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Influence of Upland Tillage Systems on Nutrient Loss in Highly Weathered Soils
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Abstract:

Effect of tillage practices on soil property changes under maize grown on an Arenic Haplustult was carried out under
field experiment in Nakhon Ratchasima Province. The studied area has undulating surface with 4% slope. Maize
was grown in two consecutive years during 2008-2009. The trials comprised conventional tillage using 3-disc
followed by 7-disc plough, and three other conservation tillage methods including reduced tillage using only 7-disc
plough, mulch tillage using 7-disc plough with crop residues left to cover soil surface, and no tillage. The
experimental area was left idle in between the first and second crops. Reduced tillage was the most suitable for
maize grown on this soil, potentially giving the maximum grain yield with the average amount of 2.92 t ha' followed
by 2.71, 2.57 and 2.44 t ha'1 which were obtained from mulch-, conventional, and no tillage respectively. The
significantly lowest amount of soil loss of 1.59 t ha' coinciding with the lowest loss of nitrogen and potassium was
found from no tillage plot. There was no statistical difference in changes of soil properties as affected by tillage
systems except for bulk density of soil at the depth of 10-20 cm. The bulk density value of 1.55 Mg m" obtained
from no-tillage treatment was the highest while total porosity value tended to be the lowest. Reduced tillage had the
tendency of giving greater available water capacity (4.5-4.9% by vol.) and organic matter content (5.2-6.2 g kg'1)
while mulch tillage tended to have better water stable aggregate (45.3-25.9%), higher total nitrogen (0.15-0.24 g kg
1), available phosphorus (1.7-5.7 mg kg'1) and potassium (15.7-22.2 mg kg'1) than did other tillage practices.
Conventional tillage induced the loss of nitrogen more quickly than did the others whereas potassium was leached

out from the rooting zone very rapidly under no tillage system.

Keywords : conventional tillage, reduced tillage, much tillage, no tillage, soil property, Arenic Haplustult



LONRIILWUARNILLEY 3

Executive summary

Vl@T@‘hLﬁumiﬁﬂmﬁawamaamivl,nwsauauéim'?umsﬂgm]”’rﬂwwLLumJﬂa (anRNAUMIBRIARINVLEINTINA
FraIaa) LazmITlawTIsLULaRing 3 3513 ldun nmssanslownudu (lownududisinaida) msln
WIIHAWUUUR LA AT D (vl,nws’mau@hﬂmm%mazﬁaLﬂwmﬂﬁﬂ‘fﬁﬁaau) waznslailonsindn filde
wandadnalne maasuudassudaan uaznmsgyidosgamislyanaulasiaannisgallasdnlne

MIAQ MAUAZNOUAK LAZIINMITLATRNULAWLYATINNY

msnaaaddniiunslutl 2551-2552 lasdarnuladnansamia 5x15 LWAT I2ULAIITTRINMIAdtaeNNY 4
AT WIDNLOANAZNAULINI A BAIATBILUAINARIIUIA 5 x 0.4 x 0.6 LUAT 1ua°wma@hwqum PINIA
WAIMTEN Gﬁaﬁuﬁgamm:@ﬂ”ummﬂmﬂma 330 a3 uazilanuanatuiesa: 2 smwliihdudniaaule
57 uazmslnatiwasinfiiaduthunans dufumadgninlwaiuiuldiln 313 ludeuningraw 2551 uaz
2552 U@t Arenic Haplustult Afmsszuneing ileduindunmoduduiinisdusindune dwiunsada
f4N3A908NN (pH  4.7-5.7) ﬁmmq@muuuifﬁ@‘iﬁﬁy'aauummz@uma lopfidSunaduniodag Tulasiausy
Wosnasauazlnunsidouiidudselooy ﬂawquLaﬂLﬂﬁﬂuLLﬂ@"Laaau LLazETmﬁaﬂa:m’m%’u@hmaagiu

=AU

ull 2551 (iuApIanfatlnaiiioany 150 Tu nuuldasiuniaduazdgndrluiuiidalull 2552
1 ad Y o a a = n:l' a v nl' s 1 =3
lasudazdisnslansawlaainnisluilaimassadiv mummwawa@lmﬂwwmq 130 7% LaTAaWANILAY
WNEINANEATII NG 1 3% FMTIALA20E19GUN 3 TTAUAMUAN (0-10, 10-20 WA 20-30 LUUALNAT) LN 2
YN1INaaaIinmMsAUAaE1IaUNTLAUAINNEN 10, 30 WAL 50 LTUALNAT %é’:’amﬂmﬂdﬂﬂ 1 9% Wazinng

TIgratdanluaanazna %éﬁﬁnﬂ‘éuq@msmaaalmwia:ﬂ

HanIAnsIWLIATnaeTouduunues 9 lifinadananiadnalne nsdgndalnalasmslansiududas

= a A A ) o a o A A o & o A
madalunaeioududumilinliuanfatnlnaniogiiiga (2.92 dudaianans) mylownuuunayinsdl
w ltulruanfaiuaadalnadiniin s ansnaulnd lagawiznshdlanswnduwi liuldusndauaadn

= = @ e v a o da v o 4
nga (L8R8 2.44 QUADLINGTT) ‘Iix'laa@]ﬂE‘]E]GmJﬂ'li%]@]ﬂWﬁ’]@JE]’m’liﬁﬂﬂﬂNLL%’JIuﬁJWWlﬁ;{@]

Myl lanwsinazdInalAauNIzay 10-20 udiuns AaNUrIILUBILHIAY 1.55 LNﬂzﬂ%N@iagxﬂUWﬂﬁmei
A ' & a . o o @ aa P I v

magamwmﬂawmum 3 A nsadlinsdAgnana uaadn lsianw ms"[mwmmwumpﬂﬂmmwwzms
Towsmdnuuuiaamnae Juwlduldzuidduswlngdniinmslonmuuuudnd laun feoazvaadadn

LRADTIN quﬁﬂ‘*ﬁﬂiz‘[wﬂﬁ UTunmduniuiag Tulasausin WoswasauazInunardauniiulselan



' '
o A

udl 2551 mslilannududnalidianunsgudsdndngaadnalindaynieedd (1.59 audaianand) lu
19 2552 arnandwiUIuaaasanntn 2551 lunﬂ‘i‘%mﬂnwsm AN BT IOWIIBLUUUNG wenau'lui
ANULANGNINWNIIFD G azha"l,iﬁ@nﬂunﬂ%“ﬁ'mﬂnwnu"l,uimmmzamvlﬂﬁ'umﬂau@umﬂﬁq@agﬂuﬁé’g
3.25-8.00 Alansudatanais sedadan laun lnunadan (0.21-0.88 Alansudaianais) uaz Waawasa (0.23-
Aa o & 2 g A \ Iy a
0.39 AlanFudaianad) Tansaansiansan uazmylanusuuuiaasniesinaligyidslulasnau uaz
A o a A ' Ao o aa . @ a o & o
InunaBouluiuaznaundugengaadfitodaynaaiidviin 8.0 uaz 0.38 AlanFudaianand awdrau
wnzfimsld lownududumlinlilulason uaslwunsBoudaluiuaznaududngaiiniy 4.69 uaz 0.21
Alansudalanans aua1au uaﬂmﬂﬁmﬂnwmmwuﬁdLﬂﬂmﬁaﬁLLuﬂﬁu‘lﬁiﬂﬂwwﬂﬁl‘*ﬁm@;mmsgaﬁq@

lagamnzlnunandon (@ay 29.59 Alaniudatanans)

ad a o VA A o oA ~ a o P
lunmﬁmﬂnwmu@u V\Iaa%lamagﬂlummﬂﬂwﬂ@mumﬂmaL&JiﬂumﬂUﬂu"LuImLﬁmLLa:IWmesnw
lil ada v v A lil Qs =} V& 1 =)
wnuzfins lannuuuuUndfiunlisldmueieniivasmganman idanwannfizldisninmslannudn
% 6 1 =1 tg/ A & ad l:i‘ [ a
wuuayiny agelsiaunmslannuuuufivasnioduitnisiierzeanisgyidslulasiaun uaz

=) =1 v 1 ad a Qs e ad
Inunsidoulasnsvrzazais annaInNT lanitdsn1T lanIIwa L auin¥anaesid

PNNHAMIANHIN baIrasDn1INaaas wudn 35T anTInauns 4 33ms (landnaue8raaULEINTIB
AUAIINIALAN IDNITIBARGIDHIALTA TONTIBAUAILNIRLI AL AILABTIANT MARIAWLEZAT bl lawI 1w
a a ' a o A waa a o A
fiu) Tnadanandadlne matUAsuudadantaan LLazmsgfyLazJ"LuImmu WagWasa wazlwunsdouain
msg@i‘ﬁmaaﬂ”l’ﬂww M3AA lUNUATNORAY WAZNNTLARBUNLAWIATINAT LUTALAN 39A2TTNITANEA LB
o [ d'd = v 1 dl' v Y d'd o J ] =3 =3 U
luizywnmL°1jwnummﬂmmma‘lumaﬂszmmwalﬁ)’l,magamm’mﬂmmumﬂmu a9 lsnaNdIneIn
a Q v v wa A &' 1 Qs v v a v nl 1
mﬂnwmuﬂmmumgnﬁﬁum‘[uﬂ%awmuﬁmu wenauduwd lulwnanaad i lnadiniinislawsaniuy
Und usasliiiuimslansiuduuuveyindanarildlulasunldiisanadanisiaiydolavastnalua
Lﬁaamﬂﬁmwmnﬁmzamaé’a%mama*ﬁ'amﬁhﬁfuﬁmé'mﬂﬁhum%uau-"lu‘[mmugﬁdﬁﬁLﬂu@?aﬂﬁﬂlU
"I,uimwumﬂﬂdwmsﬂgﬂ‘*ﬁniwmluizuuvlnwmul,l,uuﬂna uaﬂmﬂﬁlunn‘i%mﬂnwmmﬁ@mig@L‘é'mm@;ﬂﬂ
aan lanNaINNTaE193I0L52 é’dﬁfumﬂﬁmauﬁuﬂ‘%ﬁ@lq LT ﬂﬂﬁ“]jﬁ@ flunan ﬂqm&a"l,ﬁ HRRERIVGE
Pwnumlanuduuuveyindiieaansgaiedunioiag luzsznazsasiuldiaudiniinoninaes
a & ak ' ~ v 3 v aa ' ~ + o
AuLaneUAYL mﬂqummmmmiumiquml%Lm@u LLa:mﬂLwummmmm“lumi@@ﬁ@m@qUVL’J
uanﬁnﬂﬁmiﬁﬁmﬂdﬂqﬂﬁmoﬁ'ummﬁﬁmﬁaamnﬁmﬁuﬂiz%ﬂ%mwmaaﬂﬂ LLa:msLﬁaﬂ"ﬁﬁ@maaﬂﬂ

Tulasian gu nisladoszmatrlugUluamtesamgyidululasauiidursiday



TanUszasn
dl' =4 a U % A A a
1) LwaﬁﬂmmmauauawawawammﬂwcﬂLLa:mi@@lmm@;mmsw%mﬂ@]ﬁﬂﬂﬂﬂWiMLLUUﬂﬂ@
LLa:LLuumﬁﬂﬁ
dl = asa dld ] 4:{‘ wAa A
2) afnENATaIITNNT wuNldem TR sunlassudaauunidsens

3) wWisuifisumsgyEsauuazmgomsmeldizuumslannuiiuandrann

¥ [}
A A o

1. NWNNNINITNA[DY
o A & A & A4, =< & ° o ° |
AaLaanANBNLUaINA8ad laaNwNNinn13an L uuladneaInT d1UarI8U dunauw
N9 WAIARATIITRN Wuaggannszaunzalwnats 330 was anvaciuiidugnadnaauaia Nl
ANNAALNTDHAE 2 LLa:QMMQﬁqaqmaﬁﬂ 27 adenral TR wazUSunmsineuadanatlusunas 1200

a

fadluasdel (nwh 1) (nNTugqitoningn, 2552)

90 300
Year 2008
80
+ 250
£G + 200 -
2 o
TS 9 %
=1 =
£ 2 fi0
e g 3
2 £ 3
% 2 -+ 100
14
: —m— Temperature
—e— Relative humidity T 50
—A— Rainfall
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 MeanRH=67%
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Mean Temp. = 27°C
Annual rainfall = 1246 mm
90 300
Year 2009
80 T
+ 250
70 +
S 1 1
£5 60 200 -
=< 2
=] g 50 g..
£ 2 t0 E
£ g 40+ 3
L Q 3
2 £ 2
% 2 30 + -+ 100
14
P I e A O —
| —#— Temperature 1 50
10 | —e— Relative humidity |
S O . TN W VPR
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Mean Temp. = 27°C
Annual rainfall = 1213 mm
Month

AN 1 dSinamsuanniznsveatindy gungil ANMNTURUANT 1 9nTauaIN TR 2551-2552



2. NMIMIBARNIINAADI
MILHUNNTNARBILUL Randomized Complete Block (RCB) $1%43% 4 1 Usznauaisitnsia
ad Qs g
NI 4 TTNNT 9%
ada t:ll a a . . a v a v t:ll
5NN 1 (CT) MILaWTIRAULULUNG (conventional tillage) lasmsitlansihduarusalan
a@ﬁa‘*g@muvl,nﬁl,ﬂuma 3 INUH FNTIRAUAILNR 7
7Bn13N 2 (RT) MIaan3lawiiw (reduced tilage) lasnislansiududisinlanfeasgaln
PIUED 7 I 1 A9

[
2

3530 3 (MT) mslanTvuuufiaesnae (mulch tilage) lagmslanTiududiasalonfaas
TAIUAR 7 UazvinnInguandsLasanniy
Bn3n 4 (NT) éhiuaiugu ldiilansiudu (no tilage)

3. mMaasanulainaaas

Usznaudiy 16 wasmanes Sefluua 5x15 waT 32uz19TenInoulasgeuyinny 4 was M3
sae3ouunlainanss BuduanyinmInussinses TR niudszanm 7 Ju Sevnmslolantiidn
I@ﬂ"ﬁm"l,na@ﬁaum"l,mmﬁtﬂuma 3 29ANUAAN 1% 1 A39 Twudasnaneswasiing 1
(CT) mnfuﬁwmswsmﬁﬂmUsl,%sn"ln@mv’;ﬂ*’gﬂvl,nmuﬁlﬂuma 7 29ANUIIAN I 1 059
FnsuuUainasesasdinsf 1 (CT), 2 (RT) waz 3 (MT) uaz lidnmslonsudmsuudamasasves
35m37 4 (NT) ﬁnﬂﬁ?uﬁﬁmsﬂgﬂﬁniw@ﬁufuﬂ?ﬁﬁ?\lﬂ 313 I@ﬂl"ﬁszmﬂgﬂmwﬁu 75%25 LTWGLNAT
%é’amﬂﬂgﬂ"ﬁﬂﬂwmLLﬁaﬁwmiﬂquﬁumﬂwmﬂﬁﬂulmmmaawaﬁ‘%msﬁ 3 (MT) uazdniuuilad
NAB89IIaIITNIN 4 (NT) VL@%'L%&]auﬁ%ﬂuumﬁm%’uﬂgﬂwhﬁ?u

ldaavintaanaznanuSimdinadluidazuladtos (Hadua10vadulainansd) 1uIn 16
Ua 2w1a 5 x 0.4 x 0.6 a3 layldwaadny LLa:ﬁﬁm‘nﬁm:ﬂamé’amnéuqamsmaao (N8931N

WULNEINAKER) (MWD 2)

4. msdanuaznisauasnsnznilne

dufiunmstaninlnalasldussauan (Jab) Uszanaasifiauningiay 2551 uaz 2552 Tull
71 uaz 2 LLa:LﬁuLﬁmwawﬁ@ﬁ'}'ﬂwwﬁmq 150 Wwaz 130 5% MUAGD wasniuLAag I Tnalud
2551 LLET@VL@‘Tﬂdaﬂﬁ”uﬁdNLﬂﬁhLLazﬂgﬂ%ﬂuﬁuﬁLauluﬂ 2552 lagudazasnsiansiulaaiinnsls
uiainasasdu mislade Tagludf 1 ﬁﬂmﬁaaﬁuuaﬂd%é‘aﬂgnﬁniwmﬂs:mm 1 ifiau dntogas
15-15-15 8@71 250 Alansudaianas assasirin 9 i wazluild 2 dlailogandsanu Togsasiulu
8031 187.5 Nlansudalanas wazludns 125 Alansudaianans Lﬁ'a"ﬁwﬂwmmﬂqﬂs:mm 1 100 lag
35lsptn9und dauﬁ%'mi@ua%‘ﬂm%‘u 9 Ufiaemusuuzsinglu



2NN 2 Ll inaaast 1 e ludruawiou §nasuYUNg WIAUATINTIN

® v
5. NINUYaaa
5.1 mMafiudadsdunauiin1inanas wuy composite  sample lasifinaaats@ungnIuniu
(disturbed soil samples) N132AUANNEN 0-30 LAz 30-60 LIUALNAT AILFIWANZAY
5.2 davidaysanumzaudiunuluiud (site characterization) lazyangulifizuranite 1.5 was
#7172 W AN 2 Wwas anudvriaaaulienisnnesiusmgIuiIngvesdnluauiy dnmn
FRNWLIARBNNTBNTINFaTUNEnING AWl wLARZTUAY (18U, 2542; Soil Survey Division Staff, 1993;)
uaztiuaagsfuauTuiniadn (genetic horizon) aNunaI8E197 bt L3tz RanA TR N
(National Soil Survey Center, 1996) ﬁnﬂffuﬁ'lvlﬂa‘hLmﬂaulm:é'umjuﬁmiaﬂ@nmzm_lauq,mu'imuau
(Soil Survey Staffs, 2006) Lialtlunsananaainalulad
5.3 MIAUMBEIAUNTEAUANNAN 10, 30 WAz 50 LoudNas luudazudadtas WWaAn®INT
d' d' s A o =3 s 1 a [ 1+ s A d' o
\nRauNizaImgamIIRan e fmafiuaetedunasnnmslade 1 7 lasludf 1 viins
AL 9 53U S uan 5 039 uazlulli 2 innsiiunn 9 2 T4 dwan 10 a3
5.4 MIAUABENABAIIINNNINARDY
YV o a 1 ~ dl a v L A dl =3 L 1 a
ladfiwnsienmsiiuiieinanaad lne 1 74 lunmsnaseswastln 2552 lasifiuaiasnin
lundazudastos uladtasaz 2 USiim Usznauss
5.4.1 38819@uNYNIUNIL (disturbed soil samples) 71 3 3xAUANNAN Il 0-10, 10-20 uaz
20-30 Lruduas lasldahuanziin iiaihandiensfuTnnmdunisiag mqgamman ansauiiu

Uszlomil wazanuR DT Iaa%



5.4.2 é’aamaauﬁvlsjgmumu (undisturbed soil samples) ¥inmsAuaagslasldnszuaniiy
A188196% (soil core) ﬁi:é’fummﬁmﬁmﬁuﬁ'ummﬁuéhazmauﬁgmumu enanIeziaIy
PN LAz NInTnTe9ewiladududa

5.5 YnmsTesrasnaaulutasnaznasn %é’amﬂéuq@mimaaﬂmwiaz’ﬂ T AT ETE T PTTAR
fufann3 eI LLaziJ'%mmm@lmmWé‘ﬂ
5.6 MAAUTaNANANAANY ﬁ'm'mﬁuﬁagmﬁaﬁniwamqﬂsu 120 5w Usznause siwinaavas

AUIN2ING LaziNRINUaILNAAT2 INANANUTUI D8R 15

6. NMIATITRABLANY

AledazNauinh LLa:GT’JaﬂﬂaauﬁgﬂiumuﬁLﬁuvlﬁmﬂmﬂamu ianfaaulduRs va uas
TOURNIUAZUNTIIWA 2 FaALUAT Lﬁ'al‘*ﬁ'l,umﬁmswzﬁmommmwuazmﬁmmwgm @997 1) uazlu
FERINIAZUNTITUIA 1-2 VARLNAT FIRIUNITILATIZRAMUFDOTLNAGY ERTUA0EINT (LNAA

T lwauszaadizastilng) sldevuisngmnnldezuno 70 asewaios nnuianvald

aztdoa wazh I neiludasd fiidms (@i 1)

Table 1 myltarzhanuszirludasdjianis

Analysis Method References Sample type
Physical analysis
1. Particle size analysis Pipette method Gee and Bauder, 1986 Soil
2. Bulk density Core method Blake and Hartge, 1986 Soil
3. Available water capacity  Soil core and pressure plates Klute, 1986 Soil
4. Aggregate stability Wet sieving Kemper and Rosenau, 1986 Soil
Chemical analysis
1. Soil reaction, pH 1:1 soil:solution in H,O measured by pH meter National Soil Survey Center, Soil
1996
2. Organic carbon Wet digestion and titration by Walkley-Black method Nelson and Sommers, 1996 Soil
Organic matter Organic carbon concentration x 1.724
3. Total Nitrogen Digestion with H,SO4-Na,SO,-Se mixture and Jackson, 1965 Soil, Sediment,
measured by Kjeldahl method Plant
4. Extractable bases 1 M NH,OAc at pH 7.0 extraction and measured Thomas, 1982 Soil
(Ca2+, M92+, Na' and K+) by AAS and flame emission spectrophotometer
5. Available P Bray Il and measured by spectrophotometer Bray and Kurtz, 1945 Soil
6. Cation exchange Saturating the exchange site and displacing by 1 M Chapman, 1965 Soil
capacity NH4OAc, at pH 7.0
7. Base saturation The sum of bases extracted by NH,OAc (pH 7.0), National Soil Survey Center, Soil

percentage divided by the sum of cations (extractable bases + 1996
extractable acidity) and multiplied by 100
8. Total P and K Digestion with HNO3-H,SO-HCIO, acid mixture and  Yoshida et al., 1971 Plant, Sediment

measured by spectrophotometer and AAS
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‘[mazﬁwLflul,muﬁaumﬁawguuumm@azlﬁmmﬂﬁaanﬁm FaNaINUYalaTIRI 9 T nTInT G
1 =1 g; ] a Aa 1 Aa v A A a A :’ a a a v
A9RNAILE 32-160 LTUALNAT a@uagluwaﬁamaaaﬂuum Al uwinans wazFU1) Andllaseaing
milaunudnuundlawmalnanii uazinnuainuuadlassairoudinsinit laslianuainuudonss
U1NA19 DIUTILTI WUNTLAROLUDIAWLALINRINTINLT QA WULEZT 97719 b TaLat Auduwniadauazi

Aoraaauaniasnnduun laofidagluids 5.0-5.5 (N 3)

1.1 ANUANIINIYAIN
auﬁﬁaauag’luﬁé'ﬂ?mmwUﬂuauimﬁaauimﬂmﬁy I@ﬂﬁﬂ’mmﬂmzmwaaavgmﬂmm@
nuagluids 756-854 nindeilaniu aynavwanaeouiliedluiids 69-109 niudaflaniu uaz
aunauaawnitelagluidy 76-176 nsudadlansy (013197 2) uazusasliidudonsindands
\B9NA (lessivage) 1890%NIATUIALAN LLazmzmumsmﬁ'auﬁwmi’a@;mn%uauuu (eluviation) 'luazaa

o

Iua%%’%ﬁﬂd miﬁ@umuuuﬁmgmmummmmﬁaag’mn ﬁ'?%%’%aui‘i%‘i‘ﬂﬂiﬁ?J‘Iz&ﬂ']ﬂ"]]%']@lﬁﬂ

=

Tae NI A WAL AN LT (Buol et al., 2003; Soil Survey Staff, 2006)

auﬁmmv\mLL‘ulmawaaauag’lmzé’umuﬂmoﬁmauﬁwgﬂwﬁmag’iuﬁé’a 1.53-1.64
o v a £ s o o & a a o
L&Iﬂ:ﬂi&l(ﬂﬂg}ﬂﬂ’]ﬂﬁm@]i LRI U ANAUINANUAN  TIRINALAAIRNINENUNY b AUDNAI AR
=1 a 1 % = % =S %% g; a ] A:l'
ANANEN I@muuuaglm:@uLsaﬂmﬂma LRZIZAULNUNARITIUWNANS I UTUAUENS (9177197 2)
I@Uﬁ"a"lﬂauum:ﬁﬂ%mmﬁuw%mﬁ'@qgon’jwaumﬁomwalﬁmmvxmLtuuiuumaaau@‘hﬂi’] LazuNT

a = a X & a ' =2 ' v ] a a &
ﬁZﬁﬂJE]‘%ﬂ'lﬂ‘llu’]@]@]%L%%U'lLWSJ?I‘HIW’IT%@]%N'N ﬁ]dﬁdNﬂl%ﬂ’]’m%%’]LL%%?’JNTBG@]%LWN?J% (Forth, 1990)



AN 3 ANEUEENNATUTENG WaznnAadudmLNG (Arenic Haplustult) Aunulainases



1.2 aNUANLAN

fuilunsnsaioniasannn (pH 4.7-5.7) lagfid1aaasmuainuan (@190 2) ugasinaund
Wl sAauie@ Iniszazansgs %\1Lﬂuwammﬂﬂi:mummzazmUﬂsz@mﬂﬁlﬂmmaaﬂ"lﬂmn
WHNAAGAK LLéTaﬁVLaTmeVLaaaumamuag’ﬁﬁamgmﬂau (Brady and Weil, 2008) Dusn o096 ui
wurilulwwasow (Sanchez, 1976; Eiumnoh et al., 1984) agslsfiany MiaTauwonaNazLILONGS
FEAUMIHWIVDIABUATA NN TUUTIVBINTZLIRNITEALAY  UAIHIINARDNTAZANVRIDABIAITNT
ludussnadennududszlominiaanuduinaimaemsisuisia lagdufidifiendinit 55
sasuliinanuazezgiiiuazaisaanuiann %aﬁnﬁwﬁwﬂﬁﬁ%mﬁ'vmgﬂaawa%’mﬁmﬂumsﬂi:nau
Fetaudazasinginin anududslomivaswasnosasanns uaﬂmﬂf:ﬂ'amm%ulﬁm@;a:gﬁﬁfu
azmﬂaanmmﬂlumsazmaamuﬁalﬁlﬁ@mmLﬂuﬁwaaazgﬁﬁfw%aﬁ'ﬂﬁwa@iamnﬁ@Lauimmaa
9NN (Brady and Weil, 2008)

AuilUSinuduniviagluszaudann (0.7-4.4 nindailanin) lasfiuwilivaaaiainnnuin
~ = & o A v A A ~ A
(@13199 2) FadunaniannnIseaualIvadtAasine 1uld nIasnie fenanadtnianiannnig
=) IJ IQ =)

INBATNTIN WIDNTWITUBTTNIANTULUNAJUAAIGY (Halvin et al., 2005; Brady and Weil, 2008)
Ui e anIiuuaIan ﬂ%mmﬂaaﬂa%’mmﬂwme%ﬂuﬁlﬂuﬂiﬂwﬁmaaauﬁmaglmzﬁm‘h
11N (AFe 0.14-0.56 nIudailansy, 0.5-2.5 Aadniudanlanin, was 5.77-11.40 AadnTusailani
o e A v =S d' v a a e L a a a = v
ANEIIL) waziuwd luaaaInINANNEN mlmavl,ﬂlu'ﬂﬂmammﬂuﬂuﬂimmaummmq LA L

~ 0 a =} o I 1 o a a a a dq, |
diwidunisiagiuunsdsdangzasiulanan Wearediw uazlwunmBoaludn - wananienady
Uszlamivainaanasaaunusnuaniasin lasduilduniniaiiniadann (pH 4.7-5.7) Weanalw

= a o +2 +3 o s = A A a A
ﬁ]:gﬂmﬂ@ﬂaaaumzmslvl,@waﬂ Fe' , A" uazlaaszaan loauaitnan azpiiiilun uazuuInila Lia
Lflumsﬂizﬂauﬁaxmsm’nmﬂmaoﬁmﬂizﬂaumﬁﬂwamwmm:azgﬁLﬁwWaaL‘V\I@ Fuarinlwanuin

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

ﬂ%mmmmwﬁaﬁ‘@"léfﬁmayﬂm:ﬁm‘i'mm (1.86-2.31 trudluadailaniy) ssnalioannias
azmmﬁwéﬁLuaﬁﬂ"]agluszﬁuﬁwmaa@ﬂﬁﬁﬁ@au (Soeag 13.44-25.63) USUNlAalToULAS
I'wme%ﬂuﬁaﬁ'@wvlﬁa;ﬂm:é’w‘iwmn (WFE 0.30-1.19 LAz  0.03-0.06 LA luadan lanTy au&1aL)
ﬂ’%mmumﬁﬁwﬁaﬁ@aQ‘lm:é’uﬁ’]ﬁamuﬂma (0.92-1.75) naluadenlansy USunmlmasufiana
aglmzﬁuﬁ'} (0.13-0.28 Ludluadailaniu) ﬁoﬁtﬁaamni’mqﬁuﬁﬁLﬁ@au"lsjvlﬁﬁLm&iwaummvl,aaau
Adwuminasslsznay iawﬁué’uamaaﬁﬁmsma:msJ;;m (Bloom, 2000; Buol et al., 2003) FI&INA

Iiuaiana ledUSunmdn (@13197 2)



A19191 2 auTamImMeMnuaziaiivaIdualuny (Arenic Haplustult) flFlunsdnmn

Depth  Hor. pH oM Extractable CEC BS BD Ksat Sand Silt Clay Texture
1:1 K Ca Mg Na

(cm) HO (gkg)) ( cmol, kg’ ) (%) (Mgm)(emhr')  (memeg kg e

0-32 Ap 55 4.4 0.05 1.16 096 0.14 34 14.2 1.54 8 854 76 71 LS
32-51 Bt1 57 1.5 0.06 119 092 013 14 150 1.79 3 801 103 96 LS
51-72 Bt2 55 1.3 0.06 030 133 017 16 134 1.53 6 781 111 109 SL
72-101 Bt3 4.8 1.0 0.05 088 109 016 36 214 1.57 2 768 143 89 SL
101-132 Bt4 4.7 1.0 0.04 020 175 016 16 16.3 1.61 2 760 162 78 SL
132-150+ Bt5 4.7 0.7 0.03 068 1.08 028 26 256 1.57 2 756 176 69 SL

Remark: Hor. = horizon, OM = organic matter, CEC = cation exchange capacity, BS = base saturation, BD = bulk density, LS =loamy

sand, SL =sandy loam.

ﬂ’%mmmml,i‘fluﬂmﬁaﬁ@"lﬁagluizﬁuﬁauﬁwgdﬁdgd (5.99-13.96 LU Luadanlaniy) (A3
t:ll v & =1 a a dl Id ] t:ll
1 2) e liARdIUszENTAwvaINITzazane loaauuInAtdudns wazmswnunvedlalasianlossan
Tudu uaztazliAwihauldwawinisagluszduihunansfisdandnigs (Sanchez, 1976; Buol et al.,
2003; Brady and Weil, 2008)

anwuaniliouuaalasauddragluszdudfidiunn (1.4-3.6 oudluadeilanin)  uazdl
v =S d' & & a a ai A 1 1
L luaasIaNANEN (@137 2) DeTudnuuaziianuuanilisuuaalasauginirfudnsatig
TFatawinazidunaunnndiun sudunIsinguosTuanUWNIUTI MFININTUAKIIDENITALBITUN Y
(Sanchez, 1976) atil3fiany anwuandsuuna losauvasrudnaradunannnnsfauazysanm
1A v & 1 =) Y 1 =) &
284u3Awnilen (Sanchez, 1976; Buol et al., 2003) usasliiAuhduiaaraduiialadluddsiiang

wanilasuuanlesaudniuaidisznaufiddn (Buol et al., 2003; Brady and Weil, 2008)

1.3 N139UBNAY
a & a ' aa @ a a - . = [ a {
GuilTududiifiasueniiadn (argilic horizon) T9ldunanmirzanvIauMAGWRTEIN
LARDWENHINTUA UL RSN FERN I UTUAURIDENITALIN LazlANNBNAILUEdININTaR: 35 NTeay
=S Aa SR o ' v o A o A 6 . X Ada |a ' v o o va
AMNAN 125 Lrudlues e luduaududadioand (Ultisol) wazAunilTumdudaudrodninlidu
¥ . e L& 4o ¥ A . A ,
fenuzuagina Sinsawaiawzlungdaniisivinu Sedauihluszusuanududuuuudsdn (ustic
soil moisture regime) Yinl#dmadlududududas Ustut adnelsiaudianmdunioiazanadly

aausndvasnindadunInnitionaz 20 JsmanIndaadlungudnlng Haplustult uazlitofuidudn



' =3 a Aa a = ' A [l . v & a a A
NINYUBIIUAFDAANNEN 50 LTUALUATINNNIAY "i]ﬂﬂ%ll%ﬂ@ll@uﬂﬂﬂ Arenic @G%%@%@]'JLLVI%VII“FL%

= a o o v & .
NIIANEN mm:uuatgmmmm@muuﬂ%LiJu Arenic Haplustult

2 FANUAABNDWNINITNARDY

duumdunsadauasauarndunsaianin laalANLaTvinny 5.50 was 5.18 NSO AWLWE
ﬂ%mmﬁuﬂ%ﬂi‘mqagimzﬁm‘ﬁ (6.3 nNuGanlaniv) mmzﬁiuaumm%i‘lm:ﬁuﬁﬁmﬂ (420 n3NGe
Alansw) sanmlulasion Woswasaiduwdselomd Inunsi@ouiiundselomt uszuaadouiianald
°uaaauag"l,mzé'u@‘i"lmﬂﬁv'o@uuuuazauéw lasfidagluide 0.14-0.21 niudafilaniu 0.63-2.50
fadnsudafilaniy 9.47-10.31 Jadnsudanlaniy waz 0.65-1.16 Lud luadanlansy awd1ey YSunm
ImaU;Jﬁaﬁ‘@"lﬁmaaauummzaumda%isl,mzé‘uﬁ’] laofid1agfan 0.14 - 026 oudluadailaniu
ﬂ'%mml,mﬂﬁlf‘fmuﬁaﬁ'@"l@?maoauuuaglmzﬁuﬁ’] (0.96 \oudluadanlaniy) wazszaulunaIdInsy
fuand (1.23 L udluadanlany) LLa:mquLLamUa‘ﬂmmmvl,aaauﬁma;Jilmzé’m‘i'wé’(m%'uauuu (3.4

WA LNAABN LanTH) WaTANINFIRTLAKENY (2.2 Loud luadanlanin) (1357197 3)

3. WazaIMIlansMAazMnIng
a & o A X o & ~ A ' [ aa Y
NAaNAALNEAT I InaRaNNTRTBA: 15 NIradlnmImasad lilanuuandrsnuneaiia meld
a { A v a et
nnITmlansiu (mui 3) Salinalulufianadeaiunisdinsves Al-Darby and Lowery (1986),
Beyaert et al. (2002) U8z Mupangwa et al. (2007) nshanaazidunanandrsunannmsifuluade

=S ) v =3 ™
AN IAPIT LW T IR WA b TALA LU IZLIZLIN

M1319N 3 FUUAGBUY (0-30 LTUALNAT) WA AKE (30-60 LIUALNAT) NawiinIInaaad

Soil properties Topsoils Subsoils
pH (1:1 H,0) 5.50 5.18
Organic matter (g kg') 6.30 4.20
Total N (g kg ") 0.14 0.21
Available P (mg kg_1) 2.50 0.63
Available K (mg kg'1) 10.31 9.47
Extractable Ca (cmol kg'1) 1.16 0.65
Extractable Mg (cmol kg_1) 0.96 1.23
Extractable K (cmol kg') 0.05 0.05
Extractable Na (cmol kg ') 0.14 0.26

CEC (cmol kg') 3.40 2.20
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Stem weight
(tha™)

0.5 7

Grain weight at 15% moisture
(tha™

0.0 -

CT RT MT NT

CT = 3 disc followed by 7 disc plough

RT = 7 disc plough ® 2008
MT = 7 disc plough with mulching 02009
NT = no tillage

The different letters in graph are significantly different at P<0.05 according to DMRT.

= a & o a A o
NINN 4 NQNN@]LN@@%WQIW@W@?WNT%?QU@: 15 (a)

wazthwiinuiszasdudnlne (o) meldmslownuduuondnduazunyeaying

fsudmslansinazlaiflinadenandaiuantnlne uanauRINa IRNRINLAIRTILANANINY
agafiipdaynesialuiln 1 laanmslansuiuuaanislowsaw lagmslawsuduaisnns 7 $1uimn
1039 (RT)  lihwinudsnadigengairiniu 0.88 ausdatanasuazlumlduliihminiudadialne

gdq@mwﬁ‘u 2.13 18z 3.70 audatanas §1uIull 2551 waz 2552 aus1aU

AT LONTIUBLLAILARTINAT (1.76 WAy 3.67 audaranas eswsull 2551 was 2552
AMURIAY) BAzMTIaNTIUGY (1.79 waz 3.10 audatanans eIl 2551 uaz 2552 aud1ay) A
w i lAnandawaadilnadininmslansiuduuuudnd (1.93 war 3.23 audaianans ansud
2551 Way 2552 ANANOL) TIAHAREAAEaINLUMTANII289 8139 (2531) NTBNWINTZUUMT ONWTIB
auLLuuﬂﬂaﬁ]zdoNaiﬁmaN?\@]‘*}TNIW@ﬁﬂgniuaumauawq%gaﬁq@wi"nﬁ'u 3.78 audaLanans
\wlde2iuN1IAN® V09 Randall and Iragavarapu (1995) NTenuwi1 Talwafidgnluszuuninigla

=1 a a = 1 dl =) =) Qs ] 1 a a
wimszdimaatyduledndiulafFouiounumslilawsiu lasanzlutswsnuasmaasadule

dl' d' ] a 1 v Aaa c; 1 = v 1 A 1
Luaamﬂluﬁ?:uuw"l,uvlaw*nu@m:mNalﬁqmﬁgmummﬁ Tulastaniuud liuliigswadaaiu
AINITVDITIING AUUBNAMVENUTZNID 0-20 LIUANATIZHAMNUTININNGT AUTHARNINAT
MlddTinneandiauddinng 1nnanaaind1IEIHAlENITUINNIZLVRITIN uaznmsLatLdvla
a3t InaluisusntinindnaiiaSoungunuUM I IaNIINE® NANAAN La39RUSU NN



4, NmuaagﬂLmumﬂnwramiam‘stﬂﬁﬂ%ttﬂaaauﬁ'ﬁﬁ%
4.1 ANUANIAIYAIN

AMUA U LUBTINYBIAUATZAUAIUAN 10-20 Luflas Hanuuanaanuneasa (mwﬁ
5) I@zlms"l&i"l,nwnuauﬁLm’ﬂﬁulﬁmmﬂmu,u',m’smaa@ugaﬁqmmﬁ‘u 1.55 Lunzniudagnund
uAaT 09890 ldun msaamslantin mlawrudnd uazmslanssuuuiemnaa laoden
WAL 1.48, 1.46 Uz 1.44 Wwnznindegnunndluas aaday FomanaaaInUNANIIANEIV8Y Chang
and Lindwall (1989, 1990, 1992) 3189131 fanurwILHRIINBasaw ldanulssfilddmsla
WIIUAY azﬁ@hqaﬂ'jwLLjJmﬁﬁmivl,nwsmaml,uuﬂﬂaiuﬂsszﬂLLﬂuﬂ@w wonandssnuImslansin

NALFINAFDANNAWILUWIINVDIAWITFDIVINNT lanTInAadanwatiiay 10 T

1 =) v QI J a a
mwwmuummmamuﬁumiuwLwmumummﬁﬂlunm%ms"lmwsfmmu (1.44-1.61 LN
0’ 1 6 é & g’ a dl a dl = =) 1 v

nindagnuINAluaT) F30719L D UNANIINUIRRNNNANUVITD LN LT N TLaT D uAY awa‘lvxmgma
AwaLantafandraad b lurasing mww;mawaaauﬁmmd LAZLAANITAAAINWLULAILARIAW
aulsTudunay e lsionusuduuuinazgniuninanmadfuanuds 9 lulsun Jeildsugs ud
a n:l' Y 1 d'd a 1 d' a wa =3 a > 1 1 va p.l' s =S
@umgmumamﬂmummmavl,m]:ﬂgum'mnw:l,ﬂ@ﬂﬁamLLuu SINAAAUNTZAUAINNANL TN I

30 LOUGELNGT VAUARUN LLﬂ%i’JﬁJgdﬂ’j’lauf%U%vlﬁ

amwﬁnﬁwaoaummzﬁuﬁ’;mﬂlﬁnﬁivl,nwsmnﬂLLuu"l&iﬁmmLL@msmﬁ'umdaﬁa (MW 5)
A o L oA ) =2 A | o & a a o v
TIRNATWLAINUNTANEIVEI Horne et al. (1992) Awuinanwiinsinvasdusmeduaa lailiaanu
wanaenuelaidsmMslanTiu 3 353 e mMslawudnuuulnd mﬂnwmu@uﬁwmaﬁaw ey
myldlanwsudn fadenwduseaziian 10 U

ms"l,nwsmammuﬂﬂﬁﬁLLmMﬂﬁamwﬁﬂﬁwaaamm:’éuéﬁgaq@ va9a931 laun m3ly
TanTIUaH NNIAANITIONTIN M IONIIBLLLNIARRD laolaTNT 2.4-14.6 LTWALNATADT LU
wazluwilduaassauanuanlunnitnislansin SeseaadainuanuruiuTINasdunduw il
QI J g; Y 1 o :’ A Q U Q U U a a

WNln nafdanwiihvesdudngnaivgudlndaiodulassasnedu manannizansveseunadu
USUNULAZNITNIZ LY WIAVDITAIT19 I UAY AINEALTHDITITAITNI TINDIATUR WL UUITINYD IR
LRZIAIANAIDENTALRBNTEAUAMNAN 10-20 LOWALNATAI 1 Laad AR I TSNV LA w ]l
n' a &’ 1 v g’ 1 ] dl' ai v v [ g; dd'd Ed 1 a v
WAIAzIAaInaETT 9 Thaawlrngaziadown lniseuwding ainwlunsmnidwanninazaassuld

e lnaniifdn waznsnsaudu audsnniusinlilésias (Planchon et al., 2000)
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T ~ significantly different at P<0.05 according
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2 =~ CT=3 d?sc followed by 7 disc plough
= RT =7 disc plough

> MT = 7 disc plough with mulching

< NT = no tillage

g . - o ¥ A 2 e - v & 4
AMAN 5 ANUAMILUUTINVIGY (a) FNMWININTIawU DA (b) LIAAKLENETIN () uas mm’«g‘mwmuﬁlﬂu

dselomidaie (d) Nszauanudn 0-30 LTudALAAT mﬂlﬁﬂ'ﬁ"LﬂWimauLmuﬂnaLLa:LLuumﬁnﬁ



fovazidaauadoninfs=aunuan 0-10, 10-20 uas 20-30 wudasnaldmslowrunn
nwvlifienuuandsiunesda (i 5) lasmslansmuuufarmmasSum vl daawadosin
gaga so9naan baun myaamslansin mylilansiu uazmslansuduuuudng lasfidreglufas
Souas 43.3-52.9, 48.5-50.5, 40.8-58.9 .8y 39.6-47 .4 ANAAL

ad Y & A A S A ) =< < a A o
‘lunmﬁm‘s"l,nm’m Tavaziiaduwanosinduwi lihuanasa uauan Imm"l,ﬂaummmq
uafaFNANNAINUaLTAAY (Alvaro-Fuentes et al., 2008) dlasUn@auruuwazdiySinm
Euw%ﬂi'mqgmiﬂau%'uma IRINA LA AN NAINUUDILT AR UAARI LUTUABANS BEI IO NITDNIIN
ammumﬁﬂﬁI(ﬂumww:m‘m@mﬁ"l,nwsmuazmﬂnwnmmuﬁammmﬁa SINR AR AL TAAWLRDLT
ﬁwgaﬂ'jﬁmﬂnwsmﬂﬂa Lﬁaamﬂmﬂnws’;mmumg%’mﬁﬂumm@ﬁ‘hmumﬂnwmm:mwalﬁms

r a =1 a a U 1 di = = g a a AJ a a
gauav0IBuNIBIngziatinia WaldSsusunun s iaa I uawLuuUn@SINn1TIUNINAK

lalalalele (Balesdent et al., 1990; Havlin et al., 1990; Franzluebbers et al., 1995)
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Ew%wamaamivlnwmuvl,ajﬁwa@ia%aﬂazqumﬂwu‘nL‘ﬂuﬂiﬂwﬁ@iaﬁ"’ﬁmaaﬁa (m‘w“?'i 5)
msaamshonn lasmslansiududionna 7 $1wam 1 a3s ﬁLLMM&JW%QUazmmqm’m%uﬁlﬂu
ﬂs:hmf@iaﬁmgaﬁq@agﬁmagﬂuﬁé’s%"aﬂaz 4.5-4.9 3998331 bed N lanTiuandnd nvhila
W3 LazM TN TIRLLL AL AAE e losfidnagluiduianas 4.0-4.6, 2.6-3.8 Wn22.6-4.3 lasanas
ANEIAL I@umia@mﬂwmuﬁLLmMulﬁﬁﬂ%mmauﬂ%ﬁmqgqq@w%a"ﬁaﬂLﬁumw%ﬂﬁﬁ'vaﬂﬁ

mﬂﬂiflgmmumﬂnwsm‘é‘ﬂ 3 335

£ v
@ A

i lsfiawanuaanuauiiiulszlosddedsiidregluizdudn (Souaz 2.6-4.9) Nadk
dll a dl I a di/ [l 1 a 1 T 1 1 1 Qs
Wavanawnldlunimesasiudwboneu savinvdnsavlnaidusasinvswialng dsznaunu
USanaduniodagidn Bssaaiuldifansgyidoiiedienaiis anssuiidudszloodluduiad
~ ' A \ a v A Y A ' & A o
(13, 2535) mewmwmwmﬂnwsm@mwualggiﬂwLLquwmﬂa@mﬂammamwmmmaawﬂ@
ANIINITINIIRABLLLUNG 1asazTI88000INNIITEREUNNRIGK Lﬁaaﬁnﬂﬁmwmﬂﬁmﬂﬂﬂqwagji?n
f1 LRILAA LU NTENUNURINTIN AU AL 6T ﬁwlﬁqmﬂgﬁﬁﬁa@mﬁao LRZWANANNBHEILT UM TLANLGAN
a a = >3 Y A 1 v v :, a n' J A =] Q/g’ 2 J

ﬂsmmaumm@ql%nmu mNal%ﬂawuawuwanwuwmaa@ul,wmm NrszunTaldiin lauiuin (ICI.

American Inc., 1990)

4.2 ﬂ?wvmﬁun?ﬂi'mz;:ua:ﬁ'iqrmmiﬁ%
Usnaduniaiag Tulasiansin Wosawadr way Iwme%wﬁLﬂuﬂiﬂmﬁmaaaﬂunmzﬁu

= i ' o aa ' P
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lunnitnmslowsudinnudunisiagldragluidy 3.5-6.2 niudailaniy uaziiuualsly
ANRIANAINAN ashavlsﬁ@lmn’]mmmsvlnws’mﬁLLuaIﬁulﬁﬁﬂ%mmSuﬁﬂi‘@qgaﬁq@ sadadun laun
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i My lowudsuuudnd andumasddunisdagludusaisdildisau 3eiilanafiazrinly
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(o))
E
'33 CT = 3 disc followed by 7 disc plough
o RT = 7 disc plough
IS MT = 7 disc plough with mulching
~ NT = no tillage

CT RT MT NT

nwi 6 JSanudunisdag (a) lulasiaunivua (b) Waawaia (o) waz InunmBoaidudszlomi (d)

ﬁixﬁ‘].lﬂ’)’]&lgﬂ 0-30 LTUALNAT .ﬂ’]Ulﬁﬂ’ﬁvlﬂWTJuauLLUUﬂﬂaLLﬂzLLU‘LIﬂt&%’ﬂﬁ



Vsnalulasaunurasdulunnismlonnulidragluszaud (0.11-0.19 niudailaniu)
A Y 2 & @ o o a a A o A Aa o o P
wazluwalduaassaruanuindiliuaseandasnudinmdunisiagludunledluszdudiuacd
9 = . oA v & A A & & a .
wwalsduanasauanudnguaoiny naikasanenuiulslosdvaslulasanlududinlng ez
v [ a = [ a A 6a o ai a = v & a
ldunannmismedizeasdunisdan lasgdunidauazimaddsululanaudunidliidululasaued
A d \ d P
wn3d dadugdfidudszlozidefs (Mengesha, 2004) LLax%aﬂﬁ]’mﬁqﬁluI@]SLﬁ]uLﬂ%ﬁ’l@lﬁQEQ‘W]EJVL@N’]U
MIINNITUINMITEaza1s Msnasiluuis Jvssnalnansiulngilulasiaudr (Rice and  Smith,
1982)
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Beegle, 2006)
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Twunadoafiensgymoldadimadilasanizlasnszuiumazzazany (Angle et al., 1993)
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5.1 mgalzlagdnalne
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Plant uptake

2008 2009
Tillage system

N P K N P K

( kg ha )
Conventional tillage (CT) 9.87 0.73 12.52 18.38 1.69 33.38
Reduced tillage (RT) 7.39 0.77 13.53 19.19 1.75 28.63
Mulch tillage (MT) 8.96 079 2042 19.88 225 3875
No tillage (NT) 7.63 0.66 12.14 15.19 1.56 31.19
F-test ns ns ns ns ns ns

Remark: CT = 3 disc followed by 7 disc plough; RT = 7 disc plough; MT = 7 disc plough with mulching;
NT = no tillage

ns = Means in a column are not significantly different at P<0.05 according to DMRT.
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lunssaslnnaaas lunnitnislonnudnlnaszinisgaldlnunadousnnitlulasau
wazwWaanaiw lauilidnagluias 12.14-38.75, 7.63-19.88 uaz 0.66-2.25 Alaniudaianas audiey
(@19747 5) lasmslansaududisra 7 uaziinsaquaudisiasanniis (MT)  Juwildulvdnlned
migaltlulasiau Weanads uaz Inunmfougige lavldnaglufiay 9.87-19.88, 0.79-2.25 uaz
20.42-38.75 Alan3udalanans ausay (13199 5) nefitasannaeldmslansinuuuiamnieas
FlunsTnmanutu uasiasanisusduiinguagniadagluduaziiansaaoa i
a a o a A & ! A A, o o
dunipiagludndauduundsvessigemisvasisndady lasianizlulasian weawada uag
IwunaBey (Acharya and Sharma, 1994) udagndlsiaunanaatnlnad ladumildudininnsia
WIIBLULAAMTLONTIN LRSI LANTIUAUULLUNG

wan 3 b lawsaudu (NT) ﬂayiJﬁLL%?IﬁNlﬁfﬁ?IW@g@lfﬁ’WlEl’]%’]i“f?&&’]&l@i’]ﬁij@ (agluian
7.63-15.19 Alansululasiaudatanans, 0.66-1.56 nlansunaawasadatanans was 12.14-31.19
Alansulwunsdonsdaianans) lagamizlunsdivasd 2009 (a13197 5) Selinasanasasiulsun
Naw‘émuﬁm‘hﬂwaﬁ@ﬁﬁﬁq@ waasliAnimslonsuuuuening TunsdivasmslonTiwuuufoie
WARD waznT N banIT UG a:ﬁﬂﬁﬁLﬂwﬁmmad’mﬂnﬂquagﬁﬁaau FIWA A b lastanduui lin'la
WA EINBREANNABINTVBITIIINA LT IIUIN Lﬁaamﬂﬁﬁmﬁmaagauw?ﬁau (Rice and Smith, 1982;
Aulakh et al., 1984; Acharya and Sharma, 1994) RINAdaNaNEaT I lwa (Randall and Iragavarapu,
1995)



5.2 Msganduan
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wdpRuiuMIgLEe g ulasiau wazlnunsFonluiuaznonduianuuwandrans
molddimslonsiudn 4 533 wwzlunmmanssaastii 2551 tinsiu (15197 6) Tasnsaanisla
W3 (RT) wazm3lonsuwuuuiisiesmnia (MT) sanaligadelulasau wsslwunaBoalunuaznau
augaﬁqmvhﬁ'u 8.0 uaz 0.38 Alansudstanas awd1ey luamefinslalansaudn (NT) Suualsiy
¥ lulasian LLazIWLmm%wﬁ@vlﬂﬁ'umﬂauam‘hﬁq@Lmﬁ'u 4.69 uar 0.21 Alansudatanans

AVIIAU

faudhiSanmaznauduazanasiull 2552 udndufinsgyiiongaimisnangeninlull 2551
laslanzlnunsdon (13190 6) neftanaiiiesanlud 2552 ldidndanienlalinuinnlne uaasld
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16 Wanasanlumwundgastnimasaas wuin slwqm'ﬁmivl,nWSauVLuimiLﬁ]uaz@l@VLﬂﬂum:ﬂau@u
WnfiaasyluiNgs 3.25-8.00 Alansudatanans sedadun launlnunaidon (0.21-0.88 Alansuda

{98g
anan3)  waz Weswesw (0.23-0.39 Alansudatanand) (a13197 6) ﬁ%fﬁﬁaamnﬂaaﬂa%’mﬂum@lﬁ
waeudnelddosludin uszidamytusanuunalosauds 9 laun wan 2z ity LAz UAALTHA LA
Husnsusznauidetoudilaiazanoti (Brady and Weil, 2008) FadniiamIandsagludn uazagluiag
nnfizlawunitlulasiau uszlwunaiGon (Sharpley et al, 1994) agslsianamignidonaanata
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(Richardson and King, 1995; Bertol et al., 2006)
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Sediment weight Maijor plant nutrient in sediment
Tillage system 2008 2009 2008 2009
N P K N P K
(—tha —) ( kg ha” )
Conventional tillage (CT) 2.92a 3.31 3.25b 0.31 0.25ab 6.94 0.39 0.88
Reduced tillage (RT) 3.34a 2.22 8.00a 0.31 0.36ab 4.19 0.29 0.61
Muich tillage (MT) 2.96a 2.46 5.44b 0.33 0.38a 5.44 0.31 0.81
No tillage (NT) 1.59b 1.83 4.69b 0.23 0.21b 7.50 0.27 0.50
F-test * ns * ns * ns ns ns

Remark: CT = 3 disc followed by 7 disc plough; RT = 7 disc plough; MT = 7 disc plough with mulching;
NT = no tillage
ns = means in a column are not significant at P<0.05; * = significantly difference at 0.05 level means followed by the same

letters are not significantly different at 0.05 level according to DMRT.
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v A & A a o o PN & =
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(volalization) ﬂﬁi@@lﬂ@ﬂﬁgﬁ%ﬂ%ﬁau (immobilization) LLazNILUIVNIT denitrification (Rice and Smith,
1982; Aulakh et al., 1984) uananniaunvinmsanwiduduniileney saaasuldinsrzazans

A v A &
aan lanwannie lai3892% (Buol et al., 2003; Brady and Weil, 2008)



Year 2008

Nitrogen (g kg‘l)

0.6

Nitrogen (g kg‘l)

50 cm

Nitrogen (g kg‘1)

Day after fertilization (day)

Remark: In 2008, 250 kg ha'1 of the complete fertilizer (15-15-15) was split equally on seedbed day and 30 days after planting.
In 2009, complete fertilizer (15-15-15) was applied prior to sowing at rate of 187.5 kg ha'1 and 125 kg ha'1 at maize was 20

days after planting.
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Year 2009

0.6

0.5 1

30cm

0.6

50 cm

CT = 3 disc followed by 7 disc plough

—a—CT

—A—RT RT = 7 disc plough

—O-Mr MT = 7 disc plough with mulching
- NT NT = no tillage
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Day after fertilization (day)

CT = 3 disc followed by 7 disc plough

—a—CT

—&—RT RT = 7 disc plough

—O=MT MT = 7 disc plough with mulching
A NT NT = no tillage

Remark: In 2008, 250 kg ha_1 of the complete fertilizer (15-15-15) was split equally on seedbed day and 30 days after planting.
In 2009, complete fertilizer (15-15-15) was applied prior to sowing at rate of 187.5 kg ha'1 and 125 kg ha'1 at maize was 20

days after planting.
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and Weil, 2008)
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Tulastanldaniwannieléisr2u (Angle et al., 1993; Brady and Weil, 2008)
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Soil profile description

| Information on the site

Soil name
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 soil series
: Arenic Haplustult
: Jan 21, 2009

: Somchai Anusontpornperm, Suphicha Thanachit,

Natthamon Apairee, Ekkarach Meewassana, Pattra Prasertsombut

: Ban Non Somboon, Tambon Huai Bong, Amphoe Dan Khun Thod, Changwat Nakhon Ratchasima
: Approximately 330 m MSL
: 5339 Il Coordination : 47P 0769173, 1671549"

: Upper erosion middle terrace

: Slightly Undulating

1 2% Aspect : 34 Azi

: Maize experiment plot with remnant of dry dipterocarp tree species
: Approximately 1,212.5 mm

. Approximately 27.5 °c

: Tropical savanna

Il General information on the soil

Parent material
Drainage
Permeability
Runoff

Depth of ground water

11l Profile description

Horizon Depth (cm)

Ap 0-32

Bt1 32-51

: wash over residuum derived from sandstone
: Well drained

: Rapid

: Moderate

: More than 160 cm at the time of sampling

Description

Brown (7.5YR 4/4); loamy sand; weak very fine and fine subangular blocky structure; non-
sticky and non-plastic, very friable moist, soft dry, few very fine variegated sands; many
very fine vesicular pores; common very few and few fine roots; field pH 5.5; abrupt and
wavy boundary to Bt1

Reddish yellow (5YR 4/6); loamy sand; moderate fine subangular blocky structure; non-
sticky and non-plastic, very friable moist, slightly hard dry; 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; common very fine roots; field pH 5.5; gradual and
smooth boundary to Bt2



Bt2

Bt3

Bt4

Bt5

51-72

72-101

101-132

132-150+

Reddish yellow (5YR 5/8); loamy sand; strong, fine subangular blocky structure; non-sticky
and non-plastic, very friable (moist), slightly hard dry; common distinct clay coating on
faces of peds and clay bridges between sand grains; few medium krotorinas many very
fine coated sands; common very fine, very few fine vesicular and few very fine single
tubular pores; common very fine, few fine and medium roots; field pH 5.5; clear and
smooth boundary to Bt3

Brownish yellow (2.5YR 5/8); loamy sand; moderate fine subangular blocky structure; non-
sticky and non-plastic, very friable moist, soft dry; common distinct clay coating on faces
of peds and clay bridges between sand grains; few very fine coated sands; many very
fine and common fine vesicular pores; common very fine, fine and medium roots; field pH
5.0; gradual and smooth boundary to Bt4

White (2.5YR 5/8) loamy sand; moderate fine subangular blocky structure; non-sticky and
non-plastic, very friable moist, soft (dry); many distinct clay coating on faces of peds and
clay bridges between sand grains; few very fine coated sands; many very fine and
common fine vesicular pores; few very fine, fine and medium roots; field pH 5.5; diffuse
and smooth boundary to Bt5

White (2.5YR 4/8) loamy sand; moderate fine and medium subangular blocky structure;
non-sticky and non-plastic, very friable moist, soft dry; many distinct clay coating on faces
of peds and clay bridges between sand grains; few very fine coated sands; many very
fine and common fine vesicular pores; few very fine, few very fine and fine roots; field pH
5.0
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(Soil Survey Division Staff, 1993)
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Plant uptake

2008 2009
Tillage system

Grain Stem Grain Stem

( kg ha'" )
Conventional tillage (CT) 1.93 0.76ab 3.23 2.06
Reduced tillage (RT) 2.13 0.88a 3.70 22
Mulch tillage (MT) 1.76 0.89a 3.67 21
No tillage (NT) 1.79 0.65b 3.10 22
F-test ns * ns ns

Remark: CT = 3 disc followed by 7 disc plough; RT = 7 disc plough; MT = 7 disc plough with mulching;
NT = no tillage

ns = Means in a column are not significantly different at P<0.05 according to DMRT.
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Soil depth (cm)

Soil property Tillage system 0-10 om 10-20 om 20-30 om
Bulk density Conventional tillage (CT) 1.49 1.46a 1.59
(Mg m'3) Reduced tillage (RT) 1.48 1.48ab 1.58
Mulch tillage (MT) 1.49 1.44a 1.55
No tillage (NT) 1.52 1.55b 1.61
F-test ns * ns
Hydraulic conductivity Conventional tillage (CT) 14.6 13 6.1
emh™) Reduced tillage (RT) 13.4 9.1 2.4
Mulch tillage (MT) 11.2 8.8 6.4
No tillage (NT) 13.9 8.3 4.2
F-test ns ns ns
Water aggregate stability =~ Conventional tillage (CT) 39.6 47.4 37.2
(%) Reduced tillage (RT) 48.5 47.8 50.5
Mulch tillage (MT) 52.9 45.6 45.3
No tillage (NT) 40.8 58.9 53.1
F-test ns ns ns
Available water capacity Conventional tillage (CT) 8.4 7.9 8.4
(%Vol.) Reduced tillage (RT) 9.1 9.0 8.6
Mulch tillage (MT) 71 7.5 8.7
No tillage (NT) 74 74 8.5
F-test ns ns ns
Total porosity Conventional tillage (CT) 44.0 448 40.2
(%) Reduced tillage (RT) 442 44.3 40.5
Mulch tillage (MT) 43.9 45.8 414
No tillage (NT) 42.8 41.6 39.3
F-test ns ns ns
Organic matter Conventional tillage (CT) 5.4 5.8 3.5
(g kg'1) Reduced tillage (RT) 6.2 6.0 52
Mulch tillage (MT) 5.0 5.1 3.9
No tillage (NT) 5.5 3.9 4.0
F-test ns ns ns
Total N Conventional tillage (CT) 0.16 0.16 0.14
(9 kg'1) Reduced tillage (RT) 0.15 0.15 0.16
Mulch tillage (MT) 0.24 0.17 0.15
No tillage (NT) 0.18 0.19 0.11
F-test ns ns ns
Available P Conventional tillage (CT) 4.0 2.2 1.5
(mg kgq) Reduced tillage (RT) 51 3.8 1.5
Mulch tillage (MT) 5.7 1.9 1.7
No tillage (NT) 5.8 23 1.8
F-test ns ns ns
Available K(mg kg-1) Conventional tillage (CT) 18.0 15.4 11.2
Reduced tillage (RT) 225 16.0 14.6
Mulch tillage (MT) 22.2 19.0 15.7
No tillage (NT) 17.8 16.3 13.0
F-test ns ns ns

Remark: CT = 3 disc followed by 7 disc plough; RT = 7 disc plough; MT = 7 disc plough with mulching; NT = no tillage
ns = Means in a column are not significantly different at P<0.05 according to DMRT.
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Nitrogen (g kg ™)

Tilage ~ DePH Date — Month 2008
(cm)
17-Aug 19-Aug 24-Aug 29-Aug 3-Sep 8-Sep 13-Sep 18-Sep 23-Sep 28-Sep 3-Oct
CT 10 0.06 0.23 0.18 0.15 0.12 0.46 0.43 0.29 0.26 0.23 0.1
30 0.03 0.19 0.16 0.15 0.14 0.42 0.50 0.26 0.21 0.16 0.09
50 0.02 0.16 0.10 0.13 0.10 0.39 0.43 0.27 0.23 0.16 0.10
F-test ns ns ns ns ns ns ns ns ns ns ns
RT 10 0.06 0.18 0.18 0.14 0.14 0.47 0.50 0.31 0.30 0.18 0.10
30 0.04 0.21 0.13 0.10 0.09 0.47 0.43 0.27 0.25 0.21 0.06
50 0.02 0.15 0.10 0.10 0.09 0.40 0.46 0.29 0.25 0.10 0.08
F-test ns ns ns ns ns ns ns ns ns ns ns
MT 10 0.09 0.16 0.15 0.12 0.13 0.48 0.45 0.31 0.30 0.16 0.1
30 0.06 0.25 0.18 0.12 0.1 0.40 0.43 0.25 0.27 0.25 0.10
50 0.07 0.18 0.13 0.08 0.09 0.41 0.44 0.25 0.25 0.18 0.05
F-test ns ns ns ns ns ns ns ns ns ns ns
NT 10 0.08 0.21 0.16 0.13 0.13 0.44 0.44 0.32 0.28 0.21 0.10
30 0.05 0.14 0.12 0.1 0.1 0.41 0.39 0.28 0.22 0.14 0.1
50 0.03 0.17 0.15 0.15 0.12 0.39 0.30 0.26 0.23 0.17 0.06
F-test ns ns ns ns ns ns ns ns ns ns ns
Potassium (mg kg—1)
CT 10 10.3 40.02 18.10 15.80 13.73 26.1 29.7 37.7 24.8 20.20 17.97
30 11.9 21.67 16.65 15.90 22.44 38.1 40.2 70.8 444 20.60 20.56
50 11.4 22.68 10.80 13.80 19.56 56.4 58.0 90.0 49.5 22.40 15.21
F-test ns ns ns ns ns ns ns ns ns ns ns
RT 10 10.3 23.28 18.90 14.90 27.51 29.0 28.6 41.9 317 20.90 24.93
30 11.9 16.25 14.50 10.10 18.98 42.3 42.9 61.3 47.6 36.24 18.17
50 11.4 16.95 11.60 10.60 23.26 58.0 61.4 75.0 64.1 25.10 20.22
F-test ns ns ns ns ns ns ns ns ns ns ns
MT 10 10.3 39.82 15.60 12.30 27.60 32.1 29.6 457 36.1 19.60 34.36
30 11.9 28.94 18.90 18.60 2416 48.3 51.7 62.9 458 25.25 21.77
50 11.4 25.27 13.60 19.80 24.45 59.5 70.2 74.8 59.3 30.18 42.61
F-test ns ns ns ns ns ns ns ns ns ns ns
NT 10 10.3 21.32 16.70 12.60 14.70 271 323 42.2 28.1 20.21 28.33
30 11.9 15.95 12.90 11.90 16.33 457 37.3 49.0 436 40.12 25.31
50 11.4 21.07 15.90 15.20 18.96 64.5 59.2 68.0 52.4 30.40 23.79
F-test ns ns ns ns ns ns ns ns ns ns ns

Remark: Complete fertilizer (15-15-15) at rate of 250 kg ha_1 was applied equally at 18 August and 7 September 2008, respectively.
CT = 3 disc followed by 7 disc plough; RT = 7 disc plough; MT = 7 disc plough with mulching; NT = no tillage
ns = Means in a column are not significantly different at P<0.05 according to DMRT.
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Nitrogen (g kg—1)

Depth

Tillage (cm) Date — Month 2009
cm
4-Jul 6-Jul  8-Jul 10-dul 12-Jul 14-Jul 16-Jul 18-Jul 20-Jul 22-Jul 13-Sep 15-Sep 17-Sep 19-Sep 21-Sep 23-Sep 25-Sep 27-Sep 29-Sep 1-Oct

CT 10 013 012 019 0.18 0.13 0.18 0.12 0.11 006 0.17 040 022 020 012 024 038 016 025 0.18 0.11
30 0.13 0.17 012 0.18 020 0.19 0.19 0.13 0.13 0.06 0.11 0.16 0.10 0.11 036 033 015 023 020 0.11
50 0.10 0.18 0.12 0.12 0.07 0.12 023 006 0.13 0.16 0.11 0.17 0.7 013 021 027 017 006 027 0.27
F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

RT 10 0.18 031 030 024 020 0.17 0.17 0.18 022 0.06 0.18 029 020 024 032 018 027 021 021 0.21
30 0.11 024 0.18 0.17 0.18 0.18 0.12 0.06 0.07 0.13 0.12 033 019 024 021 036 0.16 0.11 011 0.11
50 0.16 0.18 0.18 006 0.14 028 0.12 0.12 025 0.06 0.18 0.10 0.12 030 0.18 032 0.17 028 015 0.15
F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

MT 10 0.16 024 012 019 025 025 006 006 012 0.11 020 020 0.16 0.27 0.11 015 021 012 026 0.10
30 0.13 021 012 0.12 0.18 0.13 0.06 0.12 0.11 0.12 0.13 0.17 012 020 0.19 0.16 027 010 0.19 0.21
50 0.12 0.19 012 012 019 042 011 011 012 011 0.18 015 013 023 011 016 035 006 021 0.16
F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

NT 10 0.18 024 006 0.17 0.18 0.12 0.12 0.00 0.18 0.11 0.18 028 023 026 0.18 0.15 0.11 0.18 0.18 0.23
30 0.14 019 023 006 012 013 0.18 006 012 012 025 023 019 024 024 021 024 012 010 0.27
50 0.14 0.8 017 0417 019 012 011 012 017 006 022 017 025 030 021 010 023 006 015 0.18
F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Remark: Complete fertilizer (15-15-15) at rate of 187.5 kg ha'1 and 125 kg ha'1 was applied at 3 July and 12 September 2009, respectively.
CT = 3 disc followed by 7 disc plough; RT = 7 disc plough; MT = 7 disc plough with mulching; NT = no tillage
ns = Means in a column are not significantly different at P<0.05 according to DMRT.
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Potassium (mg kg'1)

Depth

Tillage (cm) Date — Month 2009
cm
4-Jul 6-Jul  8-Jul 10-dul 12-Jul 14-Jul 16-Jul 18-Jul 20-Jul 22-Jul 13-Sep 15-Sep 17-Sep 19-Sep 21-Sep 23-Sep 25-Sep 27-Sep 29-Sep 1-Oct

CT 10 4727 2746 20.37 25.73 5191 19.72 30.05 13.73 18.89 16.56 20.85 23.49 2221 25.06 3244 30.53 17.97 21.03 22.60 40.02
30 4224 2162 19.69 19.90 23.00 24.69 18.87 2244 1868 15.09 19.67 18.76 23.56 17.74 18.23 19.96 20.56 21.73 26.20 21.67
50 43.09 25.26 20.89 21.25 36.18 21.66 19.69 19.56 21.37 17.12 2214 23.18 27.06 20.64 22.29 23.50 15.21 19.28 27.54 22.68

F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

RT 10 5110 2236 14.60 25.15 32.79 2257 18.89 27.51 21.10 17.68 26.89 21.54 2241 26.61 30.64 28.01 24.93 2567 2569 23.28
30 4441 26.43 18.07 19.07 23.63 2583 2191 1898 24.71 16.32 30.65 20.90 24.79 26.15 25.87 23.46 18.17 20.45 19.80 16.25
50 7130 25,52 21.29 20.36 24.00 33.17 21.32 23.26 24.88 17.55 26.09 24.30 20.65 21.90 25.27 21.28 20.22 16.96 24.38 16.95

F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

MT 10 59.86 27.03 27.72 26.49 30.18 20.14 2458 27.60 15.67 15.30 23.20 19.29 29.15 26.72 2426 23.26 34.36 16.99 31.82 39.82
30 4925 1855 24.01 23.78 2799 2541 2286 24.16 2282 20.19 2418 26.58 21.77 17.44 16.55 25.94 21.77 19.42 23.78 28.94
50 60.39 26.32 2012 24.77 2452 2248 2094 2445 2270 22.33 24.06 25.54 25.58 27.08 23.25 20.92 42.61 18.94 26.66 25.27

F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

NT 10 30.83 20.41 15.92 17.09 19.16 20.73 14.84 14.70 17.33 16.81 30.23 24.39 24.32 22.87 20.33 30.48 28.33 31.73 2045 21.32
30 36.76 18.87 15556 21.33 16.62 21.09 18.01 16.33 25.25 16.97 19.36 22.32 21.18 21.02 17.01 19.07 25.31 20.92 25.30 15.95
50 48.33 19.12 18.68 20.39 25.85 20.68 17.34 18.96 31.38 18.21 18.29 24.95 26.39 18.82 19.43 24.70 23.79 19.79 20.44 21.07

F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Remark: Complete fertilizer (15-15-15) at rate of 187.5 kg ha'1 and 125 kg ha'1 was applied at 3 July and 12 September 2009, respectively.
CT = 3 disc followed by 7 disc plough; RT = 7 disc plough; MT = 7 disc plough with mulching; NT = no tillage
ns = Means in a column are not significantly different at P<0.05 according to DMRT.



aeRwIng 6 Tasnade 9 Aldlunslssduszauaasautiaamn By, 2542; Dent and Changprai, 1973; Land
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Soil properties Range Rating
Bulk density (Mg m") <12 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 conductivity <0.125 Very slow
(cmh’) 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
Soil pH (1:1 Soil: H,0) <35 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-1) <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) <1.0 Very low
1.0-2.0 Low
2.0-5.0 Moderately
5.0-7.5 High
>7.5 Very high
Available P by Bray Il <3 Very low
(mg kg—1) 3-6 Low
6-10 Moderately low
10-15 Moderately
15-25 Moderate high
25-45 High

> 45 Very high




ANTRWINT 6 (618)

Soil properties Range Rating
Available K by NH,OAc <30 Very low
(mg kg 30-60 Low
60-90 Moderately
90-120 High
> 120 Very high
Extractable bases (cmol kg_1)
Ca <20 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 <26 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') 35 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
Extractable acidity <1 Very low
(cmol kg') 1-2 Low
2-5 Moderate
5-10 Moderately high
10-20 High
>20-30 Very high




