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Chatchai Worrawetmongkol 2011: Soil Moisture Conservation Affecting Yield of Jatropha.
Master of Science (Soil Science), Major Field: Soil Science, Department of Soil Science. Thesis

Advisor: Assistant Professor Somchai Anusornpornperm, Ph.D. 91 pages.

A study on soil moisture conservation affecting yield of Jatropha was conducted at Kanchanaburi
Research Station, Kasetsart University in order to compare the effect of no soil moisture conservation
scheme (W1), plant residue mulch (W2), vetiver grass grown between Jatropha rows, slash and mulch (W3),
and jack bean as plant cover (W4) on moisture changes within soil profile and yield of Jatropha.
Randomized Complete Block design with four replications was employed. Jatropha, KUBP 78-9 variety,
was planted on a Ultic Paleustalf soil using direct seed and drip irrigation at a rate of two litres per plant was
operated every two days during drought season (Dec 09-May 10). Soil moisture contents at various depths
(10, 20, 30, 40, 60 and 100 cm) were monitored weekly using Time Domain Reflectometry (TDR) starting
from May 25" till June 27", 2010. Plant growth parameters such as number of influorescence, number of
capsule cluster and plant yield were recorded monthly. Analyses of plant nutrients concentration in leaf and

seed of Jatropha were also included.

Plant residue mulch tended to give the highest Jatropha seed yield at 15% moisture content (200.0
kg rai>1) compared to the range of 130.9-145.3 kg rai ' obtained from other treatments. Growing vetiver grass
between rows of Jatropha then slash and mulch tended to give the greatest oil content in Jatropha seed of
37.3%. The highest total oil yield (54.5 kg raiil) was gained from the scheme using plant residue mulch,
which was significantly higher than the ones without soil moisture conservation measure and jack bean plant
cover (37.6 and 29.9 kg rai_l, respectively). Average volumetric soil moisture contents at depths of 10, 20
and 30 cm in all treatments ranged between 3.9-14.3 %. These value were below the content measured at
permanent wilting point (18.6, 18.1 and 21.8% by volume, respectively). Under plant residue mulch, soil
moisture contents were the highest at all depths with the exception at the depth of 30 cm. There was
indifferent concentration of plant nutrients in Jatropha leaf at two months of age but the concentrations of
major nutrients in treatments with vetiver grass and jack bean seemed to be lower than those with Jatropha
grown solely. At fruiting stage (6-month old), plant residue mulch and vetiver grass intercropped equally
brought on S contents of 0.50 g kg-l, which were significantly higher than did the other two treatments.
Sulfur concentration in seed (0.42 g kg-l) obtained from the control, no soil moisture conservation scheme,

was significantly higher than those gained from the others.

Student’s signature Thesis Advisor’s signature
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32.18 (VIn¥e, 2552)
Za a
6. ANNFUlUAY

Y 9 1
ANUFUAY  (soil moisture) NWWANIFIYNAAFUUUHIDYNIAAUNTOTI0Y
) A ] :‘ [l 1 a g’ ' dy 0 Y 4
103511 n300g luanz lehlugeseimeaszrintoymaan dumartiaunsai dvuald
iWopuNguugil 105-110 serusarion Tuidosndn 24 211w (AUzNITNMINTIAN

WauyNINganen, 2551; Hillel, 2003)
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& q a
6.1 Usztanueannuruluau

tﬂy a 1 Y o dy 4 a an
mmmumamuumaaﬂ%mu (ﬂflﬂﬁ]']iﬂﬂ']ﬂﬁ]‘b"]ﬂjj“l/‘l')ﬂﬁﬂ, 2548; Marshall

et al., 1996; William and Robert, 2004; Brady and Weil, 2008)

3’ { [l < . . [ 3’
1) vwanieglugiue s (chemical combined water) Tagoglugilyoqii

= . . A . A <3| J =
Wan (water of crystallization 1199 water of hydration) A® Wuesndsznounaniives

a

1 A < a ] A
aaulsznauniluveudvosau "thmmaqagma"lﬂmﬂmiaumﬂmm 105-110 94

u

a o3| o
raed 1Junan 12 GU’JI?J\‘]

Y
o Aa Y o

Y
2)ﬁ1@ﬂ$umﬂu5imﬂ1ﬂ (hygroscopic  water) HUINAULKIAATUIIN

U
1 ]

Y ' A

Aa L o oo @ A J Ao A qg a A oa &Ry & A
‘].Iiifl”lﬂ1ﬂ‘1/]1]ﬂ’ﬂllclfuﬁ3JWV]‘ﬁq\1 ‘Viiaummmmaﬂ“luﬂumamﬂuwullﬂmlmﬂumu N3Io
3’ ~ = 9 a d' o 1 a ) Y (9 A dy A
LlTV]i:]ﬂEJﬂ]l’J GLU@UL?J’E)@]']’E)EJN@HQﬂuTllﬂ']WQiﬁﬁﬂJﬂaﬂ']J'iJiiﬂTﬂTﬂﬂMﬂ?1N%ULLﬂ$QﬂJWQNW

a

o Y aq 9 dy v o dY A =
mwuﬂiwﬂﬂm“l%mm&vuﬁuwmiﬂaaz 98 NYUNNU 25 DIFLFALH YT

U

d‘a = Y ]
3) uWLLﬂWﬁﬁﬁ (Caplllary water) ﬂiiJ']fl!L!TVNﬁﬂﬂﬂﬂuﬂﬂﬂﬂl’hﬁlu“ﬁ@ﬂ%HWQ

Y

Lﬁﬂﬂ’)ﬁllli\‘]ﬂﬂﬁ\iﬂ’ﬂ 60 mumumﬁumm f]ﬂUEI‘WLN uWL!ﬂWﬁﬁﬁﬁ@ﬁTﬁUii%@éiu“ﬁﬂi’jN

Q

GIN‘UNﬁ’)uﬂlﬂﬂﬁ%tﬂ‘lf‘lﬁa1ﬁwsﬁﬁ1uﬁmhvlﬂal‘]fllﬂ

g‘ a . ¢ g’ d! 9 1a 1 A
4) 1 lvadasy (gravitational water) 1149 Tvadngau Tnarunelvasen

a Jga A 9 1
Mnaumelaoninaveansaliuolgveslan

a wa [~ { ' g’ a <3| g’ 4
Tumadgiaudadumseniszueninhluawiuihiszinnla (s

1 J Y

A5 WINe7, 2548; Landon, 1991; Lal and Shukla, 2004) &4 Tan 2 l1udrvguenini

v o Y] 4

A o ] o a 09/ a 1 o [ J
Tuduianuduiusitusu s 1dimdmimalrnnain luauuaazseay dail

= a1, . A a2 e a Ay
1) 911820177 (permanent Wlltlng point, PWP) Ao Usuianirluauniies
nganiser li 1915 Tonild uadnnansInn T A aztiier 1414
3019353 luiead §iian1s Tael9inT ek 1AGY (pressure membrane) Musady 15

v o 9): IS 1T awv 1 o dy a A g g A
VITUINA Uﬁﬂﬂ‘lﬁu”ﬁ’]@ﬂ‘lﬂ LTJ‘L!ﬂTWﬂﬂaNsU@Qi%ﬂﬂﬂﬁiu%uﬂlﬂﬂﬂu‘mﬂuﬂigTEJ“FLW]’O‘W“F
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tﬂy . A a 3‘ d’w A 1 a
2) mm?mm%uﬁum (ﬁeld capacity, FC) ﬂ’enlﬂnmummmma@agﬁluﬂu
) Aa A o v J J a v v =
‘ﬁﬁ\3%'lﬂ‘ﬂﬂuf)llﬂ'Jﬂ'JElunlagu1ﬁ'3ulﬂuul@5$‘ﬂ1‘il@@ﬂllﬂWNﬂLLa'JIﬂﬂlliﬂﬂﬂﬂﬂﬂlﬂ\‘]jaﬂ
£ aq ¥ o A y A A 9 o ~ o
G]f\?ﬂﬂﬂcl“m?aW 2-3 U ‘H‘ia’miﬁlzGlmﬂimuaﬁﬂimmwu (pressure plate) ‘VILL'Nﬂuﬂﬁzmm

Y 915’ 1 dyd = dy a
1/3 ‘U5561ﬂ1ﬁﬂﬂﬂﬂﬁlﬁu1i$ﬂ18’ﬂ’ﬂﬂlﬂ mmﬂummaquqa“lurnmmwmmwmmuiu

v v
A A

a 9 1 Ao Y] I S A
ﬁﬂTW‘ﬁﬁiiJ“lf'Wlﬁ'liJ'lﬁﬂGl‘b"Uf]ﬂﬂTWﬂﬂUuEU’éN5gﬂﬂﬂ?WﬂJ%uﬂLﬂUﬂﬁgiﬂsﬁuﬂ@W%

a

g‘ o . a 3’ g {

3) 119152 Tori 1@ (available water, AWC) A UTunaiivseanusuaun

(] a 3 1 di’ = ~ d? = dy I g}
agluauawaanuuNgaiienn1siu ldwnuganuduauin (AWC = FC-PwP) ifuii
a ' 1% g’ a ~ oa.z' I :j 1 A A ) 9y a a X A Aa
nogludnpuziiwanaaiinanua fwhdmniei 'l 1dlunseioydule daund
Y

a g’ o ! a 1A ! a )
Ysinanihldlsg Teni1dge szdaasumsadianiadinmvesiiy ldunnnauniilsuaii

I4152 Toaal ladn (Hillel, 1998)

WV FR AN
6.2 avenimansnNuFu LAY

£ a A N X o o
1) 110AY (soil texture) MINAUVUTMIBOYMAVIANT NN d 1T

a d < ] <} a’/‘ a 1 c?/‘ =~ 9 :’ = Y e !
V9AUN257 9819 lsnauduvesauuaazFulan n i Ivaduld (permeability) anana

] A dtﬂy AAa Y 1 = g’d <3 1 1

A (Donahue ef al., 1971) 1118IAUNUNAITDEAI M3 IMaFUUDINLITINI AIUNIN
I a = =& =< oy Y 1 dtﬂy A A 1 =< g’ < Y '
Wudumiieasegagaiir lduinninnsizliiunaiuinnir ms lvaduveaninazdinid
. . 1 ' a 4 a I~ (=Y
(Miller, 1977; Hillel, 1998) t1azy11a%04319 1A (soil pore) V8IAUIHHIITUUIAGNNIIAY
=\ o 9 =< g’ a = 9 1A d! = 1 1 a [
nite dinanildins lnaduhvesdumtiondinnaunsedsalivunavesyesing luaulvg)

N (Singer and Munns, 1987)

Y a . a &L 9 o Y A

2) 159831989 (soil structure) IUAMIUDHENY TATaas 19 nluu THuN

A o 1 1 a E 1 a A dy = 1 1 1 9 a dy

wUNUWINFeI luAUToenNAUTINaZIDEA LATHIATDII1N 11U 1ATIAS19VDIA UL
] 1 ] 1 a dy = . a d'd 9 = = 1

e InanNUUAreIINveIAUIioazdea (Hillel, 1998) Auni Iassaiarziidadiu
(] [ [ o YA A 9 g’ = a A d

99509119V Inauni UM udeue i@ (Donahue e al., 1971) auvuinilu
S J 1 a o Y d‘Q dg’ = = s 1 1

n31eaziyeined luideiosay 35-50 Tuvaiznauiieilhunaridsazidealiseaingeglu

= [ -

1 Y
Wﬁlﬂ%ﬂﬂaz 40-60 #3111 dmsuluauaaiiinseads veaseeraldSuaedng

eadosay 25-30 (Brady and Weil, 2008)
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a A o

3) USinmdunioingluAu (organic matter content) S1AUTDUNIBIAYUINY

aQ

Y
g IS)

] Y =< 2’ 12 <3 d? A a =~ [ o I Y
meﬂwmwmmummqﬂmmmu Luﬂ\1ﬁﬂﬂf]1.!1/1ﬁEJ'N]E‘I?Jﬂ'NiJﬁ?ﬂ?ﬁﬂiﬂﬂWiﬂﬂ%UUWul?llﬂGlu

v 2 v 1 v
Ysmainae dszuna 6-20 Tuiunth 13 Fe@uiidsmasunietagge Tuduh 1datenn

oy T Aa 1 { a [ [
Wvnaqu vzgadaiin launnhauihldndsannsniisaguavdszuia 3 mulu ed

9 Aa A (A a S W <3 =~ o Jya A
UD8 (Donahue et al, 1971) uazmiwﬂuuﬂimmaumﬂmqqqmzuWaﬂﬂﬁﬂuummﬂ

AMUFUAUINAIGZIAIY (Lal and Shukla, 2004)

Y
4) AMNANVBIAY (soil depth) AUANIHUTWIAN DONTIVY 1AZTI1ADINIS
1A d'dy ' a Aa :1’ a 9 o 9 oy ' Y 9 '
NUINNIAUNAUNI (Scott, 2000) mmaJﬂ:mmmﬂJBWUﬂuuaEJﬁ]zwﬂwmmullﬂuaﬂﬂm
4

{ 3 a { ' 3 o 2’ 4 Y a
G]ﬂ!ﬂuﬁﬁﬂ]1ll‘ﬁu”ﬁlﬂﬂ%uﬂuﬁll”lﬂﬂ'ﬂ Llagﬂ']13Jﬁ13J1'5ﬂ1uﬂTﬁLﬂllﬂﬂuﬁ]%ﬁuﬂgﬂU‘]fu@GUﬂﬂ

AULATANVANYDIAY (Donahue ef al., 1971)

a 2’ a = a dy a . K = U
5) ']Jill”lﬂl‘l!111!@1!1459']J53J”Iﬂlﬂ?]1ﬂ%1!11!ﬂu (soil moisture) VUNUINBYI

dy a A 1 =< g‘ Il A a g = g‘ A 1< 9
3J”IﬂL‘W313?1’J”IiJ"]ﬂ!iLlﬂLlllWa@]@f‘ﬁJ5531!3ﬂ15G113J1!WﬂuN’Jﬂu‘ﬂ\ﬂuﬂiﬂlellﬂ\iuﬁflgﬂlﬂ‘]_lllj‘lu

Y [l
au u,azﬂ:mJamwiaiuﬂﬁ@ﬂﬁﬂﬁw"ﬁ’mamu (Donahue et al., 1971) Fagawanan1srigl

a

a 4 ! 2}
GU’E'NWd“]S NINTTN VBIIAUNTI LAZNTEUIUNTNIUATA ] (Hillel, 1998) Tuszezusniing

= a 1 09}/ 1 Y a 9y o Y v = g‘ :/‘ A a A =
muaﬂﬂﬁluﬂummu ﬂamamuumﬁ]zm“lwammﬁwmqmm AsweAWSuan

<3| Jd @ 1 3 a s o & = o Y a @
N Ua1SADAARYARIY 9 ﬂxﬂuﬂuﬂg Luﬂﬂuﬂi]z‘W’e)WI’JG]Nmﬁmwaﬂﬂmﬂﬂﬂﬁqﬂﬂuh

14
= o/ ]

9
] 1 a o o 1 A A [ 1 < Aa
GIf’E'N'31\1611ﬂﬂﬂuﬂWiﬁaﬂﬂWigﬂJHWWWHW’Jﬂu E)ﬂﬂ\?ﬁﬁﬁuﬂ11ﬁlllﬁx‘lﬁ\‘l@.ﬂi$W'J']\‘]Lllﬂﬂllﬁﬂ

19884 (Donahue ez al., 1971)

a =

6) anvazuazlTuNYAgUAN  (vegetal cover) FHUAUDINTAQUAUL

P4
=

9 9
anudingaensFuhiumAunnetiaan waztiuu Ty ldmsFuhiurmaugaiu
a IS

(Donahue et al., 1971) 1@ Brady and Weil (2008) na1191 Tuiuinfinsaquan aziinisne

Y Y
528NN NMTFUHIUVDNIHIUAIAY

Y )
7) angiilszme (topography) danngiilszmeniuszdinaneilodedu o
#8191 ANUANVBIAU ANNTU FEduNzathuna saudedIHaneUS I azANNIUD
~ a ~ 1 @ o Y = 2’ a
luNanaant (Brady and Weil, 2008) amingiszmanuanaianumlnmsguiiiasau
1 [ 4! o Y a @ g‘ a I~ ]
UANANNY (Sampson, 1952) ¥z ldnannurunlsvesirluawiuedrauin Tasanin

'
a a

a PR [ = =< g’ Y 9 1 é’ ~ A kY KX o
QuﬂizmﬂmmmamwﬂzuTamﬁwuﬂﬂuaammummmLﬂuﬂuwﬂmﬂﬂmﬂu
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a A [ a oy =< 1a Y 9 a g oy
Iﬂﬂﬂﬂﬂiu‘ﬂﬁ’lﬂ“ﬁumWﬂ 9 L”Jauﬂﬂvlumﬂumzmumq&m”lﬂuaﬂ Ay

' Y a [ @ 9 [ d" A & oy =<
Vlﬁa‘ummﬂuquuimmimummmﬂ%u ﬁﬁﬂﬂIWNﬂUGluwuﬂi'l’Uch'\iu'ﬁ]%Vlﬁﬁcﬁuaﬂllﬂclu

Y [ Y
aulaanildanuasuludunuau G, 2535)

a g‘ . oy <3 g .
8) USuaniwWu (rainfall) DWAUMINMIIFUINIZ AU (Sukurai e al,
Aan d" = =< g’ 1 A dy a dy
1991) Taenaauiione1uazianinms lvaguvenirgeniawiieiunals wazduile
=) o w d‘ a dil = 1 1 [I~{ [] 1 ]
azdoaaIud1ay tHevanauieeriisesidiuIvailusesivuialva  (Baver

etal. 1972)
Y &g a
6.3 ns1lanvazANUFUAY (Soil water characteristic curve)

Y dy a =2 Y ~ o o 4 @
WUNTIMANUTUAY 118D U NLdaIaNUTUWUTUTZAY
o o v Y a A =< ¥q  a Yo = Y o v o
wasuinuneuauiawsagadatiner Bluaulasunis idudnvuzanuduiusg
o 1 1 [ @ dy a 9 a ®K A Y I
aananvzuanatanu ldaudnvazveuiloauuaz Inseadavesan  3u5en lainiu
ANHULINNIZVDIAULABZ YA (Lal and Shukla, 2004; Warrick, 2002) H¥8i38nd1 3 %0 A0
“soil water characteristic”, “soil water release curve” Llag “soil water retention curve” (Scott,
9 dy a = =) 1 a A Ax dy [ =
2000) @unsanuruauey bifuuader uavzinagesu luaunianusuming uall
[ = a A [Y] 3’ a 1 v A d’ a o A Y Y
FZAUANNIATIAVDIAUNTONA UV TuAUA A UABLUINAAINAT AU ¥
{ a o A . o yl
iWlon (sorption) taguwaMnannmsiiawilenliunia (desorption) Taaidenilsingnisaitii
4 [l 3’ A . a 4 £ o’dyq 1 1 a A
Usngnsel 191508 1130 Hysteresis (HWUT, 2542) F91l51ngnisaitinann soeeluaui
v Y
anva liaduaue yududaszrhubhluduiugesinmeludu msdudanueinanied
9) 1 U a =< A 2 2 tigl’ a 1 a .
91mat1 11U Tugeednevesdu saudemstaduaziadlveiiioAutaaz yia (Smith, 2001)
1 1 Y [ o [} :’ [ [ [l
ug Hillel (1998) 318911 Anouniiindsingnisael bidiseslinnududounasdala

snesue ldednaFanu

v
S o a

6.4 ﬂ”liﬁc;j(ty!,ﬁmmnﬂﬂ
= 09; a a [ N 3’
ﬂTiqmlﬁﬂUT%Tﬂﬂulﬂﬂflﬂﬂﬁ“ﬁﬁ]ﬁﬂﬂ 3 ﬂ5$ﬂ15 D NITITVIYUI (drainage)
. J A L S A 3
NI TLINY (evaporation) LALNITANYUIVDINY (transpiration) u”l‘ﬂgﬂix‘]ﬂfl’f]ﬂﬂﬁlzﬂa”lflllﬂlﬂu

3’ A 09/ [ o 09/ Y 1 . .
u1(1g]}ﬂu fnii%iﬁﬂllagﬂTiﬂTfJu1ﬂglﬂuﬂ1§u1u1ﬂaUQ‘Uﬁiﬂ1ﬂ1ﬂ (Kimmis, 1997)
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a A oy A v A ] 9
TﬂElﬂﬂﬂﬁWNiuﬂﬁ’JusU’fNUWﬂﬂﬁ’Uﬂuq‘UiiEﬂﬂWﬁUl?’]QWﬂfniﬁmﬁﬂ LUasnN13

9 9 1
A18111 (Fangmeier e al, 2006) NMITLHY LATAT AGTIVOINY FUTNTINAUIINITAY
J d . 2 v v a Y A
521181190 INY (evapotranspiration) 449 1 iudayalunmisnilsuianmslaiivesnsy
g’ < 1 ' oy 5
(Allen et al., 1998) ﬂ15ﬂ185$£1"iEJHVUENﬁG]ﬂ‘l]uﬂig‘U'Juﬂ1§53ﬂ5$ﬁ31\1ﬂ155$l1’18u1‘§\1

9 9 Y

e MIgadeinnihmiennAIau TasasanuNTzUIUNMITAIOIIV0INY NITIZINY

Y
o 1 a a a Aa R 3 1
u1ﬁﬂ1’1ﬂ1ﬂﬂ@ﬁﬂ1WQ@luﬁl§J’Jﬂﬂ1ﬁlﬂéjW’Jﬂu (micrometeorology) Wuegraun (thBY, 2539)

v J v g‘ v o 3 [
UITAU (2541) 518991UN ﬂ"Iiqtytﬁﬂu”lf;(‘]_liiEJ”Iﬂ”IﬁQﬂﬂ"ﬁ’iuﬂIﬂ‘c’J‘VN‘i‘:]i]i]EJ

= 1

Y
anmmnadeutaziladeny waveailadeiadonnon1sn1e5zietinE endn atmospheric

v '
A o &a

A a3 % o A
demand H30 evaporatory demand &4 atmospheric demand g4 NIFULTIUINGIUIT Failadend

2
ONTNAMD atmospheric demand liganelai

9 1
I3 3

a 7 . a Jdo % A ~
1. A0 INAY (solar radiation) LAIDINAYNINTUANYNAAY agluiasiios

u u
]

1 09.: { ) . [ d 1
Fovaz 109 5 mntuigmi i ldmemsdunsizinas druiimaedniosas 75 i 85 9z

o

9 a z:' dgj o Y a :’ d' a s (Aa z:' dgl o Y
mIveangulumuiu wagi ldinanmsaieni mimmmm@muﬂimmmmmz"lﬂmiw

Q U

v Y
atmospheric demand (W U

v Y
a A K

A a v
2. Qmﬁa (temperature) m‘i‘l/lfgmﬂﬂu!,WiJ“Uuilzllﬂimaalﬁﬂﬂmﬁ1u1imlﬂﬂ

U
v v

Y o =
mmﬁiummuummmu

P4
=

NI atmospheric demand g3V

i
=
Gﬁ U

tﬁy v o . N.r a 3’ A dg’ o Y
3. ANUFUANUNND (relative  humidity) Usuaiih lueimawuyu il

Lﬂy [ v 7 A d? 2 A Y .
ANUFUTUNNTUDI0INMANVUY FIlwa 1¥ atmospheric demand aAaN

. S a d A 2 a ' A
4. au (wind) Mimetiunavumetinsunseonanilinly eauasvee
Y ]
#11¥iAa diffusion gradient barrier 501 9 11nly $hlimsaeiianas uaziieanianien
dy < a 1 1 v J 2’
ANuFu seu q lueen 1l Azinaanuuanaeseninedndvesimelulutazuentnly

£ 2 A o qua ' b £
WnTu Wilkamh Inanmsunsvesiiwenvinluuniu
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) Y
6.5 103033AAU ¥ 1AL Time Domain Reflectometer (TDR)

Lﬂ?‘mﬁafrﬂum%"‘aﬁﬂﬂa1uc‘§u1uauﬁﬁﬂ1ﬁﬁ1q1u1ﬂai%”iﬂﬂmﬁuﬁa
mﬂﬂﬁwmTmaqaﬁynﬁa“l%’ﬂizmmmm%u“luﬁu Qﬂﬂmﬂumﬁﬂmm%ﬂumm TDR %1
Usznoudlounslane (rods) a1eaday@al (transmission lines) 1AL HIUVDINITUAAIND
(TDR cable tester) M31a1uazinsunsvesnszue lih ldgiunasimsdousuuniiae

1 o

1 a o Y 3 {
VDIT YA mmm“lu N133AUDY TDR ﬁi’]ﬂTifJﬂﬂ”ﬂllLﬁ')"'l]ﬂ\?ﬂTiLLWiﬁmmTﬂ!ﬂ’ﬂNaqq Iﬂfl

]
[ I

3 1 { 1 o Y 1 o ad
mmwmmmmm%aﬂaﬂu’mawﬁ dielectric constant ﬁq\‘lﬂ'ﬂ ﬁ”l?iiﬂﬂ”lﬂ\i@]?llﬂ@mﬂ

a
Y

a . . o A 1 4 A g < a A
N30 (dielectric constant) V9911NA1UTzVIA 80 oanlszaeumuveandsluauiian
dielectric constant agjizw’jn 2-7 uaze1MA UA1 dielectric constant (110U 1 (Topp, 1993) NS
@ 4 a 4 Y] I~ { a [ a gl a
Saanursuludulasldiaieeiauuy TDR Wunieuldlumsiadsuianiiluau Tasmng

(] A :’ 1 { I~ @ 1 o a
pe9galumsanyins ldihesiis maizan laitludaduTasass wazeaansada 13 1dau
A o v A a Y 1 A ~ Aa ~ < 9 1 3 o dy
oM IIanday 1aog19aiine TaslinssunIuAisudanioam1iy a5 Ian1usy

a a ga a = I a a A I 3 Y o
luauusnalndmiay 1NNl udaszINFNAAULATANVIAY  FIUNIFINITDIFNY
a 4 J 1 g
ﬂmJW’Jm@S"lﬁ}TﬂEJG]N (ESI Environment Sensora, Inc., 1999) uaﬂmﬂﬁué’:}mmmmm

ad a 5 J £ 3 @ 1 1 v I A 9 A Il
laBann3n (dielectric constant) Fuiludadiuszrinanuyvesdanuilszy e ldarsnlu

[y a a

o [TAR= ] J v a oy a L dy ld? (Y Aa A
i lWihdsdianuduiusiudSunasiludu waaiise hiduediuguugiivesau wiiaau
ANUHHILUUYEIAY tazdSuaveanae luAn Miyamoto e al. (2001) lafnu1Tagldme
A 1 @ A =l =) a oy a a o
TDR Allanuenuana1eany oS ewieudSnaazmsnszanevesih luauteuasead
9 d' 1 [ d‘l 9 1 d'd o cv
moldzunumse lonsauiuananuludszmeaqilu ldmenlinnuenvatevuad vy
v [ v
MsUsziiva Tagnaae UM SAIAINIATIIUIATBIAIIANUH LU UTINYDIAUALANAIIIY
1 1 9 A o o [ dy a 9 A
a1 wun lamaddmsumsuaasansazmsnszaeanuyuluaumeldszun lansiun
1 o ] 3 an dyd [ Jd 9 dy A & =~ [
Ay auiuasmsivaiulseTemidedoyanisnszarennuiuludugdinanonts
Y
a a 1 ] % o a a o
Ay Tavesived1sun uazamnsarielunsesnuuumstamstiluduueuasoad

meldamnnnainvaie’ld
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J aq
gUnsalnazisms

ginsal

o o

1. @@Wus KUBP 78-9

2. 02w wagnawdn

9
%

4 o J saa
3. 195099NINANNMINBAT TAUN TOUNTIADINAAAIAIA 3 1Az Ha 7
4. fJoqas 15-15-15 wazilovidn
d o o 3 o I a A
5. gUnsaldMTUMIINUAI0EAULAZNY

d' A d' Y a Ia A Y U .
6. 1n509len 19 lumsinsiziauuas vy laun pH meter, Spectrophotometer, Atomic
absorption spectrophotometer, Micro Kjeldahl distillation apparatus, Digestion apparatus LU

IATOVEN (reciprocating shaker)

7. gUnsaidmsumseseulaalgn 18un 1dnmlanlgn iWen aduas aa4

A o

t4 4 d o o a Ja
nsal m%mﬁ"s gazlund1msvuLlainisnaass MsAATIZHAY Lag

8. 9
I A
4l

N1 AATIZHNY

9. 1N309UPMIHITNAUNATUINNIATFIU (1D, 2542; Soil Survey Division Staff,

2010)

1 Y
10. 1A59939M1501529 707U 1AM TDR (Time Domain Reflectometer)
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1. NHNAMMTANEI

di’ A 1A aw Aa v =~ o 9 14 [
Wuﬂﬁﬂﬂ”lﬂQﬂilimuﬂa\i’Jﬁ]EJﬂ”IEJGluﬁﬂ”Iu’Ji]EJﬂTﬂJi]uui ADTUUAUAIUAS WU
o v 9 A

sruuinemnyes degluwalzlnan wail 303 Wi 9 drwadensdunelioatania

U

o

~

MyIUYITogH NI Tanmaaus Uz 30 Alamwasuuauuaenigaulyi-1ns loa-

a o a

IGNARLHY
2. MIMIWHUMINAGDY
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5. M3AUAIDLEIAY

v o A adg @ g ~ . . . a
1. mﬁﬂﬂaﬂymzﬂumﬂumgmmmwuw (site characterization) Tﬂﬂmﬁmﬁqmu
A = Y o a Aas a < o [ a A o a L4 wvAa
ednyMinAaau Tae TuIaTs I (181, 2547) uaznualedsawie lUinszveauia
A9 wesau e lddmsunisswmunauluszdunguaudes (subgroup) (Soil Survey

e 3w 1 a ] [~ 1 1
Division Staff, 2010) MSNUAIBEINAULLIBoNTY 2 dIU Vl?’g]}l;m

o ] a { . i <] 09; a :x’ o A A
1) #10819AUNYNTUNIN (disturbed soil samples) VINUNNFUAUANTUS UTAAY
(genetic horizon) N lauta PAmelunthdaauilssinadiediaay 2-3 Alansy udarily

a 4 wAa = ana 4
AUATICUHTUUANNIAUAIYITUATICHUINTIIU

2) @19619auN ligNIUNIU (undisturbed soil samples) tOUMANEIANTANI

ara 4 a <3 @ L] a
Wandvesauu1alszms lagldnszuennu@A10619 (core) (191, 2542; Buol et al., 2003)
2. ANIAAUADUNITNAADY
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[ ' a < 1 o o 1
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a J wa
6.2 MIAATIEHANTANUA

1) fitewdy (soil pH) JalaeldinTeeiiaianiitoyAy (pH meter) 148518 IUAY
Y
@011 LazAuAedISazal1y 1M KCl iy 1:1 (Thomas, 1996; National Soil Survey Center,

1996)
2) Y5 luTasiausau (total nitrogen) 108735 Kjeldahl method (Jackson, 1965)

3) Ysuaeanesamiuilse Tomd (available phosphorus) Tae73s Bray II (Bray

and Kurtz, 1945) uariadTinaleanlesadiunies spectrophotometer

4) s TnunanGeniniuyselow] (available potassium) lagafiadle 1M

NH40Ac pH 7.0 1aLINTILHA8IAT04 atomic absorption spectrophotometer (Pratt, 1965)

a a a2 . a Jd a J a A o ag
5) Usuudunieiag (organic matter) ANIITHUTHIUMAITVOUBUNT I TABIT
Walkley and Black Titration (Walkley and Black, 1934) udariundiunavilsunadunisiag

Y o [ dy
Taglwgasmuindail
Organic matter (%) = %Organic carbon X 1.724

6) Usuanuasiunana'ld (extractable bases) Usznouae uaaFey uuniliFew
= ~ v 9 A
Tadow wag InundiFou Tasmsanadiea1sazals IM NH,0Ac Niiluna1s (pH 7.0) (Peech,

1945) uariatlsunadiened atomic absorption spectrophotometer

7) anuaniasunna loaou (cation exchange capacity; CEC) Taaldnisyy
. .
azarouna lopoudleaisazals IM NH,0Ac Nilunai (pH 7.0) uazunuiiuna lopouvea
4 { I q'/ a
wouTutlen' loosudlsaisazare Imaeunan’lsd (10%) luanwnidlunsa ndurlSuim

wouTuidien Tosou ndrdnummnnuyuanalasunnalosonvesdu (Chapman, 1965)

8) $000YAUBNAUVA (base saturation percentage; %BS) 1ABNITAIUINIANA

Ysnauaiana 14 uazaranmnsafianald (National Soil Survey Center, 1996) Aaga3
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% BS = Extractable Bases x 100

Extractable Bases+Extractable Acidity

9) annnIANanala (extractable acidity) BINTANAAIYETITALAY barium

chloride triethanolamine pH 8.2 (Peech, 1965)
a 4 A ara 4
6.3 ﬂ1i]Lﬂ§1$Wﬁ3J‘]JG]V]1Q1/\Iﬁﬂﬁ

R ° . . . . . as ]
1) NINTENYVUIAVDIBDUNAAU (soil particle size distribution) Tae3suenaie
AZUNIY (sieving method) THUMIADYMANIIE 1Az 1A8IT pipette method (Day, 1965) Tu
a =} A Y a < o dy a
ﬂluTﬂﬂHﬂ”lﬂVﬁTﬂL!ﬂQ LagaAULriHe Wﬂ‘ﬂllﬂﬁl1ﬂﬂTi'JLﬂiTgﬁu13J"ILH]ﬂLHNlI5$LﬂTI"U@QLu@ﬂu
Y Y
[ [ a 4
(soil textural class) TﬂﬂminﬁEJmﬁEJ‘Uﬂu%utﬁaﬂumummmmmﬂiz‘tﬂiNLﬂHm

o ‘W%Jg DINTN (USDA textural class) (Soil Survey Division Staff, 2010)

= ] a . adqg Y < @ ] a
2) ANHIANUHUMUUITINVDIAY (bulk density) Taeds 1¥nseuannuAI9dg19AY

uuy liiae Tngaadha (core method) (Blake and Hartge, 1986)

Y v
3) @11V IAUVMLONAD (saturated hydraulic conductivity) IAgATNEI91U

YU uls (variable head method) (Klute, 1986)

Y v Y v
4) ANUFUNANVIANVFUTUI (field capacity, FC) Taoldussqui -1500 la

W1ana (Klute, 1986)

dy d' dy d‘ 9 (% d‘ a
5) AITUFUNAITNIAITNY U W JALHIDNTIT Taglduseaun -33 nlanigaia

(permanent wilting point, PWP) (Klute, 1986)

F4

Y [
) o . 1 ' 1
6) 1 1%152Toal 18 (available water, AWC) ld1ANan1asznIemInNusun
2 2 v 2 v
AN NUFUTUIN LAZANTUNANNIANUTU B 991020125 (AWC = FC-PWP) (Klute,

1986)
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7. MIAUNUAIDYNNBHASNITUAIIETHNY

a 4 1o
7.1 ﬂ1i”Jm512:Wﬂ”JmL%’M%’umawmmmﬂuiu@gm

1 3w ' g A

1o { o { a | J
quinudedalumjdlui 5 dvanluinsyduivazadesnlasduysaind,

q

1 ~ A ) A Y A a ~ [ @
NTIUIDANDEY 2 LAY 6 DU uﬂuwwmammmqmw{]u 60 ONGRERIC R (SN 39U

LY L] Y a [ 1 = Y = U o a J a 1
AUAIDYNLHITUN 1JﬂG]’J’E)EJNTUW%’TVIE]%L’E]EJ@T]’OH‘H”I]ITJ’JLﬂi”I%‘VﬁJSEJ”Iﬂl‘ﬁW]‘@"lTi”li@]N 9

€

=

N

Y
D dSnalulasnuisrue Taen1sdood10619W A8 H,SO,-Na,SO,-Se

(digestion mixture) 1a33A1/51a1v04 U TnT191A283F colorimetric

F4
2) Ysuaearesaninua Taon1sdeod10019928 H,S0,-Na,SO,-Se (digestion

. Y o a o Y A
mixture) a3 UTuaveInoa o aA181AT09 spectrophotometer

4
3) WsmalnunaFounavua  1aon15600@219619920  H,SO,-Na,SO,-Se
(digestion mixture) UAIAANUTUTUVDITIN INUNAITOUAIOIATOI atomic absorption

spectrophotometer

a o 4 1 @ 1 o
4) sinadanles Taonsdosdrod19i A0 HNO,-HCIO, (acid mixture) 114270

a Y 4 4
15w 1’@15116\1@561&1/\]655’38&?’1?6& spectrophotometer

a ~ A A < @ a ~ ll
5) USuaunaon uuntliFey tvan d9nsd NoAY uaziuemiea Tﬂﬂﬂﬁﬂ@ﬂ

#19819N A2 HNO,-HCIO, (acid mixture) HA2IAAMMTUTUUDIBIAN 9 T19dud)e

1IN0 atomic absorption spectrophotometer
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’Jl,ﬂi”l%‘]ri“'lsljﬂiJﬂ‘VNTiNﬂiﬂﬂﬂWi?Lﬂin‘ﬁﬂ’ﬂNlLl‘5‘].]57]1!1/]1\1?1'ﬂ@] (analysis  of

U
9
Y @

. Y o = = 1 ana PIEY= .
variance) LL@TLHGU’E')ll“ﬁuuiﬂlfﬂ'ﬁEJ‘UL“V]EJ‘UWW]'JnJlmﬂ@NﬂNﬁﬂﬂIﬂﬂalsﬁﬂﬁ Duncan’s multiple
=t

o A4 ¢ &
range tests (DMRT) NIZAUANUTINU 95% 'l

10. gOIUNMNNINARDS
=
10.1 Msane lumaguu

o 9 9 o

AMUUAUANAZWAUITZ UV TIMABAT UH1ING1GY

anl

An1HITeMQYIUY

[

inbasmaas vy 9 dwadeds sunerles Saniamaaus



26

102 msdAnw ludesdfiians

a I o a § a wva a a
ﬂ1iﬂlﬂ51$ﬁﬂuﬂ1luuﬂ13ﬁﬁ@\3ﬂ;]‘Uﬁﬂ']ﬁﬂ']‘ﬂ')‘]ﬂﬂﬂﬁ')‘ﬂEﬂ AUSINHAT
a @ da o w A s A @ {a
UHMINGQUNEATATTAT INGUVADIUVU DNTIUNWE uazmum‘wmmﬁmgﬁamiwwmﬁﬂu
AIUNANAY NFINNA

o a

Y 1
ﬂ”li’JLﬂi”l%ﬁ’ﬂiiJ"lﬂlﬁ”lﬁuﬁ‘UﬂH AUHUNITNNIAIBIIAINTTUIAN AL

U

ARINTTUANAAT UMINGIUNBATANEAT NFIUANNA
11. 52821301MINADBY

4
AARDUIYUIBY W.A. 2552 DUADUTUIAL W.A. 2554



27

a d
WNalas 133
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Y 1
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M3 1 quiiaduneusiinsnaasdilgn
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I Information on the site

Profile symbol
Classification

Date of examination
Described by

Location

Elevation
Map sheet number

Landform
1. Physiographic position
2. Surrounding landform
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SOIL PROFILE DESCRITION

: JPW

: Ultic Paleustalf

: 20" October 2009

: Somchai Anusontpornperm, Supicha Thanachit, Chatchai
Warrawetmongkol, Walailak Saikaew, Sumrit Riyapan,
Nantita Deeyai, Jittirat Choochat, Nipat Tanhimmal, Pahol
Ruksumruad

: Kanchanaburi Research Station; Ban Nong Sampran,
Tambon Wang Dong, Amphoe Muang, Changwat
Kanchanaburi

. Approximately 76.8 m (MSL)

: 4937111, Co-ordinate: 47P 535142 UTM: 1561440

: Dissected erosional footslope
: Undulating

3. Slope on which profile site : 2% (aspect: 280° Azimuth)

Land use

Annual rainfall
Mean temperature
Climate

Others

: Used for growing cassava before setting up the trial
. Approximately 1,026.5 mm

. Approximately 27.7°C

: Tropical savannah

II General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

III Profile description

Horizon Depth (cm)

Apl 0-18

Ap2 18-34

: Local alluvium and colluviums of slate and quartzite
: Well drained

: Moderate

: Moderate

: Deeper than 2.0 m at time of sampling

Description

Dark reddish brown (5YR 3/2); loam; strong medium and
coarse subangular blocky structure; slightly hard dry, firm
moist, moderately sticky and moderately plastic; common very
fine vesicular fine and medium simple tubular pores; common
very fine and fine root; few small and medium holes of termite
nest, many traces dead root; slightly acid (field pH 6.5);
gradual, smooth boundary to Ap2

Dark reddish brown (5YR 3/3); clay; strong medium and coarse
semi-angular blocky structure; slightly hard dry, firm moist,
moderately sticky and moderately plastic; many very fine, few
fine vesicular and few fine simple dendritic pores; many very
fine, fine and common roots; few small and medium holes of
termite nest, many traces dead roots and some decayed litters;
slightly acid (field pH 6.5); abrupt, smooth boundary to Btl



Btl

Bt2

Bt3

Bt4

Bt5

Bt6

30-51

51-71

71-100

100-122

122-146

146-172
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Reddish brown (5YR 4/4); clay; moderate fine and medium
subangular blocky structure; slightly hard dry, firm moist,
slightly sticky and moderately plastic; few faint clay coating on
faces of peds; many very fine vesicular and few fine simple
tubular pores; common very fine, fine and medium roots;
common small, few medium and large holes of termite nest few
traces of dead roots; moderately acid (field pH 6.0); gradual,
smooth boundary to Bt2

Yellowish red (5YR 4/6); clay; moderate fine subangular
blocky structure; slightly hard dry, firm moist, moderately
sticky and very plastic; common faint clay coating on faces of
peds; very few fine semi-angular gravel of fresh quartz; many
very fine and few fine vesicular pores; common very fine and
fine roots; few large krotovinas along the horizon; few fine and
medium holes of termite nest few traces of dead root;
moderately acid (field pH 6.0); gradual, smooth boundary to
Bt3

Reddish brown (2.5YR 4/4); clay; moderate fine subangular
blocky structure; slightly hard dry, firm moist, moderately
sticky and very plastic; many prominent clay coating on faces
of peds; meny very fine, common fine vesicular and few very
fine simple tubular pores; common very fine and many fine
roots; few traces of dead roots, few small and large holes of
termite nest; moderately acid (field pH 6.0); clear, smooth
boundary to Bt4

Red (2.5YR 4/6); clay; moderate fine and medium subangular
blocky structure; slightly hard dry, firm moist, moderately
sticky and very plastic; many prominent clay coating on faces
of peds; few small krovinas; common very fine and few fine
vesicular pores; common very fine and many fine roots; few
traces of dead roots, few small holes of termite nest ; neutral
(field pH 7.0); gradual, smooth boundary to Bt5

Red (2.5YR 4/8) (60%) mixed with dark yellowish brown (10R
4/6) (40%); clay; strong fine and medium subangular blocky
structure; slightly hard dry, firm moist, moderately sticky and
very plastic; common prominent clay coating on faces of peds;
few spots of organic material accumulation; common very fine
vesicular pores; common very fine and many fine roots;
common traces of dead roots, few small holes of termite nest;
neutral (field pH 7.0); gradual, smooth boundary to Bt6

Red (10R 4/8) (60%) mixed with reddish brown (5YR 4/4)
(35%) mixed dark reddish brown (5YR 3/2) (5%); clay; strong
fine subangular blocky structure; slightly hard dry, firm moist,
moderately sticky and very plastic; common prominent clay
coating on faces of peds; few very fine vesicular and very few
fine simple tubular pores; common very fine and many fine
roots; few traces of dead roots, common fine spots of organic
material accumulation; neutral (field pH 7.0). gradual, smooth
boundary to Bt7
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Bt7 172-200+  Black (5YR 2.5/1) (5%) mixed with red (2.5YR 4/8) (35%)
mixed with brow (7.5YR 4/4) (60%); clay; strong fine
subangular blocky structure; slightly hard dry, firm moist,
moderately sticky and very plastic; common prominent clay
coating on faces of peds; few fine lime nodules, few Fe-clay
balls few fine Fe-Mn oxide spot; few very fine vesicular pores,
few very fine and common fine roots; common fine spot of
organic material accumulation; neutral (field pH 7.0).
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Depth Horizon  Particle size distribution Textural Bulk Water content (%) Ksat
(gkgh) Class’  density  At-33  At-1500
(cm) Sand  Silt Clay (10 0 R —— kPa--------- ) cmhr’

0-18 Apl 222 578 200 SIL 1.61 30.97 18.62 2.71
18-30 Ap2 287 480 233 L 1.52 27.33 18.14 2.89
30-51 Btl 216 550 234 SIL 1.79 30.46 21.75 2.71
51-71 Bt2 208 536 256 SIL 1.67 27.69 16.31 1.95
71 -100 Bt3 196 542 262 SIL 1.53 23.09 15.01 1.94
100 - 122 Bt4 169 523 308 SCL 1.58 23.55 17.16 0.36
122 -146 Bt5 155 538 307 SCL 1.59 25.49 12.57 0.02
146 - 172 Bt6 158 521 321 SCL 1.64 25.56 12.91 0.04
172 - 200+ Bt7 164 525 311 SCL 1.57 25.24 14.74 0.01

RUYLNA 1/ Textural Class

SIL

= Silt loam
= Loam

= Silty clay loam



MINNUINND 2 auTaNIaaNveIAUA LN UNTIIMIANY

Depth Horizon pH 1:1 oM Total Available Extractable bases Sum  Extr. CEC BS
N P K bases  acidity
(em) H,0 KCl Ca Mg K Na bysum NHOAc (%)
_________ o I A5 g kg ( cmol_kg' )

0-18 Apl 5.2 4.5 8.85 0.91 18.59 46.6 4.34 0.82 0.12 0.24 5.52 5 10.5 4.5 52.5
18 -30 Ap2 5.1 4.2 4.10 0.91 4.52 54.9 4.36 0.72 0.14 0.21 5.43 9 14.4 4.5 37.6
30-51 Btl 5.1 4.5 8.54 0.70 1.11 26.0 4.68 0.37 0.06 0.19 53 9 14.2 5.0 37.3
51-71 Bt2 5.1 4.8 6.66 0.63 1.11 27.2 6.99 0.42 0.07 0.21 7.69 7 14.7 3.8 52.4
71 - 100 Bt3 5.6 5.2 6.57 0.63 1.11 26.2 5.52 0.33 0.07 0.21 6.13 6 12.1 4.0 50.5
100 - 122 Bt4 6.1 4.8 6.70 0.91 0.65 30.0 8.46 0.46 0.07 0.24 9.23 6 15.2 4.3 60.6
122 -146 Bt5 6.2 5.2 4.72 0.56 0.65 32.1 9.86 0.44 0.08 0.22 10.6 6 16.6 4.3 63.9
146 - 172 Bt6 6.7 5.9 3.35 0.56 1.11 33.8 10.18  0.37 0.08 0.24 10.87 8 18.9 4.3 57.6
172 - 200+ Bt7 7.1 6.2 1.67 0.56 0.65 36.2 9.52 0.33 0.09 0.21 10.15 7 17.0 4.3 59.5

VL
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Total rainfall (mm)

month 2007 2008
January 14 0.9

February 0 161.3
March 1.8 88.9
April 170.7 71.7
May 306.6 53.1

June 95.5 192.8
July 139.8 140.1
August 76.3 103.7
September 106.9 191.5
October 147.3 231.5
November 32.8 89.3

Sum 1091.7 1324.0
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Total rainfall (mm)

month 2009 2010
January - 0.0
February - 146.5
March 7 73.9
April - 56.4
May - 64.7
June s 0.0
July 89.4 =
August 91.3 =
September 65.9 i
October 174.5 -
November 9.7 =
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M3WUINT 5 uIuTonen lufougaIny W.e. 2552 DuROUNYUIEY W.A. 2553 YoaLAAz

ASUMTNAaD

Number of influorescence per plant

Treatment Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 Mean
W1 0.69 4.60 6.19 7.13 8.52 15.48 12.1 433 1.42 6.72
W2 0.58 2.92 546  7.00 9.00 15.44 1246 1.52 1.13 6.17
w3 0.60 3.08 6.54 694 7.92 1531 15.31 1.77 1.58 6.56
W4 0.65 2.75 435 731 6.52 16.29  11.65 3.58 0.90 6.00
Mean 0.63 3.34 564 7.10 7.99 15.63 12.88  2.80 1.26

MIAUING 6 TuuTeaoniaanaluABUNYATNIEU W.A.2552 DaUADUTYUIU W.A.2553

YOIUAAZMTUMINADDY

Number of capsule cluster plant

Treatment Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10  Mean
W1 0.15 4.10 7.00  7.13 444 1640 13.60 11.98 8.10
w2 0.21 2.77 6.79  7.00 6.88 17.58 13.71 9.42 8.05
w3 0.06 2.44 6.06  6.94 4.92 1623 10.38  8.81 6.98
W4 0.29 2.21 585 731 4.02 1427 13,56 12.23 7.47

Mean 0.18 2.88 643 7.10 5.07 16.12  12.81 10.61
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YUY W.A. 2553

Number of seed per capsule

Treatment Feb Mar Apr May Jun Average
Wi 2.82 2.85 2.88 2.89 2.89 2.86
w2 2.86 2.93 2.82 2.84 2.84 2.87
w3 2.83 2.82 2.92 2.86 2.88 2.85
w4 2.82 2.79 2.87 2.83 2.83 2.83

F-test = 3 - - = ns

C.V. (%) = - - 2 - 1.3

Remark: C.V. (%) = coefficient of variation, ns = no statistical difference, mean value followed

by the same letter using DMRT = no statistical difference
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DuROUARUIBU WA, 2553

Seed yield at 15% moisture content (kg rai)

Treatment Feb Mar Apr May Jun Sum
W1 41.3 21.5 21.7 12.5 339 130.9
w2 62.5 38.4 413 15.4 42.4 200.0
W3 39.71 29.66 29.97 16.14 29.77 145.3
W4 42.77 30.45 24.51 7.57 27.47 132.8

F-test = e - - 5 ns

C.V.(%) - - H = - 19.7

Remark: C.V. (%) = coefficient of variation, ns = no statistical difference

d' c?’ o a3 YA dy Y ' o o A 4
ATTNNUINN 9 UTHUNUAANDAUNANUYUIDYAL 15 VDILUAASHAITU ﬂixmmauqumwuﬁ

DUROUAIRUIBU WA, 2553

Seed yield at 15% moisture content (g plant-l)

Treatment Feb Mar Apr May Jun Sum
W1 192.5 127.1 131.2 71.8 158.3 136.1
w2 239.5 366.0 360.6 104.8 182.2 250.6
W3 164.7 206.7 196.3 74.6 115.4 151.6

W4 201.2 203.2 154.9 40.0 121.6 144.2
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Treatment Seed coat Seed cake Total oil in seed cake Total oil in seed
( % )
Wi 38.4 61.6 53.9 332
W2 36.5 63.5 47.0 29.8
W3 252 74.8 49.8 37.3
W4 44.0 56.0 44.1 24.7

i Y 9
a o_ 1o 1 o w o 1 o J a
msnwmnﬁ 11 AAAUITNUYDITUAIVDILAAL AT @NLL@L&@UQNEHWH‘E ﬁﬂtﬁauuqumu

N.f. 2553
0il yield (kg rai )

Treatment Feb Mar Apr May Jun Sum
Wi 11.2 6.6 6.6 3.8 94 37.6¢c
w2 17.0 10.5 11.2 4.2 11.6 54.5a
w3 13.6 10.1 10.2 5.5 10.8 50.2ab
W4 9.6 6.9 5.5 1.7 6.2 29.9¢

F-test - - - - 3 *

C.V. (%) . - S - - 18.1

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no

statistical difference, * = statistical difference at 95% level of confidence
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Treatment N P K S
oV 6’ Y 6’ oV 6’ 5V 6"
( gkg )

W1 42.2 33.8 1.0 0.7 14.7 25.2 0.5 0.46b

W2 40.6 340 0.8 0.8 15.1 21.6 0.5 0.50a

w3 38.6 321 0.7 0.6 14.5 23.3 0.6 0.50a

W4 37.4 30.7 05 0.6 12.0 21.1 0.5 0.46b
F-test ns ns ns ns ns ns ns *
C.V. (%) 7.7 11.2 155 206 21.6 16.4 11.7 4.1

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no

statistical difference, * = statistical difference at 95% level of confidence

month



Y < 1o
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Treatment N P K Ca Mg S Fe Zn Cu Mn
( gkg' ) mg kg
Wl 32.03 5.40 15.93 8.74 3.56 0.42a 38.24 32.76a 15.63 74.47
w2 30.45 4.60 12.67 7.41 3.60 0.28b 39.34 34.06a 13.60 56.29
W3 30.54 5.60 11.98 7.19 3.52 0.17¢ 19.88 28.84ab 12.71 73.06
W4 31.24 4.80 12.17 6.70 3.78 0.11c 17.25 25.59b 13.63 55.56
F-test ns ns ns ns ns G ns * ns ns
%CV 11.80 12.70 36.00 25.90 8.40 29.30 32.60 12.50 20.70 27.60

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no statistical difference, ** = statistical difference

at 99% level of confidence

[4
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Domain Reflectometer)

Soil moisture content (% by vol.)

Treatment Soil depth (cm)
10 20 30 40 60 100
25 May 2010
W1 4.2 7.0 14.8 13.5 14.3 27.2
w2 13.7 11.4 13.5 21.6 24.7 33.2
W3 12.9 9.7 12.9 17.5 13.8 30.0
W4 10.9 14 12.7 16.2 21.3 28.1
30 May 2010
W1 4.7 7.2 15.0 13.5 14.4 26.7
W2 9.8 16.6 14.1 24.1 30.7 31.2
w3 9.9 10.0 12.7 17.2 13.7 30.0
W4 10.8 13.3 13.5 19.5 24.2 28.7
6 June 2010
Wi 0.1 5.4 11.3 12.4 14.1 27.0
W2 5.0 13.9 14.1 24.2 259 31.5
w3 7.3 9.0 12.4 17.1 12.9 29.7
W4 7.4 11.2 12.3 19.0 242 28.6
13 June 2010
W1 5.1 6.8 14.5 12.8 29.9 21.6
w2 10.1 14.7 14.2 239 31.0 31.0
W3 9.3 9.1 12.1 16.4 13.2 30
W4 10.9 12.6 12.4 19.0 239 28.8
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Soil moisture content (% by vol.)

A5 Soil depth (cm)
10 20 30 40 60 100

20 June 2010

Wi 4.0 6.9 14.6 13.1 13.7 26.8

W2 9.4 13.9 14.3 23.9 30.9 30.8

W3 10.1 9.3 12.0 16.5 12.8 29.9

W4 11.8 12.6 13.2 19.3 24.0 28.8
27 June 2010

Wi 5.3 7.4 15.5 13.6 13.9 27

W2 11.0 16.3 14.8 24.4 33.5 31.6

W3 14.8 16.7 19.9 19.3 16.6 32.8

W4 13.9 14.2 14.1 19.6 24.0 29.5
Average

Wi 3.9 6.8 14.3 13.2 16.7 26.6

W2 9.8 14.5 14.2 23.7 29.5 31.6

W3 10.7 10.6 13.7 17.3 13.8 30.4

W4 11.0 13.0 13.0 18.8 23.6 28.8
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MIWUINT 15 M3UUNGUUBTOAY (191, 2548; Soil Survey Division Staff, 1993)
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misenn ANUAULILDAY FUIHOAUAN ] (texture classes)

a di’ Y 1 a 1

AUNT1Y 118111 (coarse textured) 1@un n3rexiiane o MM N8

. = = a

(sandy soils) AzI9UA NI1WALDIANIN) NI uAU

59U FUANN 9 (MT1wne1uluausIu
a 1 = =) 1]
N300 UANT U NT1vazLealuaAnI I
= a 1

HAZNIIUALIDIANINY UAUITIV)

a 1 dy a a 1 =) 1

AUTIY Weaureul1unaig ausaulunsiere1y ausiuluniie

(loamy soils)

a ~
AULNUYD

(clayey soils)

(moderately coarse-textured)

2
ol unate

(moderately fine-textured)

& =
oazpeathunai

(moderately fine-textured)

£ =
Hoasiayn

(fine textured)

a 1 =)
ausulunsteazioon

AUl UNIwazIDIANIN AUTIU

ausulunitendls waznsreudl

AUIIUMNYI AUTUH T UNT e

a 1 IS
ﬂuiaumumﬂumwwﬂﬁ

a = =) =
Aumdelunsie auvitedunsie

A =
uilaazdumitien




MINIWUINT 16 1NUNMTUUITEAUANUHUIUUTINUDIAY (UIATIY, 2529)

FZA1 (rating) Wiy Mg m-3)
§17n <12
& 1.2-1.4
1unan 1.4-1.6
GRITAANGE 1.6-1.8
q9 1.8-2.0
gann >2.0

Y
o A

v Y '
MININUINN 17 FEAUFUVDIMANINUIIAUVULDNA (O'Neal, 1952)

sedU Weo (cmhr')
12070 (very slow) <0.125
1 (slow) 0.125-0.50
#11una (moderately slow) 0.50-2.00
1unaig (moderate) 2.00-6.25
5911unana (moderately rapid) 6.25-12.50
159 (rapid) 12.50-25.00
59310 (very rapid) >25.00

: ¢ 1 o H @
M39WUINN 18 namimsutsszaunugtilglss Tewi 1@ (Landon, 1991)

FZAU (rating) nee (%)
A1 (L) <12
11una1e (M) 12-18

q3 (H) >18
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d' Y o a X a [ A = a
MINNHUINN 19 ﬂJ@ﬂWﬁuﬂ%i%iuﬂﬁﬂi%muizﬂ‘]Jﬁll‘]JG]‘V]NLmJ uazmiﬂizmummqﬂu
4 a a
qUYTUVDIAU (10U, 2548; Land Classification Division and FAO Project

Staff, 1973; Soil Survey Division Staff, 2010)

1. WewV0IAU (Soil pH) (AU : 11 =1:1)

szau (rating) Wl (range)
iWlunsaguusanniiaa (ultra acid) <35
I o
Lﬂuﬂiﬂﬁ;mlﬂum (extremely acid) 3.5-4.4
I o d
1WuNsAANIN (very strongly acid) 4.5-5.0
I [ .
1Wunsada ( strongly acid) 5.1-5.5
I o
Wunsaduna (moderately acid) 5.6-6.0
Wunsaaniios (slightly acid) 6.1-6.5
Hunana (neutral) 6.6-7.3
I J I Y . .
iWuara@niios (slightly alkaline) 74-78
I 1 o
Wuarahunaig (moderately alkaline) 7.9-8.4
I 1 @ .
111UA1999 (strongly alkaline) 8.5-9.0
Wuaadaunn (very strongly alkaline) >9.0
2. Smﬁﬂﬁ’mq (organic matter) (% organic carbon x 1.724)
32A (rating) nde (g kg'l)
@170 (VL) <5
@1 (L) 5-10
ADUYIIAT (ML) 10-15
1huna (M) 15-25
ADUT9G (MH) 25-35
3 (H) 35-45

9310 (VH) > 45




3. U5 luTn519U3Y (total nitrogen)

88

52AY (rating) neo (g kg-l)
§1170 (VL) <10
(L) 1.0-2.0
a1 (M) 2.0-5.0
g3 (H) 5.0-7.5
g (VH) >175

4. suameavlesafiiiuilse Tow] (available P) (Bray 1)

3201 (rating) Neo (mg kgil)
§1170 (VL) <3
&1 (L) 36
ABLTNIAT (ML) 6-10
1huna1e (M) 10-15
ADUT9G (MH) 15-25
93 (H) 25-45
g (VH) > 45

5. U5ma TwumaFouiiiiuss Tew (available K) (NH,0AC)

32A (rating) We'e (mg kg
&0 (VL) <30
(L) 30-60
a1 (M) 60-90
49 (H) 90-120
g (VH) > 120




&9

6. aswnanala (extractable bases) (NH,OAc)

32A (rating) nde (cmol, kg-l)
extr.Ca extr.Mg extr.K extr.Na extr.bases
é%”lmﬂ (VL) <2.0 <0.3 <0.2 <0.1 <2.6
@‘h L) 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
1hunan ™M) 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3
I (H) 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2
qau1n (VH) > 20 > 8.0 >1.2 >2.0 >31.2
HUELTIR VL 1= fran (Very low)
L &1 (Low)
ML fiaueﬁnéﬁ (Moderately low)
M 11Una19 (Moderate)
MH ABUYNY g9 (Moderately high)
H = 99 (High)
VH = NN (Very low)

7. anuguanilasuunaleoou (CEC)

32A (rating) Ny (cmol, kg-l)
&0 (VL) 3
&1(L) 35
Ao (ML) 5-10
a1 (M) 10-15
ADUT9G (MH) 15-20
a4 (H) 20-30

911N (VH) >30




8. 9MNI13PIAZANUDUA UL (base saturation)

90

LA (rating) nde (%)
A1 (L) <35

1hunars (M) 35-75
79 (H) >75

Y 4 1 Y { o
ﬂ151ﬂﬂu3ﬂﬁ 20 Lﬂﬂ!mﬂ15l!ﬂ\15$ﬂﬂﬁﬂﬂ/‘lﬂiﬂﬁﬂﬂﬂq${

Y]

391 (rating)

neo (cmol, kgil)

v
o

CRERLY
&1
1thunais
Aoud1aga
qa

gaun

<1.0
1.0-2.0
2.0-5.0
5.0-10.0
10.0-20.0
>20.0
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