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Effects of soils, water regimes and pH on availability of
phosphorus fractions
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pH mwmwumﬂmm mmmmmmoﬂm P 289419 qmmﬂiwmmmmmu@mm%um@ﬂﬂmmﬁumﬂnumm
AU mmmm@mmmmLfluﬂaWmenmvxl@m@miumumm (P-fractions) LAZANMNANWUSIZWINGAT pH sia P
Tmmwumumwmmmuu 3x3 factorial in RCBD ﬂ@wm 1 Aetiapw Usenausiae 3 alinmu imLLﬂmumqm(Hd)
mwm(Ng) LAZATINE(Sa) waziladei 2 An iymumqmu 3 guluuy 16un Lﬂﬂﬂ@@ULLM\ii‘ﬂE’]ﬂ’]’lﬂmuW 0.3u1§
(AWDO0.3) LﬂﬂﬂmuLLmiﬂma?mumwmummmuﬂummﬂm (AWDsat.) Lmemmu@mu (WL) 5 4N, Wang
Anm gl 1Hin1e9AUNNAd (Hd) wu P ludiuavgiitimealn (A-P), wdnweain (Fe-P), Tanumsinaaimn
(P-Red) ﬂ?mmﬁm ALATINE (Sa) WU P ludauansazananaanaialuay (P-solution), uAaidanwadinm (Ca-P)
ﬂ??mmwm mmummmmﬁmuivmumﬂwm’] miﬂaﬂmqLLUULﬂHﬂmmmwmﬂ?mm P-fractions ludau
P-solution, Fe-P lLaz Ca-P ﬂ?mmwmmwmﬁmmimLmumm Lummnmnﬂmmﬂmmmmlmu Ufdaiug
284 P-fractions fiuAN pH WudLle pH mﬂm P- solutlon wag Al- P”Lumu'vﬂ?mmmma u,mmﬂinmmm pH
TuRAuanRINLALTN Fe-P, P-Red, Ca-P zgwu

ArdnAny: Weaealudausine, Wanaduusis, Auwn

ABSTRACT: Phosphorus (P) is a nutrient that plants need large quantities and essential for the growth of plants.
Alternate wet and dry is the contemporary rice growing in water- scarce areas , reduce the release of methane into
the atmosphere. And result in a more than availability of plant nutrients, especially P in solution. the reducing of
uptake P of rice would be affected by changes in the soil pH with high or low. This study aim to investigate: effects of
soil types; water management for availability of phosphorus in various parts (P-fractions) and a relationship between
pH and phosphorus. 3x3 factorial in RCBD is employed for the experimental plan.Factor 1 was soil types-Hangdong
(Hd), Nampong (Ng) and Sapphaya (Sa). Factor 2 was 3 forms of moisture level-alternate wet and dry which
maintained moisture at 0.3 bar (AWDO0.3); alternate wet and dry which maintained moisture of saturated soil by water
(AWDsat.); and waterlogging 5 cm. above soil (WL). Findings showed that Hd was highest aluminum phosphate
(Al-P), iron phosphate (Fe-P) and reductant phosphate (P-Red). For Sapphaya soil (Sa), it was highest amount of
P in soil solution (P-solution) and calcium phosphate (Ca-P). Regarding various moisture levels, it found that rice
growing in the alternate wet and dry system was higher the amount of P-fractions in P-solution, Fe-P and Ca-P than
that of the waterlogging system. This was due to change of iron form in the soil. For the interaction of P-fractions
with pH, found that there was an increase in soil pH and the amount of P-solution and the Al-P increased also.
However, when pH in the soil decreased found that an increase in an amount of Fe-P, P-Red and Ca-P.
Keywords: phosphorus fractions, alternate wetting and drying, paddy soil
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ayNATEAY (AT, 2550) AuiuAuilaney
HUANMIULNINTZAET09 P gandnfuiiieazioen
WasanAuileazidaainigsse P lulSunuiga
(Sanchez, 1976; Brady, 1990 814lat 1jryiaA,
2537) awiulfannlupunsaiitantgndnadinmy
71114 P (Kirk et al., 1990)
nsdgndalaalduruuudanaduuis
Wunistgndnauuuilszudnin uaziuiuamsluy
nstgndaluiuinuiauesuln annisfiading
Tedanasianiainnazianiou anviededanalisnn
aunndludsslaminanay Tnaenizinliaans
windiuaes P IAN49TU (Hook et al., 1988) LHe3aIn
Analasuutasan pH Tusv (iatls, 2550) way
o 1 9}90/ = s 2% o va =
ganuannsliinwuuenaduwiie M lEARENIg
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P lufu Tanaka et al. (1969) Tlfifiuganis
wlAgutlasen pH AziREdaeRLINNIAAAIRY Fo
Lfimmnﬁm’mﬁﬁﬁfyﬁiﬂmaﬂ@mﬂ@i@ﬂ Plusulng
siaeg P iuﬁummmLﬂ?}lﬂugﬂiﬂmmnmi
wlAsuutasn pH Aaule pH M P lugtlag Ca-P
azilagudly AP uaz Fe-P iila pH zgﬁu Al-P,
Fe-P Lﬂﬁﬂugﬂimﬂu Ca-P uaNaNNIIIUILLL
Lﬁﬁﬂm‘i’uuﬁmuﬁummLﬂuﬂiz‘ﬁmﬁmmﬁw
B1MIINTUR 2 F98INITDAAK WY UNITHAR,
ARG, nasldin, nslddelden waznasld
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Anmaailulselamiaas P lugi inorganic P lu
FARUTTANLANA 19NN BATNLAZ A
Auiusresan pH 1asauRennudulsslagin
P ludaupinge
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a1, Al AL Lanaslud N TR UE LY
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Fu wdarhwdaniuldluiathse lmdandatisnn
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nsznneay 3-5 win wazilesudnaeny 20 u
Bnrsoeulfiuaeieanszaieay 1 44 n1g
FATIERAY: FLFIetPuAINN AR
Lﬁ'm’mmgmu 80 11 WAMNAUNITATITIAT pH
Taeldvinfluansain 14&ndannsAusatinminm
1:1 (Thomas, 1996) AN AUNNF AT
P-fractions (Chang and Jackson, 1957 814ine
YaLaA, 2537) TpavinAunnainnfausniian
P-solutions taeld 1M NH CI iflusingria At
anmaauw AP Imeld 0.5 M NH,F (pH 8.2) wusin
anim douman Fe-P 14 0.1M

NaOH lumaana ludau P-reductant azld
0.3MNa CH.O uaz 1M NaHCO_ lusigrin lu
gaugavinuazarinui Ca-P Ineld 0.25 M H SO,
Lm‘mﬂqmﬂm@umimqmmmﬂwanmimm'ﬁl‘m
UANLg (Molybdenum blue method) Taeld
nsawaaAastAdusa3Aad (Murphy and Riley,
1962) aran1sganauLasdaniaTasidaida
alninslindmas (Visible spectrophotometer)
n1s3LtAsIzR T aya: 1AW Analysis of
Variances (ANOVA) Tagl4n199190 61013 naae
Ul Randomized Complete Design (RCBD) Tu
ﬂixlﬁugﬂLmumﬁmmiﬁwﬁmmﬁuﬁi@mmnﬂu
szlamiang P ludau Inorganic P fidesasianis
waryivTnvasdnatsiugnenusa 105 oy
nnsulfeufiauriedslagld Least Significant
Difference (LSD) fiasfumANTasiu 95%

WAKNERT 42 arTUNLAL 2 : (2557).

NANISIAEWAZIANTDL

NATRITHARULALITALAMNTUADANLTIY
seTegiuag P-fraction
m@miﬁﬂmwudﬂumu P-solution 4AAU Sa
ummmm 16.72 mg kg Al Ng A 11.72 mg
kg' AU Hd ummmmm 7.74 mg kg' Carreira
et al. (2006) WAz Shaheen et al. (2007) WUINAL
d” =l = =<
Waaziaalununlunisgatiauazae P UFunns
49 Aatiuaziiuladnlugafu Hd J5uos P 9
araNEaaNNN IUANTALANUAUNANANGA TEAL
AYNTWANN AWDO.3 WU P-solution HANgagn
7 15.69 mg kg™ ludau AWDsat., WL Hanldumn
el dnisenduiussendnaiintesnusessiy
AHTUWLIN A1 Sa0.3 HuAse P-solution §94A7
21.80 mg kg $8989N1 Sasat., Ng0.3 JAn 18.13,
17 11 mg kg WAEWUIN Ngsat., Hdsat. ummmm
7l 5.96, 8.17 mg kg Wulgdnileswienisvinli
Wenaduwiesunm P avazaiaaanuiagly
all e 1A o a
ansazanailulslonisefgauazinnulunu
& X oo ae & o
WHANENU MNAUNNNINITNBATHANHUSIUAAY
WuAwilaney pasvinuuuuiTlanaduuiansdn
¥ dY X . N .
wuntiutanudaulnnunuiiaazi@aanisiom
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P luifsnnouiige (Table 1) lugaw AP wudnau
Hd {153104 AI-P gaga?l 33.59 mg kg™ Aws Ng &
AN 26.42 mg kg A Sa AANAGAT 16.92 mg kg’
A - X = = =
Wasanluawieaznaanisssana sl atEun ol
799 nrsuanlasuneannluatsazareinly
azgiiinazifintuadne Auifisaulumdnmes
P gﬂmmsﬁuﬁﬁq@umﬂﬁuﬂ?mmm (Haseman
et al., 1950) NITAUAINTUAN WU WL um
A44m 32.67 mg kg" WAy AWDsat. ummmw
20.14 mg kg ﬂgmuwuﬁsmmmummmum
s=FUANMNTUNLAN By HdWL HeAngegai 40.36
mg kg’
(Table 1) ludau Fe-P wud1au Hd HU3uneu Fe-P

A Sasat. Nmmzﬁm 10.16 mg kg
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49407 155.99 mg kg A Ng HAF4AT 46.86

mg kg esnnluauileazden P azgneaduey
fifneunags Tagazdnetiu Fe AuhAmudnau
Hd Refifiunns Fe-P gandnAuziingu sz
AYATUANSTNLIY AWDO.3 H1f3anns Fe-P gegn
7110734 mg kg™ ludau AWDsat., WL fanlsiumn

AU LHe9aINNN 99l Fe wlaaugiiilu

Fe(l) ¥nlBunn P ludueslugindulselemd

wnniu ﬂﬁﬁuﬁuﬁiwdwmmﬁuﬁimxﬁumm%uwu
47 Au HAWL H Fe- P mmm 174.72 mg kg AU
NGWL fiAnsngeit 12.82, 18.44 mg kg’

ANNATAL (Table 1) ludau P-Red wud1A1 Hd H

Ngsat.,

AQNAR 43. 04 mg kg™ AU Ng Han 34 12 mg kg

Al Sa umm@mm 23.74 mg kg MasuANTY
FNgT L1 WL § P-Red zgazgmw 35.55 mg kg

AWDsat. #16i1 33.70 mg kg™ &z AWDO0.3 HAn
zgm%?‘i 31.65 mg kg Usuntuaas P Tugouinlufin
ﬁﬁﬁﬂuﬂ?mmﬁgq esaniiunn P-Red dau
Iucy'@mzmﬂ@@nmluﬂ?mmﬁ@ﬂwmxﬁ'
pandauluAuideGuanas (Sanchez, 1976)
ﬂﬁﬁuﬁuﬁ“@wdwwﬁmmauﬁimxﬁumm%uwu
31 A Hd0.3, Hdsat. & P-Red gagai 52.17, 51.16
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f;‘i'wzgmﬁ' 15.37, 17.36 mg kg"' (Table 1) ludau
Ca-P WU9"AU Sa HA494m 22.20 mg kg™ A Ng
A1 21.42 mg kg™ Aiv Hd ﬁmcﬁ'm 19.45 mg kg
i:ﬁumw%ur}hﬂwudn AWDO.3, WL #{ Ca-P
494n 21.15, 21.65 mg kg mNAIAL AWDsat. i
mm@m 2027 mg kg ﬂgmwuﬁ?mmmumm
AusiesZAUANTUINLI Ng0.3 # Ca-P gugni
24.42mg kg’ Ngsat. uﬂﬁm@m 16.78 mg kg A
Afnsiudanaduueinlian pH lududinig
wiaenulas Fanos P’luﬁm:lﬁmﬂﬁﬂ,ﬂﬁ'ﬂugﬂmﬂ
Al-P, Fe-P iflu Ca-P asvinlsinuiiunn Ca-P lu
A1g (Table 1) Cholitkul and Tyner (1971) 1&AN®N
fapnuiluilsglamizes P lufnunaeslng wudn
{15104 Inorganic P lugil Fe-P g94n 3898917
A8 P-Red, AP, Ca-P mudndu Sedenadesriu
4114989 Phongphan (1977) ﬁﬁnwﬂgﬂmm
Inorganic P luunufndisugunianans wy
i Fe-P fiAiaAngeqn 509890 Ae Red-P dau
Ca-P uaz A--P J1FN1Usa9aunANANAL N1990
wuuudenaduuiadldnaituegiuingaund
Aaddasmssaniminannitedla luauuniiieu
viseinng lddadnangs nsUdenrieanvdanis
wannaasiinlfuandad1fisd (ANSAN, 2555)



318 WALNEAT 42 UTURLAL 2 : (2557).

Table 1 Effect of soils and water regimes on P-fractions

soil P-solution Al-P Fe-P P-Red Ca-P
(mg kg”) (mg kg”) (mg kg") (mg kg") (mg kg")
Sa 16.72A 16.92C 66.63B 23.74C 22.20A
Ng 11.72B 26.42B 46.86C 34.12B 21.42B
Hd 7.74C 33.59A 155.99A 43.04A 19.45C
Water
AWDO0.3 15.69a 24.12b 107.34a 31.65¢ 21.15a
AWDsat 10.26b 20.14c 79.43b 33.70b 20.27b
WL 10.23b 32.67a 82.72b 35.55a 21.65a
Interaction
Sa0.3 21.80a 20.52ef 71.19d 15.37f 20.85¢
SaSat 18.13b 10.16g 68.10d 17.36f 23.24b
SawL 10.23d 20.08f 60.61d 38.47c 22.52b
Ng0.3 17.11b 20.00f 109.31c 27.42¢ 24.42a
NgSat 5.96f 21.71e 12.82¢ 32.57d 16.78f
NgWL 12.10c 37.56b 18.44e 42.37b 23.05b
HdO0.3 8.17e 31.85¢c 141.51b 52.17a 18.17e
HdSat 6.70f 28.55d 151.73b 51.16a 20.80c
HdWL 8.36e 40.36a 174.72a 25.80e 19.37d

Note: Sa=Sap-pa-ya, Ng=Nam-pong , Hd=Hang-dong, Alternate wetting and drying at saturated soil 0.3 =
0.3 bar, AWD sat. = Alternate wetting and drying at saturated soil, WL = Waterlogging, Sa0.3=Sap-pa-ya
with Alternate wetting and drying at saturated soil 0.3, Sasat.=Sap-pa-ya with Alternate wetting and drying
at saturated soil, SaWL=Sap-pa-ya with Waterlogging, Ng0.3= Nam-pong with Alternate wetting and
drying at saturated soil 0.3, NgSat.= Nam-pong with Alternate wetting and drying at saturated soil, NgWL=
Nam-pong with Waterlogging, Hd0.3= Hang-dong with Alternate wetting and drying at saturated soil 0.3, Hdsat.=
Hang-dong with Alternate wetting and drying at saturated soil, HAWL= Hang-dong with Waterlogging,
P-Solution = Phosphorus in solution, Al-P = Aluminum phosphate, Fe-P = Ferric phosphate, P-Red = Reductant
soluble phosphate, Ca-P = Calcium phosphate (P =0.05, CV=2.005)



KHON KAEN AGR. J. 42 SUPPL. 2 : (2014).

v

naTRINTAANTEA LTl nAR UL
namalFnim P-fractions Tudausng 9

AN Table 2 AoNANTLETEMINaN9dANNST
wuuidlenaduutiesia P-fractions udausine h
Audinslshinuun Tenaduutis Ca-p fidulsvava
AVENRUENAURY AP @ P <0.93 Tnaflan r
Wiy -0.01 ludautes Fe-P Rduiss@nian
Funsuantu AP way Ca-P #i P <0.00, P
<0.46 TmaiflAn r winfiu 0.96, 0.14 AmNa1AL Tu
d1ua89 pH SdutlsrAnsanduiunauiu AP,
Ca-P, Fe-P ﬁ P <0.77, P <0.00, P <0.37 TpeAn
r Ny -0.05, -0.88,-0.17 ANNAIAL LUAIUTAY
P-solution R&NUseAnIandnRussLaniU AP,
Fe-P, pH #i P <0.00, P <0.03, P <0.00 TagifiAn r

s
=<

WinfU 0.52, 0.40,0.72 ANNAAU warHAn1ls2@ng
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Winffy -0.80 ludauwes P-Red Hdnilszdnian
AuWusnauiu Al-P, Fe-P, pH, P-solution ip
<0.00 TpafiAn r winfiu -0.61, -0.52, -0.63, -0.85
FANAAU LazWUAN TN s Anpanduiugnneuan
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finnslasuuilasreseaniiaunaeataalann
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‘lmzijﬁﬁugﬂﬁﬂﬁﬂmmﬁuLW”N Aemsulaey
71124 Fe (Ill) wazudlu Fe (1) (Khald et al., 1977)
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Table 2 Correlation coefficients of phosphorus fractions with alternate wetting and drying

P-fraction Al-P Ca-P Fe-P pH
P-solution
Ca-P r -0.01
p-value 0.93
Fe-P r 0.96 0.14
p-value 0.00 0.46
pH r -0.05 -0.88 -0.17
p-value 0.77 0.00 0.37
P-solution r 0.52 -0.80 0.40 0.72
p-value 0.00 0.00 0.03 0.00
P-Red r -0.61 0.68 -0.52 -0.63 -0.85
p-value 0.00 0.00 0.00 0.00 0.00

Note: P-Solution = Phosphorus in solution, Al-P = Aluminum phosphate, Fe-P = Ferric phosphate, P-Red =

Reductant soluble phosphate, Ca-P = Calcium phosphate
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AN Table 3 ANNANAUTILNING pH FID
P-fractions wudnlugau P-solution tiiae pH 4N
w1 Bunns P ludauaes P-solution asiavduiug
YNIAMNATA Ae e pH i Bunas P-solution
fazifiuny SAuUsyAndanduiusidauand
P <0.00 TaeifiAn r winriy 0.39 AanudNRusTzudNg
pH Fa Al-P wudnile pH st 1Bunos AP lufiv
aziiAngetu fduysrAndauduiugidoand
P < 0.57 TnaifiAn r winfu 0.06 AMNANNUS
35WIN pH e Fe-P wudn iile pH Lﬁuqq%u Fe-P
azanad SRNLseAnavduTLEiFaUd P < 0.03
TneidiAn r i -0.23 a19azans Al-P, Fe-P azgn
AILANIAE pH 2RIAULATNUINUTHIURNIATANE
Waawmaag Al-P, Fe-P azazanaannui lulsumn
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ﬁ@mﬁlfa pH HA1nALALS 6 (Stumm and Morgan,
1970) Tudau P-Red WuWAEARL Fe-P wudniile
pH Lﬁu@;\‘i Y3u1nu P-Red avAananad §
FutlsyAvSavdiugiZaaud P < 0.01 Tnadldn r
WiNAL -0.27 ANNANANUEIZYING A1 pH #ia Ca-P
wudn iile pH LWNQQ%H 131104 Ca-P azanad &
sz AvisandniugiBaausi P < 0.00 Tnadldn r
WiNAL -0.48 (Table 2) AnITiAUNIATAN pH Viqq%u
wazAusneil pH lanas Snalinagaewnslamu
suaiinanflulssleniies p wAne (2550)
nanadn P lugiaas A-P TUAWAT pH f1 uaz P lu
71184 Ca-P TuAuAT pH ‘17'1|§<1 nsfien pH Tudn
Fugadu AP azazanzeanuliRIu uazn7An
4189 pH ¥ Ca-P azanemenunldaTy vinls
Tdeamaiidulsslam s

Table 3 Correlation coefficients of phosphorus fractions with pH.
P-fraction pH
r p-value
P-solution 0.39 0.00
Al-P 0.06 0.57
Fe-P -0.23 0.03
P-Red -0.27 0.01
Ca-P -0.48 0.00

Note: P-Solution = Phosphorus in solution, Al-P = Alumi

Reductant soluble phosphate, Ca-P = Calcium phospha
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‘]J?‘N’]MQQ“?]IQ@ IumugﬂLmumﬁmmiﬁﬁwudﬁ
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Turfanouiige waznudni WL wu P ludaw AP,

Lazwudn Ca-P aznulitNg0.3 23\1‘71'23@ NARNNANN
ﬁuﬁuﬁi:udwmﬁmmiﬁﬁLLuuLﬂmmﬁ“vLLﬁqm
P-fractions W41 Ca-P fldu1lsyAnaanduiugni
aufyU Al-P, P-solution, P-Red ka2 pH whH
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futlse@nsavdunusniauaniu Fe-P ludau pH
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