T2 T3 T4 | T4
Ripper ’ No ripper

The different letters in graph are significantly different at P<0.05, which the small and capital letters
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Bulk density (Mg m™)

Treatment 2010 2011

0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm

P1 1.41 1.57 1.66 1.45 1.51a 1.59

P2 1.41 1.54 1.55 1.46 1.44b 1.59
F-test ns ns ns ns 3 ns

T1 1.43 1.57 1.70 1.45 1.48 1.54

T2 1.38 1.54 1.63 1.41 1.48 1.60

T3 1.41 1.55 1.53 1.49 1.47 1.61

T4 1.43 1.56 1.55 1.45 1.48 1.60
F-test ns ns ns ns ns ns
P1T1 1.39 1.58 1.77 1.44 1.51 1.56
P1T2 1.39 1.54 1.60 1.41 1.50 1.58
PIT3 1.42 1.55 1.63 1.47 1.52 1.60
P1T4 1.43 1.60 1.63 1.47 1.52 1.61
P2T1 1.46 1.57 1.64 1.47 1.46 1.51
P2T2 1.36 1.54 1.65 1.41 1.46 1.62
P2T3 1.39 1.55 1.42 1.51 1.42 1.61
P2T4 1.43 1.52 1.48 1.44 1.43 1.60
F-test ns ns ns ns ns ns

Remark * significant at 0.05 probability levels

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai’

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai
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Hydraulic conductivity (cm h™")

Treatment 2010 2011
0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm
P1 19.10 20.90 24.35 24.86 22.14b 22.40
P2 22.38 19.32 20.66 24.63 24.15a 24.47
F-test ns ns ns ns * ns
T1 33.86a 21.43 2542 24.47 23.49 22.83
T2 15.86 b 20.39 23.27 25.07 24.03 23.11
T3 16.88 b 16.41 21.85 24.41 21.51 23.61
T4 16.36 b 22.20 19.48 25.05 23.55 24.18
F-test g ns ns ns ns ns
P1T1 28.98 17.62 15.79 24.30 22.65 20.63
P1T2 17.53 19.28 28.54 25.10 22.90 21.78
PIT3 16.23 18.92 29.74 25.20 20.01 23.75
P1T4 13.65 27.77 23.33 24.87 23.01 23.44
P2T1 38.74 25.25 35.05 24.64 24.34 25.04
P2T2 14.20 21.51 17.99 25.05 25.16 24.43
P2T3 17.52 13.91 13.96 23.62 23.01 23.48
P2T4 19.07 16.62 15.63 25.22 24.08 24.93
F-test ns ns ns ns ns ns
Remark * significant at 0.05 probability levels

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai’

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai
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Soil strength (kg cm™)
Treatment 2010 2011
0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm

P1 0.22 0.66 1.04 0.28 0.94 2.03

P2 0.15 0.46 1.18 0.38 0.59 1.11
F-test ns ns ns ns ns ns

Tl 0.20 0.58 1.26 0.28 0.45 1.30

T2 0.17 0.81 1.20 0.50 1.36 0.92

T3 0.14 0.36 1.06 0.29 0.50 1.79

T4 0.22 0.50 0.92 0.26 0.77 2.26
F-test ns ns ns ns ns ns
PIT1 0.26 0.68 1.36 0.27 0.31 1.91
P1T2 0.22 0.97 0.59 0.20 2.40 1.18
P1T3 0.18 0.35 1.54 0.34 0.59 2.95
P1T4 0.21 0.65 0.69 0.32 0.47 2.10
P2T1 0.14 0.47 1.16 0.29 0.59 0.70
P2T2 0.13 0.64 1.82 0.79 0.31 0.67
P2T3 0.10 0.37 0.59 0.23 0.41 0.63
P2T4 0.24 0.35 1.15 0.19 1.07 242
F-test ns ns ns ns ns ns

Remark ns: non significant

P1: Ripper; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai

T3: Limestone dust 200 kg rai'l; T4: Chicken manure 1,000 kg rai
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Stability water aggregate (%)

Treatment 2010 2011

0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm

P1 48.33 56.19 61.07 45.01 43.99 44.85

P2 52.40 52.79 59.48 48.06 49.81 48.93
F-test ns ns ns ns ns ns

Tl 44.60 51.62 56.13 51.64 45.51 46.27

T2 54.01 51.13 60.69 42.55 46.04 39.53

T3 54.71 56.27 68.88 43.13 47.12 47.69

T4 48.15 58.95 55.42 48.83 48.92 54.07
F-test ns ns ns ns ns ns
P1T1 46.73 50.86 61.15 45.13 44.33 45.39
P1T2 55.15 56.87 56.55 43.18 44.01 39.40
PIT3 45.39 56.50 62.20 43.03 44.70 49.68
P1T4 46.04 60.53 64.39 48.70 42.90 4491
P2T1 42.47 52.38 51.11 58.14 46.69 47.16
P2T2 52.87 45.39 64.83 41.91 48.07 39.66
P2T3 64.02 56.05 75.56 43.23 49.54 45.69
P2T4 50.26 57.36 46.44 48.96 54.93 63.22
F-test ns ns ns ns ns ns

Remark ns: non significant

P1: Ripper; P2: No ripper
T1: No soil conditioner; T2: Gypsum 200 kg rai

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai
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Available water capacity (% by vol.)

Treatment 2010 2011
0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm
P1 8.2 8.8 9.6 5.1 5.8 5.9
P2 8.3 9.5 10.3 5.1 4.7 5.1
F-test ns ns ns ns ns ns
T1 7.0c 8.8bc 8.8b 4.7 5.9 5.9
T2 9.6a 10.6a I1.1a 53 4.8 5.5
T3 8.8ab 9.4bc 10.4ab 6.2 4.5 4.6
T4 7.6bc 7.8¢c 9.4ab 4.3 53 6.0
F-test * y, 3 ns ns ns
P1T1 6.4 7.2 6.2c 3.8 5.7 5.6
P1T2 10.3 10.9 12.0a 6.0 6.8 7.7
PIT3 8.8 10.1 10.3ab 5.2 4.7 4.7
P1T4 7.4 7.3 9.2b 5.3 5.9 5.8
P2T1 7.6 10.5 11.4ab 5.5 6.0 6.2
P2T2 8.9 10.3 10.3ab 4.6 3.8 3.2
P2T3 8.7 8.7 10.0ab 7.1 43 4.5
P2T4 7.9 8.5 9.6ab 3% 4.7 6.3
F-test ns ns o ns ns ns
Remark *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each

other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai’

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai
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Soil pH (1:1 H,0)

Treatment 2010 2011

0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm

P1 5.4 5.5 5.0 53 5.0 4.9
P2 5.4 5.5 5.1 5.1 5.1 5.1
F-test ns ns ns ns ns ns
T1 5.5 5.5 5.0 5.2 5.0 4.9
T2 5.2 5.4 5.0 5.1 5.0 5.0
T3 5.4 5.6 5.1 53 5.1 5.0
T4 5.5 5.6 5.1 5.2 5.1 5.1
F-test ns ns ns ns ns ns
P1T1 5.6 5.6 4.7 5.2 4.7 4.6
P1T2 5.3 54 4.9 5.1 4.9 5.0
PIT3 54 5.5 5.2 5.5 5.2 5.1
P1T4 5.4 5.5 5.1 5.5 5.1 5.0
P2T1 5.5 5.5 5.2 5.2 5.2 5.2
P2T2 5.1 53 52 5.1 52 5.0
P2T3 5.4 5.6 5.0 5.2 5.0 5.0
P2T4 5.5 5.7 5.1 4.9 5.1 5.1
F-test ns ns ns ns ns ns
Remark ns: non significant

P1: Ripper; P2: No ripper
T1: No soil conditioner; T2: Gypsum 200 kg rai

T3: Limestone dust 200 kg rai'l; T4: Chicken manure 1,000 kg rai
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Organic matter content (g kg_l)

Treatment 2010 2011

0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm

P1 4.40 4.10 2.66 4.48 3.84 2.08b

P2 5.04 4.59 2.42 4.08 3.58 2.98a
F-test ns ns ns ns ns *

T1 5.36 4.46 2.79 3.52 2.87 2.66ab

T2 4.37 4.33 2.02 4.72 3.82 3.17a

T3 4.20 3.95 3.39 4.38 3.86 2.75a

T4 4.93 4.63 1.97 4.50 4.29 1.54b
F-test ns ns ns ns ns *
PIT1 5.23 3.95 1.98 3.60 3.26 2.06
P1T2 4.37 3.43 2.23 5.06 3.86 2.75
PIT3 3.00 4.55 4.55 4.46 3.86 2.49
P1T4 4.98 4.46 1.89 4.80 4.38 1.03
P2T1 5.49 4.98 3.61 3.43 2.49 3.26
P2T2 4.38 5.23 1.80 4.38 3.78 3.60
P2T3 5.40 3.35 2.23 4.29 3.86 3.00
P2T4 4.89 4.80 2.06 4.20 4.20 2.06
F-test ns ns ns ns ns ns

Remark * significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai’

T3: Limestone dust 200 kg rai_l; T4: Chicken manure 1,000 kg rai
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Available phosphorus (mg kg'l)

Treatment 2010 2011

0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm

P1 12.30 7.46 1.85 4.11 4.25 4.75

P2 10.29 5.31 1.67 4.64 4.37 4.69
F-test ns ns ns ns ns ns

T1 9.38 6.74 1.83 4.35 4.12 4.10

T2 12.59 6.57 1.56 4.04 4.73 4.95

T3 14.51 8.53 1.92 5.08 4.14 421

T4 8.71 3.71 1.74 4.03 4.27 5.62
F-test ns ns ns ns ns ns
P1T1 12.32 9.02 1.79 4.11 3.80 3.92
P1T2 10.72 5.72 1.34 4.08 4.26 4.19
P1T3 14.64 9.29 1.88 4.03 4.23 3.89
P1T4 11.52 5.81 2.41 4.21 4.73 6.99
P2T1 6.43 4.46 1.88 4.59 4.44 4.27
P2T2 14.46 7.41 1.79 4.00 5.19 5.71
P2T13 14.38 7.77 1.96 6.13 4.04 4.53
P2T4 5.90 1.61 1.07 3.86 3.82 4.24
F-test ns ns ns ns ns ns

Remark ns: non significant

P1: Ripper; P2: No ripper
T1: No soil conditioner; T2: Gypsum 200 kg rai

T3: Limestone dust 200 kg rai_l; T4: Chicken manure 1,000 kg rai
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Treatment

Available potassium (mg kg ')

2010 2011
0-10 cm 20-30 cm 40-50 cm 0-10 cm 20-30 cm 40-50 cm

P1 81.8 50.7 49.7 37.5b 34.1b 44.6

P2 77.3 129.3 122.1 48.8 a 47.1a 54.1
F-test ns ns ns N & ns

T1 72.6 147.1 67.8 41.8 45.5 46.7

T2 923 47.2 47.4 44.2 36.2 47.2

T3 64.8 48.0 183.3 37.3 36.6 41.1

T4 88.5 117.9 45.0 49.6 44.0 62.4
F-test ns ns ns ns ns ns
P1T1 80.2 ab 62.4 55.2 39.2 37.83 48.7
P1T2 52.7b 44.4 40.7 42.7 30.9 43.8
PIT3 75.3 ab 51.4 58.5 28.1 28.0 36.0
P1T4 119.1 ab 44.8 443 40.3 39.6 50.0
P2T1 65.1 ab 231.7 80.4 44.4 53.3 44.7
P2T2 1319 a 49.9 54.1 45.7 41.6 50.7
P2T3 543D 44.6 308.0 46.4 45.2 46.2
P2T4 57.8 ab 191.1 45.7 58.9 48.4 74.8
F-test * ns ns ns ns ns

Remark * significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each

other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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AABUIYHINAAAY (Soil profile description)

I Information on the site
Soil name

Profile symbol
Classification

Date of examination
Described by

Location

Elevation
Map sheet number

Landform

1. Physiographic position

2. Surrounding landform

3. Slope on which profile site

Land use

Annual rainfall
Mean temperature
Climate

Others

: Warin series

: Pedon 1

: Typic Kandiustult

: November 28, 2010

: Somchai Anusontpornperm, Suphicha Thanachit, Jeeranut
Hongjaturun, Kannika Phetmak, Niphat Thanimmarn,
Narissara Suksawat, Jeerawan Promma, Rungnapa
Bowichian

: Ban Non Somboon, Tambon Krissana, Amphoe
Si Khiu,.Changwat Nakhon Ratchasima

: Approximately 333 m (MSL)

©5339111  Coordination: 47P 0769123", 1671462"

: Crestal slope

: Undulating
- 4%, Aspect :300 Azi

: Cassava and Sugarcane

: Approximately 1,386 mm
: Approximately 29°C

: Tropical savanna

II General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

III Profile description
Horizon  Depth (cm)
Apl 0-22

Ap2 22-46

: Wash over residuum derived from sandstone
: Well drained

: Rapid

: Moderate

: Deeper than 200 cm at time of sampling

Description

Brown (7.5YR 4/3); loamy sand; weak very fine and fine partly
breaking into single grains; soft dry, very friable moist, non sticky
and non plastic; many very fine vesicular pores; common very fine
and few fine roots; many very fine coated sands, common very
fine variegated sands; few traces of charcoal; moderately acid
(field pH 6.0); gradual smooth boundary to Ap2

Mixed brown (7.5YR 4/4) (80%), reddish yellow (7.5YR 6/6)
(20%); loamy sand; weak very fine and fine subangular blocky;
soft dry, very friable moist, non sticky and non plastic; common
very fine vesicular pores; few very fine and few fine roots; many



Btl

Bt2

Bt3

Bt4

BtS

Bt6

46-75

75-100

100-129

129-152

152-170

170-200
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very fine coated sands, common very fine variegated sands; few
traces of charcoal; moderately acid (field pH 6.0); Abupt smooth
boundary to Btl

Yellowish red (5YR 5/8); loamy sand; weak very fine and fine
subangular blocky; soft dry, very friable moist, non sticky and non
plastic; few faint clay bridges between sand grains; common very
fine vesticular pores; few very fine roots; many very fine coated
sands; few spot of organic material accumulation a horizontal
double thin line separated Ap2 and Btl horizons; slightly acid
(field pH 6.5); gradual smooth boundary to Bt2

Red (2.5YR 5/8); sandy loam; weak fine subangular blocky; soft
dry, very friable moist, non sticky and non plastic; common
distinct clay coating on ped faces and clay bridge between sand
grains; common very fine vesticular and very few fine simple
tubular pores; very few very fine roots; many very fine coated
sands; slightly acid (field pH 6.5); diffuse smooth boundary to Bt3
Light red (2.5YR 6/8); sandy loam; weak fine subangular blocky;
soft dry, very friable moist, non sticky and non plastic; many
distinct many very fine coated sands; clay coating on ped faces of
peds and clay bridge between sand grains; common very fine
vesticular and very fine simple tubular pores; slightly acid (field
pH 6.5); diffuse smooth boundary to Bt4

Light red (2.5YR 6/8); sandy loam; weak fine subangular blocky;
soft dry, very friable moist, non sticky and non plastic; many
permanent many very fine coated sands;clay coating on ped faces
and clay bridge between sand grains; common very fine, few fine
vesticular and common very fine simple tubular pores; very few
very fine roots; moderately acid (field pH 6.0); diffuse smooth
boundary to Bt5

Red (2.5YR 5/8); sandy loam; weak fine and medium subangular
blocky; soft dry, very friable moist, non sticky and non plastic;
many permanent many very fine coated sands; clay coating on ped
faces and clay bridge between sand grains; common very fine
vesticular and simple tubular pores; very few very fine roots;
strongly acid (field pH 5.5); diffuse smooth boundary to Bt6

Red (2.5YR 5/8); sandy loam; weak fine and medium subangular
blocky; soft dry, very friable moist, non sticky and non plastic;
many permanent clay coating on ped faces and clay bridge
between sand grains; common very fine vesticular and simple
tubular pores; very few very fine roots; many very fine coated
sands; very strongly acid (field pH 5.0)
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Depth  Horizon Particle size distribution Textural class Bulk Hydraulic
density  conductivity

sand silt clay

(cm) ( gkg' ) (Mgm?®)  (ecmh”)

0-22 Apl 864 77 60 Loamy sand 1.48 4.08

22-46 Ap2 821 137 42 Loamy sand 1.74 2.82

46-75 Btl 780 84 136 Sandy loam 1.64 4.10
75-100 Bt2 750 92 157 Sandy loam 1.64 8.20
100-129 Bt3 775 63 161 Sandy loam 1.67 6.87
129-152 Bt4 752 82 166 Sandy loam 1.67 6.64
152-170 Bt5 771 46 183 Sandy loam 1.65 4.53

170-200+  Bt6 687 168 145 Sandy loam 1.60 2.74
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Depth Horizon pH 1:1 oM Total Available Extractable bases Sum Extr. CEC BS
H,O KCl N P K Ca Mg K Na  base acidity bysum NH;OAc

(cm) (~—--gkg'~) (—-mgkg'-—) ( cmol, kg ) (%)
0-22 Apl 5.5 5.0 3.43 0.55 6.17 185  0.59 0.20 0.05 0.56 1.40 8.0 9.40 2.25 15
22-46 Ap2 5.5 5.0 4.67 0.53 4.17 148 0.73 0.36 0.04  0.68 1.81 9.0 10.81 2.25 17
46-75 Btl 5.4 5.0 0.27 0.31 1.47 46.3  0.71 0.43 0.12 042 1.68 7.0 8.68 2.25 19
75-100 Bt2 5.2 4.8 0.27 0.37 1.32 343 0.5 0.84 0.09  0.70 2.38 12.0 14.38 2.50 17
100-129 Bt3 5.2 4.8 0.69 0.36 1.17 265 0.62 0.22 0.07  0.19 1.11 10.0 11.11 2.50 10
129-152 Bt4 5.1 4.4 1.10 0.33 1.02 253 031 0.31 0.07  0.30 0.98 9.0 9.98 2.75 10
152-170 Bt5 4.9 4.1 1.10 0.29 0.87 233 020 027 0.06 1.11 1.64 11.0 12.64 2.75 13
170-200 Bt6 4.9 4.0 3.16 0.27 0.87 26.8 0.17 0.94 0.07  0.51 1.68 10.0 11.68 3.00 14

el
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Tuber Rhizome Stem Leaf and Above ground  Starch
Treatment  Weight weight weight  branch weight  biomass weight

( t rai”! (%)
P1 5.43a 0.54a 1.04 0.50a 2.09a 29.9
P2 4.63b 0.44b 0.90 0.33b 1.68b 30.2

F-test ok o\ ns ok ok ns
T1 4.76b 0.44b 0.82ab 0.29b 1.54b 30.2
T2 4.60b 0.41b 0.89ab 0.30b 1.60b 30.0
T3 4.60b 0.40b 0.81ab 0.24b 1.44b 29.7
T4 6.17a 0.71a 1.37a 0.85a 2.94a 30.2

F_test ksk sksk ksk ksk ks ns
PITI 5.15 0.47c 0.87 0.38 1.72 30.1
PIT2 5.06 0.45¢c 1.05 0.41 1.92 30.1
PIT3 4.82 0.41c 0.85 0.26 1.53 29.0
P1T4 6.71 0.83a 1.40 0.97 3.20 30.4
P2T1 4.37 0.41c 0.76 0.20 1.37 30.4
P2T2 4.14 0.38c 0.73 0.19 1.30 30.0
P2T3 4.39 0.38c 0.77 0.21 1.37 30.4
P2T4 5.63 0.60b 1.34 0.73 2.68 30.1

F-test ns ¥ ns ns ns ns

Remark *, ** gignificant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to

each other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Rippering; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai’

T3: Limestone dust 200 kg rai_]; T4: Chicken manure 1,000 kg rai’
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g’ v 1 A a Y v o =
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Tuber Rhizome Stem Leaf and Above ground  Starch
Treatment  Weight weight weight  branch weight  biomass weight

( t rai’! ) (%)
P1 4.41 0.62 0.84B 0.45B 1.91B 29.0
P2 4.84 0.69 1.1A 0.66A 2.44A 29.7

F-test ns ns * * * ns
T1 4.35 0.60B 0.83B 0.51 1.94B 29.1
T2 4.22 0.57B 0.80B 0.52 1.89B 29.9
T3 4.55 0.62B 0.88B 0.48 2.00B 29.8
T4 5.39 0.80A 1.38A 0.69 2.86A 28.7

F-test ns B R ns e ns
PITI 3.65 0.49 0.57 0.33 1.40 28.0
PIT2 3.93 0.52 0.69 0.40 1.60 30.0
PIT3 4.22 0.62 0.76 0.40 1.78 29.7
PIT4 5.83 0.83 1.35 0.66 2.84 28.5
P2T1 5.04 0.71 1.08 0.69 2.48 30.2
P2T2 4.51 0.63 0.91 0.64 2.17 29.8
P2T3 4.88 0.63 1.01 0.57 2.21 29.8
P2T4 4.94 0.77 1.40 0.71 2.89 28.9

F-test ns ns ns ns ns ns

Remark *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to
each other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Rippering; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai’

T3: Limestone dust 200 kg rai_]; T4: Chicken manure 1,000 kg rai’
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Stem Tuber Survival rate

Treatment 2010 2011 2010 2011 2010 2011
———————— No. rai’ --------) (--------No. plant™" --------) (-----%----)

P1 3136 3403B 15 16B 98 98
P2 3274 3792A 13 19A 95 99
F-test ns < ns * * ns
T1 2932 3433 13 18AB 97 97
T2 3126 3556 14 18AB 94 99
T3 3266 3581 15 19A 98 98
T4 3495 3819 14 15B 96 98
F-test ns ns ns N ns ns
PITI 2839 3032 14 15 98 97
PIT2 3102 3542 16 16 97 99
PI1T3 3078 3634 15 18 98 99
PI1T4 3526 3403 14 15 98 99
P2T1 3026 3833 12 20 96 98
P2T2 3150 3569 12 19 91 100
P2T3 3454 3528 15 21 98 98
P2T4 3465 4236 14 15 94 98
F-test ns ns ns ns ns ns
Remark * significant at 0.05 probability levels

Means with the different letters in colum are significantly different to each

other according to Duncan’s Multiple Range Test (DMRT)
ns: non significant
P1: Rippering; P2: No ripper
T1: No soil conditioner; T2: Gypsum 200 kg rai |

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai '
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Concentration in leaf (%)

Treatment Nitrogen Phosphorus Potassium
2010 2011 2010 2011 2010 2011
P1 4.89 2.11 0.04 0.12 1.06b 3.02
P2 4.68 1.84 0.06 0.12 1.23a 3.08
F-test ns ns ns ns * ns
T1 4.61 1.80 0.06 0.11b 1.10 2.85
T2 4.93 1.79 0.05 0.11b 1.12 2.83
T3 4.61 2.29 0.04 0.12b 1.17 3.12
T4 4.97 2.00 0.04 0.14a 1.19 3.40
F-test ns ns ns *% ns ns
P1T1 4.94 1.86 0.04 0.11 1.14 2.70
PI1T2 5.00 1.90 0.04 0.12 0.98 3.02
PI1T3 4.71 2.61 0.04 0.12 1.05 3.10
P1T4 491 2.05 0.04 0.13 1.07 3.25
P2T1 4.29 1.75 0.07 0.12 1.07 3.00
P2T2 4.87 1.68 0.06 0.10 1.26 2.65
P2T3 4.51 1.98 0.04 0.12 1.28 3.13
P2T4 5.04 1.95 0.05 0.15 1.31 3.55
F-test ns ns ns ns ns ns
Remark * significant at 0.05 probability levels

Means with the different letters in colum are significantly different to each

other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Rippering; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai’

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai
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Concentration in leaf (%)

Treatment Calcium Magnesium
2010 2011 2010 2011
P1 0.43 1.26a 0.43a 0.89a
P2 0.42 0.59b 0.35b 0.43b
F-test ns *E * N
T1 0.40 0.94a 0.37 0.66
T2 0.41 0.98a 0.39 0.63
T3 0.43 1.03a 0.37 0.74
T4 0.45 0.73b 0.41 0.62
F-test ns * ns ns
P1T1 0.41 1.34 0.42 0.91
P1T2 0.45 1.30 0.46 0.82
P1T3 0.42 1.41 0.40 1.00
P1T4 0.43 0.98 0.43 0.84
P2T1 0.38 0.55 0.32 0.41
P2T2 0.38 0.66 0.33 0.43
P2T3 0.45 0.64 0.35 0.48
P2T4 0.47 0.49 0.38 0.40
F-test ns ns ns ns
Remark *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to

each other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Rippeingr; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai
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Treatment

Concentration in leaf (mg kg™)

Iron Copper Manganese

2010 2011 2010 2011 2010 2011
P1 87.2a 78.2b 2.9 2.5b 408.2b 307.4
P2 61.6b 120.9a 2.4 5.3a 343.9a 268.8

F-test * ok ns * * ns
T1 72.8 93.2 2.7 3.7 325.6 300.5
T2 64.9 102.6 2.8 4.5 361.4 301.7
T3 72.2 95.0 2.2 3.5 426.2 302.0
T4 87.6 107.5 2.8 4.0 390.9 247.9

F-test ns ns ns ns ns ns
P1T1 83.9 73.5 2.8 2.5 353.2 315.1
P1T2 78.6 80.2 2.8 2.7 394.9 307.8
P1T3 85.7 78.0 2.7 2.7 447.0 334.0
P1T4 100.7 81.3 3.1 23 437.7 272.5
P2T1 61.8 112.9 2.5 4.9 298.0 286.0
P2T2 51.2 125.1 2.9 6.24 328.0 295.7
P2T3 58.8 112.0 1.8 42 405.3 270.0
P2T4 74.5 133.7 2.4 5.8 344.1 2233

F-test ns ns ns ns ns ns

Remark *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to

each other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Rippering; P2: No ripper

T1: No soil conditioner; T2: Gypsum 200 kg rai

T3: Limestone dust 200 kg rai ; T4: Chicken manure 1,000 kg rai’
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Growth Concentration range
Stage &
Nutrient Critical Critical
(months) Deficient Marginal (deficiency) Adequate High (toxicity) Toxic
N (%) 3-6 <47 4.7-5.1 5.1 5.1-5.8 >5.8 - -
P (%) 3-6 <0.30 0.30-0.36 0.36 0.36-0.50  >0.50 - -
K (%) 3-6 <1 1.0-1.3 1.3 1.3-2.0 >2.0 - -
Ca (%) 3-6 <0.65 0.65-0.75 0.75 0.75-0.85  >0.85 - -
Mg (%) 3-6 0.33 - - 0.36-0.39 - - -
Fe 1 3-6 <100 100-120 120 120-140  140-200 200 >200
(mgkg™)
Zn B 3-6 <25 25-30 30 30-60 60-120 120 > 120
(mg kg™)
Cu B 3-6 <5 5-6 6 6-10 10-15 15 >15
(mg kg™)
Mn
B 3-6 <45 45-50 50 50-120  120-150 150 > 250
(mg kg™)

fi.: Howeler (1985)
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Total Rainy day Temperature Relative

Month Rainfall c) Humidity
(mm) (day) Maximum  Minimum Mean (%)
January 0 0 33.6 12 22.3 64
February 8.8 1 38.5 18.3 28.1 61
March 123.6 10 37.8 18.8 28.3 70
April 126.9 9 38.4 21.6 29.4 74
May 248.8 14 37.0 23.1 28.5 79
June 66.5 13 36.6 23.6 29 72
July 134.5 10 35.7 23.3 28.7 72
August 185 16 36.7 22.8 28.7 76
September 208.2 18 35.7 23.5 27.7 83
October 107.4 7 33.7 22.0 27.7 81
November 1.2 4 355 15.4 25.7 70
December 1.6 1 34.6 17.3 253 66
Total 1,212.5 103 - - 27.5 72.3

Man: NIuRAIENING (2554)
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Temperature

Total Relative

Year Month Rainfall °C) Humidity
(mm) Maximum Minimum  Mean (%)
2010 yanvary 62.2 30.9 21.3 256 722
February 4.0 35.0 23.9 289 655
March 47.4 36.3 23.5 293 575
April 312 38.0 26.1 312 63.6
May 123.8 37.3 26.9 310 687
June 120.6 36.1 26.4 302 742
July 194.3 34.1 252 286 812
August 151.1 32.6 247 278 837
September 364.0 32.5 24.6 275 86.1
October 284.6 30.2 23.9 265 816
November 3.0 29.9 21.8 258 66.6
December 0.0 30.2 20.3 25.0 68.1
Total 1,386.2 z ; 281 724
2011 yonvary 0.0 28.3 17.5 26 683
February 10.2 32.9 215 267 643
March 10.0 313 21.7 261 643
Total 202 ! ] 252 65.6

Mn: NIuRAIeuING (2554)
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o e’/ U tﬂy a QSJ} tﬂy =) 1
Mmiseniald  dnvaziilonu FUIHOAUAN ) (texture classes)
a dy v ' a 1
AUNTY IUDHN YU (coarse textured) 1aun nsrexiiaca ] (NI NIY
. = = a
(sandy soils) az19en NIWwazLeANIN) NIwduau
5IU FUAAN 9 (MT1eneVUUANTIU
= 1] = =
n519duausIu nswazvealuay
57U HAZNI1AZRIANINLUAUTIU)
a [ dy a a 1 a [
AUTIU WoaueuUlunag auIIulunTereny ausiulunsie

(loamy soils)

a =
AU UYN

(clayey soils)

(moderately coarse-textured)

2
ol unaig

(moderately fine-textured)

& =
oazdealunaly

(moderately fine-textured)

& =
Hanslayn

(fine textured)

a ! =
AuIMUUNTIwazDYn

a 1

AU UNIeazIBEANIN AUIIU

ausudunsoutls uazniteud

AUIIUH U AU UK T UNT e

a 1 =
ﬂui’mmumﬂumwuﬂq

a =\ a =1
aurdeddunite  awvdedduniie

A ~
utlauazAumiien

n: 19Y (2548); Soil Survey Division Staff (1993)



4 4 a 4 a
9]151@Nu)ﬂﬁ 13 Lﬂil!‘“l/]3JW]iﬂ1‘LlGl‘L!ﬂ15‘]Ji$L3Juﬂ’J'13JQﬂNﬁ3J‘]aJ,§mGUENWL!

124

Soil fertility rating

Avail. K CEC

(mgkg')  (cmol.kg")

BS

(%)

Low
Medium

High

<60 <10
(D (D

60-90 10-20
) )

>90 >20
) )

<35
()

35-75
@)

>175
€)

HUEYA Scoring is used for the assessment of fertility level (the score is presented in blanket

within the table); Total score = 7 or less, fertility level is low; Total score = is between

8-12, fertility level is moderate; Total score = 13 or more, fertility level is high

N31: APIF1TI9AU (2523)
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Soil properties Range Rating
Bulk density (Mg m™) <1.2 Very low
1.2-14 Low
1.4-1.6 Moderate
1.6-1.8 Moderately high
1.8-2.0 High
>2.0 Very high
Saturated hydraulic <0.125 Very slow
conductivity (cm hr™) 0.125-0.50  Slow
0.50-2.00 Moderately slow
2.00-6.25 Moderate
6.25-12.50  Moderately rapid
12.50-25.00  Rapid
>25.00 Very rapid

N30: 19ATIY (2529); O'Neal (1952)
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Soil properties Range Rating
Soil pH (1:1 Soil: H,0) <3.5 Ultra acid
3.5-4.4 Extremely acid
4.5-5.0 Very strongly acid
5.1-5.5 Strongly acid
5.6-6.0 Moderately acid
6.1-6.5 Slightly acid
6.6-7.3 Neutral
7.4-7.8 Slightly alkaline
7.9-8.4 Moderately alkaline
8.5-9.0 Strongly alkaline
>9.0 Very strongly alkaline
Organic matter (g kg™) <5 Very low
5-10 Low
10-15 Moderately low
15-25 Moderate
25-35 Moderate high
35-45 High
> 45 Very high
Total nitrogen (g kg™) <1.0 Very low
1.0-2.0 Low
2.0-5.0 Moderately
5.0-7.5 High
>17.5 Very high
Available P by Bray II <3 Very low
(mg kg'l) 3-6 Low
6-10 Moderately low
10-15 Moderately
15-25 Moderate high
25-45 High
> 45 Very high
Available K by NH,OAc <30 Very low
(mg kg™) 30-60 Low
60-90 Moderately
90-120 High
> 120 Very high
Extractable acidity <1 Very low
(cmol, kg™) 1-2 Low
2-5 Moderate
5-10 Moderately high
10-20 High
>20-30 Very high
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Soil properties Range Rating
Extractable bases (cmol. kg™)
Ca <2.0 Very low
2-5 Low
5-10 Moderately
10-20 High
>20 Very high
Mg <0.3 Very low
0.3-1.0 Low
1.0-3.0 Moderately
3.0-8.0 High
> 8.0 Very high
K <0.2 Very low
0.2-0.3 Low
0.3-0.6 Moderately
0.6-1.2 High
>1.2 Very high
Na <0.1 Very low
0.1-0.3 Low
0.3-0.7 Moderately
0.7-2.0 High
>2.0 Very high
Sum bases <2.6 Very low
2.6-6.6 Low
6.6-14.3 Moderately
14.3-31.2 High
>31.2 Very high
CEC by NH,OAC <3 Very low
(cmol, kg™) 3-5 Low
5-10 Moderately low
10-15 Moderately
15-20 Moderately high
20-30 High
>30 Very high
%Base saturation <35 Low
35-75 Moderately
>75 High

;191 (2547); Land Classification Division and FAO Project Staff (1973); Soil Survey

Division Staff (1993)
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