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Study on the Tillage Systems on Physical Soil Properties

under Sugarcane Cultivation
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ABSTRACT

Land preparations on the changes of soil physical property trial of Satuk soil series
was studied at Japan International Research Centre for Agriculture Science Khon Kaen
province, in the late wet season 2001/2002. Sugarcane variety U-thong 1 was chosen as a
plant index. The trial was arranged in split plot design with three replications. The treatments
comprised land preparations as a main plot (tillage, minimum tilage and no-tiflage) and
chemical fertilizer supply as a subplot {(0-0-0; 12-6-12 and 24-12-24 kg N-PZOS—KQO/rai). The results
indicated that land preparations with no-tillage and minimum tillage for sugarcane plantations
improved physical soil properties by increasing soil moisture content, soil hydraulic conductivity
and soil porosity. Consequently, the soil bulk density was reduced. However, the yield of
sugarcane grown under no-tillage (8.07 ton/rai) and minimum tillage plot (10.46 ton/rai) was
not significantly different. Both values were lower than those grown under tillage plot (11.30
ton/rai). For the sugarcane quality (BRIX and CCS), the percentage of BRIX and CCS
increased with chemical fertilizer application increases, with the exception of the highest rate

of 24-12-24 kg N—PQOS— KQO/rai supply where percent CCS was reduced.

Key words : soil bulk density, soil porosity. hydraulic conductivity, aggregate stability, soil

moisture
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auiunsa-ana (pH) 11 (fu: U)

Sun3eing (organic matter) 1438 Walkley uay Black {1934)

Woswasafiduusslowd (available P) 1435 Bray Il (Bray, 1945)

TwuvsiBonfiadnldl (extractable K)  A%ainduanazany NH,0AG (Pesch et al, 1947)
AnunUazifuaaaedn demruslasdnsiaiy

iiofiu  (soil texture) 098UMANsY ALl uazaynaRuwmiles
ffusruUsznoueeeduiuldi® Pipet (Gee and
Bauder, 1986)

ArEUTEHINNIRYES ALY IN IaLAIEINALUS NRS

ANVILALU LT INY BIRU faruaTaeRuYMIIesTilat (435 Core method
(soil bulk density) (Baver et al, 1972)

Hudnsaiuseniedinnastavtayinienaany
ANNWIFUTINDEIAU  (soil porosity) UEnessazasiulaedniinuen f= 1- pb/ ps ai
pb = ATMNVUILUUTINYAAU UARZ ps = AHNUN

uuzasaymadinfulaevilufidwiniy 2.65 nfw/

AL,
SarmalvaTusnnivesiu TusfuaaafiaSinasenhiilvaiuntidnfunis
(hydraulic conductivity) wiheRufideniionimom laeldis  Kiute (1986)
AMnuAInUTaadiniu L‘ﬂun@;mmagmﬂﬁu%amnn‘immmémﬂ%ulﬂLm::
(aggregate stability) Bafusheuseiinnnieymeduilaildegungudien

U 2uRLAANHAIUTodaAUTANT Asans
INEATNIIY s nfinudiusiuniswemanaoes

du awndredamswanlilneanuazin  Tasld

A5 Wet method (Barzegar et al, 1996)

o
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ihignaaduuitrassunadiuvzadentinnsvan
ATNTUTEIAY  (soil moisture) agluanmlailudasiessviveyniafunaziiil
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NANSNARBELAZIT1T0]
1. FUTAN AR LAEZNIBATWYRIARADY
NITNARDS

fufililunismasasifiudunsadien pH
5.6-5.8 favwgananysoiin lnofiuSuu
funiudag 0.46-0.71 % vWeawsiafiiu
dszloml 4-6 un/nn. waslwunsdoniianald
9-24 un/nn. famamvuuinsandeudhegslas
AT FURTMNEAN 20-30 7w Fufldraiy
MUUTINGIINNN 1.90 nd/auam. vi3e
Batuiumuiugetufunuiaaumuiuiu
FIWINTY 1.70 nFw/auan. (Kazuyuki et al,
2002) yil¥inawgummasiufisyfunuin
20-30 7. fidifies 28 % enIAIRIAmTY
FINTAULUTASESUAIMER 0-10 2. Fafien
Wil 44 % (Table 1) msunnsinadusiou
Wasiuanssmarnuanuesiu Tasnsn
Inadusinuoasiuduun 0-10 wa) fidga
gAia 50.08 Nal/. fseduanuanaasiiu 10-
20 . fedrsmsivafusiudvidy 606
N/, UALTsEAUANNEN 20-30 W, SR
nsivadasmudiiee 054 s/ Tudwns
AuAmuBddafudelssfivainmanszas
sasoymafinfusuiasineg Tuudazsedudu
TR9RUT oA fuANEN 0-10
2. fanuaeuspL I ELanTiN v vy
uan ilssnnfioumaidafiuaunnlyg 2-8 uu.
DE9 (4685 %) nilufutudteg fssiuania
&n 10-20 uay 20-30 wu. effSuns 27.30
Wz 728 % mwady Tunnsiinutusneg

sananfisymalafuzunsthunats-ian (0.1-

2 ) egluvinmgeandilufudu 010 o

(Table 2)

2. sutAmeneamRudaiuiies

2.1 ANVIHLUSINTDIAU

AR INUILHUTINTESRUNR LAY
Aendesun wuddBmaiedaudiulaiviilvd
ANVUILLUTINTBIAUTANNLANFTUNNY
sdfAluusazsiuaIwAnTeeiy urndwlsf
Ay msldlowsudu wazarnslowsaufiu
Ugndos Auwalinibideamnuiusne
nihmslawsiuiu wunseduran 0-10 .
maadenfudgniasuvulilawsiy uwwuan
nslows uazuuulawsiufiu Arenumin
WHUTINTENAYINGL 1.61 151 uae 1.63 ndu/
AUBY. PNAGU (Table 3) wenaniwuden
AT INTBRUF ge A
P09fu unasliduieiududisinisdasa
wiundutuuu Tnoawzuadlowsudud
FLAUANMNAN 10-20 71N, MuTufiaumuILy
ﬁ'mgqwhﬁ’ummwumuu'ﬂmmﬁuﬁﬁuﬁgu
Aunu Al Kazuyuki et al, (2002) 18097050
aufiiAndaduiufifuduamuiuesiiday
VUL INNINNTY 1.7 NIN/AU.DN.

2.2 ATUWIUTINTBIALY

naRuAgdostiusn woudfisssiuin
AU (0-10 7)) AnsumSuafuyin S nnnanu
winsurashiulianuuansioiunieata
maaamslowsnsiiERufiernamausmgogn
42.83 % u,a::La,ﬂmlmwmuﬁuﬁﬂ'quum

PSR 40.22 % (Table 4) usathslsfimmaay
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audiulufiunnudaslivansreiumnoadi

4. Aunwday

4.1 sasudoiinldamarsasaiuans
vhias (BRIX)

ABmswlaiuiunsliily N-P O - K O
luflufduiusse BRIX (%) Sevfivgnlundas
lowsauduls BRIX gega (19.7 %) susian
fepfivgnluuvasannislonsiudu (BRIX
18.86 %) Tunnusfisesfivgniundaslailowsou
fudiaeld BRIX sgn (18.59 %) dw3ums
Tiludnm 12-6-12 nn. N-P.O, - K O/l Sanlly
BRIX §985 (19.47%) walduansrafiunsid
0 - K 0/l3 (BRIX

2 5 2

19.00 %) usigendimadgndeslaglalads

psRangs 24-12-24 nn N-P

3

9 ur

(BRIX 18.68 %) atefdnd1Aun 9aif
(P< 0.05) (Table 7)

42 Yisrmihaatdewadyd
(Commercial cane sugar, %CCS)

ABmswlutuiumstijy NP O - KO
Taiflupdaniussia CCS (%) urszuumslowsu
Audlnasie ccs Tusios Taswudn malawsm
fuhl#andl CCS 1afly 12.97% gondins
8ANITOWTAY (11.85%) uazmsiilowsn
fu (11.79%) usznslatevilvidend ccs
gonilalatpathefilad dymwoada foudn
n3laledng 12-6-12 uay 24-12-24 Taivi o
CC8) shwrfuusinalaiedng 12-6-12 fuuality
il ccs gendinaldily 24-12-24 Taw CC)
TuSeeilailudng 12-6-12 uaz 24-12-24 nn. N-

PO.- KQO/‘H favinfu 1268 Uae 12.39%

ANENGY (Table 7) a9 CCS NGy
Ussleztiuninuasnadisvenlssssutoden
e ccs 1 10 % uanesguimuaTe
Hodoy $deedt cCS gandn 10 % $1A1%0
Saofzifindu Wy mudsemMATaInTENTIe
ana sy Madeudasalull wa. 2545/
2546 fviuRlidey 1 dufl 10 CCS sl
TR 490 U™ uazsefdindu 1 CCS axfin
T¥dudu 29.40 um

nsldilednsge wuil s 24-12-24
nn.N-P O - K O/l fulbvilmsazsenima
Alasaanas Fefinarvinlvien CCs anaaedldd
HANITNARBINNINE (FTATUALHATIWG, 2540;
SUNWLALANE, 2541) TiinREsaARatUNTS
yaapensoinuaTmhSasuaztimadianu
fiusiuSnunsladelilesiow wu gaes
LRENNTTING (2540) ﬁﬂm‘sﬁmﬂé’maﬂﬂﬁ
NN aENAudaswudn A1 BRIX waz CCS
spsdioplsifinamnseruvmeadRlaladoed
salafimny uafuualiingy dr cCs 19

foraransunndnniylulaseuiiisgy

5. HANARN

Bnmiuniuiunsliis NP O -K O
Taififdauniussoiu (Table 8) usiddnsndan
fiu Anandniaduradesinuuansieiunig
atia AemslowsufudoslFuandnads 11.30

diu/ls Tiumnsinerfumeaiifiiumsugndeeuuy

a A o

annslowsuAun vinandn 10.46 du/ls s

genwandadasfivgnuuulilowsiu (9.07

- 2 o

a ' oA aa al
/LSy eeinedhipddymnead (Table 8) wadl
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it binanndostunamaveasiped Hunsigi
(1993) Algwenlimandnvosdouiignlas
Tadlawsliuandandslawsudn@ uen
mnﬁ%ﬁwamu%é’mﬁm ﬁwm’msﬂ@né’aﬂmﬁ
Flailowsmlinandndonlinandeiumeads
fumaedsuiuuuulowruwsissnsadunun
mefisnansopanfuumsNAnINMLEEYY
fuldl waedsdwlunsaysnfuazy$ulgeiu
oe (FudiRuacluade, 2541) Johnston WAz
Wood (1971) l@nsnslflodssdaduau

YoafiuiviieIfuneit Pongola wuiinisldlnds

sziipAunTuyi IR LU TN DB R uRR
soudnandndosfdolimiunaniiugedu
dmdumstdiedassheg wui nsladedng
12-6-12 g 24-12-24 nn. N-P O - K20/1‘5' Wiv
nandRdosliuanTesiR usiiesasdnT
floil Sevlinandngonitetwiiuddume
afffunslalale Tnulinanimaiowiiy
6:69. 1098 uaz 1316 fy/ls fdnsils 0-0-0
12-6-12 WAz 24-12-24 nn. N-P O - K O/13 anay

161U (Table 8)

Table 1. Chemical and physical soil properties prior to commencing the experiment in 2001/

2002

Soil Property Soil depth (cm)

010 10-20 2030
pH 56 5.8 56
Organic matter {%) 0.71 0.54 0.46
Available phosphorus {mg/kg) 5 4 B
Exchangeable potassium (mg/kg) 24 9 16
Coarse sand (%) 58.50 57.50 60.50
Fine sand (%) 29.42 29056 20.83
Silt (%) 7.55 7.16 7.62
Clay (%) 4.53 578 11.05
Soil texture loamy sand loamy sand loamy sand
Soil bulk density (g/cm?) 1.50 161 1.90
Porosity (%) 44 40 28
Hydraulic conductivity (mm/hr) 50.03 8.06 0.54

56
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Table 2. Aggregate stability based on diameter at each soil depth prior to commencing the

experiment in 2001/2002

Diameter of soil particle

% by weight

(mm) Soil depth (cm)"
0-10 10-20 20~ 30

2-8 46.85 27.30 7.23

1-2 16.15 7.18 3.41
05-1 8.08 8.62 8.23
025-05 8.48 33.25 2410
0.1-025 727 13.896 37.76
Less than 0.1 13147 9.70 19.26

Y Mean of two replications

Table 3. Mean of soil bulk density (g/cm®) after the first year of sugar harvesting under

various soit preparations

Tillage treatment

Soil depth (cm)

0-10 10 - 20 20-30
No-tillage 1.61 1.65 1.75
Minimum tillage 1.51 1.62 1.76
Tillage 1.63 172 1.81
Average 1.58 1.66 1.77
F-test Ns Ns Ns

Ns = not significant

Thai Agricultural Research Journal Vol 22 No. 1 January-April 2004

57



Table 4. Mean of soil porosity (%) after the first year of sugar harvesting under various soil

preparations

Tillage treatment Soil depth {cm)

0-10 10-20 20-30
No-tillage 395 a" 37.5 3417
Minimum tillage 4283 a 390 33.67
Tillage 3833 b 34.83 31.67
Average 40.22 37.11 33.17
Fest * Ns Ns

¥Means in a column followed by a common letter are not significant different at the 5% level
by DMRT
Ns = not significant

** significant at 1% level

Table 5. Soil hydraulic conductivity {mmv/hr) after the first year of sugar harvesting under

various soil preparations

Tillage treatment Soil depth (cm)

010 10-20 2030
No-tilllage 2852 a" 3256 a" 12.87
Minimum tillage 3845 a 1759 b 10.22
Tillage 1716 b 186 b 6.74
Average 28.05 32.91 9.94
F-test ** e Ns

" Means followed by a common letter are not significant different at the 5% level by DMRT
Ns = not significant

** significant at 1% level
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Table 6. Soil moisture contents during the experiment in 2002
Moisture contents (%)
Month Tillage treatment Soil depth {cm)

010 10-20 2030 Average”

February No-tillage 468 491 6.68 542 a
Minimum tillage 415 5.20 6.68 534 a

Tillage 4.50 5.61 6.88 566 a

March No-tilage 3.76 452 486 438 a

Minimum tillage 3.30 475 545 450 a

Tillage 3.58 5.11 5.82 484 a

April No-tillage 1.04 287 3.70 254 a
Minimum tillage 143 3.29 3.65 279 ab

Tillage 142 350 461 318 a

May No-tillage 16.13 14.77 12.65 1452 a
Minimum tillage 7.81 8.52 8.64 832 b

Tillage 7.14 7.61 8.60 778 b

June No-tillage 12.31 9.35 13.18 1181 a

Minimum tillage 14.07 7.09 10.19 1045 a

Tillage 3.97 6.45 7.41 594 a

July No-fillage 457 4,59 4.82 466 a

Minimum tillage 2.09 3.07 463 326 a

Tillage 272 6.82 5.84 513 a

October No-tillage 6.91 7.45 8.25 z7.54 a

Minimum tillage 1448 8.17 8.38 10.68 a

Tillage 8.31 857 9.08 865 a

November No-tillage 7.71 8.21 893 8.28 a

Minimum tillage 8.58 9.85 9.36 926 a

Tillage 8.34 8.89 9.69 897 a

¥Means in a column followed by a common letter are not significant different at the 5% level

by DMRT
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Table 7. Effect of land preparation and chemical fertilizer supply on % BRIX and CCS of

plant cane
Tillage treatment (T) Chemical fertilizer (F) (kg N-P205~- K20/rai)
0-0-0 12-6-12 24-12-24 Average
BRIX (%)
No-tilage 1805 b 19.27 a" 18.45 ab" 18.59
Minimum tillage 1852 a 1941 a 18.64 a 18.86
Tillage 1946 a 19.78 a 1981 a 19.7
Average 1868 b 1947 a 19.00 ab 19.05
CV (T) 45% (F) 34%
F-test T=*. F=*; TxF=ns
Comparison LSD (0.05) LSD (0.01)
2 Fmeans at each T 0.96 2 T means at each F  1.16
2 F means 0.53 2 T means 0.86
CCS (%)

No-tillage 10.89 a 1259 a 1189 b 1179 b
Minimum lillage 1153 a 1212 a 1191 b 1185 b
Tillage 1219 a 1334 a 1338 a 1297 a
Average 11.54 1268 1239 12.20
CV (T) 45% (F) 34%
F-test T=", F=":; TxF=Ns
Comparison LSD (0.05) LSD (0.01)
2 F means at each T 1.09 1.50
2 F means 0.63 0.87

¥ Means in a column followed by a common letter are not significant different at the 5% level
by DMRT
Ns = not significant

* significant at 5% level
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Table 8. Effect of land preparation and chemical fertilizer supply vield of plant cane

Tillage treatment (T)

Chemical fertilizer (F) (kg N-P205~~ K20/rai)

0-0-0 12-6-12 24-12-24 Average
No-tillage 501 a" 10.41 11.81 9.07 b"
Minimum tillage 834 a 11.01 12.03 1046 ab
Tillage 6.73 a 11.54 15.64 1130 a
Average 668 b 10.88 13.16 10.28
CV(T) 164% : (F)311%
F-test T=x; v T x F=Ns
Comparison LSD (0.05) LSD (0.01)
2Tmeans ateach T 4.24 5.9
2 F means at each T 477 6.55
2 T means 1.72 2.61
2 F means 2.81 3.87

Y Means in a column followed by a common letter are not significant different at the 5% level

by DMRT
Ns = not significant

* significant at 5% level

Thai Agricultural Research Journal Vol 22 No. 1 January-April 2004

61



500 A

400 -

350 4

300 4

250 4

Rainfall (mm)

[50 +

434.9

194
167.6 —

89.8 85.4
100 61.2 e 63.2
371 336
1] . T ; T I-I T T i 1 T T T Y l_] 1
Jan.  Feb.  Mar.  Apr. May Jun. Jul  Aug. Sep. Cet  Nov. Dec
Figure 1. Average annual rainfall (mm) in 2002
AFUNANINARDY fignunmlumsifiunandaligs mswedanfuln

nmsdgndeslugnmiunsieyni

=2 K =3 o .
afnLUUlH oW LR AANITIONTIURUYI I
AuTAN e waasfufdy TaavlvRud
USwuaamduga ffrsimsivadurmidmes
AU URZATINWIUTINTBIAUGTY Uzl
T A urduIINg asfuanad lag
WwwzLiafuiinnuanungu tislSoudioy

funsugndesuuulowsiufiu Jefinavilviiu

62

waznTIwwInIz sy TIndealigndia do
gnsansudulaléf wazszuumalowsiuiu
Tifinasdenanfndoy uamslowsyufy vl
Aunwassday (BRIX (%) WAz  CCS (%))
Anaanislansau wazlilowsu uas msld
eidor 12-6-12 nn. N - PO - K O/13 Trinandin

Taluanswmeadaiuladedne 24-12-24 nn.
N - P O - K 0713 wigonitlailaile

THRITITINANEAT T 22 97U 1 UnT M-Iy 2547



NA1ITE 19D

g Wdutaun. 2537, dnsnisugn
fudzsanuulilowsiunaznaidse
aounwisiisuasenaisnisdanis.
Inprinusdiuanln aninende
\NEASEANART. NFIMW. 81 Wi,

Jaay Fuanuuv uaz aning Sunmuust.
2540. mavsuseAuiildiigniouating
AAARDINUAMNRINITOLUANT NS
NANTBNBRL. 1IFIISREUAzImEINg
4(1) : 28-52.

gRAw wenind  auws  wisnadag
uazpen Smuning. 2541 Narevdngd
Tewomwalwunaiden uazyusnisona
nandoulufudruniteniansfusen
deawils. 198199 msineRs. 16(3)
: 203-211.

guaw wWHENINE @3 0MTna uazaau
Fausny. 2545. AnynySeuiiay
audipamatlpzeedion 3 W Agnlu
fusthumIedwmTagseuiy. 3135877
JYINTINMA. 20(2) : 144-154,

oA Bouraed uasluedy leamms. 2541,
nmsugnéisulagannislowsau. iy 2
3545,

Anonymous. 1990. No-tillage Farming. ICI
American inc. , Wilmington, Delaware
1989 USA. 41 p.

Barzegar, A. R.; J. M. QOades and P.
Rengasamy, 1996. Soil structure

degradation and mellowing of

compacted soils by saline-sodic
solutions. Soif Sci. Soc. Am. J. 60: 583-
588.

Baver. L.D.. W.H. Gardner and W. R. Gardner
1972. Soil Physics. 4th Edition. John
Wiley and Sons, Inc., New York.
498 p.

Bray. R.H. and L.T. Kurtz. 1945,
Determination of total, organic and
avilable forms of phosphorus in soils.
Soil Sci. 59: 39-45.

Gee, GW. and JW. Bauder. 1986. Particle
size analysis. Page 383 - 411. /n : A.
Klute, (ed.), Method of Soil Analysis,
Part |. 2d ed. Madison, W I. : Am. Soc.
Agron,

Grable, AR. and E.G. Siemer. 1968. Effect
of bulk density, aggregate size and
soil water suction on oxygen diffusion,
redox potentials and elongation of corn
roots. Soil Sci. Soc. Am. Proc. 32:
180-186.

Hakansson, [.: T. Grath and H.J. Olsen. 19986.
Influence of machinery traffic in
Swedish farm fields on prenetration
resistance in the subsoil. Swedish J.
Agric. Res. 26: 181-187.

Hunsigi, G. 1993. Production of sugarcane
Theory and practice. Sringer - Verag,

Germany. 245 p.

Thai Agricuftural Research Journal Vol. 22 No. 1 January-April 2004 63



Jury, WA, W.R. Gardner and W.H. Gardner.
1991. Soit Physic, 5th edition. John
Wiley and Scns. 328 p.

Johnston, MA. and R.A. Wood. 1971. Soil
compaction studies at Ponggola. Froc.
S. Afr. Sug. Technol Ass. 45 :103-1089.

Kanwar, R.S.. T. S. Colvin and D.L. Karlen.
1997. Ridge. moldboard. chisel and
no till effects On tile water quality
beneath two cropping systems. J. Prod.
Agric. 10 (2) : 227-234.

Kazuyuki, M.; W. Chairoj and Y. Mikic. 2002.
Stabilization of sugarcane production
in northeast Thailand through the
improvement of tillage and planting
methods. JIRCAS Newsletter No. 33 :
5-6

64

Klute. A 1988. Water retention: Laboratory
methods. Pages 635-662. In: A. Klute,
{ed.)Methods of Soil Analysis, Part |
Madison, WL; Am. Soc. Agron.

McMahon, G.G. and LH. Teske. 1989.
Minimum tilage planting. Pages 85-
87. In Proc. of Australian Society of
Sugarcane Technologists.

Peech, M. L T. Alexander; L. A. Dean and
JF. Leed. 1947. Methods of Sail
Analysis for Sail Fertility Investigations.
US. Dept. Agric. Circ. 757 p.

Walkley, A. and C.A. Black. 1934. An
examination of ihe Degijareff method
for determining soil organic matier
and a proposed modification of the
chromic acid titration method. Soif

Sci, 37 29-38.

FYIENTIT LN 0 ﬂﬁ 22 Q‘i?lj’ﬁ. 1 HnTEN-LEEEY 2547



