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Phahon Ruksumruad 2011: Use of Phosphorus Sorption Characteristic for Determining Rate
and Type of Phosphorus Fertilizers for Growing Rice on Acid Sulfate Soils with Residual Lime.
Master of Science (Soil Science), Major Field: Soil Science, Department of Soil Science.

Thesis Advisor: Miss Suphicha Thanachit, Ph.D. 110 pages.

A study on the response of rice, RD. 43 variety, grown on acid sulfate soils with residual lime to
rates of phosphate calculated from P adsorption characteristics such as P adsorption capacity (Pmax), half
of Pmax, 0.2 mg P L" (PBC) and the rate of 157 mg kg_] recommended by DOA and to different types of
phosphate, including TSP and RP was conducted, employing four replications. Rice seedling at 15 days old
was planted in pot under greenhouse cover. Urea and KCl at the rates of 0.81 and 0.31 g kg-1 were used as
top dressing for all treatments and the former at the rate of 0.81 g kg_l was also additionally applied at

flowering stage.

The acid sulfate soils, Ongkaruk (Ok) and Bang Nam (Bp) Priew soil series, had field pH of 5.0
and 8.5, respectively. The former soil had almost twice higher phosphate adsorption than did the latter soil
with the value of 802 mg kg_] compared to 424 mg kg_] but the adsorption content at the concentration of

0.2 mgP L" in soil solution was rather similar (398 and 327 mg kg-l, respectively).

Rice grown on acid sulfate soils with residual lime clearly responded to P fertilizer when applied P
with height, number of tillering and seed yield being higher than those without P fertilization. The rice
grown on Ok soil series of which the soil remained very acidic responded well to TSP, giving a 192 g of
seed per pot whereas the other soil responded slightly to this P fertilizer. Phosphorus application at Pmax
induced the plant to reach flowering stage faster than did the other rates and gave the highest yield of 143 g
per pot when grown on Ok soil series while rice grown on Bp soil series only responded to P at the rate of
PBC in the case of vegetative growth. Phosphorus application at recommended rate gave the highest seed

yield of 109 g per pot which was similar to the yield of 102 g per pot when applied at PBC rate.

The use of TSP tended to lower P adsorption in these soils than did the use of rock phosphate.
Likewise, the high rate of P application can decrease more P adsorption than can the low rate. Applying P at
Y Pmax resulted in the lowest amount of P at PBC and no P application tended to give the highest content of P

at PBC.

Student’s signature Thesis Advisor’s signature
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1980) Ta8 Ozanne and Shaw (1967) lafivuail anududuvessavesalumsazarsau
A Aa o 1A A I v Yy 9 o Ao YA a a = '
0.2 Haansuaeans Nawga sxtlumanudutuneanesaninlnnssyaulagigasend

Phosphorus buffer capacity Faiutlsunaeanosailflumslddwusihiloveanesa

Fox et al. (1970) fhmsnaassmsgndnhelulszmsemwsmimau 3 du wuilu
a . R dy a I a 1 ~ a A g a I a 9
AU Georgeville NpAMTUANTIMMTYY LaZAU Norfolk NiHeAWTUNTIY HaNEAY1?
havggangaelilearesaluasazasduniny 0.2 daansuaeans TuvazSuw
WoaWosalumsazareauiiy 0.6  Haaniuasdns vz limandadavhenlgnuudu

A dy a I Aa 1 =\ a ~ == Y 1

Portmouth NtHaAMYUAUNTIBYUIIMTNANAAFINGA F91HHALANAI9INAITNABDIVD
Samadi (2003) MNUM aNUENTuveIeaesaluaITazaleauN 0.4 Haansudeans dina

Iiwanandenageiiga
9. maudlvifymvesaulsandamamsinyns

9 a dy v o Y A 1 3 A v a [
ﬂ']'illﬂ]’l,sllglu@ulﬂﬁf]'ﬁ]ﬂvnhlﬂfJ"IﬂLLli’)\ﬁnﬂﬂ"lﬂ'JWNL‘]JHﬂﬁﬂVIﬁQWﬁ@f’J‘]JﬁNWm!ﬂaﬂ

Aa o o A g’ 1 Y a I A A Y] I
TQUUU Ll,aS‘ﬂfﬁ!W@]WazaTﬂuT@@ﬂﬂJTﬂJTﬂﬁ]u@Tﬂﬂﬂiﬁlﬂﬂﬂ?WNlﬂUW’H@l@Wﬂf FTAUANTI U

[l

4 o [ I o
s¢Toyiveesinosisd laomwzoawosd (Brady and Weil, 2008) tiluaunaiilvina
a 9 o = 9 ~ 1+ A a a o Aa £
NARUIIN mumzumﬂﬁﬂmwmmmmu (Attananadana, 1982; NTUWAIUINAU, 2532) %4

puaman 15 lumsud luilymdsnaslseneudoe
Y
9.1 MIvgdN

9 3 Yy a A A4 A 1A o A
mslihazdnauneszazatensaeen lilieminaiiies ausaduiuns lag

J :} Y v o £ Y XK g‘ ay 1 2’
mydaesiliniudalasdnszesniiaminesznetieon Tagnayaamsszuioinlsznm
o J Qa: a 4 a 3’ 3’
122 dlamiaenss msvzdnnnsulugaruioantsnamslsihlusalsemu msldi

Y [<f 9 ) [ ' A = 9 ag dyd ag A ~ '
51)'8?31\‘]ﬂ'JnJLlluﬂﬁﬂﬂfNﬂ'iZVIWfJEJ"I\W]@LUﬂQ%Qﬁ]%llﬂNa nmsmﬂunmsmwmqﬂ 1359}
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Y

o 3 o o {a o A
tudealdinn (PTUWaINAY, 2532) MIANYIVOI Attanandana (1982) TAGUHUMT¥E

a [

Y ~ A 9 a a [ I~ =~ 1 Y (=
ﬁNﬂ‘iﬂiuﬂgﬂﬂu‘ﬁﬂJU‘iﬂﬂgﬂ"UTﬂuﬁﬂWWQUUWW’IGl@ﬂuLﬂHL’mW 3 ‘ﬂ WU ﬂTiGb'ZﬁNlliJiJNﬁ

o]

AOHANANY)
o g’
9.2 My

a o A o [ oy = a U ] Y 9 v A d
QUUWVI'JUHJ UBINMNIIUNUINIDBUDIAUISAD Y Usulinans (nerde, 2550;

a { g A g <3
Brady and Weil, 2008) Tﬂﬂﬂuﬁmuﬂiﬂﬁw%%mmqﬁju TAANITASANYVDILNANLAL

U
@

a = = (2 1 = a dy o & aa d'z; £ 1
TguUHNAN waamsasaneanesd Lmsluﬂﬁﬂlsll’f)\‘]ﬂulﬂﬁﬂ?%ﬂ%ﬁﬂWLﬂ%ﬂﬂ?M?ﬂ%ﬂVlﬂJ

A d KR o

1 Aa a Y A 492} = a I 1 9 a
IMUICAUADNINTTNUDIIAUNTY iN‘VI"IGlfoﬂ"li!WllGlluﬂl@ﬂWL@“lfﬂut‘]Jullﬂﬂﬂ']\ﬁf"l 9 Tﬂﬂﬂu

E4 v 1
v A =} o o

=l aA ] A o gl k2 A o Y1 A A 4? 1
L‘IJiEJ’Jﬁ]ﬂTI?JWL@%@QGl‘L!WETEJ 3.4-49 LIJ’(’)VI"Iﬂ”IiﬂJQu1"l‘]JLLﬁ’J 10U m”lwmmamwmuag“lu
v '

Y
Wy 6.5-7.0 (NiATlS, 2550) UBAINT Attanandana (1982) 3189117 weshimsyaineuilgn

9 a [

[ 4 ~ o Y a 9 A ::? 9
111 5-6 diland lugadusays i ldwandadanuanniuiosay 7.7
a I~ 1 [
9.3 m3lsnueamailuunasvesoanosa

A A J a dy o [ 9 3 a o
esnnamwniunsaguussvesdunlserdaadinalimanuazesgitivazas
a +i = o A 1 a a ' 3 XK
ponunlumsazateau fantiveanosanldacliluauszinamsazaieodesinga g
a [ (% < Aa o { [l a I~ a
mamsgaguiuManuazezglininueguininansanaznowduasdsznouiFadon
dawaldie sl 1d alaimsuusih It ldaudomaunudmsudndgnluan
dy o ~ I ~ qa/l [ @ a [
W5eava Tasnanuilunsanguusaiuszaes o azaeeanesaoonuianiunomma ua
91992 litiganenuanudesnmsvesislunaazsisveosmsnsyan Ia (nsuauINaY,
[ ] < a a @ ! o'o'
2532; Brady and Weil, 2008) itaoena lsnauiureamlaiitsuaearesanilulse Tewia

J

@Wszia waz Adpg, 2532) Usgnounurudealanlddeslinmnind uazldlulsuad

+

1 o 1
wnn s 1¥tjes)nlesoamine 5 11999zieeNe (Attanandana and Vaccharotayan, 1981)

Q U

@nass (2547) imanaasslunszoruiednyinavesmsdijuniinoarosa
E4
(w?ﬂgﬂacgmﬂa{wgamlm) wazvuveaie 4 sia (Jordan rock phosphate, Gafsa rock

phosphate, Taiba rock phosphate t181¢ Kanchanaburi rock phosphate) Anenanant1INy an Tu

[

9
Aussdansate nud 1zaeuaueaensijaniieanesauaziurloana Tasnsldile

[ a

ogj a 9 a 9 1 1 1 4 1 A W o a g
nesriave linandadingenin hilaileedriiiedidynieadaluisawggniailgn
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uaﬂ%1ﬂﬁy6fl’13i1zmauaumdaﬂw?ﬂ@yacqﬂtﬂa%ﬂammmww1ut]@,mau3uc] Tuvasiinu
Woalavzinanniielfadnlugamadaly Fuildnandadnganimaandieiivnan
ﬂw?ﬂlﬂyaqﬂgﬂafmamm IFUREITUTUNMIANYIV0 Sawudyothin (1987) inu1 msld
ﬁuﬂamwﬁdqwaiﬁwawﬁw%’nﬁﬂ@,ﬂuuﬁumﬂ%ﬂﬁqaﬂﬂwmﬂdﬂw?ﬂﬂyaqﬂma{w@mw
uaﬂmﬂﬁywudwmi“l%’ﬁuvxlamﬂmdqwa“lﬁ'ﬂ%’mmwaﬁﬂa%’ﬁﬁgﬂuﬂiﬂwmuﬁuqqm'wmi

v
1% flen3tilagulosoalalunnszezmsniaganladn

9.4 M3 lau

'
a =

a dy [~ A Ao £ (] 1T A A ad A o
ﬂUL‘]JiEJ'J’i)ﬂL‘]_ILlﬂ‘LlVlllWL’E]GD'VWITll']ﬂ‘ﬂfﬁlllllfﬁllT$ﬁuﬁﬂﬂ%ﬂﬁiﬂﬂlﬂﬂﬂauﬂiﬂ N

% oy A dgl ~ A KX 3 1 9 [V 3 2R o & 9 =1 1 A A
NITUIUN ﬂ']ﬁLWNTH%@QWL@%’@H%QL‘]JU"IJJ@EJ”NBI?'] 9 muumﬁmﬂuﬁmumﬂﬁﬂvmwumZJ
A o ¥ Aa Ay ' ' o 1A A y 2 2 '
LWﬂiﬁqﬂWaWﬁ@ﬁTNﬂ@]ﬂQﬂ'ﬁ Tﬂmeislﬁ‘]Juu%GmaﬂﬂizﬂUﬂWWLﬂ%ﬂﬂﬁQWM IS VIYAR
3 a o ] A < 4 [ [l
miazmﬂmmmaﬂuamxguuuawwmummrﬂuﬂ‘Jﬂﬂ%ummﬁw@]ﬂ\l@ﬁwﬂ’iﬁmﬂu

Y 1
@130019AU (Iyamuremye ef al., 1996) UDNIINHIIWNNTIALAAITOUUNNBA D LA TUATY

A da

AINITUVDIYAUNTIAU

1 a v o ' J
Suswanto et al. (2007) 516UNMs AU UL TIiFouuadas 4 Audolanais

uazgmiums 19ie 120-16-120 Alansy lulaswu-earesa-Tnunmdoy aotenas agii

[ a

Ugnlu@u Typic Sulfosaprist Tulszmeannads Iinanaageaigaminy 14.17 Audo

U

%417

%
LFINAI

4
v A

= Y (] [ 9 a a3 .
paugms layuuaazasalinaannialu@uuiu 4-53) fay (Panichpong, 1982)
1 = . 1 9 3| a dy [
UANIANYIYOY Brinkman ez al. (1993) :enunmsunilymanuilunsavesqunlioidalu
Uszimsndoaun vzdealdlulusasi 800 Alansuse 15 vinlulimsrzdwdunou uaninii
vy 9 3‘ a J A 1 Y @ ° 2 & 1 1 < a A
mivzdnaeihauneu Yuildez ldludasdaenianil uaedrelsnawsninavesjuaz
1 Qsll A a Y I a dg’ = 3 & [V 0911
uaaunnizluganiamizlgnnniv WeAuURINIZINAAUNTATVUNIDNATIHTL AT
= o g ~ 9 Y v 1 A o A Iy ¥ a A
inbasnsianuinunazdesld)uednaeieslumsiimanuasiie1d Idnandnniun
Y ] aa = A 1 v vaa a A A
AaM3 Iagmnizaa3 20 Ynrundainezdananeautinau lagmuizAuuy eniun
1 og.: o Aa A I A a = Y] A 1 3 ~
Taasluiueg livinlgnseraannuiunsavesauiinnuanszausiniianniu (a3, 2528;

Prabuddham, 1982)
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d ad
gUnsamazizms

ginsal

]
A A

X = 9 @ 4
1. wwnlglumsiny: 9190ug nu 43

Y I v A Y "2 . a4 a 4 X
M usynwslsznnng 990g19A Gramineae UFOINNNAAT Oryza sativa L.
< o Y J 1 I 9 ~ 9 3 1
seuusmunuusindes arawtu Inseasenarsazuuseontuldess Tasivenusering
1do49 S1ruddesazmidudnuluvesdudnn Unatszuia 20-25 Udos luilsznoudie

muluvagueuly

@

oy ' Yy o Y aa 4 4 o v & 2
aﬂymglﬂum@QmTQWUﬁ‘ NU 43 "lﬂLLﬂ‘JJfJWEJﬂﬁLﬂ‘ULﬂEJ%ﬁu ﬂjgil']m 95 U L‘]Juwuﬁ‘

A Y 1 9 dy = g’ <3 Y
T]@nuvnu@ﬂiﬁﬂllﬁll!,!axlwaﬂﬂﬁgiﬂﬂﬁHTQTﬁﬂ1uﬂa1Q AUNTNUVDUNAANINNTTVNAY

[ =) ] A A a
Fudsemud angnun Inaurey (NTUINMIINYAT, 2541)
a Y] ~ 9 =
2. auamunlFlumsanun

2.1 ﬁu«mﬁumﬂ%’ﬂﬁ (Ongkharak series: Ok)

a v Jdo o 1A v . [ a
Gﬁﬂﬂu@\iﬂﬁﬂ‘]el%ﬂ‘i]']uuﬂaluﬂ@‘llﬂuﬂﬂﬂ Sulfic Tropaquepts (NBIF1TIVAUY,

Q

I dy A 9 dy ~ q’j [ ] =
2526) wuttlununlszuiusosas 0.53 vosnuniialszme Taswuuinludanialyusiil

v
= a

~ o 9 Y 3 A A
UUNYT DIUNW TULYT aynsansuazaynslsinms uazuﬂiﬂumiﬂgﬂmn Wuaunnau

q q a

9
v A a

Y
o o ' . . a I a
NNATABUNINIANANYINTDY (brackish deposit) AT UAUMTIINADANEIAAAY AUV
a Ao A A 9 = A A A g‘ 1A
nulszuna 30 uAas Basvsemmuay wugalszauaaurasansomiviann au
I = ] a 1 = 09: 1 a a Aan
WunsaguuswnNdanIadauIn (pH 4.0-4.5) AUaNANANAILA 30 suAmasad 1 aulld
g’ A A 31 I a ~ 9 = =\ ~ g’ 1 Aa I
Waansemhmatumuaziluauaummnuvy Nyalseauas Mhaaun auiunsaguusg
==} (; 1 a 1 1 = a I a ~
110 Tae Ui ¥d1nI1 4 ANa1ReUa19ANNANYTZIA 120 uAua s HuauauvtisInza
= =®K A 9 =1 a I = A 9y
AMIANUVY W ¥ATUNTATULIINN (pH 4.5) naznualsednananar1ves
4 Aa $ o I Aa { ] o [
asiszaouals lsanieluniuan 40 tsuduasde Iaena lahduaun lumuigd sy
9 ¥ 9 & | = .
AmTUMIdgnu1 (P-1Va) 1118991A NI UATANTULIINN (Kevie and Yenmanas, 1972;

Changprai et al. 1982)
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2.2 ﬁu«mﬁumaﬁuﬂ?m (Bang Nam Priao Series: Bp)

Y 4
)

gaauu1ilTendaduunlunguanges Typic Tropaquepts. (NOIF13I9AMU,
£ o g a dy v o Jo = A Y @ = 1

2526) aavaludulTertadndinnuyalszdmaesvhednluszdunnuanuinnil 100

a ﬂ dy ~ 9 dy ~ :/’ [ @

umuas wutdunundszuasosas 0.11 vosnunnadszind Tagnuuinludania

a [ [ =\ @ 9 9 I A aa oy gl

p1FAUNT W Iatnusrtivazinlylunslgnin duauimamnanazneutimeananiin
[ a I a v A a

N308 (brackish water alluvial soil) AMTuAWMTeIMaAnTIdAAY AUVUIIYsZINY 35

a aA Y KR A 9 a 3 o =K a 1 =
FFUANAT VAN UTHDITNNVNID AU unsadnnensatunais (pH 4.0-6.0) AUANNUAINY

14 Y
o

=< oa; 1 a Aa AaAa = = A ) = g’

andaua 35 uawes las aulidhaadumraziyalszdmaesuihae Shaadunea
= A = a 3 <3 Y =2 3 Aa Aa =
Fuasduviass Nesawunsaantinedatunaie (pH 4.0-6.5) wutuaaunTmIUwe)

d‘ =1 a
fanuanszuna 150 ruAuasad

3. UNUNAUNATIAIY 1:100,000 VBIIINTAUNUTIN UUNYT ATUNN TUYT ayYNIAAT

AyNnIUIIMsIazRLFUNI (NTUHAINAY, 2515; 2524)

4. ﬂﬁl!ﬂfl 1@ua urea (46-0-0), triple super PHOSPHATE (0-46-0), potassium chloride

(0-0-60) 418 rock phosphate (0-3-0)
o < o 1 a
5. gUnsallumsinualedaay
d‘ A ) a
6. 1N309HOMIFITINAUNMATUIY
d o o
7. gunsaidwsumsdgnirlulsuion
= o w o A 4 1 .
8. mimuGlum'imi]mmmﬁ@gwsv 1#uA benfuracarb triazophos

4 A A = g Y a Ia A Y Aa vAa
9. qﬂﬂ’im IATONUD Ltaxlﬂuﬂmmﬂﬂumiamiwwﬂu lla$W%1UWﬂQﬂ§]Uﬁﬂ1'§



16
ad
IHNI

v
=

M3an¥IznauAE 2 MINAaRY A

1. msAnpanyazgadueanosd (Phosphorus sorption characteristic) oz du1ia

AUD19152 NS
< ] 1 a
1.1 MSINUAIBENAY

= a a a dy % a A
11 Anwiyia Y3una uazmsuannszaevesanlservaluuinuny
mananaould Taglddeyaninumunauinasidiu 1:100000 ¥oIne9d1599AY 0ONFITID
S SV S S P R = y 1 a v ¢ a o
Maguiesduiienadoniuiindudununw 1dun gaduesninduazgaanuiai

b4 1
o3 s lumsilgndn

o <] o [ A A Aq Y Y A [ =<

1.2 msiudregaaunulaanyasnsnlgilgnininszduniuan 0-30

a 2 < a @ L4 ] a @ J A =

suuas Futugaaueansnyagluusa a.unial 9.1MuUd0 ORIVETEREN
Y E4

(47P 0694972E, 156 8258N ) nazamautnainlieregluusnm a dsweulvy 0. nuoude
9

2.UNUB14 (47P 0701853E, 153 7032N) TAgAuNIaoaliosauInyoIauumumInG 5.0 uay

o w Y I 1A 1 dyl aa A 9 1
8.5 1uaau uﬁﬂﬂ‘wmuamummumﬁwmmwmmﬂvumﬂﬂN@g

a Ia Y a va

1.2 Ansenauluveslians
) (% (] a d‘ Y d! Y Y ] 9 =1 9 1 1
Mdredraaunlauimalduialusy ualiaziBea udr15ourIUAZLNT

a a ° Aa 4 vaa 9 a wva Y
WAsgILvIng 2 Haamas saxih W lmsedautiaauludesfianmsidszneuais

1.2.1 MINTENBUVUIAUBIDOYNIAAY (soil particle size distribution) TagITHEN
A0AZIUNTY (sieving method) TuvMIABYMIANIT 1010 TA83T l1linla (pipette method) (Kilmer
and Alexander, 1949; Day, 1965) Tuvunaeunianseutlaazeymndumiion man laninms
a J o dy a . =) = @ 3 dy a
WATIZHINMINUTZIANUBUTOAY (soil textural class) TaemMIlTsuneunuFuIDAY
4 o a . “ . .
AUNUNUYDINTENTWINHATANTIONTN (USDA textural class) (Soil Survey Division Staff,

1993)
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1.2.2 fto¥Au (soil pH, pH) JalasldaTosiioian 1o sdu (pH meter) 19

8AI1FIUAUADU WA 1:1 (Thomas, 1996; National Soil Survey Center, 1996)

1.2.3 15ualuTasiaus9u (Total nitrogen) 1A83% Kjeldahl method (Jackson,

1965)

4
124 Usunarleanlesasianiua (Total phosphorus) IagnseeeaaIsnly Tri
acid mixture (HNO,-H,SO-HCIO, mixture) (Yoshida et al., 1971) Llazﬁlﬂiwﬁ:l/\lﬂﬁw@;ﬁjﬂﬂ
75 vanado-molybdate yellow color wazdndTnadlenTes Spectrophotometer AnNueINaY

420 1 TWIUAT

12,5 UsmarleanesainiuyszTow (Available phosphorus) Tagnisadia

2 4
AuAlei1eaia Bray 1T (Bray and Kurtz, 1945) 1imiudnsizrivearlesalasld3s Molydate
blue method tazinlFuaudrATod spectrophotometer Anue1Inan 882 u1luiuas

(Murphy and Riley, 1962)

12.6 USua TnunaFoundluilse Towal (Available potassium) Tagld
1582219 1M NH,0Ac Miluna1a (pH 7.0) (Pratt, 1965) udriad3ua Inuns@eudoinioa

atomic absorption spectrophotometer (AAs)

127 Usmasunssmsveu (Organic carbon) 1a87F Walkley and Black
Titration (Walkley and Black, 1934; Walkley, 1935; Nelson and Sommers, 1996) LAZATUIUN

9
YsmadunioingIneldgasasil
Organic matter = Organic carbon x1.724

1.2.8 mmquamﬂﬁauuﬂm"laaeu (Cation exchange capacity: CEC) Tagns
£ & g = =
%azmmmﬂ%aauﬂaﬂmsazmﬂ IM NH,OAc nunang (pH 7) LLaxgmummmeuﬂu
Y 2 4 v 9 A g o =
]’li’]i’)ﬂu&ﬂ?ﬂﬁﬁﬁzﬁTEJI“HLQEJiJﬂa@lliﬂﬂJTiJLﬂJNﬂlu 10% 1uﬁﬂ1WVILﬂUﬂiﬂ ﬂaummﬂmuau

Tooou udrdnummnnuyuanilasunna losonvesdn (Chapman, 1965)
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1.2.9 Usuanuanana'’ld (Extractable bases) 1agn1sanaalea1sazaly
~ a { g o a 4
weuTuiHevozHaaniunais (Peech, 1945) 1d31391511214281AT049 atomic absorption

spectrophotometer (AAs)

1.2.10 Usmannuilunsanadald (Extractable acidity) 1833 barium chloride

triethanolamine pH 8.2 (Peech, 1965)

a d (A < = a o a as
1.2.11 Ansigndsuannan uuanilea uazesgitinlugdoass Tasds
Dithionite-citratebicarbonate (Mehra and Jacson, 1960) LLﬁ%%ﬂﬂ?MTmﬁ/?mﬂéﬂﬂ atomic

absorption spectrophotometer (AAS)

a I (a <} ~ a o o ad
1.2.12 A IEHYTHan uemid uazazguuﬂugﬂ@ﬁmim Tﬂﬂ')‘ﬁ
Ammonium oxalate (McKeague and Day, 1966) natialsuualenTod atomic absorption

spectrophotometer (AAS)

v
= a

1.2.13 migasueanesangunginai (Phosphorus sorption isotherm) 1ag

@auasun91n Fox and Kamprath (1970)

MIMIFIAENAU 3 15U ldnaoamIeauia 40 Hadaas 31U 5
¥aoA ANE15a2a19 0.01M CaCl, Nianududuvesoanosain KH,PO, 1y 10, 20,

30, 40 waz 50 Aaansugoans 31U 30 laaans Ay Ingouaslivasaas 2 noa Uaviaon
Y 4

o [l a @ Y @ A g @ qu )
MMTVITITAZAYAUNNIU IUAE 2 ATI ATIAL 30 UIN Lﬂunm 12 mﬂuum"lﬂ

A o

v o { Y a Y]

centifuge NANITI 2,000 TUADUIA WU 10 W1 hasazarelan 18 lTnsevieanesa
Tas1433 Molydate blue method taz3A13u1UAI8ATY Spectrophotometer NANLIINAY
882 W1 TUWAS (Murphy and Riley, 1962) uazdnunmilSunamsgadudeanosalagly

v
@315 Frendulich A1)
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x =kc

A o 1 @ @ a { a
Tagi x 1Wlummsgadunoavlosagagavesan (Pmax) Nsziivldanaums
a A 1 I a a o v 1 a @ -

Wyuady Uvvheluiaansueanesanen lansy (mg Pkg')
I 1 Yy 9 A = 1 I A a o

¢ HumanunIuveImsazalsnyaaugalmidailuiaaniy
WoavoSanoans (mgP L))
<3| 1 o a a a

k Wumdulszansigueay

I ] A
B 11]1A1 bonding energy ¥BaauMINIUAaY
= 1 [ a -+ [ 9 1 o
2. MIANMIMIABUAUBIAROAT A YHAvaITjovpanaauesu1IWuT nv. 43
2.1 MIMAUNUNTNAQDY

mMsAnEIMIAeUaUDIAEdAswazyiavesijoweaesauesdn Taslddn
Y 4

<3|
WUt N 43 1Wuisnaeoy MNURUNITNAABIDY 2x4+1 Factorial in Completely Randomised

Y
11U 4 91 Uszneudae

fladei 1 flursiiavesilovioaesa Idun
10 = Lifims 1idjovloanosa
T1 = ﬂﬁi%ﬂ?ﬂlﬂa%ﬂlﬂﬂgv\lﬂm‘l’\lﬁ (triple super phosphate: TSP)

T2 = M3 Huneaa (rock phosphate: RP)

flasei 2 Husaswesearesa 1dun

RO =lilaneavlesa (0 mgPke")

R1 - Weanlosafiszdumsgaduloalesageqavesin (Pmax)

R2 = loarlesaiszduaTinilaveamsgaduoanosagagavesdu
(Y5 Pmax)

R3 =tleaesaiinnududu whiu 02 Hadnfurlearleianedans
(Phosphorus buffer capacity: PBC)

R4 = oaeialudasifinuziinlaensuinnisinens (2532) Wiy

157 vaansuveavosanon lansu
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2.2 MINTIUAIDEIAY

Y = @ ==

o w ' a [:4 a g’ dy !
HWI’JE]ElNﬂu’éNﬂiﬂHLLﬁgﬂuUNuMﬂiﬂ’Jﬁﬁﬂ”uﬁﬂﬂN NnIzaAUNINAN 0-30
v

a £ Y 9 Y Y a3 o A ! A q
LYUALUANT NWWQﬁlIGIM!!,WQ umaaaiwmmmaﬂm HUAYFINNYNS uﬂﬁﬂ‘iﬁ‘INLWfJGl"lfcluﬂ1i

Ugndn geAuaz 36 nazne Tagldauduau 8 Alanfudonszan

= Yy 9
2.3 MIATINNAIU

[ 4 1

o & o Iy g A Yy ¥ v 9 Yy o A
HUUYAANUTUNINUTNV. 43 UFUT 1 AU LLa'JTZiJﬂ'JfJW1GIJ']’JU1Qll'J 2 U LUBLUAA

El q
Yy A Y 9

sonih ldnulunszuzinzndi endrengld 15 Su ndeudieliilnd Tunszo
2.4 malgnin
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4
2.6.1 USua'lulasinuiavua lagn1sdosaalsnie digestion mixture
a Jd 1a a, ) ada
(H,SO,-Na,SO,-Se mixture) taz3ns1zrismalagd5minaulanedTis Kjeldahl method

(Jackson, 1965)

2.62 Ysunaleavesansvua Taen1sdooda1saas Tri acid mixture (HNO,-
H,SO,-HCIO, mixture) (Yoshida et al., 1981) uazinneveanesalanis vanado-molybdate

yellow color t1az3A15u1aA81AT09 Spectrophotometer NANLIINAU 420 U1 TUILIAT

a = = o < o = =
2.6.3 Uswa TwuneFon unaidoy uuniiden (van adansd uuamile uag
Y
NOWAININUA 1AUNTEDOTAI0A0 Tri acid mixture (HNO,-H,S0,-HCIO, mixture) (Mill and

3 a 4 a 4
Jones, 1996) MNHUAATIZHHIYT alaslHnTed Atomic absorption spectrophotometer (AAs)
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Wdy 1.2-22 wdsudaomas sudasnanuny iliymeaemsilgndi eawiluau

~ 9 [ A ~ (] [ A 1 A o
milen asandeanuanuyuanilasuuna looouiegluszaugalinegluiide  43.99-60.27

UA Tuanon lansy (135199 1)

a dy [ a [ A 9 A A a = Y] [ [ 1
aunlsertagaaueinsnynlyuanaallsuiausunieingiminy 21.8 nTuae
A @ { d 1w A a o 1 A @ [ Y
nlansy Tnwunadeundluilse Jowiminu 177 daansuaon lansy uazineavesanilu
d 1w Aa A [} 1T A [ d‘Q g’ dy S A a A W [ %
Usg Tomimiiy 3.6 aansuaen lansu Tuvaznauuaihnlsetdsmasunisiagminy
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DUANVY (NBIF15IVAY, 2523; Land Classification Division, 1973; FAO Project Staff, 1973)

[

1 a dy d‘d 9 ;’f =1 4 a [ I (a
WU AunlIgadaniyuanmeisaesianuganauysailiunai Tasdusaasnunilsum

sunivingogluszduihunars TwunaFouiiuilss Towl uazanuguann/dsuunalooou

'
v 9 [ o

i Y E4
pgluszAuge dnardesazanuandnue uazWearesaegluszaud auauniulsen

Ysmadunioing  Tnunadouidludsy Tewd uazanuquannldounnalessusglu

szAuge oafevazanududnuaegluszaud uazearesaniuls: Tomiagluszdy
unang

Y A a a v a g/ Y { ' o
M1l auiAvesaugaaueInsny tazyaauuinlierniijuandeneouiinisnaaes

Soil properties Ok soil Bp soil
Sand (g kg_l) 91 49
Silt (kg ") 289 331
Clay (gkg ) 620 620
Soil texture Clay Clay
Field pH 5.0 8.5
pH 1:1 H,0 3.6 5.1
Organic matter (g kg ) 21.8 47.6
Available phosphorus (mg kg_l) 3.6 10.2
Available potassium (mg kg ') 177 332
CEC (cmol kg ) 24.5 23.0
Exchange acidity (cmol kg_l) 33 39
Extractable Ca (cmol kg_l) 5.32 7.64
Extractable Mg (cmol kg') 2.56 9.65
Extractable Na (cmol kg_l) 2.2 2.28
%BS 14.27 21.43
EC (dSm") 22 1.2
Total P (g kg ) 0.2 2.7
Fed (gkg ) 12.3 17.3
Feo (gkg ) 2.3 7.2
Ald (gkg ) 0.9 1.5

Alo (gkg") 24.5 412
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4 a o 4 a [ a :j Y ! [
VniNﬁ 2 mi‘ﬂszmuizmJmmqﬂmwgmmamummﬂy wazauu1iSeanseauau

an 0-30 LFUALIAT

Available
Soil OM CEC BS Total score  Fertility level
P K

(gkg) ( mg kg ) (cmolkg) (%)

Ok 21.8 3.6 177 24.5 14.27
Medium
() (1) (3) (3) (1) 10
Bp 47.6 10.2 332 23.5 21.43
Medium
(3) () (3) (3) (1) 12

HUEHA : Scoring is used for the assessment of fertility level (the score is presented in blanket
within the table)
OM = 15 or less, level’s low (1); between 15-35, level’s medium (2);
35 or more, level’s high (3)
Avail. P =10 or less, level’s low (1); between 10-20, level’s medium (2);
20 or more, level’s high (3)
Avail. K =60 or less, level’s low (1); between 60-90, level’s medium (2);
90 or more, level’s high (3)
CEC = 10 or less, level’s low (1); between 10-20, level’s medium (2);
20 or more, level’s high (3)
BS =35 or less, level’s low (1); between 35-75, level’s medium (2);
75 or more, level’s high (3)
If total score = 7 or less, fertility level’s low; is between 8-12, fertility level’s moderate;
13 or more, fertility level’s high.

2. msgadurleanieTavesnu

aumsnguady (Freundlich equation) 7 1F uisziiivansuzmigadureanosaves

a dy v Aa Y =} ] o 9 ) v A v J 3’ dy
aunlsgraaniyuanaalinnuuiudidosas 97 uaz 92 dinsuaueInTNELazLININTY)
o o A a Y= o [ 9 1A g’
ey (i 1D Iagauesnindlanuanninlumsgaguieaesaldgannauuiai

dy A IS 1Y) [ . .
nfSgunevaeum dallsuumsqaduneanoiagiga (Phosporus adsorption capacity:
Pmax) WD 802 uag 424 Haaniuaen lansu Muaay (MnA 1) UANANMTNTUVD
Woaosalumsazareauminy 0.2 Jaansunoans (Phosphorus buffer capacity: PBC) NaUl
UsualndideeiuTasiinnidy 398 uay 327 iaansurleaneSanenlansy dmsvau

Y] 4 a g’ dy o w d‘ d! d! [ [ a

94A3NH tazAuLIhfFeInuady uaziasrilnvesmsgasuneanesagagaueay (v
a [ 4 a g/ dy = [ [ Y 1w a a o
Pmax) AuoAsnY uazauunimlsetinsgadureaesa iy 401 waz 212 Tadnsy

@on lansuAINAINY (NN 1)



26

600 500

a .
T 500 - + 400 A
& 400 - .
g > 300 A
= 300 A
ki 200 -
T 200 A
© | y = 802.51x04343 100 1 y = 424.79x01627
o 100 R?= 097 R?=0.93

o T T T O T T T

0.0 0.1 0.2 0.3 0.4 0.0 0.2 0.4 0.6 0.8
Pin solution (mg L") P in solution (mg L)

(M Q0]

d' [ @ [ a dy o Ao vy a v
MNN 1 ﬁﬂ]&lﬂ!%ﬂﬁ@jﬂ%ﬂﬂ@ﬁV‘l’E)iﬁ"ll’ﬁ')ﬂﬂulﬂiﬂ?%ﬂﬂﬂﬂql&ﬁﬂﬂN%ﬂ@u@\‘iﬂﬁﬂ‘H (M) Hazye

Q

v v
aunnuinlien () laeldaumsvguades

3. MInvUaURIvRIT NIRRT atazons1vaIoalesa

Y Y

9y 4 ~ a dy A T W
N1TADUAUDIVDIVIINUT NU. 43 Wﬂgﬂiu@ulﬂiﬂﬁﬁ]ﬂﬂﬂﬂu@ﬂﬂWQ@]f‘]ﬂ@]i"l“Ui’]Q

U
[

Woavlesan ldundanvuzmsgaduearesavesau 1dun imsgaduoanesagega

a A & 2 o [ a ~ Yy 9
YDIAU (Pmax) ‘vmiwuw’mmammuﬂaﬁwmﬁqqqmmﬂu (%4 Pmax) NANUINUUUD

a % =

Woanesaluaisazareau 0.2 Jaansuaeans (PBC) uazoasieanesanuuziiilaonsy
JNMINYAT (2532) 1N10U 157 Haansuaen laniu uaznlSeumsvytiavesijevoaweoss 2

sila 1dun nsidlagialesvoamla (TSP) naziiuloayla (RP)

a o

a o I (a o o 1w a @ '
aueindnEllTnamgaduneanesagegaminy so2 Naaniureaeiase

~ v a a o 1

a [ d! g 1 +f =+ % a (%
nlansy Funsuinumslaile TSP uazile RP Tludnsn 3.96 nag 60.76 Hadnsuaen lansy

4
% v o a U

Mudy  aaiuasativesmsgasuearesagegaaziny 401 HaansuWoaeideo

a Q d! =~ 1 v 1 4 =+ U a a v 1 a %
nlaniu Funeumnumsldile TSP uazilo RP 1udns1 1.98 uag 30.38 Haaniusasn laniu

o w

aud1ey anuvuduvssearesSaluaisazaredun 02 NaansudoanIIMINY 398

nadnsueaesanen lansuneumiduns ldile TSP wag iJo RP 1usas 1.97 uag 30.21

(% 1

Haansuaen lansumuaIfy (913199 3)
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m319n 3 Ysmamsldifedearesanmeuminudasvesleanesaniszmuinan

@

(% o @ a J . a [ 4 a
anauzmsqaduleaosavesanSortaniijuandngaaueniny tazyaau

9 9
vhinlsen Taeldaumssuasu

Phosphorus fertilizer type

Acid sulfate soils with Phosphorus rate Triple super phosphate Rock phosphate
residual lime (TSP) (RP)
mgPkg (G IS —— )

Ongkharak soil : Ok

Pmax 802 3.96 60.76
Y% Pmax 401 1.98 30.38
02mgPL" (PBC) 398 1.97 30.21
Recommended rate 157 0.78 11.89

Bang Nam Priao Series : Bp

Pmax 424 2.09 32.12
% Pmax 212 1.05 16.06
02mgPL" (PBC) 327 1.62 24.79
Recommended rate 157 0.78 11.89

a

a g’ da' = a v U 1 % a % 3 1
auunilsenlsnamsqaduneanesagagaminy 424 daansuneaesase

(% 1

a 4 d! = [ - 1+ -+ % a A a [
nlansu Funeuminumaldije TSP uazile RP luoas 2.09 uag 32.12 Jaaniuaon laniu

a o

Y 1 1
aude aeiunsanilavesmsgagureanesagegaaziming 212 Haansueanosase
Alansy Funeumidumsla TSP uaz RP 1udnsl 1.05 uag 16.02 Haansuasn lansy
AUy taznaNnudutuvsaneadosaluaisazaisdu 02 TaansuaeanImMINY 327
Nadnsureanesanen lansunouminumslaile TSP uazruveaalusas 1.62 uag
24.79 Faansuaon lansumuaInl (915199 3) nazoasweavesanuuziiilaensul s
1T W a A cu 2 1T A 3 d! =~ 1T W 1 a
YRS (2532) 1IN0 157 Haansureanesaden lansuauneuminumslails TSP uag #iu

Woana 1uon310.78 uaz 11.89 Haansuaon lansuy MUE1AU (115199 3)
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3.1 wavesriauazoaiwesileeanosadomsniyayInuotn

3.1.1 szazmIniyay Tnuedn

+

yiaflouazoairvesifeoaneadinanenisniayaulavesdiiedis

[ ) o { a v A 1
Fannudmivinnlgnluauesnsniniiyuandie Taemsldile TSP dawalddruanne
o Aa 1 < ! Y + 1 A v oo W aaa A ]
suilageaon tazeanaeniina1ms 19ijo RP ed1eliivdingmeanass (nwi 2) wazms
ladflevoarosavzdewalidrussaavladnge luvnziviavesiloWoanosanay lifina

v 2 4 v
asmansyan Iadnidgnluauuininlsendijuandis Taemsldde RP Guua Tdulddn
Y o a ] < T 3 9 A = = [ 9 + 9 =
hgszeziuiarensniazesnaonisniuantios iWenlseuiieununs 19ie TSP uazdiil
a a { 4 1 1 ] v W a v {

pur Tunsaau Tadngadie lutins ldflewu@ernunulunsdlvesduesnsng (n i 2)
1 <3 Y A a 4 a Aa 9 T 9 A a dy 3 dy
pg13 l5nam Tndgnlavesnsndaznigdu Tadinddnnlgnluduuiaiases fail

I Aa v I I 1A g} dy
f’ﬂﬂlfﬂl&ﬂﬁiﬂ‘ﬂTﬂfﬂi‘ﬂﬂuﬂﬁﬂ’iﬂ‘l&lllﬂ’ﬂlllfﬂuﬂﬁﬂj‘uuiﬁﬂ’ﬂﬂuﬂ"ﬁu?!ﬂiﬂl

,,,,,, ) a b
80 a b c
[
é’ 60 a
b
40 ¢
20
0 L
Tillering Panicle initiation Flowering Mean within the same
" column followed by the
W No fertilizer 50.3 713 87.3 same letter indicated no
oTsP 32.1 57.1 70.1 statistical difference at P<
ORP 46.1 66.8 85.4 0.05 propability by using
S DMRT.
| ol
L?I? ??IIJ 80 Fertilizer type :
FO = No phosphorus
60 fertilizgr;
> F1: Triple super phosphate;
F2: Rock phosphate
8 40 pnosp
20
Tillering Panicle initiation Flowering ‘
B No fertilizer 34.3 54.5 71.3
oTsP 30.7 51.5 67.4
ORP 31.4 50.9 66.9

d' a4 Y] 1 a a 9 ~ a v a
HMNN 2 NﬁGU’EN‘]mW]J‘EW\IE)EW\I’E]ﬁﬁ@]f]fnil%iiyl@]UT@%@Q%W?ﬂﬂQﬂiuﬂuﬂﬂﬂﬁﬂH HAgAUUN

O S v
WnfSeantuandng
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v
a

oas1vesrlearesadwnanomsnTaay Tnvestnedeilivedinnoini
an :JI a Y [ Y] ] vy o a ]
aaa lunsaesau lagmsliedwesaluons1 Pmax awwalvvniuanne Aulasensn tag
3 A 9 (% o o w o v 9 A a
panaon3INga Taglsannny 358, 56.5 uaz 74.0 Juawaiu dmsudnilgnluau
[ 4 ~ ~Aa a 21 dy 9 [
p9AsnY (0N 3) uazlunsanlgnluauinainlserazlsaumny 28.9, 49.4 uaz 65.4
v v Y v
T ey (mwmi 3) mslddeanesaludaswuzidinalidnnlgnlunsdesauiiudh
dizezuanne suilatoasn tazoenasn 109131 1USAT1 % Pmax az PBC uams 1@
(% o 1 4 a [ o 1
Woao5aludnsn v Pmax uag PBC vxdwmaliamnlgnluduesasniidigszezuannouas
Y Y
ponaon luuana1aiy lunsdivesauuiainlSer msldwearesalusnst PBC szaanalst
3 1 [ 1 1 [ o
TMANNBLAZDONABNISININMI IR 1UEAT1 % Pmax azms 1 lanearesaildduan

A o [

] v 9 v
no Auilaztoasn uazeonaeniiigaodiaiiied iy sinedda lunsdoansal (M 3)

g

77777 100
r ! 2
'Ok soil| 80 d}_?._ 2
,,,,,, I %
g g:i?
7
Tillering Flowering
W at 0 mg P/kg 50.3 71.3 87.3 Mean within the same
O at Pmax 35.8 56.5 74.0 column followed by the
same letter indicated no
Ei at 1/2Pmax 40.1. 29 vEE statistical difference at P<
M at PBC 39.8 64.4 78.4 0.05 propability by using
® at recommended rate 40.9 64.4 80.0 DMRT.

80

60

40

20

0 Tillering
W at 0 mg P/kg 34.3 54.5 71.3
O at Pmax 28.9 49.4 65.4
Fl at 1/2Pmax 32.1 52.1 68.1
£ at PBC 30.3 50.3 66.3
= at recommended rate 32.9 53.1 68.9

P rate : RO = 0 mg P kg™; R1
= at Pmax; R2 = at ¥2Pmax;
R3=at0.2mgP L% R4 =
at recommended rate (157
mg P kg?)

(Ok soil : R1= 802 mg P kg%,
R2 =402 mg P kg, R3 =
398 mg P kgt)

(Bp soil : R1= 424 mg P kg?,
R2 =212 mg P kg%, R3 =
327 mg P kg?)

d' [ [ v a a 9 A a [ 4 a 3'
MNN 3 Naﬂlﬂﬂﬂ@i1W9ﬁWﬂiﬁﬁ@ﬂﬁL"l]iilJum']JT@]ﬂ]@dﬂl?lﬂﬂgﬂiuﬂuﬂﬂﬂiﬂ}l agAUUINU

k4 v
nl3eaniiuandig
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HaTINTzHINTHauazoaveijenoanesadinanemanTaau Taueg

9 =

a [ o [ ~ [ 1
dndanludusinsny Tasmsldile TSP ludasMmeumiiy Pmax szaanaliddniuanne

U q

o A ' 3 A 1 Y + @ 2 Y 1 Yy a a 9
NUUATIADNLUASDINABDN L3INTA meﬂ%ﬂﬂ RP luﬂﬁiuﬂﬂ’JﬂUﬁ\‘lNaiﬂGUTJH]%'QJ,LG]“UIWN

NI

dy 9 + A~ [ o o 1 vy
HONIINU ﬂﬁﬁlsb'ﬂ‘t’l TSP ninguininy PBC uazammuzmmwaiwmn

9 1 o a 1 1 1 [} = [ Y 1w [y 1 =S % % 9 +
!ﬂl']q‘i%ﬂ&ﬂTLUﬂ%ﬂﬂﬂﬂVliJLMﬂﬂNﬂuIﬂfJiJﬂ']WnﬂuWﬂﬂU 60 U Wutﬂﬂﬂﬂlllﬂﬂﬂ'lial“lfﬂ‘ﬂ RP

TusnsMieunIf 1% Pmax, PBC iazdaswuzii aanatiilaailszuna 68.5-68.8 Ju
UNGTLEZUANND HazH YN

QU

Juingszeziuiiaronsn tagdrsuaruquazi i

Nga (0 4)

100 .-, 100 EE2-- AN PR Y
|
| | |
10K soil 'Bp son;
80 2 - N % NayY - N g0 Mt - LR 5 WFTUSRMER e T _
[ z i P
60 Nl 60
Wl el T
= B
> .
8 40 e 40
o
*
20 : 20
*
= :
0 = "B R LA = 0 = Mg = =
Tillering Panicle initiation Flowering Tillering Panicle initiation Flowering
W FORO 50.3a 71.3a 87.3b H FORO 34.3a 54.5 71.3
OF1R1 31.0f 51.8f 67.09 OF1R1 30.3de 50.3 66.3
OF1R2 32.8e 56.8€ 69.5f OF1R2 31.8¢C 51.8 67.8
® F1R3 31.5f 60.0d 72.08 ® F1R3 31.3cd 51.3 67.3
OF1R4 33.3e 60.0d 72.08 OF1R4 32.3hc 52.8 68.3
B F2R1 40.5d 61.3d 81.0d B F2R1 27.5f 48.5 64.5
= F2R2 47.5C 68.5h 87.8ab B F2R2 32.5bc 52.5 68.5
I F2R3 48.0bc 68.8b 84.8C B F2R3 29.3€ 52.5 65.3
B F2R4 48.5b 68.8b 88.0a B F2R4 33.5ab 52.5 69.5

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO =0 mg P kg™"; R1 = at Pmax; R2 = at %sPmax; R3=at 0.2 mg P L™

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg™, R3 = 398 mg P kg™)

(Bp soil : R1=424 mg P kg™, R2 =212 mg P kg™*, R3 =327 mg P kg")
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a
0

Tillering Panicle initiation Flowering

Mean within the same

M No fertilizer 2.3 3.8 5.8 column followed by the
same letter indicated no
oTsp 1" 58.5 85 statistical difference at P<
ORP 3.4 4.9 7.1 0.05 propability by using
T = DMRT.
I -
| Bp soil 180 Fertilizer type :
******* FO = No phosphorus
fertilizer;
'1, 60 F1: Triple super phosphate;
8_ F2: Rock phosphate
40
o
z

20
0

Tillering Panicle initiation Flowering

B No fertilizer 10.8 37.0 41.3
OTSP 19.8 55.3 59.2
ORP 19.8 54.5 58.3
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Tillering

Panicle initiation

M at 0 mg P/kg 2.3 3.8 5.8
0 at Pmax 8.8 34.1 37.3
# at 1/2Pmax 8.0 32.9 35.4
Ol at PBC 6.5 30.3 32.6
O at recommended rate 6.4 29.6 32.0

777777 80
Bpsol g9
% 40
o
g 20

Tillering

B
Flowering

M at 0 mg P/kg 10.8 37.0 41.3
O at Pmax 20.0 57.4 61.4
at 1/2Pmax VA5, 44.4 48.4
O at PBC 225 61.0 65.0
@ at recommended rate 19.1 56.9 60.1
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Mean within the same column
followed by the same letter
indicated no statistical
difference at P< 0.05
propability by using DMRT.

Prate : RO=0mgP kg?; R1 =
at Pmax; R2 = at ¥2Pmax; R3
=at0.2mgP L% R4 =at
recommended rate (157 mg P
kg™)

(Ok soil : R1= 802 mg P kg%,
R2 = 402 mg P kg, R3 =
398 mg P kg?)

(Bp soil : R1= 424 mg P kg™,
R2 =212 mg P kg™, R3 =
327 mg P kg?)
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100 [ 100 FTEEE
'Ok soil| 'Bp soil
|
80 - 80
— o 5
* 60 60
o
o
S 40 40 ||
20
Tillering Panicle initiation Flowering Tillering Panicle initiation Flowering
= FORO 2.3C 3.8 5.8d H FORO 10.8 37.0C 41.3c
OF1R1 13.3a 61.0 65.3a OF1R1 22.3 66.8a 70.8a
OF1R2 12.3a 60.5 63.5a OF1R2 14.3 32.0b 36.0b
UFIR3 10.3b 56.8 59.0b IFIR3 21.8 58.0a 62.0a
OF1R4 10.0b 55.8 58.3b OF1R4 20.8 64.5a 68.0a
BF2R1 4.3c 7.3 9.3¢ HF2R1 17.8 48.0ab 52.0ab
= F2R2 3.8¢ 5.3 7.3d B F2R2 20.8 56.8a 60.8a
B F2R3 3.3¢c 3.8 6.3d B F2R3 233 48.0ab 68.0a
HF2R4 3.3c 35 5.8d @ F2R4 17.5 49.33b 52.3ab

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock

phosphate.

P rate : RO = 0 mg P kg'*; R1 = at Pmax; R2 = at %Pmax; R3 =at0.2mgP L™
R4 = at recommended rate (157 mg P kg™)
(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg*, R3 =398 mg P kg™
(Bp soil : R1=424 mg P kg™*, R2 = 212 mg P kg, R3 = 327 mg P kg ™)
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'Ok soil |
L ;120
100 @ L,
c
g 80 a .
60 c b
40
20
Tillering Panicle initiation Flowering Mean within the same column
= No fertilizer 47.3 64.3 73.3 TO:j'PWfddby thte tﬁa{T‘el'etmf
indicated no statistical
goTsp 66.4 94.8 97.6 difference at P< 0.05
ORP 49.7 90.2 86.1 propability by using DMRT.
. 4 | .
. Fertilizer type :
! |
:Bp soil 1120 FO = No phosphorus fertilizer;
”””” — F1: Triple super phosphate;
100 F2: Rock phosphate
80
5 T
60
40
20
Tillering Panicle initiation Flowering
W No fertilizer 65.0 88.0 98.0
OTSP 72.1 97.4 104.8
ORP 73.1 98.8 105.8
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‘7 Y o
'Ok soil|
=
o
Tillerin Panicle initiation Flowering ¥
Mean within the same column
™ at 0 mg P/kg AT.3 3 33 followed by the same letter
O at Pmax 62.9 94.1 95.1 indicated no statistical
14 at 1/2Pmax 58.0 93.4 92.8 difference at P< 0.05
O at PBC 56.1 91.8 89.5 propability by using DMRT.
] 55.3 90.6 89.9
at recommended rate P rate : RO = 0 mg P kg'; R1 =
Pmax; R2 = at ¥2Pmax; R3 =
150 mg P L*; R4 = at recommendt
e rate (157 mg P kg™*)
'Bp soil |
****** 100 (Ok soil : R1=802 mg P kg™, R2
e =402 mg P kg, R3 = 398
() mg P kg™)
50 (Bp soil : R1= 424 mg P kg™,
R2 =212 mg P kg, R3 =
327 mg P kg?)
0 Tillering Panicle initiation Flowering
W at 0 mg P/kg 65.0 88.0 98.0
O at Pmax 74.9 101.5 108.5
@ at 1/2Pmax 71.9 98.5 105.5
B at PBC 73.6 100.6 107.6
@ at recommended rate 70.1 91.9 99.4
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AuBININENIzazuanne Tagmslaile TSP ludasuneumiiy Pmax danaliunilinnuga
gAY 74 sudmas sesasun launmsldile TSP ludasufieuminy % Pmax, PBC
nazoaswuzii uazms lulddfevoarosaazirlddniianugedgaminy 47.3 iwuauag
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Tunsalvesauuainlser wudr msldils  RP ludasimiMenmn Pmax U
Y qYY Y o = "o a A o A
s T IRANIMINANNgINgaIAY 75.8, 102.5 18y 109.5 I5UAILAT NTZaZUANND NIHA
Foaon Lazoanaon Aaay sesau laun msldile RP lusasuiieumi PBC nagmsld
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120 = —w 7 3 A7  \ GETT 120 S EEE Y 0 W AN S
'Bp soil! -
100 100 F—-—--"---- -
*
*
80 80 .
:
€ 60 60 - +
*
*
40 - 40 - I
:
20 20 - *
*
*
Tillering Panicle initiation Flowering Tillering Panicle initiation Flowering
H FORO 47.3e 64.3 73.3 m FORO 65.0 88.0 98.0
OF1R1 74.0a 95.9 102.3 OF1R1 74.0 100.5 107.5
OF1R2 65.4b 95.1 98.3 OF1R2 72.0 99.0 106.0
= F1R3 63.9b 95.0 95.3 # F1IR3 73.0 100.0 107.0
OF1R4 62.5b 933 94.5 OF1R4 69.5 90.3 98.5
B F2R1 51.8¢C 92.4 88.0 HF2R1 75.8 102.5 109.5
B F2R2 50.6¢cd 91.8 87.3 B F2R2 71.8 98.0 105.0
EF2R3 48.3de 88.6 84.5 B F2R3 74.3 101.3 108.3
= F2R4 48.1de 88.0 84.5 O F2R4 70.8 93.5 100.3

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO =0 mg P kg™"; R1 = at Pmax; R2 = at %sPmax; R3=at 0.2 mg P L™

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg™, R3 = 398 mg P kg™)

(Bp soil : R1=424 mg P kg*, R2 =212 mg P kg™*, R3 =327 mg P kg")
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! Ok SO|| : 300
777777 a
< 200 2 a
-
o
o
o
100
c b c b c b
0 | — 1 o
Grain wt. Filled grain wt. Straw wt. Mean within the same column
B No fertilizer 95 75 6.8 rollowEdily the same letter
indicated no statistical
OTSsP 244.4 191.6 186.9 difference at P< 0.05
ORP 17.0 13.4 10.9 propability by using DMRT.

‘ Fertilizer type :
:Bp SOI|: 150 FO = No phosphorus fertilizer;

,,,,,, F1: Triple super phosphate;
F2: Rock phosphate
<, 100
[]
o
o
50
0] B ) .
Grain wt. Filled grain wt. Straw wt.
M No fertilizer 100.9 79.2 57.6
aTsP 129.2 101.3 97.8
ORP 117.8 92.4 88.6
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waansnuaganga sesawn laun mslidlewoarosaludas) PBC, Pmax, ¥ Pmax taznis
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77777 200 .
| 1
10k soil|
' Qm 150 a a
!
e
S 100
o
50
e
o = EitE i Mean within the same column
Grain wt. Filed grain wt. Straw wt. followed by the same letter
M at 0 mg P/kg 9.5 75 6.8 irydicated no statistical
O at Pmax 181.7 1425 135.8 difference at P< 0.05
propability by using DMRT.
@ at 1/2Pmax 155.5 121.9 107.1
D at PBC 107.8 845 88.2 Prate : RO=0mgP kg’; R1 =
‘Eﬂ at recommended rate 77.9 61.1 64.4 Pmax; R2 = at 2Pmax; R3 =
mg P L; R4 = at recommende
-1
r---% 150 rate (157 mg P kg™)
'Bp soil | )
n 7p7 - a (Ok soil : R1= 802 mg P kg™, R2
100 & 402 mg P kg, R3 = 398 mg P
W ab[ (Bp soil : R1= 424 mg P kg*,
8 ? R2 =212 mg P kg?, R3 =
-1
o 50 % 327 mg P kg™)
0 - e
Grain wt. Filled grain wt. Straw wt.
W at 0 mg P/kg 100.9 79.2 57.6
O at Pmax 121.8 95.5 99.7
# at 1/2Pmax 102.2 80.1 76.1
O at PBC 130.5 102.3 106.4
@ at recommended rate 139.6 109.6 90.6
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Agaunny 337.8 nsuAoNIzoN sedawnfemsldile TSP lusasufieunt % Pmax, PBC
wazdaswuzih Taelauminy 294.0, 202.1 uaz 143.6 nfuaenszo1 uaeldie RP lu
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A
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400 5 a > 3 4 200 3 ~ TG ¥
7 ofedd [
N 10k soil | 'Bp soil
,,,,,, = too
300 S- o . - < - 150
200 W FEw . B Iry\ms 100
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o
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100 50
0 : : — 0 i — =
Grain wt. Filled grain wt. Straw wt. Grain wt. Filled grain wt. Straw wt.
B FORO 95 f 75f 6.8 f = FORO 100.9hc 79.2¢ 57.6¢
OF1RL 337.7a 264.92 253.2a OFIRL 136.6ab 107.2ab 120.4a
OF1R2 294.0b 230.6b 203.2b OF1R2 75.2¢C 59.0c 62.0C
® F1R3 202.1c 158.5C 167.6C @ F1R3 137.5ab 107.8ab 106.3ab
OF1R4 143.6d 112.6d 123.5d OFIR4 167.5a 131.4a 102.5ab
B F2R1 25.6 20.1e 18.5¢ HF2RL 107.0bc 83.9bc 99.1b
HF2R2 16.9f 13.3f 11.0f EF2R2 129.2ab 101.3ab 90.3ab
BEF2R3 13.5f 10.6f 8.8f BF2R3 123.5ab 96.8ab 106.4ab
F2R4 12.2f 9.6f 5.3f CF2R4 111.8hc 87.7bc 78.6 bc

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock

phosphate.

P rate : RO =0 mg P kg™'; R1 = at Pmax; R2 = at ¥%2Pmax; R3=at 0.2 mg P L™

R4 = at recommended rate (157 mg P kg™)
(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg™, R3 = 398 mg P kg™)
(Bp soil : R1=424 mg P kg, R2 =212 mg P kg™*, R3 =327 mg P kg")

d' a o v Aa 1 a 9 A a v a
MAUN 13 Wﬁﬂlﬁ]ﬁ%umlagﬂﬁ51W6ﬁﬂﬂiﬁﬂﬂNﬁ@ﬁlwﬁNﬁ@]ﬂlﬁ]\ﬂﬂ’]ﬂﬂ@,ﬂiuﬂuﬂﬂﬂiﬂﬂ agau

3 dy A Y
mahnfsean)uanaig



41

' Y v
ualunsdivesdnidgnluauuiainlier wudr mslddle TSP ludas

v [ 1
Weumsas g dawaliimmindndengaigamiiny 167.5 niudenszons ald
4 H
uana M laludasueum Pmax uag PBC 9uam3ldije RP Tudasiiieum %
1 1+ o ~ ' 9 :} @ 2 o A Y
Pmax (1ag PBC a3 laile TSP ludasueum  vPmax vz liihminwaadingaminy
[ 1 d! ] 1 9 + 2 d‘ = 1 [ )
752 nSusonsznne ¥ binanawonmsldile RP ludasififiount Pmax oasuuziii nay

o - tﬂ'
ATUNIVANY (mnn 13)

03; @ I
3.2.2 vuUnyana

9
I o o I a

siavesijooanosalinalndnnlgnluduesasniihiiminuaad

Y

' [ I Ao o o A Y+ 1 Y9y A a A A o o
UANANNUBYNUUITIAYYUN Iﬂﬂﬂ'ﬁ{}lcﬁﬂ.ﬂ TSP ﬂgﬁﬂﬂaiﬂm'nﬂwﬁwaﬁqxiﬂqﬂ Tﬂﬂuumuﬂ

S A 1w 1Y) 1 £ 1 9 + ~ Y Aa [ o [
WaaANInNY 191.6 NTUABDNTTHN %QQQﬂ31ﬂ1§1°ﬁﬂﬂ RPVIiWNaWﬁ@]Wﬂﬂ‘]J 134 NIUED

]
=1

19 1+ Blg} o I A aaj o A Y [
nszon wagms lildifevs liihminwaaanamuadigaminy 7.6 niuaenszan Tuvmzi
1 Y 4
silavosiovloarosalulinaaodnnlgnluauinnimlen uanmsldile TSP HuuaTiiuld
g’ Y < d’f 1 19 1 [ 1 1 o
wminwaaanauageniinsldile Rp wag mslilaflevleanesa  Tasiiauniiy 101.3,

92.4 1AL 79.2 ASUADNTLDNANAINY (MW 11)

1 = v v W o A 1 3’ o 3 a 9 ~ a
wuRfunUdaeaesandinaderiminwaafveinlgnluau

A o

o J ~ 1 [ 1 o o a aa A @
p9n3nY IRlaNuuanaAnuedeltodAyneosana (i 12) Taomsldveanesalu

] '
= = v 9 I}

9
Y [ o @ < Y [
#91 Pmax ﬁﬁWﬂiﬁuWWuﬂmaﬂﬂﬁ\‘lﬂﬁﬂ IMNY 142.5 NTUADNITEHIN ﬁf]\i'ﬁ\illflgljllﬂ V1IN

U Q
Y

lasunleanesaludasn e Pmax, PBC, dasmuzii uazms lulvweanesa Tasiviimiin

I Y [ o w ) [ A a
LﬂJaﬂaL‘HWﬂU 121.9, 84.5, 61.1 Qg 7.5 NTUNDNITLDNATNAIAY ﬁWﬁﬁU%}WﬂﬂﬂQﬂiuﬁﬂﬂuﬂN

14
o

9 9 [
Wlsenr nuhmslieanesaludasuunihiiuua Tduldihminudefdqeiige se9a3mn
18un mslivleanlesaludnsi PBC, Pmax, %Pmax uazms iliveawesa Tagiiauniiu

109.6, 102.3, 95.5, 80.1 1AL 79.5 NSUABDNTZDNAINAIAY (AW 12)



42

a [4 1 1 @ 1 1
lugaaueeniny wu mildile TSP lusasufiounn  Pmax dawald

L) I

Y

o Y] < [ @ [ 1 @ 1

WMITnIANAgINgaMINY 264.9 NSUABNIZDN 50389110 Tdie TSP ludasuisum 1

Pmax, PBC t1azo@351mu1in Taetilsunauniiu 230.6, 158.5 uag 112.6 ATUABNTZO19 UL
14 o A o =1 1T @ @ 1 Y :’ ] S [l ~ (] ~

laflo R Tuoasiveawosanauminu navdinalviminuaafnanaeg1alios1adl

E]

v o o QQQ' zﬂ' = = % 1 4 % ti'd % ~ L -
uﬂﬁ'TﬂﬂJVINﬁﬂ@ﬂ\im@LﬂifJ‘]JW]fJ‘]Jﬂ‘]Jﬂ"IiGlﬁ‘]J‘EJ TSP lusasniweanesmneuminu uagms
9
o <

ladle RP Tusasuiioun1 % Pmax, PBC uagdaswuzii vz lihminwand liuanasen

o w £ o g A =
ATUAIVANFINAININEG A (mMnn 13)

v 9 9
d1fdgnluauuiainlien wud msldile TSP ludasuieumions
o 1 Y g’ @ IS A A Y v 1 = ] 1 i
puzid dawa lhminaadgeigaming 131.4 niuaenszon dlusanaeonnmsldly
k4 v
9A3 NGV Pmax iag PBC 59413 sije RP 1udas1ifeumi % Pmax tag PBC 1agny

ladfle TSP ludasifiiiouniny  Pmax uamsldile TSP ludasufieunn % Pmax az1d

'
o A

g} @ 3 Ao 1 o o 1 & [ [ 9+ o ~
UIRUAUAAAATNTAUNINU 59.0 NTUABNTED G]fﬁlliJLL@ﬂﬁWQfmﬂﬂ'lielslf‘]J‘ﬂ RPTL!?]@]?TVI

Y v
MYUIIAY Pmax 1AZOAI UL TINTIMTUAILAY (AIWA 13)

A TS <
3.2.3 Irunaa 100 waa

siiailo dasilearosa uavfausiuisruseninrianazdniiile

Y
0 o <]

o ] 1 3 { a Y o A 3 a

Woaesa lifinaneimiinman 100 waavesdfilgnludunlservaniiyuandieis 2 du
= S o g < {

(i 14-16) Taoms19iJe TSP wazdle RP Huwa Tduliiminwaa 100 waamaslndifes
o 1 Y @ [ o [ { a v d
fu Taelia iy 2.8 uag 2.9 N5y uaz 2.9 wag 2.8 nin dmsudnnilgnlugeauensny

a :’ dy o w Y @ o = Y 9/:’ Y <
tazgaau1i1fied muday mslidearealuons1 Pmax uuud TuyImiminuaa

< A A 19 1 o Y 9 9o o < < A 9
100 waamasganga azms liladeavesaazuur Tduldihminuaa 100 indamasd

A & ~
Ngalunsasnsal



43
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M No fertilizer 2.5
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ORP 2.9 Fertilizer type :
FO = No phosphorus fertilizer;
Y F1: Triple super phosphate;
‘ .
‘Bp SOI|: 3 F2: Rock phosphate
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gran Prate : RO=0mgP kg’ R1 =
W at 0 mg P/kg 25 Pmax; R2 = at %2Pmax; R3 =
O at Pmax 2.9 mg P L!; R4 = at recommend
@ at 1/2Pmax 2.9 rate (157 mg P kg*)
B at PBC 2.8
@ ¥ (Ok soil : R1= 802 mg P kg, R2
[ at recommended rate . 402 mg P kg’l, R3 =398 mg P
(Bp soil : R1= 424 mg P kg?,
4 R2 =212 mgP kg?, R3 =
W_ 4y 327 mg P kg?)
I
'Bp soil | 3 _
,,,,,, 7 .
g 2
o
o
1
0 100-grain wt.
W at 0 mg P/kg 2.6
O at Pmax 3.0
4 at 1/2Pmax 2.8
O at PBC 2.9
@ at recommended rate 2.8
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4 4
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10k soil| Bp soil
3 3 e
g 2 2
o)
1 1
0 100-grain wt. 0 100-grain wt.
H FORO 2.5 HFORO 2.6
OF1R1 29 OF1R1 3.0
OF1R2 2.8 OF1R2 29
& F1R3 2.8 @ F1IR3 29
OF1R4 2.7 OF1R4 2.8
B F2R1 3.0 B F2R1 3.0
B F2R2 29 B F2R2 2.8
B F2R3 2.8 B F2R3 2.8
0 F2R4 2.8 O F2R4 2.8

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO = 0 mg P kg%; R1 = at Pmax; R2 = at %4Pmax; R3=at0.2mgP L™;

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg*, R3 = 398 mg P kg™

(Bp soil : R1=424 mg P kg™*, R2 = 212 mg P kg, R3 = 327 mg P kg™)
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| No fertilizer 5.5 followed by the same letter
TSP 55.9 indicated no statistical
ORP 6.3 diﬁerer}ge at P< Q.OS
propability by using DMRT.
. A Fertilizer type :
i :
pr SOII: 60 FO = No phosphorus fertilizer;
”””” F1: Triple super phosphate;
- F2: Rock phosphate
5 40
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Z 20
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B No fertilizer 40.8
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Mean within the same column

 at 0 mg P/k
atb mg F/kg followed by the same letter

O at Pmax indicated no statistical
4 at 1/2Pmax difference at P< 0.05
O at PBC propability by using DMRT.

[ at recommended rate

Prate : RO=0mgP kg?; Rl =
Pmax; R2 = at ¥2Pmax; R3 =

77777 80 mg P L™; R4 = at recommende
T | -1
{ rate (157 mg P k
'Bp soil,| 60 ( 9Pka)
”””” (Ok soil : R1= 802 mg P kg™, R2
i, 40 402 mg P kg, R3 = 398 mg P
3 (Bp soil : R1= 424 mg P kg,
. R2 = 212 mg P kg?, R3 =
S 20 327 mg P kg't)
0
W at 0 mg P/kg
O at Pmax
4 at 1/2Pmax
O at PBC

@ at recommended rate
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10k soil| 'Bp soil'
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60 7 60 "N
A
B 40 40
o
S
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0 | 0
Spikes Spikes
W FORO 5.5f H FORO 40.8bc
OF1RL 61.8a OF1R1 61.8a
OF1R2 59.8b OF1R2 34.5C
LIF1R3 53.8C ®F1R3 62.0a
OF1R4 48.5d OF1R4 64.5a
BF2R1 7.8 B F2R1 49.0abc
®F2R2 6.0ef BF2R2 59.3ab
B F2R3 5.8¢ef B F2R3 65.8a
F2R4 5.5f ®F2R4 50.5abc

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO = 0 mg P kg*; R1 = at Pmax; R2 = at %Pmax; R3 =at0.2mgP L™;

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg™*, R3 =398 mg P kg

(Bp soil : R1= 424 mg P kg™*, R2 = 212 mg P kg%, R3 = 327 mg P kg ™)
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M No fertilizer 0.07 0.01 0.26 Mean within the same column
OTSP 1.55 1.43 9.46 followed by the same letter
ORP 0.10 0.02 0.40 indicated no statistical
difference at P< 0.05
Lo — o propability by using DMRT.
I
1Bp soil

Fertilizer type :

FO = No phosphorus fertilizer;
a F1: Triple super phosphate;
F2: Rock phosphate
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W No fertilizer 2.74 0.47 0.33
OTSP 1.32 0.92 0.37
ORP 3.63 0.48 0.39

M 20 waveswiailoeaesaninadonsqaldlulasiou eawesa uaz TnunmGeoy

9 ~ a [V 4 a :I d’l A 9y
ﬂl@ﬁﬂln‘ﬂﬂgﬂiuﬂu@ﬁﬂiﬂ‘ﬂ LL@%@‘LAUNHH‘]J?EJ’J“I/IiJ“]J.uG]ﬂﬂN

a [ @ 1 1 =
Tuduesnsnms1dile TSP ludasuiienmi 14 Pmax dewalid1nlinmsga
1¥luTasnumniigaminy 2.09 nfuaensza1s sesasuae mildile TSP ludas e
(% o 1 4‘ 1 4 % d’d 3 = 1 o 1 9
Pmax, PBC tazdnsuuziii uailoldile RP Tusasmineanesameumiduazdaliinisga

1% TuTasnuvesdinanased gy tagmsldile RP ludasuiioum Pmax, % Pmax, PBC

v
o

(Y ) Y 9 1 ' o w & A A ~
HAagaNIUSUN fﬂzal?iﬂ"l'iﬂﬂﬁlsl)'ulujﬁil%uhlmlﬂﬂﬂ%i%1ﬂ¢l1iﬂﬂ’)ﬂﬂncﬁﬂuﬂ1ﬂ1ﬂq{ﬂ (m1nn 22)

[ 9 E4
ualunsaivesdnndgnluduuiainlzer wudr mslddle rRp Tusas
= ' = Y q Yy Y = 1w v
eu PBC T TiulddniimsgaldluTasnugeigamiiy 424 nsudonszois uay
msl#ile TSP Tudasufieuni 4 Pmax uun Tiu1ddngald lulasmudngamny 0.81
o 1 { ' a3 1 @ J a’j v
niugenIza1 (M 22) 9813 lsnam msldile RP ludasiaiee a4 6as TuuaTduld

H12ga 19 luTasnuganiimslade Tsp ludasaifieavlesaiioumiu nazdsuaiugw



51

,,,,, ‘ 8

10k sail, a a

,,,,, J 6 b

A
ol 4
S
© 2
0 Mean within the same column
followed by the same letter
®at0mg Pkg 0.0 0.01 o2 indicated no statistical

O at Pmax 0.98 1.38 6.09 difference at P< 0.05

14 at 1/2Pmax 1.11 1.05 6.15 propability by using DMRT.

B at PBC 0.73 0.28 4.77 .

@ at recommended rate 0.48 0.18 2.72 Prate :RO=0mgP kg™ Rl =
Pmax; R2 = at ¥5Pmax; R3 =
mg P L™%; R4 = at recommende

& 4 rate (157 mg P kg™)
il!
'Bp soil| 3 (Ok soil : R1= 802 mg P kg*, R2
”””” 402 mg P kg?, R3 = 398 mg P
i, > (Bp soil : R1= 424 mg P kg,
8_ R2 =212 mg P kg?, R3 =
S R 327 mg P kg?)
! —
0 A -ﬂﬂ:l:'
K

W at 0 mg P/kg 2.74 0.47 0.33

O at Pmax 2.20 0.76 0.42

& at 1/2Pmax 2.27 0.43 0.35

O at PBC 2.93 0:4/ 7, 0.33

@ at recommended rate 2.50 0.84 0.42
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mFORO 0.07e 0.01e 0.26d m FORO 2.74 0.47¢ 0.33bc
OFIRL 1.77b 2.732 11.402 OF1R1 1.03 1.02b 0.38ahc
OF1R2 2.098 2.07b 11.94a OF1R2 0.81 0.34C 0.31hc
OF1R3 1.43b 0.55C 9.29b mFIR3 1.62 1.11ab 0.27 ¢
OF1R4 0.91d 0.35d 5.22¢ OFIR4 1.82 1.22a 0.542
HF2R1 0.18¢€ 0.03¢ 0.78d BF2R1 3.37 0.51c 0.46 ab
B F2R2 0.14€ 0.02¢€ 0.35d ® F2R2 3.73 0.52¢ 0.40abc
HF2R3 0.03e 0.018 0.26d EF2R3 4.24 0.43C 0.39abc
@ F2R4 0.05€ 0.01e 0.21d B F2R4 3.18 0.47C 0.31bc

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO =0 mg P kg™; R1 = at Pmax; R2 = at %2Pmax; R3=at 0.2 mg P L™;

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg™*, R3 =398 mg P kg

(Bp soil : R1=424 mg P kg*, R2 =212 mg P kg™*, R3 =327 mg P kg")

mwfi 22 wavesrianazdasloaresaniinanensgald lulasnu deaesa uaz

= 9 A a 4 a oy dy A 9
Tnunagenvearnlgnludueniny uazauuininlSeiniyduanaig

ms Iloavlesalusas Pmax Mldd g lugaduesnsniiimagald
oarlesamniigauiiiy 138 niudenszan sesaun’ldundnildsuloaresalusas
Y% Pmax, PBC, 8asmuzii uazms ildWeawesd Tastinmsaaldwoaosamiiny 1.05,
0.28, 0.18 1182 0.01 NTUABATLD N AINAIAL (MW 21) “luﬂiﬂmmﬂgﬂﬁumqﬁuﬂgﬂawudw
msliloavlesalusas v Pmax denalidninsgaldloalesadnganiiiy 0.43 nsude
n5za19 39 luanarsainnshilddeanleda 047  niudensza1e) uaznuii nsly
Woaosaludns1 Pmax , PBC nag oasuuzih szlndnimsaaldeaneia luuanarein

ISl d‘ S 1 1 a o U ' d'
Llﬁgj\lﬂ"lq@ﬂﬁ,(ﬂIﬂEJﬂJﬂT(’)QGLLl‘WﬁEJ 0.76-0.84 NTUNDNTLHN (AIWN 21)



53

a [ 4 Y] 1 1 =1
luduesninimsldile TSP ludasufieu Pmax dawalndnimagald
[ d' 1w [ 1 A 1 % =) 1
WoareSauniigaminy 2.73 nsudenszan so3aae nmsldils TSP ludasuneun
% o o % 1 d‘ 1+ o d’d v = 1 [
v, Pmax, PBC tiagoniuzih awmday uae ldie RP Tudasinlivoaresmneouminuay
danalddniimsgaldvleaeiaanasedsdanu uazmsldile RP Tusasuiieumn Pmax,
v ) Y 9 o 9 1 1 o w £
% Pmax, PBC tazonswuzi azlinmsgaldveanesavesdnlutanannndisuaiuguaa

Ao oA ~
HAANGA (mnn 22)

v Y 9 '

ualunsaivesdnnlgnluauuainlies woi msldde Tsp ludasin

uuzai dawalidniimsgaldearesageigaminy 1.22 nsuAenszo1s sesawn ldunms

1o TsPlusasuRoun Pmax danalndnaiimsgaldvoaresaminny 1.02 nfusensznia
= ] 1 1+ [ = v 1 1+ [ = '

Fa hiuanawoinmsladle TSP ludasuiieunin PBC  uamsldile TSP Tudasuiieuin

! Y9y A 9 v o A Vv [ 2 ] 1
v, Pmax dawa ldd1imsgaldeanoiamnganinny 0.34 nfuaenszoneds liuanaieen

m3 ldije RP Tudasufiouin Pmax, % Pmax, PBC, 931U 1az@150AIUAY (2N 22)
4.1.3 Tnunendsey

m3ldile TSP dawalidnnlgnluauesnsndiimsgald Tnummdenga

Ngamny 9.46 nfuAsnsza1n M3 l¥ile RP uazms liladleveaesadwadninmagald

[
= o

Twunangon binanarsnuuazIadngaminy 0.40 uag 0.26 NTUABNTZDIN AWEIAD (NN
2

' v v Y
#1 20) Tuvaghauuaiulseniu mslddle TSP uazile RP Huua Tdudildnsgaly

Twumangounnnims luldilewearesa (nwi 20)

msldvleanosaludns Pmax waz % Pmax hilvdnlgnlugmau

[ L= 9 = A a A ] A v @ 1
pansnBinmsgald Inunadouunigaasiidsumedluids 6.09-6.15 niuaonsznIg
sosaan ldundnnldsuneanesalusns PBC, sasmuzii nazms luliveavesa Taedl

Ysmnaumsqald TnunaFouminy 4.77, 2.72 uaz 0.26 NSNABNTZON ANAIAY (NA 21)



54

Y Y
lunsdivesauvrnindser wuan msluldveanesauaznsldludasa
=1 9 Y9 9 ~ <; d‘ d! a A [ A [ [ 1
PBC unurInulnangaly lnumasendingadaiisuammiinulagiauiiniy 0.33 nsuae
nszn1e uazmsldoanesaludasi Pmax  wazoaswuzihluua Tylddiinsqald
] Y
Tnunagougannmsveadosaludasiiidensaes Taslinuminy  0.4205uaonszoN

(NN 21)

a o 4 % 1 1
Tuduesnsnimsldile TSP Tusasuiieuin 1% Pmax 1oz Pmax dawald
9 = 9 =~ 1 1 [ S A A Y [ 1
dniimsgald Tnummdon hinanadunazliUsmannigaminy 11.94 uag 11.40 nfudo
o w A 1 2 =) 1 (% o A
NIZON MUAIAD 5090913 ldije TSP Tudasuneumn PBC uazdasuuziiilagiom
MU 9.29 1ag 5.22 nfuAenszanaua ey uamslaie RP ludas uieum Pmax, %Pmax,
@ ) Yy =\ 9 =~ ] v o w &L Ao
PBC taz oaswuzii vz Iidmiimagald Tnunadou lutanaeonndisunivguaeding

nga (0 22)

H Y Y

ualunsdivesdnilgnluauuiaiulion wud mslddle TSP Tugas
~ 1w o 1 Y9y A 9 = ~ Vo [ £
eumdasmunihdwalddninagald TnunaSounnigamiiny 0.54 nfusenszoieds
liuanarsninmsldile RP ludasuiioui Pmax wazwuiimsleife TSP ludas e
v Yy A Y ~ o A 1w [ £ ] 1
i1 PBC 2z Iddimsgals Inunadoudriigaminy 0.27 nfuaenizons ¥ liuana1een
m31#iJe TSP lusasuiiouivi Pmax 11ag % Pmax m314iJe RP ludasuiieusiiny V:Pmax,

PBC, 903U a5 uAIuaY (MW 22)
4.2 5190 IM1T704
S A
42.1 uuntIsew

1 { a o
milddle TSP damalddnidgnludussnindiimsgeldunniiGougs

v
= 1 =

Ngaedniiisdinyneadaminy 2.19 niuaenszon M3 14ijs RP ms lildie danalidn
9 A A [] [ [ S A (Y (Y [ 1 A
qalduunilidou luuanarenu Tasiidsuaninuminy 0.04 nSudensza1s (i 23) Tu
Y F4
nsdivosauuIaiulSeanuan msldile TSP uazile RP HnuaTdulddngalduuniiFen

wnnms ldlddfeweanesa (nwi 23)



55

:Ok soil : 8
6 a
<
8 4
o
2 a
b b b L b
0 Mg ca ‘ Mean within the same column
— followed by the same letter
W No fertilizer 0.04 0.18 indicated no statistical
[ 2.19 6.08 difference at P< 0.05
ORP 0.04 0.19 propability by using DMRT.
——— Fertilizer type :
| i FO = No phosphorus fertilizer;
‘LBp SOII: 1.5 F1: Triple super phosphate;
77777 F2: Rock phosphate
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M No fertilizer 0.34 0.60
OTSP 0.54 1.29
ORP 0.49 1.24
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0 Mean within the same column
Mg
followed by the same letter
Wat 0 mg P/kg 0.04 0.18 indicated no statistical
O at Pmax 1.54 4.21 difference at P< 0.05
@ at 1/2Pmax 1.63 4.15 propability by using DMRT.
Oat PBC 0.84 2.26 .
@ at recommended rate 0.44 1.90 Prate : RO =0mgP kg™; R1 =

Pmax; R2 = at ¥2Pmax; R3 =
mg P L™%; R4 = at recommende
rate (157 mg P kg?)

(Ok soil : R1= 802 mg P kg™, R2
402 mg P kg?, R3 = 398 mg P
(Bp soil : R1= 424 mg P kg,
R2 = 212 mg P kg, R3 =
327 mg P kg?)

Hat 0 mg P/kg 0.34 0.60
O at Pmax 0.60 1.39
@ at 1/2Pmax 0.40 0.97
O at PBC 0.54 1.39
@ at recommended rate 0.52 1.30
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H FORO 0.18¢ ® FORO 0.34 0.60
OF1R1 8.09a OF1R1 0.68 157
OF1R2 8.15a OF1R2 0.30 0.64
W F1R3 4.36b I F1R3 0.52 1.26
OF1R4 3.71b OF1R4 0.64 1.66
HF2R1 0.34C B F2R1 0.52 1.20
& F2R2 0.16C 2 F2R2 0.50 1.29
B F2R3 0.16C BF2R3 0.55 1.53
O F2R4 0.10¢ G F2R4 0.39 0.94

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO =0 mg P kg™; R1 = at Pmax; R2 = at %sPmax; R3=at 0.2 mg P L™

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg™, R3 = 398 mg P kg™)

(Bp soil : R1=424 mg P kg*, R2 =212 mg P kg™*, R3 =327 mg P kg")
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0 b ‘ Mean within the same column
Fe Zn followed by the same letter
W No fertilizer 4 8.5 indicated no statistical
OTSP 168 15.8 differeqc_e at P< (_).05
ORP 4 4.0 propability by using DMRT.
Fertilizer type :
Y FO = No phosphorus fertilizer;
:Bp SO”: 80 F1: Triple super phosphate;
****** a F2: Rock phosphate
« 60
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o> 40 A
IS
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O TSP 68 17.7
ORP 47 12.4
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B at 0 mg P/kg 4 8.5
O at Pmax 130 11.3
# at 1/2Pmax 124 15.1
£ at PBC 51 75
@ at recommended rate 40 5.8
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|
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'Bp soil | 80
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B
a 40
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0
B at 0 mg P/kg 28 10.3
O at Pmax 57 148
# at 1/2Pmax 41 13.1
B at PBC 78 19.1
@ at recommended rate 52 13.2

Mean within the same column
followed by the same letter
indicated no statistical
difference at P< 0.05
propability by using DMRT.

Prate : RO=0mgP kg?; R1 =
Pmax; R2 = at ¥2Pmax; R3 =
mg P L'; R4 = at recommende
rate (157 mg P kg*)

(Ok soil : R1= 802 mg P kg, R2
402 mg P kg?, R3 =398 mg P
(Bp soil : R1= 424 mg P kg™,
R2 = 212 mg P kg}, R3 =
327 mg P kg?)
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OFIRL 2532 17.9 OFIRL 68 15.9
OF1R2 2442 26.6 OFIR2 33 14.1
MFIR3 98b 10.1 1 F1R3 108 27.2
OF1R4 78¢C 8.7 OF1R4 63 13.6
B F2R1 7c 4.6 BF2R1 46 13.8
8 F2R2 ac 3.6 BF2R2 50 12.0
B F2R3 3c 4.9 = F2R3 49 11.1
@ F2R4 2¢ 2.8 B F2R4 42 12.9

Mean within the same column followed by the same letter indicated no statistical difference

at least at P < 0.05 propability using Duncan’s multiple range tests.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock

phosphate.

P rate : RO =0 mg P kg™; R1 = at Pmax; R2 = at ¥sPmax; R3=at0.2 mgP L™
R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg™, R3 = 398 mg P kg™)

(Bp soil : R1=424 mg P kg™*, R2 =212 mg P kg™*, R3 =327 mg P kg")
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g 5
b a a
b
0 1
Mn Cu ‘
W No fertilizer 8.83 2.36 Mean within the same column
OTSsP 13.42 1.85 followed by the same letter
ORP 2.08 0.52 indicated no statistical
difference at P< 0.05
P propability by using DMRT.
I
I
Bp SOII: 5 Fertilizer type :
77777 a FO = No phosphorus fertilizer;
o F1: Triple super phosphate;
'45 3 F2: Rock phosphate
o
@ 2
IS
; N
0
Mn Cu
B No fertilizer 4.39 1.17
O TSP 4.43 0.72
ORP 4.03 0.97

+

d' a A 1 9 = 9 A a
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9 ~ A Y A A o 1 A 1 4 o
aalduamilaunigaminy 23.46 Haansuaenszn1y s03a9u1Ae Mildile TSP ludas
iouI1 Pmax (13.82 laansuaenizo) uanms14ile RP ludasuieuminy Pmax, ¥ Pmax,

v o ! Yy Y = Il 1 @ A1 o A 2 1 1
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iiiiii I
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Y=
<1
o 5
S
0 -
Cu
Mean within the same column
B at 0 mg P/kg 2.36 followed by the same letter
O at Pmax 0.89 indicated no statistical
difference at P< 0.05
2 at 1/2RgaX F- propability by using DMRT.
3 at PBC 1.95
1 at recommended rate 0.57 Prate : RO=0mgP kg™; R1 =

Pmax; R2 = at ¥2Pmax; R3 =
mg P L'!; R4 = at recommendk

5 rate (157 mg P kg%)
R
'Bp soil' 4 (Ok soil : R1= 802 mg P kg, R2
o J 402 mg P kg™, R3 = 398 mg P
3 (Bp soil : R1= 424 mg P kg,
< R2 =212 mg P kg, R3 =
8_ 2 327 mg P kg
(o)
S 1
0
W at 0 mg P/kg
O at Pmax
at 1/2Pmax
O at PBC
= at recommended rate 4.19 0.97

d' [ o Aa 1 9 = 9 A a
HMNN 30 Nﬁﬂl’ﬂ\i’ﬂﬂﬁ'l1/\|’f)ﬁ1"lf)iﬁ‘1/]3JNﬁﬁ’ﬂﬂﬁﬂﬂi%m\iﬂTﬂﬁ LLﬁ%ﬂﬂﬂllﬂﬁﬂlﬂﬁ"lﬂ’)ﬂﬂgﬂiuﬂu

[ 4 a :’ dy A 9
ONATNY LL@%@‘LAUNUWL“]J?‘EJ’J“VIiJﬂ”uGIﬂﬂN

4.3.4 NOUAY
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m3 lilddfewealesauazmslFile Tsp dawaliinignluauesnsnyil

U

m3galdmewasliuaneiy wazimqeiiganiiy 2.36 uaz 1.85 Tadnsusenszans dau
m319ile RP dawaliFnfinisgaldnewnsdiiiqa 052 Tadnsudenszais) (i 29)
“lu611mzﬁGlgﬂﬁuunﬁyuﬂ?ymﬂﬁ“lzﬂﬁ’ﬂﬂw@awa%”ﬁﬁuuﬂffﬂﬁ’%ﬁa@ﬂi%’wammqqﬁqﬂ (1.17
Haansusonszan) sosawwldunmsld RP (0.97 HaanSusonszan) wazmsldils TSP

(0.72 UaaNTUADNTLDIY) AUAIAL (AINA 29)
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I il
20 1Ok soil| 4
15 3
-
P
=
o 10 2
1S
5 1
0 0
H FORO 8.83cd 2.36 m FORO
OF1RL 13.82b 1.46 OF1RL
OF1R2 23.46a 2.14 OF1R2
G F1R3 12.26bc 3.27 ®F1R3
OF1R4 4.13cd 0.52 OF1R4
EF2R1 2.21¢ 0.32 BF2R1
B F2R2 1.80C 0.49 EF2R2
EF2R3 3.80C 0.63 HF2R3
HF2R4 1.33¢C 0.62 HF2R4

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO = 0 mg P kg''; R1 = at Pmax; R2 = at %4Pmax; R3=at0.2mgP L™;

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg*, R3 =398 mg P kg ™)

(Bp soil : R1= 424 mg P kg™*, R2 = 212 mg P kg, R3 = 327 mg P kg ™)

d' a [ + [ d’d 4 9 = 9
HMNN 31 wamawumazamwﬂﬂwaa%lmﬁmNammi@,ﬂimmmua UASNDIUAIVDIVN

A A v o a S 4 da P
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WnAgaInY 2.36 laaniuaenizn sesasn laundnnldasuearesaludas PBC, 1
Pmax, Pmax ttaz 805 wuzii1 Taolidsmamsgaldmesaaunin 1.95, 1.32, 0.89 uaz 0.57
Aa a o 1 o w ~ ' = v W = a c;y d” ~ 19 ¥
1aan5uADNIZa1 MUY (M NN 30) rwRedusulunsdivesdauuiainSeanms luld
Woalosaluua T 1ddnimsgaldnewasgeiga (1.17 Haansuaonszn1q) sesasldun
dnldsureanesaludasuuziii, PBC, 4 Pmax 1ag Pmax vz 1dd11galdmenaaniny

0.97, 0.85, 0.80 1AL 0.76 YAANSUABNTLDIN (WA 30)
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Tugaanesnsndmsleile TSP lusasuiivwih PBC TuuaTdfulddhall
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m3galdneumanniige (3.27 Taansuaenizon) wazsesasn laundsuaiugy eg1elsn
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iJo TSP Tudannineaesmneuminu (nwn 31)
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ualunsaivesdnnlgnluauuiainlies woimsldde TSP wieile RP

Tusasianen Tuu TdulvdngaldnewaslulSunalndifesiuTasliaregluide 0.70-1.24
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T fesaumgawidy 6.7 Falimdiniims lildileveaesa ed1alsAnmumsl¥is rp

1 YA a A (Y A
mwaiwmem@quqmmﬂu 7.3 (MNN 32)

Y [ [ o 1 Y1 A a [ 4 A
msIieadesaludasmuzinedwaldmiitosvosdussninigeiiqa (pH
6.3) Faliuana1aanms lineanesadas1 Pmax tay PBC s99a3u ldun msliveanose
8031 % Pmax (pH 5.9) nazms hildWoaesadwwaldfiowdudings (nmi 33) Tuvazh
Y v W 1 YA a oy dy = A 1w £ ] 1
msIeanesadns1 PBC dewaldfiosduininimlSoliagaigaminy 7.15 ¥ luuanag

1nms livearesalusasmuzaii tag 15 Pmax (NWN 33)

nasmsynInriailouazdasmloanesadina ldievawldounlasly laons
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v ' 1+ 7 A o ~ ' v ' v ~
pansnEgInIImslails TSP lusasinearesmnsuminuedagamy (nwi 34)



67

Oksoll; g
a
6 c 8
4
2
0
pH (1 :1 water) ‘
W No fertilizer 5.2 Mean within the same column
OTSsP 5.8 followed by the same letter
ORP 6.3 in_dicated no statistical
difference at P< 0.05
S propability by using DMRT.
| o !
Bp SOII: 8 ) 2 Fertilizer type :
77777 c FO = No phosphorus fertilizer;
6 F1: Triple super phosphate;
F2: Rock phosphate
4
2
(0]
pH (1 :1 water) ‘
W No fertilizer 6.9
O TSP 6.7
ORP 7.3

d' A 4 Aa ' 1A a A 9 9 a [ a
HNNN 32 Naéllﬂﬁ‘;b'u@”]J‘fJ‘VliJWaﬂﬂﬂWWLﬂ%ﬂlﬂQﬂu‘ﬂﬁl%ﬂQﬂGIJnGlL!ﬂuf]\iﬂiﬂH s

oy dy A kY
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1 d! S c; 1 o w 19 Y [ o‘ =S 1w
1agYs Pmax) a4ra liiiteyaAuanasdallmdndsuauan uad 1§ludasd (neumiiy
4 ]
PBC uazdasmuzii) dawaldfiesau liuanaennmsly RP naludasigaazd Taoms
14 rP TusasiMiiouiniy % Pmax dawaldfiesdugangads luuanarsonms1a re Tu

AT UNILNINY PBC LAZOAT WU (ANN 34)
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,,,,, ‘ 8
I
HE
1Ok soil| 6 b b _ab &
,,,,, ) &
4
2
0 pH (1 :1 water)
W at 0 mg P/kg 5.2
0 at Pmax 6.0 Mean within the same column
14 at 1/2Pmax 5.9 followed by the same letter
O at PBC 6.2 indicated no statistical
[ at recommended rate 6.3 difference at P< 0.05
propability by using DMRT.
&y 8 b & ab Prate : RO=0mgPkg?; RL =
| Bp soil' b e Pmax; R2 = at ¥2Pmax; R3 =
e 6 mg P L™; R4 = at recommende
rate (157 mg P kg*)
4
(Ok soil : R1= 802 mg P kg™, R2
2 402 mg P kg, R3 =398 mg P
(Bp soil : R1= 424 mg P kg,
R2 =212 mg P kg*, R3 =
S A
0 pH (1 :1 water) 327 mg P kg™)
W at 0 mg P/kg 6.9
O at Pmax 6.5
4 at 1/2Pmax 7.0
O at PBC 7.2
@ at recommended rate 7.1

d’ [ [ d‘d 1 1A a d' 9 9 a [ 4
M 33 wavesdaslearesanlnademiesvesaunlmlgniniluanesnsny uas
o1 < da 9
vainfFeaniyduanag

a3 ldladfereaesadmalivearesaiiiullsz Tomiluauisaosdriiiga

LY Aa Aa o T A [ o [ [ 4 a 3‘ J o w
AU 3.84 uay 1.67 Uaansuaenlaniy d1suaveansaduazauu19tinlien audiau
1 a I { I~ 4 { (Y
m3slddfe TSP damaldSunaleaesamiluils: Temigangamiiy 2228 uaz 13.64
Aa a o 1A 1Y o v A [ 4 3’ dy o o 9) + 1 9
Nadniuaen lansy dmivaueInsnY uay 11l5e7 awdau tazmslsije RP aawald
v A J It a [ 4 a g’ H 1 (Y]
WoaoSaMmiuilseTowsiluaueansny vazauviaiulSerauniny 8.14  uag 2.20

(% 1

Jaansuaon lansy mua1ay (WA 35)
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8

6

4

2

0 0

pH (1 :1 water) pH (1 :1 water)

B FORO 5.2e B FORO 6.9C
OF1RL 5.5de OF1RL 6.0e
OF1R2 5.6de OF1R2 6.6d
2 F1R3 5.8cd EF1R3 7.0c
OFI1R4 6.5 OFI1R4 7.0C
BF2R1 6.5a B F2R1 7.1¢
B F2R2 6.3ab B F2R2 752
B F2R3 6.5a B F2R3 7.3ab
HF2R4 6.1bc H F2R4 7.2abc

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO = 0 mg P kg''; R1 = at Pmax; R2 = at %4Pmax; R3=at0.2mg P L™;

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg*, R3 =398 mg P kg ™)

(Bp soil : R1= 424 mg P kg™*, R2 = 212 mg P kg, R3 = 327 mg P kg ™)

d' a @ o A 1 1A A Aqy 9 a v
M 34 wavesrilanazonsearesaninademneyvesaunlsilgndnluduening

A Z’ dy A Y
wazdunimlseantyuanag

msliearlofalusnst Pmax uaz %Pmax aemal¥uSmaoaesaiiiy
sz TomiluAuesnsny inandeiu uasfilSinaqefiganiiu 19.39 uag 17.40 fadnsude
Alansy mudien sosaaunldun Wieanesadns PBC nazdaswuz1in (M1dy 14.11 uag
9.94 HaaNTUABN laNTUAINAIND) Tuvagiaunainion mslileanedalusast Pmax
danliiunarearlesaniilulss Temigeniqamiiy 14.26 Tadnsusenlaniu se9a9
1&unmsIfleaesasns1 PBC uaz saswuzihoz Iearesaiiuis: Tomiluduiia
WAU 9.78 uag 531 Naansuaenlansu mwddy waznuims ivweanesaluda

v, Pmax tazms lilviveavlesavs Iloaesaniduiss Tomilududiiqa (awi 36)
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! .
Oksoll; 25 :
20
A
2 15
o
g 10 b
5 ®
0 Avaiable P ‘ Mean within the same column
followed by the same letter
| No fertilizer 3.84 indicated no statistical
oTsP 22.28 dif‘ferepge at P< Q.05
ORP 8.14 propability by using DMRT.
,,,,,, Fertilizer type :
‘Bp SO”‘ FO = No phosphorus fertilizer;
I - H .
! , 15 2 F1: Triple super phosphate;
””” F2: Rock phosphate
%, 10
~
)]
E 5
b b
0 B
Avaiable P ‘
M No fertilizer 1.67
aOTsP 13.64
ORP 2.20

M 35 wavesriailoiinademanuiluls: Temivesloaresaildilgninnluau
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. (o .

Tunsalvesauunainlier wun msldile TSP Tugasiiiieum Pmax, diwa
“lﬁ’v\laﬁwa%’aﬁgﬂuﬂizTﬂ%ﬁqqﬁqﬂ (27.43 Hiaansuaen lansy) m13 ¥ RP 50 TSP ludas
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,,,,, 1 r
< 15 7
2 /
o 10 /
S
g /
M 7
Avaiable P
W at 0 mg P/kg 3.84 Mean within the same column
O at Pmax 19.39 followed by the same letter
@ at 1/2Pmax 17.40 indicated no statistical
O at PBC 14.11 difference at P< 0.05
a . propability by using DMRT.
@ at recommended rate 9.94
Prate : RO=0mgP kg*; R1 =
15 Pmax; R2 = at ¥2Pmax; R3 =
w 7 mg P L™!; R4 = at recommende
'Bp soil | rate (157 mg P kg™)
E 10 (Ok soil : R1= 802 mg P kg%, R2
o 402 mg P kg, R3 = 398 mg P
o 5 (Bp soil : R1= 424 mg P kg%,
€ s R2=1212mgP kg?, R3 =
d r 327 mg P kg?)
0 m 7
Avaiable P
B at 0 mg P/kg 1.67
O at Pmax 14.26
# at 1/2Pmax 2.33
O at PBC 9.78
B at recommended rate 5.31
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a v J a oy dy A 9
AUDINTAY tazAuUITEINNYuANA1S
5.3 mIgadueaneiavesau
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WoevloSagaganiiiy 573 uag 532 daansuaen lansy dusuAuensny uag 351 ag 304
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aawalvivoanesan PBC HUSuadinaims 1y TSP Taglaumny 321 uag 345 Jaansy
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Woanesavosauanad (ﬂTWﬁ 39  uay Gﬂ'ﬁNﬁ 4) Gdﬁﬂiﬁﬂﬁﬁ@ﬂﬂé}ﬂﬁﬁ"UfT‘Uﬂ']iﬁﬂH'l"ll@Q
1% a"' ~ 1" A dy [ A~ Y [ [ ~ dgl 1 Y1
dugns (2544) Nenunaulsersaweims liveanesaludnsngaunazainalvains

aagueaosavesauiimanal

v
msldveaneialudnsn Pmax vzdwwalinmsaaduearosavosauniaosd
a ° 4 [ A Aa o 1A o o v A [4 a g‘ J
Ysunadingamini 452 uaz 208 Naansuaen lansu dmsuAUeInTnY uazauLInim3en
o w d! =) a 1 d! d! 1 Q' 9 Y 1 Y [
ANd19Y FailSuaanaununiinsamilennausudy sesaan lduamsinweanesaly
8A31PBC, % Pmax uazoasuuziiamainy uazms lildeavesadiwaldnisgady

Woavlesavesdu lunldsuumilas (Muh 39 uaz a15199 4)

30 30
S ™~ - - s Y
— 'Ok soil | 1Bp soil
25 K SOl og , oP Soif]
20 20
\nl
2
S 15 15
£
10 10
5 5
0 Avaiable P 0
u FORO 3.84f = FORO 1.67¢ef
OF1R1 27.44a OF1R1 27.43a
OF1R2 26.27a OF1R2 2.41e
LJFIR3 21.22b CFIR3 18.56b
OF1R4 14.19¢C OF1R4 6.18C
W F2R1 11.34cd B F2R1 1.10f
# F2R2 8.54cd & F2R2 2.26€
BF2R3 7.00 ef BF2R3 1.00f
F2R4 5.70 ef @ F2R4 4.43d

Mean within the same column followed by the same letter indicated no statistical difference
at least at P < 0.05 propability using Duncan’s multiple range tests.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.

P rate : RO = 0 mg P kg%; R1 = at Pmax; R2 = at %:Pmax; R3=at0.2mg P L™;

R4 = at recommended rate (157 mg P kg™)

(Ok soil : R1=802 mg P kg™, R2 = 402 mg P kg*, R3 =398 mg P kg™

(Bp soil : R1=424 mg P kg™*, R2 =212 mg P kg*, R3 =327 mg P kg™)
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Phosphorus rate Phosphorus type
P-adsorption
SO RO R1 R2 R3 R4 F1 F2
capacity J
( mg kg )
Ok soil
Pmax 802 797 452 518 586 655 532 573
%2 Pmax 401 399 226 259 293 327 266 287
Phosphorus
398 434 351 296 347 338 345 321
buffer capacity
Bp soil
Pmax 424 429 208 305 382 416 304 351
Y2 Pmax 212 215 104 152 191 208 152 176
Phosphorus
327 236 218 192 216 230 288 140
buffer capacity

HN@YA Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate; F2: Rock
phosphate.
Prate : RO=0mgP kg ; Rl = at Pmax; R2 = at %4Pmax; R3=at 02 mgPL ;
R4 = at recommended rate (157 mg P kg'l)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg , R3=398 mg P kg ")
(Bp soil : RI=424 mgP kg ,R2=212mgPkg ,R3=327mgPkg )

SO : Phosphouse adsorption of acid sulfate with residual lime pior the experiment.
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Ok soil Bp soil
Day after planting Day after planting
Treatment Panicle Panicle
Tillering L Flowering  Tillering . Flowering
1nitiation nitiation
( Day )

Fo 50.3a 71.3a 87.3a 143 545 713

Fertilizer - 32.1c 57.1c 70.1¢c . N 674
type Fg 46.1b 66.8b 85.4b 4 509 66.9

F-Test Vi & &N ns ns ns
RO 50.3a 71.3a 87.3a 34.3a 54.5a 71.3a
RI 35.8d 56.5d 74.0d 28.9d 49.4d 65.4¢
P rate R2 40.1c 62.6¢ 78.6c 32.1b 52.1bc 68.1b
R3 39.8¢ 64.4b 78.4c 30.3¢ 50.3cd 66.3¢
R4 40.9b 64.4b 80.0b 32.9b 53.1ab 68.9b

F_Test sk ek sksk sk ek sk

FORO 50.3a 71.3a 87.3b 34.3a 54.5 71.3

FIR1 31.0f 51.8f 67.0g 30.3de 50.3 66.3

F1R2 32.8e 56.8e 69.5f 31.8c 51.8 67.3

FIR3 31.5f 60.0d 72.0¢ 31.3cd 51.3 67.3

F1R4 33.3e 60.0d 72.0e 32.3bc 52.8 68.3
Typex Rate  pyp| 40.5d 61.3d 81.0d 27.5f 48.5 64.5
F2R2 47.5¢ 68.5b 87.8ab 32.5bc 52.5 68.5

F2R3 48.0bc 68.8b 84.8¢ 29.3e 52.5 65.3
F2R4 48.5b 68.8b 88.0a 33.5ab 52.5 69.5

F-Test *H v E *ox ns ns

HWKA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical

difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.
Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg_l)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg , R3 =398 mg P kg )
(Bpsoil : RI=424 mgPkg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Plant per pot Plant per pot
Treatment Panicle Panicle
Tillering L Flowering Tillering L Flowering
nitiation Initiation
( No. pot-1 )
FO 2.3c 3.8b 5.8¢ 10.8 37.0 413
Fertilizer
Fl1 11.4a 58.5a 61.5a 19.8 553 59.2
type
Fl 3.4b 4.9b 7.1b 19.8 54.5 583
F-Test i ot & ns ns ns
RO 2.3c 3.8¢c 5.8d 10.8 37.0d 41.3c
R1 8.8a 34.1a 37.3a 20.0 57.4ab 61.4ab
P rate R2 8.0a 32.9a 35.4b 17.5 44.4bc 48.4bc
R3 6.5b 30.3b 32.6¢c 22.5 61.0a 65.0a
R4 6.4b 29.6b 32.0c 19.1 56.9ab 60.1ab
F-Test sk kk sk ns * %
FORO 2.3c 3.8 5.8d 10.8 37.0c 41.3c
FIRI 13.3a 61.0 65.3a 22.3 66.8a 70.8a
FIR2 12.3a 60.5 63.5a 143 32.0b 36.0b
FIR3 10.3b 56.8 59.0b 21.8 58.0a 62.0a
F1R4 10.0b 55.8 58.3b 20.8 64.5a 68.0a
Typex Rate  F2R1 4.3c 7.3 9.3c 17.8 48.0ab 52.0ab
F2R2 3.8¢c 53 7.3d 20.8 56.8a 60.8a
F2R3 3.3¢c 3.8 6.3d 233 48.0ab 68.0a
F2R4 3.3c 3.5 5.8d 17.5 49.3ab 52.3ab
F-Test * ns ok ns * *

nWKaA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.
Prate: RO=0mgP ke ; R1 = at Pmax; R2 = at sPmax; R3=at 0.2 mg PL;
R4 = at recommended rate (157 mg P kg_l)

(Ok soil : R1=802 mg P kg , R2=402mg Pkg , R3 =398 mg P kg )
(Bp soil : R1I=424 mg P kg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Plant height Plant height
Treatment Panicle Panicle
Tillering L Flowering  Tillering L Flowering
nitiation Initiation
( cm )
Fertilizer FO 47.3c 64.3c 73.3¢c 65.0b 88.0 98.0
Fl1 66.4a 94.8a 97.6a 72.1a 97.4 104.8
e Fl 49.7b 90.2b 86.1b 73.1a 98.8 105.8
F-Test i ot & 4 ns ns
RO 47.3d 64.3c 73.3c 65.0d 88.0d 98.0c
R1 62.9a 94.1a 95.1a 74.9a 101.5a 108.5a
P rate R2 58.0b 93.4a 92.8a 71.9b 98.5b 105.5b
R3 56.1bc 91.8ab 89.5b 73.6a 100.6ab 107.6ab
R4 55.3¢ 90.6b 89.9b 70.1c 91.9¢c 99.4c
F-Test sk Kk sk sk k3 sk
FORO 47.3e 64.3 73.3 65.0 88.0 98.0
FIRI 74.0a 95.9 102.3 74.0 100.5 107.5
FIR2 65.4b 95.1 98.3 72.0 99.0 106.0
FIR3 63.9b 95.0 95.3 73.0 100.0 107.0
FIR4 62.5b 93.3 94.5 69.5 90.3 98.5
Typex Rate  F2R1 51.8¢c 92.4 88.0 75.8 102.5 109.5
F2R2 50.6¢cd 91.8 87.3 71.8 98.0 105.0
F2R3 48.3de 88.6 84.5 743 101.3 108.3
F2R4 48.1de 88.0 84.5 70.8 93.5 100.3
F-Test *% ns ns ns ns ns

nWKaA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.
Prate: RO=0mgP ke ; R1 = at Pmax; R2 = at sPmax; R3=at 0.2 mg PL;
R4 = at recommended rate (157 mg P kg_l)
(Ok soil : R1=802 mg P kg , R2=402mg Pkg , R3 =398 mg P kg )
(Bp soil : R1I=424 mg P kg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Treatment Grain wt. Fi.lled Straw wt. Grain wt. Fi?led Straw wt.
grain wt. grain wt
( g pot’ )
Fertilizer FO 9.5¢ 7.5¢ 6.8¢c 100.9 79.2 57.6
Fl1 244 .4a 191.6a 186.9a 129.2 101.3 97.8
ope A2 Ql 17.0b 13.4b 10.9b 117.8 92.4 88.6
F-Test ol ik ok ns ns ns
RO 9.5¢ 7.5¢ 6.8¢ 100.9 79.2 57.6b
R1 181.7a 142.5a 135.8a 121.8 95.5 99.7a
P rate R2 155.5b 121.9b 107.1b 102.2 80.1 76.1ab
R3 107.8¢ 84.5¢ 88.2¢ 130.5 102.3 106.4a
R4 77.9d 61.1d 64.4d 139.6 109.6 90.6a
F-Test *x - XX ns ns *
FORO 9.5f 7.5f 6.8f 100.9bc 79.2¢ 57.6¢
FIRI 337.7a 264.9a 253.2a 136.6ab 107.2ab 120.4a
FIR2 294.0b 230.6b 203.2b 75.2¢ 59.0c 62.0c
FIR3 202.1c 158.5¢ 167.6¢ 137.5ab 107.8ab 106.3ab
FIR4 143.6d 112.6d 123.5d 167.5a 131.4a 102.5ab
Typex Rate  F2R1 25.6¢e 20.1e 18.5¢ 107.0bc 83.9bc 99.1b
F2R2 16.9f 13.3f 11.0f 129.2ab 101.3ab 90.3ab
F2R3 13.5f 10.6f 8.8f 123.5ab 96.8ab 106.4ab
F2R4 12.2f 9.6f 5.3f 111.8bc 87.7bc 78.6bc
F-Test *% *% *% * * *

HNHA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical

difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.
P rate : RO=0mg P kg-l; R1 = at Pmax; R2 = at /sPmax; R3 =at 0.2 mg P L'
R4 = at recommended rate (157 mg P kg%)
(Ok soil : R1=802 mg P kg, R2=402 mg P kg , R3=398 mgPkg )
(Bpsoil : RI=424 mg P ke ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Treatment Spikes 100-grain wt. Spikes 100-grain wt.
(-~No. pot' - ) (-—No. pot ' ) (—g)
FO 5.5b 2.5 40.8 2.6
Fertilizer
Fl1 55.9a 2.8 55.7 29
type

F2 6.3b 2.9 56.1 2.8

F-Test ok ns ns ns

RO 5.5¢ 2.5 40.8 2.6

R1 34.8a 2.9 55.4 3.0

P rate R2 32.9b 2.9 46.9¢ 2.8
R3 29.8¢c 2.8 63.9 29

R4 27.0d 2.7 57.5 2.8

F-Test wx ns ns ns

FORO 5.5f 2.5 40.8bc 2.6
FIRI 61.8a 2.9 61.8a 2.98
FIR2 59.8b 2.8 34.5¢ 2.86
FIR3 53.8¢c 2.8 62.0a 291
FIR4 48.5d 77 64.5a 277
Typex Rate  F2R1 7.8¢ 3.0 49.0abc 2.98
F2R2 6.0ef 2.9 59.3ab 2.78
F2R3 5.8ef 2.8 65.8a 2.81
F2R4 5.5f 2.8 50.5abc 2.78

F-Test wx ns * ns

HNHA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically
different.
Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;
F2: Rock phosphate.
P rate : RO=0mg P kg-l; R1 = at Pmax; R2 = at /sPmax; R3 =at 0.2 mg P L'
R4 = at recommended rate (157 mg P kg%)
(Ok soil : R1=802 mg P kg, R2=402 mg P kg , R3=398 mgPkg )
(Bpsoil : RI=424 mg P ke ,R2=212mgPkg ,R3=327mgPkg )



d‘ a H o v Aa 1 Y [ Y A
MIWUINN 6 Filaijouazdnioanesaninanomigaldsigorisnanvesvidnilgn

a o 4 3’ dy A 9
Gluﬂu@ﬁﬂﬁﬂyllagUWQUT!ﬂﬁﬂ?ﬂﬂuu@]ﬂﬂN

98

Ok soil Bp soil
Treatment Plant nutrient uptake Plant nutrient uptake
N P K N P K
( gpot’ )
Fertilizer FO 0.07b 0.01b 0.26b 2.68a 0.47b 0.33
Fl1 1.55a 1.43a 9.46a 1.31b 0.92a 0.44
ope A2 al 0.10b 0.02b 0.40b 3.64a 0.48b 0.39
F-Test o *% o o *% ns
RO 0.07d 0.0le 0.31d 2.68 0.47b 0.33
R1 0.98a 1.38a 6.14a 2.19 0.78a 0.40
P rate R2 l.11a 1.05b 6.10a 2.33 0.43b 0.36
R3 0.73b 0.28¢ 4.82b 2.87 0.82a 0.33
R4 0.48¢c 0.18d 2.71¢ 2.50 0.78a 0.41
F-Test *ok Y 1F ns I ns
FORO 0.07¢ 0.01e 0.31d 2.68 0.47¢ 0.33bc
FIR1 1.77b 2.73a 11.43a 1.21 1.02b 0.41abc
FIR2 2.09a 2.07b 11.92a 0.81 0.34c 0.34bc
FIR3 1.43¢ 0.55¢ 9.34b 1.64 1.09ab 0.28¢c
FIR4 0.91d 0.35d 5.21c 1.80 1.22a 0.52a
Typex Rate  F2R1 0.18¢ 0.03e 0.84d 3.42 0.54c 0.49ab
F2R2 0.14e 0.02¢ 0.42d 3.67 0.52¢ 0.43abc
F2R3 0.03e 0.01e 0.34d 4.19 0.49¢ 0.43abc
F2R4 0.05¢ 0.0le 0.23d 3.24 0.51c 0.31bc
F-Test ksk sk sk ns sk %

HWKA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically
different.
Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;
F2: Rock phosphate.
Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg%)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg ', R3 =398 mg P kg )
(Bpsoil : RI=424 mgPkg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil

Treatment Plant nutrient uptake Plant nutrient uptake

Mg Ca Mg Ca
( gpot’ )
FO 0.04b 0.18b 0.31 0.60

Fertilizer

F1 2.19a 6.08a 0.54 1.28
ope F2 0.04b 0.19b 0.49 1.19

F-Test e kK ns ns
RO 0.04b 0.21c 0.31 0.60
R1 1.54a 4.24a 0.61 1.44
P rate R2 1.63a 4.19a 0.44 1.04
R3 0.84ab 2.28b 0.53 1.42
R4 0.44b 1.87b 0.50 1.34

F-Test * W ns ns
FORO 0.04c 0.21c 0.31 0.60
FIRI 3.0a 8.14a 0.72 1.57
FIR2 3.24a 8.10a 0.31 0.64
FIR3 1.64b 4.43b 0.50 1.32
FIR4 0.86bc 3.72b 0.62 1.66
Typex Rate  F2R1 0.07¢ 0.34c 0.49 1.15
F2R2 0.02¢ 0.23¢c 0.52 1.32
F2R3 0.03¢ 0.21c 0.62 1.49
F2R4 0.02¢ 0.10c 0.39 0.87

F-Test * * ns ns

wWKa *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.

Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg_l)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg ', R3 =398 mg P kg )
(Bpsoil : RI=424 mgP kg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Treatment Plant nutrient uptake Plant nutrient uptake
Fe Zn Fe Zn
mg pot_1 )
FO 4b 8.5b 28b 10.3
Fertilizer
F1 168a 15.8a 68a 17.7
ope F2 4b 4.0b 47ab 12.4
F-Test e kK * ns
RO 5b 8.5 28b 10.3
R1 130a 11.3 57ab 14.8
P rate R2 124a 15.1 41b 13.1
R3 51b 7.5 78a 19.1
R4 40b 5.8 52ab 13.2
F-Test * ns * ns
FORO 5¢ 8.5 28b 10.3
FIRI 253a 17.9 68b 159
FIR2 244a 26.6 33b 14.1
FIR3 98b 10.1 108a 27.2
FIR4 78be 8.7 63b 13.6
Typex Rate  F2R1 Tc 4.6 46b 13.8
F2R2 4c 3.6 50b 12.0
F2R3 4c 4.9 49b 11.1
F2R4 2c 2.8 42b 12.9
F-Test * ns * ns

wWKa *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.

Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg_l)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg ', R3 =398 mg P kg )
(Bpsoil : RI=424 mgP kg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Treatment Plant nutrient uptake Plant nutrient uptake
Mn Cu Mn Cu
( mg pot_l )
FO 8.83a 2.36a 4.39 1.17
Fertilizer
F1 13.42a 1.85a 4.43 0.72
ope F2 2.28b 0.52b 4.03 0.97
F-Test e kK ns ns
RO 8.83ab 2.36 4.39 1.17
R1 8.01ab 0.89 4.63 0.76
P rate R2 12.63a 1.32 4.19 0.80
R3 8.03ab 1.95 391 0.85
R4 2.73b 0.57 4.19 0.97
F-Test * ns ns ns
FORO 8.83bcd 2.36 4.39 1.17
FIRI 13.82b 1.46 4.75 0.74
FIR2 23.46a 2.14 4.55 0.80
FIR3 12.26bc 3.27 4.07 0.64
FIR4 4.13bed 0.52 435 0.70
Typex Rate  F2R1 221c 0.32 4.51 0.79
F2R2 1.80c 0.49 3.84 0.79
F2R3 3.80c 0.63 3.75 1.05
F2R4 1.33¢ 0.62 4.03 1.24
F-Test * ns ns ns

wWKa *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.

Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg_l)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg ', R3 =398 mg P kg )
(Bpsoil : RI=424 mgP kg ,R2=212mgPkg ,R3=327mgPkg )
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Soil pH (1:1 water)

Treatment
Ok soil Bp soil
FO 5.2¢ 6.9b
Fertilizer
Fl1 5.8b 6.7c
type
F2 6.3a 7.3a
____________________________________________________________ Flest - -
RO 5.2¢ 6.9b
R1 6.0ab 6.5¢c
P rate R2 5.9b 7.0ab
R3 6.2ab 7.2a
R4 6.3a 7.1ab
____________________________________________________________________ Flest 2 -
FORO 5.2e 6.9c
FIRI 5.5de 6e
FIR2 5.6de 6.6d
FI1R3 5.8cd 7.0c
F1R4 6.5a 7.0c
Typex Rate ~ F2R1 6.5a 7.1c
F2R2 6.3ab 7.5a
F2R3 6.5a 7.3ab
F2R4 6.1bc 7.2abc
F-Test wx x*

HNINA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically
different.
Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;
F2: Rock phosphate.
P rate : RO=0mg P kg-l; R1 = at Pmax; R2 = at /sPmax; R3 =at 0.2 mg P L'
R4 = at recommended rate (157 mg P kg%)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg , R3 =398 mg P kg )
(Bpsoil : RI=424 mg P ke ,R2=212mgPkg ,R3=327mgPkg )
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Available phosphorus (mg kg_])

Treatment
Ok soil Bp soil
FO 3.84c 1.67c
Fertilizer
F1 22.28a 13.64a
type
F2 8.14b 2.20b
.......................................................... F-Test * *
RO 3.84d 1.67d
R1 19.39a 14.26a
P rate R2 17.4a 2.33d
R3 14.11b 9.78b
R4 9.94¢ 5.31c
_______________________________________________________________________ el (e b
FORO 3.84f 1.67ef
FIR1 27.44a 27.43a
FIR2 26.27a 2.41e
FIR3 21.22b 18.56b
F1R4 14.19¢ 6.18c
Typex Rate  F2R1 11.34cd 1.10f
F2R2 8.54de 2.26e
F2R3 7.00ef 1.00f
F2R4 5.70ef 4.43d
F-Test * ok

NN *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical

difference using DMRT.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.

Prate: RO=0mgP kg ; Rl = at Pmax; R2 = at sPmax; R3=at 0.2 mg PL;

R4 = at recommended rate (157 mg P kg-l)
(Ok soil : R1=802 mg P kg, R2=402 mg P kg , R3=398 mgPkg )
(Bp soil : R1=424 mg P kg_], R2=212mgP kg%, R3=327mgP kg_l)
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Ok soil Bp soil
Treatment Concentration Concentration
N P K N P K
( % )
Fertilizer FO 0.45 0.07b 1.63b 1.73a 0.30b 0.22
Fl1 0.36 0.29a 2.2a 0.58b 0.39a 0.18
type

A2 al 0.34 0.07b 1.34b 1.71a 0.24b 0.19

F-Test ns i & Hox ok ns
RO 0.45a 0.07d 1.63 1.73a 0.30 0.22
R1 0.36ab 0.27a 1.85 1.01c 0.32 0.19
P rate R2 0.46a 0.24b 1.83 1.13bc 0.26 0.22
R3 0.27b 0.11c 1.84 1.24b 0.32 0.14
R4 0.32b 0.11c 1.57 1.19b 0.36 0.18

F-Test * g ns i ns ns
FORO 0.45ab 0.07d 1.63bc 1.73 0.3bc 0.22
FIR1 0.3bc 0.46a 1.93b 0.4 0.4ab 0.15
FIR2 0.42ab 0.42b 2.4a 0.58 0.26¢cd 0.26

FIR3 0.39ab 0.15¢ 2.51a 0.66 0.46a 0.11

FIR4 0.34ab 0.13¢c 1.96b 0.67 0.46a 0.2
Typex Rate  F2R1 0.42ab 0.07d 1.77b 1.62 0.25cd 0.22
F2R2 0.49a 0.07d 1.26¢ 1.68 0.25cd 0.19

F2R3 0.15¢ 0.06d 1.16¢ 1.82 0.19d 0.16

F2R4 0.3bc 0.08d 1.18¢ 1.71 0.26¢cd 0.17

F-Test * koK 3 ns * ns

HWKA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical

difference using DMRT.

Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;
F2: Rock phosphate.

Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg%)

(Ok soil : R1=802 mg P kg , R2=402 mg Pkg ', R3 =398 mg P kg )
(Bpsoil : RI=424 mgPkg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Treatment Concentration Concentration

Mg Ca Mg Ca
( % )

FO 0.22b 1.09a 0.23 0.42

Fertilizer

Fl1 0.48a 1.39a 0.24 0.56

ope F2 0.13b 0.65b 0.23 0.57

F-Test e kK ns ns

RO 0.22 1.09 0.23 0.42

R1 0.33 1.07 0.26 0.61

P rate R2 0.37 1.11 0.23 0.53
R3 0.3 0.94 0.22 0.57

R4 0.22 0.97 0.22 0.54

F-Test ns ns ns ns

FORO 0.22 1.09 0.23 0.42

FIRI 0.51 1.36 0.27 0.62

FIR2 0.65 1.64 0.24 0.51

FIR3 0.44 1.18 0.22 0.52

FIR4 0.32 1.39 0.23 0.58

Typex Rate  F2R1 0.16 0.77 0.26 0.6
F2R2 0.08 0.58 0.23 0.55

F2R3 0.15 0.71 0.23 0.62

F2R4 0.13 0.55 0.2 0.49

F-Test ns ns ns ns

wWKa *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically

different.

Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;

F2: Rock phosphate.

Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg_l)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg ', R3 =398 mg P kg )
(Bpsoil : RI=424 mgP kg ,R2=212mgPkg ,R3=327mgPkg )
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Ok soil Bp soil
Treatment Concentration Concentration
Fe Zn Mn Cu Fe Zn Mn Cu
( mg kg_1 )

Fertilizer FO 277a 3lab 289a 8.0 185b 50 72 15.1
F1 369b 40b 294b 5.8 297a 55 75 9.9
ope F2 150a 25a 78a 6.6 220ab 52 71 13.8

F-Test ok ¢ * ns * ns ns ns
RO 2717 31 289 8.0a 185 50 72 15.1

R1 292 33 186 3.7¢c 250 56 79 9.9
P rate R2 321 39 250 5.9b 242 51 78 10.3
R3 211 33 216 8.1a 323 57 67 12.8
R4 214 25 90 7.2ab 220 51 68 14.4

F-Test ns ns ns L ns ns ns ns
FORO 277 31 289 8.0ab 185 50 72 15.1

FIR1 427 38 302 3.6d 268 56 82 9.4

FIR2 492 54 434 5.1cd 254 52 83 9.9

FIR3 265 38 329 9.4a 443 61 66 9.7
FIR4 293 30 110 5.2cd 224 52 70 10.4
Typex Rate  F2R1 158 28 71 3.9d 232 55 76 10.3
F2R2 150 24 66 6.8bc 229 49 72 10.8
F2R3 157 27 103 6.7bc 203 52 69 15.8
F2R4 136 20 71 9.0ab 216 50 66 18.4

F-Test ns ns ns * ns ns ns ns

HWKA *, ** Significantly level at P < 0.05 and < 0.01 respectively; ns: no statistically
different.
Mean within the same column followed by the same letter indicated no statistical
difference using DMRT.
Fertilizer type : FO = No phosphorus fertilizer; F1: Triple super phosphate;
F2: Rock phosphate.
Prate: RO=0mgP kg%; R1 = at Pmax; R2 = at /2Pmax; R3 =at 0.2 mg P L_l;
R4 = at recommended rate (157 mg P kg%)
(Ok soil : R1=802 mg P kg , R2=402 mg Pkg ', R3 =398 mg P kg )
(Bpsoil : RI=424 mgPkg ,R2=212mgPkg ,R3=327mgPkg )
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Soil properties Range Rating
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-l) <5 Very low
5-10 Low
10-15 Moderately low
15-25 Moderate
25-35 Moderate high
35-45 High
> 45 Very high
Total nitrogen (g kg') <1.0 Very low
1.0-2.0 Low
2.0-5.0 Moderately
5.0-7.5 High
>17.5 Very high
Available P by Bray I1 <3 Very low
(mgkg) 3-6 Low
6-10 Moderately low
10-15 Moderately
15-25 Moderate high
25-45 High

> 45 Very high
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Soil properties Range Rating
Available K by NH,OAc <30 Very low
(mgkg) 30-60 Low
60-90 Moderately
90-120 High
> 120 Very high
Extractable bases (cmol, kg_l) <2.0 Very low
Ca 2-5 Low
5-10 Moderately
10-20 High
>20 Very high
Mg <03 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
Sum bases 0.7-2.0 High
>2.0 Very high
<2.6 Very low
2.6-6.6 Low
6.6-14.3 Moderately
14.3-31.2 High
>31.2 Very high
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Soil properties Range Rating
CEC by NH,0AC <3 Very low
(cmol, kg'l) 3-5 Low
5-10 ~ Moderately low
10-15 Moderately
15-20 Moderately high
_______ 2030 High
>30 Very high
%Base saturation <35 Low
3575 Moderately
>75 High
Extractable acidity X Very low
(emol, k') 2 Low
_______ 25 Moderate
510 Moderately high
______ 1020 High
>20-30 Very high

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

Division Staff (1993)
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