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ABSTRACT

Phosphorus (P) is an essential nutrient required for plant structure and
growth. Especially in rice, P plays an important characteristic roles for root increasing,
root length and root branching. However, P is often fixed by soil particles becomes
unavailable forms for plant use. In acidic soil, P is fixed by Al and Fe, while in alkaline
soil, it is fixed by Ca. Furthermore, the problem can always be observed in high planting
areas which effect a decreasing in plant growth and yield loss. The objectives of this
study were to select P uptake efficiency varieties of rice in P available and unavailable
P condition and to investigate growth and yield of rice in different phosphorus
fertilization conditions. One hundred forty seven rice varieties from different original
ecotype systems were planted in available (KH,PO,4 : K-P) and unavailable (Ca;OgP; :
Ca-P) forms of P. The result showed the different response between rice varieties for
K-P and Ca-P. Almost all varieties grown in K-P solution had higher tiller number per
plant, shoot length and shoot dry weight than grown in the Ca-P solution. In contrast,
the decrease in root number and longer root length was shown in the Ca-P solution.
After that, the twenty-two varieties were selected by using correlation coefficient
analysis. The selected varieties were brought to plant in four kinds of available and
unavailable of P (CasOgP, : Ca-P, AlO4P : Al-P, FeO,4P : Fe-P). The result showed that
rices grown in Ca-P form of P had similar growth pattern to rice grown in K-P form. This
indicating that characteristic of quantity of available P being released were increasing
root number and root dry weight. On the other hand, rice grown in Al-P and Fe-P forms

of P displayed an increase in root length compared to rice grown under available P



form, which indicated that most P was still in fixed form resulting in low level of
available P. This study suggested that P that was fixed by Ca could be released more
easily than that of P that was fixed by Al or Fe, which implied that rice grown in alkaline
soil might exhibit milder P deficiency symptoms than rice grown under acidic soil. Then,
the 4 rice varieties were selected to plant in the green house condition. It was found
that, rice growth at both vegetative and reproductive stages was affected by P
availability, in that increasing P availability resulted in increasing growth. In addition,
each rice cultivar processed different growth potential regardless of P levels. Among
the tested varieties, Beukorpae gave the highest yield at the low P which can be

suggested as a suitable for cultivation in low P areas.

Keyword : Rice, Phosphorus, Growth



AnANssuUsZNIA

Inerdinusaduidnsaldfnunianves fiemaniansd asiunsun Suage
91915873 mAN Remans1anse a3 dvejana dmnd waren913d as.gmana o1aunden
p1sdfiUTnwsn faazianliduuniii nseaeuudludounniesiieg aunuidedseqans
fAforensureunszann o Tenatl

VYU UANM fi9 toeq aniivld anndnnssunsinens uwivendewdld Alrsidde
iU wandsumnudaiusaslimnugiomdslunsifinerdnuslaoiauesn

AuUsloniivasnisduniidelunssll fidevetionssAndmeranmasiomuazansanii
1#1%33n aush msevsy nsdnviuanduidsaliiaven auhliinerdnusaduiddusae

Ingauysaluazussqulmunenngll

Usennsal wasusau



A13UYM151
Undi 1 unih
AnudAvaslym
InQUszasAraInITIY
YBULIRNITANEN
Uselgwiifianainaslasy
Unfl 2 NIRTINBNENT
1. a1vUsznouvseanasd
2. anudulselesivesneanasaluny
3. Jadefimuauanuiiuusslovivomloamislumiu
4. nsvesreanasaluiy

5. NMSPVAUDIIRINTL VAN DENDSA

6. NoaWasanuNISHANTD

7. Yadeinetesiunisgalivieanasavesin

d‘ aaqa o a a o
YN 3 35NSAEUNNTINY
A0UNVAADY

[ aa
QUﬂﬁﬂJLLﬁSlﬁﬂ’]SV]ﬂﬁE}ﬂ




BN ITANI e st e e e e s e es e s s er e er e eree 20
R S 20
T 26
R SO 27
PVTHAUTBUE .o 29
T I U oo 29
UNTE & HAN TSN DINATITITON oo 30

IS a

a o A v o & a a | Y
Nan1svnaesi 1 Ugndmdendnn 147 areiug Aillszuuiinnanisugniiwansnaiuly
ansazanesmesifineaesa (P) luguiiluusslemd (KH,PO, : K-P) uazliivdu

UTELIUYU (Ca508P 5 1 CA-P)erreeoeeeeeee e eeeeeesee e s e ses s ses e e s e e s ees s ees s eeese 30

nssiulawazAuluduneanasavedtnd 147 aneiug Welgnluansazaiuso
amsnidneanealuguiduusslen (KH,PO, : K-P) inszvimenduyssans
anduiuslagldgnsveuiiesdu (Pearson’s Correlation Coefficient)............. 32

nssiulauazANulduneanasavedtnd 147 aneiug Welanluansazaiuso
amsiniieaesaluguinladidudsslon (Ca;0qP, : Ca-P) B 1evivan

duuseansanduiuslaglignsveaiiesdu (Pearson’s Correlation Coefficient)

................................................................................................................................. 34
nssiulawazAultuneanasavestnils Welanluasazanesinemsnd

woanesaluguiduuszlon (KHPO, : K-P) inszvimerduussans

anduniuslagldgnsveuiiesdu (Pearson’s Correlation Coefficient)............. 36

nssiulawazauluduneanasavetls Wevanluaisazanesinemsni
Woanesa (P) luguitlaiduuszlew (Cas06P, : Ca-P) Biasngivnanduyszdns

awﬁmﬁuﬁﬂﬂﬁqm%%ﬁm‘ﬁu (Pearson’s Correlation Coefficient)............. 38
FDVTAIMANTITNNBDIN L e e e e 43

Nan1sVeaeafl 2 Ugndmdandt 22 aneiiug luansazanesinems 4 3U lnewdugy

Woane3angne3eLInesmAydnn U TRQAUAMIARY ..o a5

DVUIUBIUBRDND oo oo eee e e e e e e e e e s 45



&

PTG oo essssseessee e a7
AU IUT IO U e e eees e e ees s e s e eee s eee s eee s eseseeesseeesseeeerens 49
PITTHBNITIN oo eeee e e e eee e eee s eees e e s e eee s e e s s e eees s ees e ees s ees s ese s eseseeeees 51
PTTHETETEU oo e e s e s e s e s e e e e s e s e ee s ees e ee s eees e 53
e aTe R S 55
T IS U e 57
AT T UNDENOTELURU oo eee s 59
ATHLUUDUNDETDTHLUT NN oo eeee e eees e eeeeeens 61
AQVTOINANTIVINABITE 2 oo 63

HANSNARBIN 3 Ugnnagoun1snauaueddind 4 aeiiug ieusuiliunmsnevauaswialy

WORNDSE (P) TUAATNIUR oo s eses e eee s s 64
P o0 ARG PN VROV . 64
DUUIUAUIDNE 1.veeoeeeeeeeeeeeeeeeees e eeeeeeseeeeeeeessseeessesessessss s sss s eseseeee s eesseesssees 64
PTG o eressssessssse e e 65
PG Yty oo N A . ... 66
ATTHLTETIU oo s s s e ses e ee s ee s ese s ese s eee s e 67
B RO e 68
B RISV e 69
ATTLTUNDENWDTETURU oo 70
ATTLTHTUNDEWDTELUTIN oo 71
VR I ARG (AR FANIA L 2151 A 25 DSOS 72
FEIGUANNDEEAR - oevrreeeerseees e 73
DAUBURUIDAED vveoeeeeeeeeeereeeeeeeeeseeeeeseeeseseeeesseeseeseeeeseeeeeseesssesessseeesseeeseeesseees 73

PTG e ssssesse e 74



PIYTHETITIN oo e s e s e s e e s e se e essennn 75

ATTHLTETIU oo s s e ee s ee s ee s eeese s e s e e s 76

T TR0 e 77
e aITe e 78

AT TUNDENOFTHLURAU oo 79

AT LT UNDENOTHLUTVN oo 80

VR I AR (AR FANIA L 2151 25 Do 81
SEUEMUNIEY 1o oo 82
DUUIUAUFIDAE .o eeeeeeseeseeeeeesseeesesseseseesssseees s eseseeee s eseseesseees 82

B RO e 83

B T IT I e 84

517 RN e ) W — SZACR WG | 86

S R o R W A N . 87
FUUTUBLARGU oo eeeee e seseee e s e eeeseeseseeeseseseeeesseeeeeeseseeenes 88

e o N Y- 89
BABABBIDRAL .ve.eeeeoeeeeeeeeeeeeeeeeseeseeeseseeeseeeeesesesee e ses e ses e eesseees e eseseeseseeseseeeee 90
BQVTOINANTIVINEDIT 3o 92
undi 5 ATUNANITVINRDILAZUBLAUDWUY oo 94
UTTOUMUNTU oot 96
QYA et es e s e e s e eee s e ee s e ee s e s e e eee e eeeseeeeesreens 102



UV MR

15197 1 Wesidudanuaunsalunisaratevesloanesalugusiigeg
M15199 2 WUGLD 147 aneiug

AN5199 3 WUSVD 22 angwus

3 3

M399 4 gRsansara1esIne @ nsulantn Fewinuuaain (Yoshida et al, 1976)....28

sl 5 Anadenisesyiulawarenudidunearedaluduarnvesinaluszuuiing
saq Weugnluansavaneiiweaesalusuidudsslond (KH,PO, : K-P) uaglifu
Uselevtl (Ca;0gP, : Ca-P)

m319 6 Mmaasivlanazaduduneanedavesin 147 aeus Wevgnluasazane
m@;mmﬁﬁﬂ@ﬁﬂ@%’ﬁiugﬂﬁLﬁuﬂiﬂwﬁ (KH,PO, : K-P) Sipsnevimandudsyana

awé’mﬁuﬂmﬂ%’qmmamﬁa%ﬁu (Pearson’s Correlation Coefficient)

M50 7 nsisulanaraudiduneaneTavesind 147 aeug Welanluaisavane

smemsiiinealesaluguinlidudsslen (Ca,06P, : Ca-P) Tiasgivmnanduysedns

awé’mﬁuﬁmaﬁqmmauﬁa%ﬁ’u (Pearson’s Correlation Coefficient)

m3199 8 maasgiilanazamdnduneanesavesinls Wevgnlumsavanssmermsi
ﬁWaaWa%’aiugUﬁLﬁuﬂiﬂmﬁ (KH,PO, : K-P) "3mezﬁmﬁhﬁuﬂizﬁw‘émﬁuﬁuﬁmﬁqm

YaesaU (Pearson’s Correlation Coefficient)

M9 9 Mmaaigidulanazarunduduneaniesaveinly Weugnlumsazanesmermsi
ﬁW@ﬁW@%ﬁIugUﬁhjL‘ld]uﬂiﬂmj‘lf! (Cas0sP, : Ca-P) Iaszsimenduuseansanduiuslagly

qm%ﬁlﬂﬂ%ﬁu (Pearson’s Correlation Coefficient)

M1599 10 A1gedm (Max), A19nan (Min) wazAlade (Mean) ¥eanisiasayiuladig 147

angiug Welgnluansazanesmemsiineanssaluguimdudsslond (KH,PO, : K-P)....41

M57 11 A1gedn (Max), A19nan (Min) uazAlaie (Mean) ¥ean1siasayiauladng 147

aneiug Wevanluansazanesmemsisineanesaluguiliidulsslevil (Ca,04P, : Ca-P)




BN

P3N 12 IWIUFUsENaveIll 22 aenug Welanluaisazaiusiniiineanasa 4 5u

(KH,PO, : K-P, Cas0gP,: Ca-P, AlOP : Al-P e FeO4P : Fe-P) szeztian 4 dUaii......... 46

3197 13 ANagediuvesdn 22 aneug Wedgnlumsazanesiniiivleanesa 4 5u
(KH,PO, : K-P, Cas0gP,: Ca-P, AlOP : Al-P uag FeO,P : Fe-P) syezlian 4 dUavi.......... 48
M99 14 Snnusindesiuvestn 22 aeus Wedgnlumsazanesniiivleanesa 4 5u
(KH,PO, : K-P, CasOgP,: Ca-P, AlOP : Al-P g FeO4P : Fe-P) szeziian 4 §Uaii......... 50
M99 15 ANNEMITINYBITI 22 aneud Wlevgnluasazaesiniiiiieanssa ¢ 5
(KH,PO, : K-P, CasOgP,: Ca-P, AlOP : Al-P ez FeO4P : Fe-P) syeztian 4 dUmdi........ 52
3199 16 anadiealuvesdn 22 aeius Wevgnluasazaesindiiiieanssa 4 5
(KH,PO, : K-P, CasOgP,: Ca-P, AlOP : Al-P llaz FeO4P : Fe-P) szeztian 4 dUaii......... 54
3197 17 dviinusissiuveadn 22 aneiug Wlevgnluasazaesniiieansa 4 5
(KH,PO, : K-P, Cas0gP,: Ca-P, AlOP : Al-P Lag FeO,P : Fe-P) syaziian 4 dUavi.......... 56
5199 18 Ymiinusssinvesdn 22 aneviug Wedgnluasazanesiniidvlearesa 4 5u

(KH,PO, : K-P, CasOgP,: Ca-P, AlOP : Al-P llaz FeO4P : Fe-P) szeiztian 4 §Uaii.......... 58

M1399 19 Anuuduneanasaluiuvestng 22 aeiug Wevanluaisazaiesinidl

Noaweasda 4 U (KH,PO, : K-P, Cas04P; : Ca-P, AlO4P : Al-P Lz FeO4P : Fe-P) sztiztian 4

M1399 20 AnududuneanasalusInuestn 22 g Weugnluansavanesignd

Noaweasa 4 3U (KH,PO, : K-P, Cas04P,: Ca-P, AlO4P : AL-P ez FeO4P : Fe-P) sztziian 4

M139 21 Iuususianavestl 4 aneiug Welgnluauninisldleveanasa 4 szdu fie

0, 30, 60 WAE 120 ATANSL/LS FITEOL 60 T e 65

A5 22 ANNGWIUVRITN 4 aneiiug Weugnlufuninisldadeneanata 4 seau Ae 0,

30, 60, 120 ALANTU/LT TITZHL 60 TU oo 66

M13NN 23 ANENITINVDIUN 4 aneniug Welantuauiniinislddeneanasa 4 sveu e 0,

30, 60, 120 ALANTU/LS TIZUL 60 U oo 67



P399 24 Aulisdlurestn 4 aneug Welgnluauniinslddeneanasa 4 sveu fe 0,

30, 60, 120 ALANTULT TITLHL 60 TU oo 68

M1399 25 dmnuiesuyesinl 4 aneiug wiesdgnluduninisldlevieanesa 4 szdu fie

0, 30, 60, 120 NSU/NFLOY P THZ 60 Tt oo 69

M13NN 26 UmtnuiesInuesdn 4 aneiug Welantuauniinisladeneanasa 4 sudu Ao

0, 30, 60, 120 ATANZTU/LS TTEOL 60 oo 70

M1599 27 anududuneanesalusiuvesinl 4 aewug wesdgnluduninislddevieansa

4 526U 79 0, 30, 60, 120 ATANTUAS FISEOL 60 TU oo 71

M5 28 ANuutuneanealusINvetn 4 aneiug WeugnluauninisldJeneanasa

4 536U A 0, 30, 60, 120 ATANSU/LS FTEOL 60 T oo 72

a a

M1399 29 Usgansamnisldneanesavestn 4 aneviug Welanlusuniinisldde

Woanesa 4 s¢iu Ao 0, 30, 60, 120 AANSU/LS TSLEL 60 T oo 73

15991 30 IIUAUFABNEYRITN 4 aneiiug Wegnluduninslddeneanata 4 szau Ao

0, 30, 60, 120 Alansu/ls ﬁﬁwmmnﬂaqaqm ........................................................................... 74

M5V 31 ANEWUYRITTT 4 aneniug Weugnluauninislddeneanasa 4 sedu As O,

30, 60, 120 ALANFU/IS NTLHZUANNBGIAR. ..o 75

M15NN 32 AINEIITINVBIUN 4 aneniug Welanlufuiniinnslddeneanasa 4 svdu fs 0,

30, 60, 120 ALANFU/LS TTLOTMANNBGIER ..o 76

M5 33 ANUWEIlUTed 4 aneiug Wevgnluduniinisladeveanasa 4 sueu fe 0,

30, 60, 120 ALANFU/IS ATLHLUANNBGIAR. .o 77

M139 34 dmnuiesueesdny 4 aneug Wedgnluauninisldleveanesa 4 szdu fie

0, 30, 60, 120 ALANZU/LS TITLOTUANNOGIEN oo 78

15991 35 Wntinuiesnvestny 4 aneiug WelgnludAuniinisldalevieanesa 4 sueu fe

0, 30, 60, 120 Alansu/ls ﬁizammﬂﬂagaq@ ........................................................................... 79

M50 36 At duneaneasalusiuvesty 4 aewug WelgnluAuninislddeveansa

4 58U Av 0, 30, 60, 120 AlANTU/LT NTLETUANNDGIERN oo 80



M50 37 anududuneanesalusnvestn 4 anenug Welgntufuniinislddeneanasa
4 561U fi9 0, 30, 60, 120 ALANTU/LT NTLULUANNDEAR ocoeevrrrvecrrrrecrrrncererenee 81

a a

M1397 38 Useansamnislineanesavestn 4 aneiug Wevanlufuniinisldde

Weanesa 4 s¥U A 0, 30, 60, 120 ALANTU/LT NTLELUANNBGFIGN oovvcevrcrecreverene 82

P39 39 IuIususanavestl 4 aneiug Welgnluduninsldleveanasa 4 szu fie

0, 30, 60, 120 ATANTU/IS FTEOUUAUT D Yoo 83

M15999 40 Uwilnuviesuyesdnd 4 aneiug wiesdgnluduninisldlevieanesa 4 szdu fie

0, 30, 60, 120 ATANTU/LS ATCHEU UG 84

M5 41 ntnuiesnvestnl 4 aneug WelgnluAuniinisldlevieanasa 4 sueu fe

0, 30, 60, 120 ATANTU/IS FTEOUUAUT D Yoo 85

M137 42 UIUTIWENDVDITN 4 areiug Wevgnluauninislddeeanesa 4 sedu Ao

0, 30, 60, 120 ATANTU/LS TTCOEU U Y e 86

A5 43 AINENITIVBIUT 4 aneiiug Welanluauninslddeneanasa 4 seeu fe 0,

30, 60, 120 AANTU/LS ATEOE UG oo 87

F15199 44 FIUNEARRDTIETI 4 anefleugnluduniinislddevieaniosa 4 szdu fe

0, 30, 60, 120 ATANTU/LS ATCHEU U e 88

F15199 45 uNEnaUReTIvesi) 4 aeiug WeugnluAuniinisldlevieanesa 4

526U A9 0, 30, 60, 120 ALANSU/LS ATEULUAURYD covreeoeeeoeeeeeeeoeeeeoeeeoeeeeeeeeeoeeeee 89

3197 46 Wmiin 100 Wwan veeil 4 aeiiug WevgntuAundinisldaleveanesa 4 seau

A9 0, 30, 60, 120 ATANTU/LS TSLOEUURDY oo 90

M13NN 47 HanFnsieAuuest 4 aneug Wevgnluauiiinslddeneanasa 4 sudu fv 0,

30, 60, 120 AANTU/LS ATEOEUUTDY e 91



unil 1
unii
ANudAyvaslgym
szuufinlumstgninileaeiluivareuuy Suunlfidudnals draunau rmindn
wazdntuth @inideuasiannd, 2559) msUgndnlsifumsugniiuansananmdy
#io \fumsugnuuiineuuarlifhihdsluiufinnegugn (@synsulnedmniuieney @i 3,
2520) msvgninlssindszautlamluieswesiurinnugauanysaliviinusineimsm
Hosnsmpnsiidnidaymilunisugndnals de searlata (P) dnfiugnluaniwindasinll
wudy veaefaileglufutidsanusaazanstheglusui@uusslovilifivgaldléine u
dnlsidudniugaluanmlifirdaeanstaegluguiilifuussloniniefingaldlddos

wazlufuilddanudn 80 % vesleneanesanldasdlunuluveanesanlimdoudouaslyl

o

Juusslevidefinnsizgnandu anasnaunseivdeusuluiludunidas (Schachtman et

a & & A ¥ O PN v a = =t a 14
al,, 1998) dnaanmiunugndnlsdniunaatu Audauianugauauysalduialaain

NALANNY NWLBIMNNTBEAI e mIVsoUSInaeanesalitey uenaniingau

q

MLleAUNTAMULANANAUTINAINITAaraBUNTE TN NWANAAULNARBEA N pH VB

Inglanziunasnvgndnlsdnuszaulagmaunsa luanimdunsa Fe uag Al azatgeenyn
warduiurleanesavilivleanesaogluguildiduusleond Tuvaeiingiuilafuiidusiu

Arenseuyu Audndl pH g9 Wearasagnaseaie Ca ladrevinlianududssloyiives

Q. (% 6 v (%

Woanesaanasdeusuaneanesaluudiulugtuiianuduiusivusuiudunising

q

¥
= 1 a

(Williams, 1975) Turag@iRuiiAatulmiviunameanstalufuiuegfuengueanininiu
Fefudlefuiiongfiuntuuimameanasdluuiinanas vadesannisdesaasvesingdu
filinduiiinoanadageiufe apatites ilefinisaasuazdanUdosloanasasaniion
azanweglumsazanefudsdrunilgnuzinagadsluyliauamiugauauysal
nsvianeanesaluiudulgmwdnd miunislinananvesdna (Aluwihare et al,,
2016) Ingloanesaflunumddgseiiy Ao 1usimermsndndifiudosnsluuiunamin
(Marschner, 2012) wagiinudndusonisiasuyivinvesiiv (ugue wazAndan, 2557)
WeanasaluosAuse noud AU LraINa U (Adenosine triphosphate: ATP) sl
Tassadrsddyresdiusing luwaduaniodefis mafivanuemsnsudnisdiusiuu

FINAOAULATNITUANLIUITINANINTY (Owen, 2006) tTudusdteslszansnamlunisgnald

Woanesa weanefaniluuselovisenivegluzu H,PO, uaz HPO,» Taeitusiaanseanesd



0.3-0.5 % Tnedminuraiielinnsesyiulnlussesfmunin (vegetative stage) Wuly
muUnAuazSinamloanesafiisamedonaasyiiulnvesdniisefuadngd 10-17 ppm.
(@SR, 2552) mniiwvianeaneda sanased sduwasELNSY wannetioy (Dobermann
and Fairhurst, 2000) Adgvesiinuasuiuaidendy fdonduunuiniy Tludninauas

wedndug dnnuiluldswdudiaieswinnsazaudinadadusinszdulininnis

L2

Fuasrzsiwaulnlogdululu (Havlin et al,, 2005) maian1svianeanasaluddnalngny

Wiydsveranundi e1atludssuna 1 dlavinseuinnintuuaslunsaiivianeanesalu

Y

FEAUTULTY T13919lleennen wandu lufin1sasieiiveudn nandnsisiuivudnd
AN (Barry and Miller, 1989)

dufulsemalnediiuginiiianuainaisfonsdiussuuindumameugn

9
¥

AravanenanvendoRusiiudedasenzdnuuiuiigduiiuiinamiiovesUssmed

o [ ' = X Aa v Y] v &
llﬂL‘LJL!ﬂ']TUﬁﬂLLU‘Uﬁﬂ']WVLE i’JllﬁNﬂ']Wll‘lﬁa’]ﬂ‘lﬁaWF.IGUENW‘UVIWU’ﬁﬂSIJT]V]’JUigLVIﬁ ANUU

[

F’YJ’1llﬂ’]Nﬂ’iﬂeﬂaﬂwuﬁ“lﬂ?%ﬂ?@ﬂiﬂﬂiUG]')‘Vﬁ’e]llﬂﬁlﬂ‘Vlﬁ?ﬂ?iﬂ@ﬁli@ﬂiﬂﬁﬂ’w\lﬁﬁ%@ﬁﬁ AnAIU

b‘dd

munduvselevivessinermslufu Inoanzreanefafidunnsafiunagonafiiugi

]

anwagAnulusuvaanisiinalnideasunisgaliveanesalufugedenatinnuuwnnsineiu

aunaln 1w Auatusalunisadirmseimurssuvusnlvdanuaansalunisgam

WoaleSaluAunnduiseravilalnenisinreeainuenasinienisgavineaneSaneg g

Y

v W

aaﬂiﬂmﬂﬁnmiwﬂLamLaﬁzyaguiﬁam'ﬁa%ﬁﬁmwswmﬁu%uLﬁaLﬁumsLﬁuﬁuﬁﬁmma
(Root surface) fiuleantefalufiuifingu uonanidsdinsaamusnideifiuiuiiialunmage
yoalefaluiulfunnTudsnsvaassiazgnansuileviusiisulusnuugdinann i
aruduiusiunsgaldsgemsluguiildidulsslowdldinniuniolifensinuduiunis
AnwslusziulsaZeusasos fiRmaitelildtoyafinsounnuuasdniauiu

(%
LYY (v [y

sy A v ) Yy 1 a a O = A
WQUUﬂqiwwquUﬁeﬂqﬁwﬁ’]ll'ﬁﬂ@@IELGUWEJﬁ‘l/\l@ﬁﬁ‘l@@UWQMUﬁgﬁV}ﬁﬂWWUU"\NNﬁﬁqm

q
o & 1 a nﬂ' v §w ' 1 a a a & Aav
Fudusgnds Wesniugananaunsatigiiunandalalasianizlunisudnluiuiild
WMHEALLAENUNNLATUNANTENUAINATIUABUKURIYREn N T 9N/ UBNAINTY1IT
aunsagaldeanedalafaunsatisanladunisndn (vIedenoanasa) Fauenatnaunse

PreinuasnIanduUNSHARLEY Sitieinunsnsannsitaninsldde iiluaganansadie
daadunszurunsnand1ndundddeilituginilidnenmigelineanesagmsofugadl
Auannsatunisidsureaneddlufunonveglugunliidudsslevdlidulsslovivazgn

1l dunisannisldleneanesadmsununsnsladnee



UIZHIAVINITINY
1. Wiedmidonarefusinafdauaiunsalunisgaldvoanesalusuuuuiidy
Usgloviwagliluuselov
2. \ilovnaounanAnLazN1IoUALBYRIT R s Uvesaleaviealunszanadiy
neldanmlsasou
YBULIANTANEN
1. fugivessruuiinadnls Snwain nidnuegdnntuh anuvawingg lu
Usemelng 91u3u 147 angiug
2. AnwnszedundvesinlneUgnluasaraissinemsdsiauuasan Yoshida et
al. (1976) melaaninlsusou
3. Ainwisvermaiuifsvesimlnelgnlunszansiuneldanmlsaeu
Uszlewiiinainezldsu
1. IffusimanzausdemsimnzUgnluanmauiidnoanaasii
2. gunsaansunulunngs (aanislddeneanasa) samradunisduadunisude
P1MUUBUNIE

3. ianandnt I lulUadmnzUgnidanmlidmsngay



unil 2
N13RMIAILDNET

1. arsUsznauvasnaanasa

weavo¥alupuiousionua Unngoglusuresessinveannuionaniiuuasnain
nsmoodlvloans3na (H,PO,) ousau Weawslufuulseenldiu 2 nqulviaje Ae Buwsy
WeaafuaduvIdvoawln TuAuialiveamaniassdiuineiu wandunidoaing
unliufifnnvdedesmuiinuuedunisTagluiu fufuludufuaedaiunidreans
tosuarinnlufuduuu nuanmslesigituitily wuihduuuiiuniswoamaogsen g
0.3-95 % vewloawnsmualuiu uilufuildlumswanssudedunsdveannunnii 90
% veaeawlnludy Gudn 1 wes) (Aa1sdn1Adgugianen, 2548)

1.1 Woawndunsd

Woamlndunsslufuusynaudeaisuszneunansaiin lnswdsudmuing nucleic
acid 2 % phospholipid 1 % wag inositol phosphate 35 % @1udn 68 % VosPUNIHDELNA
faldaansaduunaiininduasuszneula (Panarsdaimiviugiinel, 2548)

1.2 Wodwnoiunid

Woamnedunidlufuinananiiulossunsamaluaisavarsfunazmanindu
miﬂizﬂaw'%aLLéﬁLﬂuﬁumLLSﬁaaﬁuﬁu ansiduvesudwesoamslufufunnuieanauus
panlallu 3 wanluge Ao

1.2.1 wanus (mineral form) Iuﬁuﬁﬁqﬁﬂuuéﬂgugﬁ (primary mineral)

VYDIAU 19U flurapatite, 3Cas(PO,),.CaF, aw Chlorapatite, 3Cas(POy),.CaCl, %aagiuﬁué’ﬂﬁ
uazusyAeni (secondary mineral) dsfiinnunemsizlossuroamnioshlunsviugazen

170 ALV bALA

us gasiall

carbonate apatite 3Cas(POy),.CaCO;

oxy apatite 3Cas(POy),.Ca0

hydroxy apatite 3Cas(PO,),.Ca(OH),

strengite FePO,4.2H,0 (ferric phosphate)
vivianite Fes(PO,),.8H,0 (ferrous phosphate)
variscite AlPO,4.2H,0O

barrandite (AL.LFe)PO,.2H,0



us gasiall

wavellite Alg(OH)5(PO,),.5H,0

taranakite KsAlsHg(POy4)g.18H,0

crandallite CaAl;(PO,),(OH),

gorceixite BaAl3(POg),(OH)s.H,O

fluorencite CaAl;(PO,),(OH),

dicalcium phosphate CaHPO,, CaHPO,.2H,0

monocalcium phosphate Ca(H,POy),

salts of K NH,4 such as (K,NHa(ALFe);Hg(PO,)s.6H,0

occluded phosphate Fe,(OH)sPOy in solid solution with FeO(OH)

[ 1 ! d’jQ PN |§_J; a (% a v o
wshslwanilfinannisiusaadugialilossuneansluansazarefuuaiii
Uifseniuupalesswsiingg wu Ca™, Fe'? Fe™, AL, NH ', K" uay Mg iniluansusznou
Tuguusnneg wivziluansuszneusinlagausninuuiniosuaen1suie (weathering) vo4us

wlinf199 sflanarUsunuvsswanlossularueulooou audunsaduasuesiulay

=

v oA | =7 & T A ] i = a o
an1nnaenaue 1 TufuAnlnidniininusuaadeuneamauinndy 80 % uazilozrgiuy
Woawln widnweamaiiesdndoswihiunislufuiinisyiannuaziduiaiuiy wu fuves

811183 occluded phosphate 11031 60 % aygiltiunaais wianweaau1nnIn 20 %

a a v a

A ' = = | a a g v O o
wazineuldiuna@yuneaiinimdestias TuaundnisyieludTuianming dutdy Aund
Ufnsendue upadeureamnuinnituinveann szgliuveamauway occluded

phosphate waguduaunfuffsondunse Tmdnneamdulsuianinniiuaaideoy

a o

Woawln azafituneanauay occluded phosphate agnslsimuuswoandnauainisaly

Y
14

oV vy v 1 a 1 v 1 a v = 1 o
msarargluinladesunn dluusiiialndazaelafniusifiaununa vieusnillaswaing
luanaadududeuning azatelaginniwindlaseaisluanadte (Au1915901A3%7

Ugiinen, 2548)

1
N+

1.2.2 arsusznaunaamainannislddeadluludu Wetsveavni
azanetl@a Wy Ca(H,PO.),H,0, NHH,PO, wae (NH),HPO, aslulufuiiiiunaiounie
wunii@ougs tiaduarsweaaviindiag fazansiilétiosninfuane 1wy 019
LUﬁauLﬂu dibasic calcium phosphate dehydrate, CaHPO,4.2H,0O VER) MgNH4PO,4.6H,0,
Mg(PO,),.22H,0, Cal(NHg),.H,0 sazarglditionnin Ca(H,POL),H,0 udaUasuluidu octa-

calcium phosphate, CagH,(PO4)s.H,0 Feroudnaadies azatsuilavindniosuwazluiian



onaasuluifu hydroxyl apatite, Ca;o(OH)(POg4)s Wae fluorapatite, CajoF (PO4)s &4
azmamﬂiuﬁqm (AP IUgitanen, 2548)

Aa

willalddeoannazarglaflupuniivanuinuioRuniniun sy
v A [ 13 A 1 IS k4 Ao v a d’g i3
dniadumaneaminiilluanalvguasilasaiandudoutarazaive gy (AnNNTE
AAIYgINe1, 2548)

1.2.3 Adsorbed phosphate logaunaainnfignanduegn1ufIv0

a o ]

hydrous oxide voumanargitiuuasusAumilendaneg (silicate clay) WQaLWmmdﬂﬁgﬂm?a
(fixed) wazennunnisUanlasenaveantuaisazalsiu (Au915EnAIYIUgIINEN, 2548)
2. anuluuszlenivasnaanadalufu
nsneuaussvastsalsyanBamnsgeldsemoaesaazanawmiefiuiu Tusy
Tusgiuteanesaioglufu (Fageria et al, 1988) Inowoanesafioglufiudiulngjoglugy
994 orthophosphate @siiU3anaeglugag 0.02-0.15 % Feusunamleaniesaluivanilvgiu
fauduiusfuiuadunistag (Williams, 1975) TuruedAufitAntulndusuna
wgaWa%’ﬁ&Luﬁuﬁanﬁumqmaqmstﬁmﬁu edudlefuiiongfiunntuuinameanesalufuiin

L o a

anaq sadlesnnsgesaansvesingiufiiafuiiiveansageiu fe apatites iofin1s
aaneuazUanidesmeanadaseninevavansegluasasasiudsdiunisgnuzdrsgapdely
ylfAuraagavanysaiarluAuiladenuin 80 % vesievoanlaadldadlufiudy
woanlosanliindoudonarliifuuslonidefivnszgneadu annzneunieidsusuly
JuBunidans (Schachtman et al., 1998) Ingdulngjaglugdveundn (I) Woamnuaz

avativuoas wadlodnisvain widn (1) Weawaansadlinateduman (1) Woawe T

) b
avareinldine diussglduneanazarelddduile pH Augeludedugniids
(Ponnamperuma, 1972; Patrick and Reddy, 1978) uaﬂmﬂﬁ?ﬂuauﬁﬂumﬂ Noanasaaiu
Tugegluguvesnanidouloan weanefasuilararsldfduilofuagluanininds su
losarnnisanasves pH anelddninavesniueulaoenlesiiiugy (Ponnamperuma,
1972)

maAsuulamaaiivariueivesiulasanzilefuegluanmihdsiinadeanu
Huusslovivesloanodalurig 1-2 ouusnvdaanmsaihdemeanadaogluzy HPO,
uay HPO, fifiwanunsagaldléine wdsniuunuazananiosninfisemnaznouty
winuazuavleseudus defud pH Indifunan Srmmaiivlunaranasvesloaeatiin
Juogfuandivostuusarin Tasimeegnedsammdunsndusig Uhinuduvistaguas

wianludu (Ponnamperuma, 1972) laAnwiarsndulselosivssnoanasalunusinmie



nFsnifinsdad woienudulsdomiuagmaaraeiildvomeanasatuniianluiu
niunandsaniuiinamand dulufunseidunsauagiivand ieavledaazanels
Uhunans msazaevesrleanesamiigaluiumiefiflanmiunsauazindngs
3. dadeiinuauanuliulslsvivesiaaminlufy
3.1 viavesaTNadINA

3.1.1 Solution P \Ju P flazareluansazatsiu (soil solution) luguves
H,PO, way HPOZ Ssanunsaifuuselovinefialaviug

3.1.2 Labile P \{ungu P figngaduvieinizBauuiiieyninfu (adsorbed

=2 1

P) Labile P §asaudisdruililudunietnglufu (soil organic matter) wag P fiogluivad
AUNIENIAEaefTEusaLdn P Iituansazanefulaviui

3.1.3 Non-labile P tYunguvleainfliiazaisu (insoluble phosphate)
Feogludiuveniugugidazlanuaes P ludnsindwn Tudiuvas non-labile P 48

=< a a 6 (% g d' I a a o s a a6 oAl (Y
suiaBunsdneanssa (organic P) Nogludunisinguazlugadaiunidnguiiaaieien
wazdaliaalafinig (853550, 2551)
3.2 Unsennu

msavareldveananeannuazasgiiiuneannsiuiu hydrous oxide vosmén

'
£ )

wazargiliy WelinswdsuuUamnuujisendu awnsaasuiemeaunis fadl
AL (H,PO,); + 30H = Al (OH); + 3H,PO*

Wewiy pH wiatfinanudunslu wdneannseovaldunodina @150

Y

UanUdeglosaurleaiineeningdaisazarefula TuvzNvannseazalvudinsanimduans

Y

'
=) a

nldazanglugUlansonlus (hydroxide) wazlunsdunau dran pH viseriuaudunsanie
dfileveuoanuniiuluaziinufizeodundu fe manlensenlannieezgiidulansen

Y

lagl vihuAsenduiulessunean diadudnveamnseozglituneanniiasaleeniu

Tunsdlvesduiuwing @uwr) anulunsavesiuiinanas (pH gatw) vilineais
Axa1800nNININDITU A ArensiinAUduAMaEA18N1TIUABUANIEURIENTAN
oxidized form udu reduced form e 910 ferric phosphate \Ju ferrous phosphate &3
~ v Y X 1 ~ A
fualnillosounsamnazaisoonuilaniniu nsazarelavesninuaadounoamn Weiinis
WaguwUasufaseniu wanslanadl

Car(OH),(PO,), + 16H" = 10Ca*" + 2H,0 + 6H,PO,

(hydroxyl apatite)



wanupadeurloainazaneldiutuiionnudunsaiuiy (pH anas) tWs1e3n
loseulalasnuiuwildufifuiulossuneaauazdslunsdiues hydroxyl apatite 9584
azangldfmanzlessulansenda (OH) veuswsiulosoulalasouuasindui Suduasy
nsavanedatuluanmiidunsaiuty

Tnglumandunidweamniflonglufunsaseuisadniies gnedunidiindes

9

@ae (mineralization) TiUulosueawaladiisningasanudunsn-nsdus anudunse-

a o 1 a A

Awesay dslaudinyreviinniosuredlessusssinveaane 1wu Tuaisavaisves

Y
1%

N30 HPO, 22diUnaedwingg fsll fie HsPO,, H,PO,, HPO,Z, PO,” lunsdiiansazaeihiy
nsadanse pH fnan 5 dawluaidu HPOL, HsPO, wazlunsaifiansasaneiuiiumisuin
w30 pH ain31 9 daulugilu HPO,Z, PO, usidluyae pH 5-9 dinliAeell H,PO, uay PO,”

e H,PO,” ey HPO,” ludndiu fannsed 1 (Anna1sdniaisnlgianel, 2548)

A13197 1 Wesidudinnuannsalunisazaneveseanesalugusinge

pH Y09a158zaY Wesdudauannsalunisazansvesneanesalugusiigeg
H,PO, H,PO, HPO,* PO,> + HsPO,
5.0 99.3 0.6 0.1
1.2 50.0 50.0 0.0
9.0 »5 98.4 0.1

111 : ANIENIAIYIUgAINET (2548)

3.3 YSunauvasuanlaaaunieg wazdansusenaumiee ﬁ%auﬁﬂﬁﬁ‘%mﬁu‘laaau
WadLW®
3.3.1 1aaaum§nLLazazgﬁﬁfmﬁazma’Luau lovaunpaialuaisazavfiu
ufRseldenazsInswniu Fe'?, Fe'® uag AL ansUszneuTAnTud LN Nayane
drlgernuariinarilianundulsslevivesieamslufiuandias asusznausieg veandn
uarorgithiiiavaueglufuavanslinanlooou Fe™, Fe™ uay AU® snntuilofudunsndn
Fu uwishanUsunmnisazaneldauile pH maqauqﬁu Fadupudunsadauin n1snss
Woalndanniussinliusunamedlessuneaminluasazarsfuanasnuddu iesain
lovourleamngnildsuliifuasefiuvisreamniiazarsnuintudeiivgaldusslovdld

Woe (A1913En1AIYIUFININEN, 2548)



Y

3.3.2 Hydrous oxides @3 Hydrous oxides aanan axgiitil wusn il
fogfluuiialu Tnsiamzegnedilunnuiouuasadutiu Hydrous oxides vaawdn ovglituuay
wanila aunsngadulossurleamnlduiinasn nsruiumsiiendt polar adsorption
wanNHWIN Hydrous oxides Lwéwﬁﬁqaﬁﬂazﬁwﬂﬁﬁ%mﬁ’ﬂaaauﬂaalﬂ\lmLﬁmLﬂuaﬁﬁ
azagldiondndae Uinameaniignaefae Hydrous oxides veaimdn oxgfity uay
wsmilaanaile pH vasfiugs (AN1R158n1ATYUgIANEN, 2548)

3.3.3 usauwitlen@anm (silicate clay mineral) wsaunilaanin kaolinite,
montmorillonite waz illite a1usanTleaalFlnefusUssianiannsariugisendu
Tooauneawln TnenszuIunIs surface reaction e lesounaainmdunudl hydroxyl
group flagsous Aandnvesusauwmienddinnuazyiujfsefueznenvedozgiitunde
ozmonvouvanieglulassaiisvoansdainn lessurleamnisnareidussdusznauvesusiu
witlenaly (pa1sdninivUgivinen, 2548) faaunis

Al + H,PO; + 2H,0 & 2H* + -A(OH),H,PO,
(silicate crystal) wsweaaTiazanetlden

3.3.4 uAaBeunazuunii@eun15usiun (carbonates of calcium and
magnesium) Auiil pH gadin 81 CaCO; w38 MgCO; azaay wazdl Ca™ uag Mg™ wnely
(Funin calcareous soil) leasureamnvirufisenlafuazsansinu Ca™ uas Mg uazuns
nsdlenaviuFAsenldtu caco, uduindumsueadouniounniifeumeaiiniiozanenily
gnuasigliaunsatlulgusslevidla (aanansdniaivilgitinen, 2548) fsaunis

3Ca™ + 2H,PO, = Cas(PO,), + 4H*
azany lalazvane
3CaC0; + 2H,PO, = Cas(PO,), + 3HCO, + H
azany llavans
3.3.5 NufiRavasansitazUanvdeslassunama d1dunsdvesans

Woawlnfiazarelaenn WevanUdesleosuneaingaisavarefiu drarsdudnuiiun

(oun1avdn) gonazatelan uadndunsdvesarsiiazanglafoguan wu Jegonoains

Y
YVaa =

(super phosphate) n1sdfuNRmIngauyililosounainazatulangsuIsanlsuiu
losaunaamnagarIniinszanUantasseanun it fnsedvansduluiulasiasidu
Y

(AP IUgianen, 2548)
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4. nmsvnsnaanadaluny
wiineamesadusiniiliindeudrelufuudansandoudoldmudiy earesads
annsawdouineaniiedeiiasyfuiiudllduiiedeiiluluazidnasyiivln Avds
mauauawiamﬂaiﬂEJWaaWa%’aéfqLm’izazLLﬁﬂsuaqmiLﬁszaUIm (early growth stage) @u
Tur39999n153UNUS (reproductive stage) Woanesaasiadeuduludinanasiudaveadia
Fodumsuerleanadalutisiissdinansenudenswauiwdn (seed development) kagn1s

Y 1 3

a o = . o vy v o
L3YLEYINANTBVOINY (crop maturity) (9395384, 2551) Milviivaanaangd1 1uIUAN

Y
[ v

nakaziuanaral n15lufivaneg (senescence) uaysrmauisininund Wuannawileiivin
Tinandnan (Barry and Miller, 1989)

o w

gagns (2552) 189U Nenvaneanesatinmsiasunlainddey 2 Usenisee 1)
Tuvensrued én way 2) Swulutdes anmeiwiuluinsveeduiiosnead dodetu
a [ L% U d' -d’lj 4‘ :.’/ a a (%3 6 o go’

R liAsgvenefd dullesunain 1) waaluileletuRidveanasasni was 2) daninwiinuives
510 (root hydraulic conductivity) anas pg19lsAnuuINNsvengvInvesluanasun ue
Usunalusiunazaaslsiadsantisnuiluanatigddntaevinty suialuianauinws
Usunaumaslsiladananauieudntestdwmaliluianuianeanssaluszesusniadendudy

WADASINITEBATIZUAI LA DVUIEAAB LS Taaanad

'
IS a

L9N15:93 UL AUTAAIUNTBAUANAINN LATNANTENUADIINLDY AIUUNTNUI

o

=® a 1 @

NoanesalAdndiusenindluniiafunusin (shoot-root ratio) anasne HIvL1LTU
10w (Phaseolus vulgaris) TildSunleanesaluseiuifisanaiian shoot-root ratio wirffu 5
wiiilevaneanasassindeifion 1.9 Fwmsatudutuaauundi@ouiifiaindu 10 wandly
Whunsueuunii@esdsmaliiminsnanasnn urdumieduanafioadniioowiitu
(Khamis et al., 1990) msmmﬂaaﬂa%’aé’aLﬁumm@ﬁﬁﬂﬁmimzmmaamﬁulmmmm
mmagjﬁimumﬁu dwsuiiiveeanedaivsuamilulawsalusin 27 % 9nd3ua
anunludu luraefiieunadl 15.7 % fromgdnniefiueloano¥adiannsadniald
Tuvazidrumiledungansadyivlauds msvaeaneiavesieundi (Stylosanthes
hamata) Suavilsinisazauneanedalusinunuazdaldsusnarunisdaundoudouain
dhrumilefudniedvilisnaunsasgyduladeluls wgfinssudingts Ao Anunensy
Tumssnwanmnlvdanuaunsamsigewnsfivaueauiisidy (Smith et al, 1990)
5. MsnaUduBIasiviisvIaneaneds
dleftsuaneanesadniinisnevausiogesinig (898915, 2552) la5189ud7 Nl

NsRaUAUIRg IR vIANaNeTa FuMIANITaOATIE (transcription) #30N13&@519
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RNA Ao ntuisinisuudmnsdiaiivasnisaisivnen lneiifngussasdiiiodiuda
ANdansatuNsualmeanasanfunseUsuUTIsEaNEn M sidvieanasanieluie
Hosnfivansansranudeya 2 Uszns Ae 1) antunimweseanetanelufinvieiu 3
USuugauszansnmnistdnmeluiigly 2) anmenundsusuluszauanululsslonives
voamle3alufudauinnganumauaauiaansamzasiinuiinusnanzdinyesaui
Woawesaun (P-rich patches) MsnevauswpIiivnani1suInnoanesadasnesuslalu
4 f1u Ao nsnevausndsluna Fudnuurnisdugiuinet aisinetuazdaadl fail
(Raghothama, 1999; Schachman and Shin, 2007)

5.1 msmauauau%ﬂmaqa (molecular responses)

nsnevausndiluiana ledun nsnszdunsianuvesBuiiniuaunisairsoules]
Wy veawuna teulwilsluianddaiea waznmzvudeeais na1fe 1l efiviuids

@ 1 o = oA

AMznIsvIaNeanesandidyyIuTilanwazaoLiiey (signaling cascades) Lagnainiany
ielddausigg Suiuavnovauaslagnees Aanssuiiuseneudiae 1) nsvinauves
transcription factor wanede dwmiususniiunumnszduliivnovausinanisvin
Woanedd Ae 1UsAU phosphate starvation response 1 (PHR 1) Faflunummileatinig
vheuvesdulungu P starvation induced genes way 2) fadveemilsifiunuivluidnig
aloudeyeyras (signal transduction pathways) Tuils @@ phospholipase D (PLD) Fatae
nszdulvigRivarlearesadinsiaunsn venaniiflefivuarleanssa aruiduduresle

=~ a

Wleduluiivanasiaznisiigesluuisstiaiiindoudulidlutovas dunumndaegynvinld

[
a

N13USULlABUTEUUNISIARDUE18E1991115TUNY TuluINI9NLDeMDN1TLATYVOI3N
wanNUGAE transcription factor 8u9 NHunumMNd Ay lunanduwvaitigninileadlv
AUANNITEs1s 1) TUshu Feimiidunnsdmnsuvvudaeaminloosy waz 2) touley

a 6

7199 karNINBUNIE TINTImUANNSAs UL UAUFUgIUaNYMY a35INewaTIAll
[ v ado v a ! ) ! a (% A a a
n1sUSudnddgydnegranisvessiniignuiavieanesa fe nisiiulusiunine
dwiuganeaiinlossu (Pi transporter) luitie iiganedwiunisgasintianau deazae
LPuNTUINAINTINVDIIIN FINBNNTEAIAIUNTINAALA lUTeTeIza199 IneUnAlushu
wivigdmuneauinloseull 3 wdgey Ae PHTL, PHT2 way PHT3 dwisu PHT1 duilunum
dAglunisgareanlorsuatnansazatsiu nundnsiuiiwinanulusn lnsane

asm@'w%nmﬂmaimLﬁaﬂ%mm\laam%’a (Hammond and White, 2008)
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a

5.2 N15ABUANBIRNUANBAENIEUNg1UINET (morphological responses)

nsmovauesludiud ldun nmafiudadiu sindruniedu Insndoudie
asuszneumiuouazalusn snsfuiuiiRonnitenisganleanedaainiu Taeiiy
$1UILUATAINUBIIVBITINUUS LTILFILIULALAINE1IVBIUIIN aF1951nTUR Do B
(proteoid root) Wi nAdaLRas (cluster root)

5.2.1 YUSINUAZIINUYLY AFUNISHNTILILIUTINLALAINEIIVEIVY
sndiarwddyunn esansndivilegluaniizvaeanedaiudszuia 90 % vos
woavlesafigaldunainnisgaresausin uenantuisiiviaveans fadedarudnngu
(fiexibility) Tun1suFuszuusMlAifuan mAudstaemluinleanasamassndiulvggn
woanasaliios uAdsliunaunuiiiveanssagnindiudu (P enriched soil patches) 39
unnuvusnnuazdvusnunduiiasluiinudnd i igeneanasaldunntuds 8o
%

@ d'

msifinauuLtuvessundunagnsididguin 1ilesanndaedia
Rrduiaressinduinouneduuazgarlaaresaldunty duasunsiauvusinlildm
Wwane dhumilefuiedidssylasanisiiadusngsndeelitivusnifivanifumanemi
Tuduresnisimusnuausivuame fail 1) Wisunsitmusnwuuindenluidesy
(indeterminate root development) utdunisdadivessinuuudiinal1uenn
(determinate root development) WEANASUNTRNSIUILVBITINKULA wae 2) 1nLARLu
Tufnvuazdaveeeanlufiameiivuiuiuiafu %ﬂLﬁUiﬁﬂﬁaEéé,uLﬁ@LﬁUHﬁMWWEJ?{W@%aIu
AU

5.2.2 s2nlUsfaven (proteoil root) 1’Jﬁgﬁu (white lupine, Lupinus albus)
Hufielured Proteaceae Wilnagluannzmaneavesaviedoaesdluiododning
ﬁﬂjﬁﬂmauaumimﬂﬂ’sumiwﬂ%ﬂﬁé’ﬂwmzﬁmmﬁdﬁmmia@@V\Iaam%amﬂaulﬁma%u
SensnfifdnvanuiliSonisniufiooss wiesnadanes (cluster root ) dnwazvessn
lUsfenaadl 2 Uszn1s Aedsznisusndsinuvusuanaanuniunszgnadievunyss
(bottlebrush-like cluster rootlets) 1NuILIUARZIINTITUTINMUIMILLAZUSENNSTidDe1N
waniduaTEinIadunidliunnuagiinisiu (exudation) nsafandeenunglsluile
(thizosphere) 3efRusaufinsniiiewfiunisazalsvesansuseneurloaminiiazalsein 1y

a o a6 o o aaa

waai@eunealn wanvoanuazergiiuneas Woazaaudinsadunsdiniujise

£% '
= <~

ALatiu (chelation) fuupaidey wianuazezality sinfivdeganeamnaindulauindu Wi

PAINTABUNIHBNUINI9TEUUIININIAINTSUVeLe Ul N AEIT99 UNITTILATIZINTA
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sun3dlusiniiiudu 1y WoalnduealngianA1suandiaa (phosphoenolpyvate
caeboxylase, PEPC) HnsaTulng (citrate aynthase, CS) waruandlalasiiua (malate
dehydrogenase, MDH) uaﬂmﬂﬁiﬁﬂiﬂiﬁaaaﬁmaahﬁqﬂﬂuaﬂnsm@W@ﬁWa%’aﬁqmmsa
fuasziouluieanmaldinnnisnuniszann 20 wh JageearedannAulfiduty
(Raghothama, 1999; Watt and Evane, 1999; Shane et al.,, 2003; Penaloza et al., 2005)

Solwigfiunaneanesa toulvsdvleaninannsinlusiessd duasigian
wasluilodetuinvesniiy sinuvuazausnlufesss euledwoanunadunumly
nsdanddesveadlessuanaisdunsd audidfaveneuledd Aelaswadimsznoudie
2 i wingninefdwidnluena 72 Alamady aunsngesansusznauduridreainld
vareuda fadesnmlugae pH 4.0-9.0 ilesanueulusifignivesniuonivad 3a
antAnunuligngeslaaeululgaslusiu (proteolytic enzymes) Fa9n3eTinvosteulend
Useunal 2 dUanet (Wasaki et al., 2008)

ANSTUNIABUNTY LTU NTAINENLAZNTATNIN agﬂulﬁzﬂwiszja%aﬁ pH 7.0-7.5
Tusuueulessuniaud 2 uay 3 uazirdeuihwosninanwadivsenalnaluy passive H1y
Feweulosudwenlfunanuazdmsaruldasan maiidosmnaududuveueulessy
ﬁgqaaﬂuLszjaéqqmmﬁﬂﬁﬁﬂémamﬁqaﬂdwmauam%é dlolvigfiuvasloaseasin
novausilagNITTULIankazTWsRENLIINTINTlENd1IudY n1sTuneulessuanszuy
sntufndudefiverguszana 30 Yu Fadutaaiifvliiaunsnlusioossuduayd
senuans et Inesnadamesiamnduiiauseduseulossuianseanuils
mmdﬁ'}ﬂﬁﬁmqﬁaa (Wang et al., 2007)

uonanliigiunds Avduq feglunnzvinunauroanesa sindunse
Su‘w%éaaﬂm'mfmﬂLﬁziuLﬁmﬁusﬁadaﬂmjﬁuﬂim%m%ﬂLLasﬂiﬂmaﬂ LNIEIIN Alfalfa
ansadunsadninldunnniiuniae 20 wh wasdunstusenmeesruiiiisiuauanniu
miniinisldfusloaaduuiagn s1ndseganveaininfusenuinssudiaiiiie
uenantudielinisganeainnlessudulegnsfivssansnndninfiulusiunvedmsy
LLau"Laaauﬁﬂé’ws?fqL“flum'imauauau%ﬂmqa (Raghothama, 1999)

5.3 N1INDUAUDIRUEITINGN (physiological responses)

MsnovaLeIuaITIMe WLy 3 ngu Ao nguusnifunmsuuAanssuiiieades
funoarlealufiz 1y 15501590 annssiueen (eflux) WiuUszanannsly indoudhe
nwadleanndileinlea wdouineneanesassnineTezuaziniuneanasalilusin

nquit 2 Wunseuiunsivasiiululsslevivemloanesalufuwarduasulvgaliuniu
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WU N5TUNIABUNTE TUTnauLazaNsAlan (chelates) maonaunistuteulsineanivasen
MNTINeNE daunguil 3 AensUFulunuedTa wu nmamela MIFuATilaILay LU
a¥uvpIAISUBU (Raghothama, 1999)

nMsUSURiuas I niUsieeediiieiuaudulselevivemenesalufu
shlisngaveaialesauldinniudssd fo Fulusneusesgulusneu Tusianuazdingn
msvesuaulossunvusnglsleifiesiioazarsarsuszneveiiunidweainiiazarsenn
Jutouleineanvauazlnva (phytases) Pnuusnfieazaeneanesaiilussdusenay
Tuanssunsdnineanes dmiuuianuazdimsniutisarareroanedaludunidursdu
wazteliansiignioulesioarimagesldietudenniusnansogarleamnleseulny
Tiwvgludeviuvad

AULANANTENINTINIUTAOREAAUTINGITUAT 2 USen1s Ae sanlushessad 1)
nalnfifivanuduyselovivemeanayalufuegnafiuseansan wag 2) nveidunssa
ameneanlosauaindt (Smith et al., 2003)

5.4 N1SNDUAUDIAUBIRIUTAT (biochemical responses )

nsmouaussfuLaiivesiiviivianeaneda liun 1) nsnszdunisineuues
ulgilissnisdaasiginindunid toulgdweaninanazioulgdlsluiindiea 2) Usu
nszuIunIsNeanasiaty (phosphorelation) waslusiu nsyfulinszuiunisinalaladadu
LUUUNENIE (glycolytic bypass pathway) Liieanduneufildwedinloseunse ATP
ilesaneglunnizviaunauneaniaa Ful ATP 1 1y Fiuanldansuszneulnlswoain
(pyrophosphate, PP) 1Juwnasndasiunawny waz 3) iiufanssuveveuladiidnasld
Woanesauosas 19y lddaluanatazniuanindfiaununsalidinluluunuedgs
(Raghothama, 1999; Vance et al., 2003)
6. Waanasanun1swandng

Woanesaiusinomsusinaia (Macronutrient) Ainulufivdrulvgluusunaes

'
o L2 1 A

Jasunululasiausazlnunadoy (Tisdale and Nelson, 1975) wasianudrdudafiadu

<

LYY

dusuanasesanlulasiau (Brady, 1974) iiasanneanasadussrusenauvesdunseansy
o w a | a aa aa ¢ =% o v

drAguinuienateyide Wi nsadinasn WealWain ATP wazlatoulysl dafsaveslu
NYUIUNITUNIUDATUYRINY Inafivnasnisweanasd 0.3-0.5 Wosidunlagudnntnuis
WelinisiasaiulnlusseyTaunia (vegetative stage) Wulumuunid Wedwuinneanasa
Adevesivdinudsududidondy ddsnduunuinby ludnlnawasura1viindug Shnwuin

Tudswdudisiissnnnsazaniinadududinszgulnianisdansiziweulnlesiiiu
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Tulu (Havlin et al,, 2005) msuaveanesalupududynimdndnsunislinananvesing
(Aluwihare et al., 2016) FaoanoFadusinomisifivdoinisusunasnuasinudndu
oS3 aAulaveiY (ugua wazansnl, 2557) sudaeanesadudiulsznouveansi

Trndsnuluniseiyivlpvesdudn drevliaudnsenaendnmanauunlayeielin

[y

Wwigiuladuanneundu msviaveanesaduladudrdgsiianisiadydulavesiia

o

wuunfgaluAunse (Fageria et al, 1988) s1avleanesagnasaladnglnsouninvesiu

1% ]

Taganizluaundainudunse (pH And1 5.5) uiaswassigneanesalaainawginii
nszandaivilacieg Wy vnifanisuaneanssaludn dnalidniasygdiu maturity 9

a

913t sy 1 dUavimseninnintu lunstifnvianeanssaluseaunguuss 11ie1aly
& | P = a o P 2 ° .

poneen Wanau kifinsaddivenudn nandsasiutaudnaiinanine (Barry and Miller,
1989)
7. Uadeningadasiunispaldneaneaiavastin

Lﬁamﬂwaawa%’aﬁﬁagjgﬂm?ql*ﬂuauﬁqﬁﬂﬁmmL“ﬂWiz‘l%ﬁ%M@ﬁW@%’ﬁﬁ
' 1% o = ~ < s Y o o ¢ v A A P %
AoudeEenIsiinAduYsEleviveslaaneTadesdledsladenineivedlunisgald
WoareSavasiguavnalniienaierteslunisgaldneanesavestn loud Yadunalnuessiu
=1 1 1 6 dl' d' [ a a a 6 1 6" d'
Y 1y nMsvanUassiouleyl n1siAdeuNvetans duguingl nsnduniduasnguaasiuui
aglusiuiiy Jadeiuanimwindeu wu arudunsn-ravesiu sadusznounivesiu 519
911589 81017 U1 Uil wazBuvsedng Ruviduazuuaiity uazladermunisdnnis
wANTIH WU 11379 nslade

7.1 nabnVaIRUNY

) v = 1 = [ I~ [
7.1.1 WUSNTTUVBIAUNY AUUANAIY0INY 198U Snwae vuia

1 ) a

U519619°) vesiivgnatuanlaeduiioguulasiulanwazdududiivuadifiviy Jvun

CaN

sUuazdnvareinisedidls meldanmnndeufuiimunzandsduduidfyianlu
NITNAUASNBEIZAINY) VOINTY

1NMsANET NsadauNuiiiugnssuvesiivanunsathunldiiednyim
fumidsBu (Quantitative trait loci: QTL) MAsdosiunisgaldnoanesa Jewuin QTL 7
Ll AD PUP1 %50 Phosphorus uptakel Fadu quantitative trait loci (QTL) w8491 (Oryza
sativa) sglasluleuil 12 FaRertestunrmaiisrudumuresmsinvesleanefalufu
T9kAg17 (Wissuwa et al., 2002)

7.1.2 m3galdsinemnsvesity 51 msiifiwanunsaldlsoglufiu 2 wan

A agluguvad ion Tu soil solution uazeglusuved adsorbed ions Fagnansnaansenga
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fno1l5 adsorbed ions dunsduiuTiamsonanUdeuld Wolnuaniudeusinerms
agnaneanu1agly soil solution wardnUsznisnistsansgudegluaniniiaunaiuly
59517 Ao a1l adsorbed & ion 1nazgnABuaLTY ion Tu soil solution wazlumis
m3aiudny d1U3uNved adsorbed ion deegay Usuaves ion lu soil solution gnan
gandululmilagouninreansyn lnaiiwgald ion Aeg N195INTUERUN dIMSUNIN cation
tudhsniinlasdaseidlidodldndsnulunisgald (active absorption)
7.2 Jadgneannuiniay

7.2.1 Ui3endu (pH) Weaesaluaisazarefululszyauveinsneslv
weavo3n (H:PO,) JUvessyyauisiifarunuuiuogiu pH vosasaratsiu e pH veq
fiudndt 6.8 sUlBulszleviuaziioguin fe H,PO, dudusuiifivarunsailuldlsde
flgn 7 pH 5574 6.8-7.2 Weanesasglugy HPO” 1nTsiivgalddininguusn mn pH g
ni1 7.2 eamlesaeglugu PO,> iudiulngidsfivgaldldon weaesalududrulngilu
Uselonifigndl pH Uszanm 6.5 7 pH dndnil eanesaduluajgnaedulag Fe/Al oxides
Annsanazneulu AlPO, waz FePO, Wi pH gin31 7 Weanesadnannzneuiu Ca®
Anduusidueadouwasweanesadusssusznou (Ca-P mineral) (Havlin et al., 2005)

7.2.2 Usanaunén szl waadeu wazlessudszauaniufu lufunse
LwﬁﬂLLazazgﬁﬁuﬁazmalé’%v‘fmﬁﬁ%mﬁu H,PO, tintduansusenau hydroxy phosphate
Flalazansth (Havlin et al, 2005) T1897U azqﬁﬁfmﬁmmﬂ%uﬁ (Exchangeable Al) 1Ju
Hadvdrdnlumsgadumeanssa (osa1n 1 mq vesergiithimuanidsuldsediu 100 nfu

anansannaznauiuneaneasalaninds 100 mg P L-1 Tuansazate TuRuaseanesaasiin

'
a

UfAseuLea@ey (Ca®*) uazupaidounisuaiun (CaCo,) tinduasusznau Cas(PO,), 7

liazanein (Brady, 1974) widnansuszneureamnunazsvarunsaludselevineiiale

fiadu wilunsugninunidaguiliuusslovdlfiSafiqaundn fo suansuszneueailn

voundn (Fe-P) Fuduundsddyiilioanosaundng druguarsusenauneainnves
3

argildu (AL-P) Snnulufufaatediunanangiull suaisuseneuneanvesuaaifey
P

(Ca-P) dinwuludiune Bohn et al. (2001) na1331 Wafuuiin1sseuetiesn Weamningn

' v
IS IS v [

n3anazanaznaudy Fe® Wlafln1sdsin arsusznaueainves Fe* asidsuiiu
ansUsznoutloamnues Fe?* Fsazanstnldunnndy

7.2.3 Yiauazusurausauwten vinveswsaiuuterlunuisnswasanis
anduneanosa Auiidus kaolinite Lilsagnaiien Tnnsaoanssalauinninnudisiug

Y

kaolinite na@unu vermiculite (Ramulu et al,, 1967) Tuvnusafelnu Havlin et al. (2005)
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na13791 AundusAumedviia 1:1 19U kaolinite @unsagaduneanasalauinninfunius

Auwmilgavila 2:1 1WW montmorillonite L899MnW3 kaolinite iy OH Tudu Al interlayer

¥
v Y I

wneenunsasaniieuiureanedald usvliadnuunluauninisiaaedigs uenanil

q

s kaolinite §9ilUszNvauRlIvewsildsunlasiunuA1U]Asensu (pH dependent

=

charge) vibvianunsagaduneanesala vy uazaAne (2518) 18911 AundiusAumien

<9

wnninseway 25 dngaduneanesaainasazareldifoununnigly 2 dam daufuiiius
Aumileamninfesar 25 Wanusagaduneanesalivan wifuiinnsdahumieu 30 fu
7.2.4 3unsgdngludu mslddunieTngluaulivivannisaaduneanedale

(Reddy et al., 1980) 118991ANAANATIIAINNTEDYFRIDEITOUNTY LUU NIABUNTIUAY

A

gidaaunsnannisgadureanesalalagluinfiou Fe/Al oxides Yasiudlviinnisgadu

' '
a o o A

Woanedalag Fe/Al oxides (Havlin et al., 2005) Bunseingiudsddyivaelineansss

[y [ [

I3 ¢ A = ! & = a A a = Y a
Judsslevidunfvanndu sgdlsinulunsalvesiuwn nsiindunieingnauiiliiianisge
U a 1

duneanesageanntendeinn1steadiies 2 Ju 1ilesnduniedngiinadieisans

8

\WasuuUase redox potential wazniswusanimvatndn lnevilianududuresnangue

é’mgmt,ﬁ'u%u (Sah and Mikkelsen, 1989)

7.2.5 gaungdl onungfilutadudrdgiivisduaiunsgadunoanesalufu

' '
Y a a [

Sah and Mikkelsen (1989) wuinnieldan niantu funiinisladunieingnaamgigedu

9 Y

nsgadurlealeSagegaiiniindunaenistaliiealindu (Tisdale and Nelson, 1975) na13
7 lngluauluwniouiimsaadurearedalaunniduluwneuguiiiesningamgiiluim

k4 o Ya a A o L3 13 a o a £
iaumﬂwuuﬂimWmlamaaaﬂl%mmmammzagamumL‘wmm

Y

[ a aAAada

31NN13ANYIVDY Kucey et al. (1989) 5189111 AunISidudidInndl

'
aaa a 1 a

unumdraglunsyinliiAnnszuIunsnsenanssunLsnsnasenisiasyiulavesiigunn

o

[

= a a e | a = . .
ign aun3dliauaunsalunisgesaaieiuneann Wwesiluaeslsy) (mycorrhiza fungi)

q

< d' [ %Y ] ! ¥ A [ [ a Yo oA o ¥ 1A
Jusonduegiusiniiguazdigliivgadusianeanesaanduliuiverdulauinningy

91NNN5ANYY Murdoch et al. (1967) WulNnstaiastuaastsenaIuisasieiinve1anlany

Y]

gmmnasiigldinnnimslladenluneslst uenanddiydunidiiianuaansalunms
gouiAuneaL e (Phosphate solubilizing microorganism) Imﬁgauw%émjmﬁmmma%a
ulgiviensndunidurwiaudivanUassoenundesfiuneainafinnaznauluiu nsn
s5unsdivand léun lactic acid, citric acid, ketogluconic acid, malic acid, oxalic acid,

malic acid, tartaric acid a¥ succinic acid w3elugUiuneanneoglugumniuusyleyd
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[
a6t 1 = 1

Qﬁuma‘luﬂauu v Aspergillus, Bacillus, Pseudomonas, Bacteria, Actinomycetes g

o3 Hudu

nMsAnBIves nedailng wazaung (2557) wuin WewuaiiSeid
Uszansninlunisazareneannannduuid11 Lawn Burkhoderia sp. Way Pantoea
dispersa Fadudeiiinsnimeamauutidunay Baelfdnasunisasaivinvesiiilu
Fruaugs Sualy AnuenTnuasi ey Wity gams uaseuy (2553) 89
MnsnadaunisazanenedilnvssiuailisvazatsnoaaLaznuILUALSe Burkhoderia
sp. HUsganTamlumsazareeanuazdmalinisasyidulnvesdnlnaninugwinni
nIsUIBAIUANDY 15 %

7.3 ANUNITIANITLVANTIY

7.3.1 m39auin (Holford and Patrick, 1979) wuinil pH Taq An ¥

ansarleiiuanuuduvewleanesaluasaraneiuldlusserusn ndwntuneaness

aaa

= = v 2 A = = a
ANAILUDIIINYNATINYIUNIATDY clay 13D Al oxides BN ®IBBIANAUNNILIANAZNDUY

Viatld uazasing (2543) s1891u91 wnilvesreanlufiuinduieidestuiaiivasindn
Tngitalduganeldanindrdeusnanneendiaudnnuindnluguedugu (Sah and
Mikkelsen, 1989) 675&mﬁﬂgﬂﬁa’lmmiﬁLﬂiwﬁlﬁimmiaﬁ'ﬂﬁw ammonium oxalate wag
9nn15An Khaild (1977) Ieuanslfdiuisnuduiussenineslsunannaniadaldmess

=

éﬁ’ana’nﬁuﬂ%uwmﬂamﬂmﬁ'gﬂ@m%’umai%mwfﬁa wuindeuTuaumanifiuniniy
WQaLWWQﬂ@m%’ulﬁmﬂsﬁuwﬁmm6] W‘jaﬁma@m%’ummmﬂmﬁmﬁu LLﬁU‘%mmmﬁﬂqvﬁu
ﬂ?iﬁ‘l/\l’e)ﬁl,i/\lGIQﬂ@ﬂﬁUiﬁLﬁmﬁuﬁuLﬁﬂmﬂﬂ’]iLLUiﬁﬂ’]WﬂJ@ﬂﬁ’]iﬂi%ﬂ@U Fe wag Al lugunén
U dusUodngudsiiituiiinganiwilfgeduneaaliuiniy 91nnsAnwives mugua
warAnsan (2557) fan1sugnidninuuilenaquuna wudndusunu P-fractions ludau P-
solution Fe-P uag Ca-P U‘%mmﬁqmdqmﬁmmiﬁmumjﬁq ilosannnsasuguves
wantufiu drusulfduiusues P-fractions AuA pH wudndaudundsniudy narafe
ilo pH gaTiu P-solution way ALP TufuagUungedne

7.3.2 msldde sieanefaluAuiidulselevidofivlddeseglusuves
ouyarasasUszneuiifeniy Woaulnlessu Sefesararsaglutilufu arsusznouves

Weanesaluaudegdusiuiunn widiuluaazareuionn setudulugdndUeymfudd

Y
[

WaaneSaunudivdnansarnisviareanesansizdiulngedlusunliiluysylov

waNINUULITINE99 Tufudnyiugiserduenyaneaaiazaieunls asudeveani

a [

azargurbailioldaclufu Ussua 80-90 % sinvinufasendunssiglufunatedu
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asusznovfiazanethenlaiduustlevidedinld dufunsladeneamnislsimsngniadls
dhfuRumsgilileinugasetusaineg Tudulfiiduuazaisladenoamnuuudy
wiselsedunaulvdnasivlufuuinusnuesity Jeveaminiiegdatusin linesunseun
10 Bnviensladanensiudeanansadestuldlievoaniuiisefunisglufuuas

gaudemnudulsslevisefindiauiuly
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Anwnisiasgiulavestniaelagnimlsaiou u awinigls augaaanssuns

neRs IIngraeudld uaglieseveanesa (P) Navavlusuuazsind1 luviesdifinng

(%
[

Mepulaz el

a

UG ANEZHAANTIUNITNYAT UNTINETeulY

gUnsaluazdsn1maaag

1. Tanuazansieiintdlunimeass

1.1 Wugdnd 147 angniug

1.2 asaldmIunIeNasazanesIne s (31 4)

2. \p3esinn pH (Waterproof pHTestr 30) S Oakton Instruments

3. ipesinmudiealy Chlorophyll meter §u SPAD-502Plus

4. geuauTeu AUY 108 G5 8% Memmert 5u UNB 500

5. \nsestanaiion 4 fuma S Mettler-Toledo u ML 204

6. gunsainsnaaeUgnluansazae

ASn1sAnE

=2 & 1 [ A
NNSANYIULUIDNLUU 3 N1TNAABY AB

=
N1INAABIN 1

N15NAaasN 1 UgnAmdsnd1n 147 a1eWug Nunainszuuilinanisuani
wansefuluaisazatesinensniveanesa (P) lugumdudsslovi
(KH,PO, : K-P) wazliiluusglavil (Ca;0qP, : Ca-P)

s

dl L2 = ¥ v = 1 a L4
n1IMAaail 2 YanAnidendnd 22 a1ewug Ninalnlunisdeasunisaaly
Weoanesa (P) Ngneselimesindsvlianuingauniiasuluaisazaiusig
913

] 1% [ = a
N15MARR9N 3 Ugnnaaaun1sneuaueddld 4 areiug eussiiunis

navauassielereanasa (P) luanmulas

Jannlaendnd 147 argiug (m15199 2) Allsyuvianisugnitunnsneiuly

miazmaﬁmmmsﬁﬁmam%’a (P) Iugﬂﬁﬂuﬂiﬂmﬁ (KH,PO, : K-P) wagluiJuuselomd

(Ca308P2 . Ca—P)
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Juiindeyanisiasyiiulavesdning dUaiv audiseny 1 heuvasdngdgn lng

Juiintoyanisiasyulasuituiuausiens Augewu ANUReIly 91uIusIn AN

0 UNAINLAULALSIN kagmszivioanasa (P) Nazaulufuwaysin

ASIEMUTIUIUANLRRE A NWILNITHD

19 hazIAsigRAtduUseans

anduiusvoIn1Tasiulneeedny 147 aneiug lneldgnsveaiiusdu (Pearson’s

Correlation Coefficient)

s

M13199 2 WugU1 147 angiiug

3

a6y Wugd17 EEANTIRT
1 957171%1197 (PMPC00156) 13
2 AEBI5eY (PMPC96017) 1ls
3 19321 (PMPC96046) 1ls
i TV NI T 113
5 JowayUs (PMPC00008) 1ls
6 128 nas (PMPC00032) 113
7 Ay (PMPC00131) 11313
8 Wdesaee (PMPC00145) 13
9 Tauene (PMPC00073) 13
10 8zl (PMPC02008) Tablb
11 ERRERAIN 17ls
12 angunAy (MSNCO4002) 11313
13 JoUzumuy (MSNC04035) Tablb
14 {oly (MSNC04036) Tablb
15 vhetdu 1 (PMPC02002) 1l
16 wdaz (MSNC05002) 1ls
17 Jonilousay (MSNC05022) Pls
18 Jadziueuaisavaun (MSNC05030) 17ls
19 et uneeau (MSNC05038) 13
20  {UeUsasialfz (MSNC05040) 13
21 Uavleruasien (MSNC06018) 17ls
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a6y Nugd17 szuuiiian
22 dmaeunauties (MSNC06055) 113
23 Jeondlelnwinmanile (MSNC06027) 13
24 gmaueu 113
25 Jeoweld 113
26 Unyee 11313
27 4miilesm 113
28zl 113
29  audd 11313
30 Jenznenueudyd (MSNC06059) s
31 Jenewawmueulyl (MSNCO7005) s
32 Usveaslyaulus (MSNCO7007) 1ls
33 Jedunsaulus (MSNCO7010) 13
3¢ azmwyerhedulu (MHSC08002) 11313
35 9zAnevhedulu (MHSC08003) 11313
36 duredulu (MHSC08004) 13
37 anewudsey (MHSC08012) elb
38 g1iesiA1a1e (MHSC08028) 17ls
39 917879193879 (MHSC08035) 17ls
40 Uewayldng (MHSC08039) 11313
41 GoAnwgln (MHSC08049) Tablb
a2 wzAmum (MHSC08051) 1l
43 penuzvisimun (MHSC08052) 13
aqa  Jenilelnyusld (MHSC08055) elb
45 angywe (MHSC09006) 91313
46 uasyiwe (MHSC09007) 11313
47 g1duee (MHSC09011) 13
48 g1ilesAn (MHSC09016) 13
49  9712uu (MHSC09018) 17ls
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a6y g szuuiiian
50 WUAWAN 113
51 Wi 13
52 1wdans 113
53 Wiienne 113
50 anfeng 113
55 ey 113
56 wVUOUY 113
57 qgu 13
58 P1@UUALLLAY (MHSC10025) s
59 azuwUneunudedud 11313
60  Ueluglaznuowwninany 4173
61  UBmaumz (PMPC0O0155) 1ls
62 U@ (PMPCO0157) 1ls
63 azued (PMPC00047) 1ls
64 aydd GW (PMPC00054) aelb
65  91maes (MSNC04048) 13
66  azued (PMPCO0047) Tablb
67  Uduslwaulas (MSNCO7009) 17ls
68  azuawngUIlna (MHSC08017) 13
69  AzuaNLeli (MHSC08020) 17ls
70 WaEn&whess (MHSC11010) 17ls
71 gy (PMPC96034) 11313
72 uwasiu (PMPCO0004) 1ls
73 Us993g (PMPC00105) Tablb
74 918AuN (PMPC00107) 11313
75 angmuan (PMPC00110) Inls
76 Taa1 (MSNC0O4009) 13
77 Udna (MSNC04015) ekt
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a6y Nugd17 szuuiiian
78 Audd GR (PMPC00054) 11313
79 ludasyielUseau (MSNC06024) 13
80  Udweuimulden 113
81  1@neWloweiians (MHSC08029) 1ls
82 azuslvi (PMPC04010) 1ls
83 audd (PMPC00062) 11313
84 UdyusiIatloy (MSNC05017) 11313
85  fme 13
86  azupuzlilva (MHSC08019) 1ls
87  druwuileae s
88  Tnauaseeny U13l3
89  walanIesy (MHSC11012) inelb
90  Yrmaston (MHSLDC1104) 113
91  weuu1eUIA SKNC04073 41UEIU
92 8w GS.NO.5670 1A
93 PT 21/n%. 25 Y1
94 PT 33/8e Y1UEIU
95 PT 44/n3zuau P1UEIU
96 PT 52/n9. 14/91Wllen Y1
97 PT 66/al0 P1UEIU
98 PT 78/%1148 P1UEIU
99 UIBULNIY RtV
100 2Ina%e NSRC06-015-1-2-1 Y1
101 @3n¥ NSRC06-026-1-18-1 PIIUNEIY
102 9199y GS.NO.10273 U
103 avunaend Y1
104 lsunsu 3 INUEIU
105  PTL87002-3-1-3-3 IIUNEIU
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a6y g szuuiiian
106 PTL87031-4-1 Y1IUNEIY
107 PTL91020-201-2-1 Y1IUNEIY
108 PTL97048-3-1-2-1 1IN
109 vumn GS.NO.15579 YIIUNEI
110 n92A91 9349-1 Y1
111 @nun PTLCO6001-1 I
112 #1lA NSRC06-016-1-8-1 YIIUNEI
113 Uyusiil 1 1IUaI
114 deum 1 P1UEIU
115 No.4 PSL0O0343-CNT-122-2-2-1 1IN
116  No.1 911dn (CNTC04001) Y1
117 No.2 weslluime (CNTC05001) 4NUEIU
118  No.3 tauilouna Frituth
119  No.d 91z Y1
120 No.5 aenagiun Y1
121 No.6 deseeou Y1
122 No.7 Wizt Y1UEIU
123 No.8 Ineuin FTuth
124 No.9 ¥1%ua Y1
125 No.10 %ounin P1UEIU
126 No.11 WINas P1UEIU
127 No.12 91iudes Y1
128 No.13 fiaédn U
129 No.14 9298 I1UEIU
130 No.15 vioudsuns 1IUEIU
131 No.16 ¥Me1nA Y1
132 No.17 #ouuzaunas Y1
133 No.18 natAganan Frituth
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a6y g szuuiiian
1346 No.19 f1adils YTIUNEIU
135 No.20 wouila YU
136 L1A0Wes YU
137 fouum Y1IUNEIU
138 YmUUU 432 Fraduth
139 wa1euUsIRUY3 1t
140 ¥1Imas YTIUNEIU
141  na. 45 Frmidn
142 aysen 1 dradn
143 U573U3 2 draddn
144  RD 47 YIIUNEIU
145  RD 49 YIIUNEIU
146  PSL2 YU
147 Kasalath I17ls

A1SNAAIN 2

UgnAnidend1n 22 aeug (15197 3) Niinalnlunisduasunisaaldneaniesa (P)

gneselimesisriamuingiuiniaauluaisazatesinemisineegluguves KH,PO,:

K-P, Cas04P,: Ca-P, AlOP: AL-P Uae FeO,P: Fe-P

TIMHUNITNAGBILUY 22 x 4 Factorial in RCBD Uade®l 1 Ao Wugu1d (22 iug)

tadeil 2 fie Weane3a 4 5U (eavesaguilidulsslowl: KH,PO,: K-P uazrloavesaguillsl

Wuuselewtl: Caz0gP,: Ca-P, AlO,P: Al-P uag FeO,P: Fe-P)

Tuiindeyanisiasyiulavesdnimng dUav audiseny 1 Wheuvasdngdan lng

Juindayanisiasyirulasuituiuausiens AugewRu ANU@eIlu 91uus1n AN

70 U AINLAIAULALSIN kazesizivieanasa (P) Nazauluduwaysin

AATzndeyaninuulsuTiuvesddnyauznssyiavlanieuseuiisuaiy
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A5199 3 WUST1 22 @enus
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GRIZAY UgU?

e tnas (PMPC00032)

—_

2 Uole (MSNC04036)

3 P31 (PMPC02002)

4 aeUAutey (MSNC06055)
5 U1IaE 1Y

6 Jevilolwauaslsl (MHSC08055)
7 91BIAT (MHSC09016)

8 wWitdha

9 Wi

10 afony

11 PrLAUUNLILTY (MHSC10025)
12 913873 (PMPC00157)

13 U1IAY

14 Udualwaulys (MSNC0O7009)
15 wetaiu (PMPC00004)

16 Usna (MSNC04015)

17 UdyuslSades (MSNC05017)
18 PT 21, nv. 25

19 1103 (PMPC00112)

20 KDML 105

21 Nipponbare

22 Kasalath
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= 1

Ugnvegeun1sneavauadtn 4 aneiug A Javauwd 41iuad ladd wasdualdu 7
TN1INMUITEUUIINAR ilaUseiliunisnevausnedeveanasa (P) luaninuuas wiie
o

Andeniugtiluvgnluiiunniidymiiusnreanesanilufuiunnedeiu Tnguseiduns
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NUNLNTNAGBILUY 4 x 4 Factorial in RCBD Padeil 1 fe Wuddn (4 Wug) Uade
i 2 o Jewleanesa 4 szev (0, 30, 60, 120 ﬁiaﬂ%’m/ls')Imalumﬁﬂmﬁﬁﬂa (0, 0.75,
1,50, 3.00 n¥1/n3¥079) avdfisyey 60 Yu l¥nsganavuin 8 ia sreruAnnogeantly
nsvnewuIn 12 i warssesfudedldnssnnsun 15

tufindeyanisiasquiulnvesinniissey 60 Tu szozuANNDgIEA LavTzaLiUIAL
lngduiindeyanisiasyiaulnaudnuiuaudens ANaIRy ANPeIlu AINE195IN
dhwiinuiaiuuarsn uadlusseniuinfvioyaosdusznaunanin

AnszideyaninuulsusiuvesitanyuznsasyiaulandeuuSeuiiguainy

] ' a v
LLG]ﬂG]’N?J@Qﬂ']LQﬁEJW]ElIUiLLﬂiN R

M19197 4 gasansaranesInemTdmMIuUgnU Fenakuadan (Yoshida et al., 1976)

Nutrient concentration

Reagents
Lmol/L

KNO; 3750
KH,PO4 200
NH4NO; 625
MgSOy, 400
CaS04.2H,0 1500
NaCl 50
MnSQO4.H,O 2
ZnSQO,.7TH,0 2
NiCl,.6H,0 1
CuS0O,.5 H,0O 0.5
HsBOs 25
NaMoO,.H,0O 0.5
Fe-EDTA 50

Adjust pH 6.5 using NaOH 1 N and HCl 1 N
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ATLIALS

Amsrzvineanasa (P) Nazauluduuazsin

g1 o uLTIas T sivnL AL IUAkazEIF gty T T u

L1 71 535°C Wy 8 Talud anduiunazanely 0.1 N HCL waghusansazaneflaganiaty

TATILINIAIULTUTUVINDANDTAAI183T colorimetric assay (molybdovanado-

phosphoric acid method) Tneldipseq spectrophotometer (Murphy and Riley, 1962)
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NANISNAADILAZIANTA

Nan1sMAaesdl 1 Ugndmidantna 147 anewug fiflszuuiitarnisugniluandnaiu
Tuansazanesinemnsiivieawads (P) °1ug‘d17‘iud]uﬂszia‘uﬁ (KH,PO, : K-P) wayliilu
Usslevid (Ca;OgP, : Ca-P)

NnMsUgnAnidentn 147 anesus Munanszuuinansugniiuaneiu Ae 412
13 drwnaau drmindnuasdntui luasaranesgesiidneanealusuiduusslon]
(K-P) uarlsiiudselond (Ca-P) Inslunsnmassilgatiuinlsnszdnladudiniugaly
anwlaifivhds fofuisdanaliifndgminisuasigreansdalussuunisugninlsmesy
woave¥aegluguiiliifuussloviviefiugeldldten winsugniluanimirdadinling
Hagmnsnnsseanlada iesnnvoaesafioglufuthdannsnaraneiiogluguidy
Usglenilvnivnaldladng

MnMImMALedsMsasyAulavesinn duswiududens mnugediu Suausn
ArueTsIn Arandely dwdnuisiuasan sufvieseivoane¥afazanludunassn
wuhdmfiinanszuuinadnls 9auiau draihdnuasdiniub fegnluasazans kP
dwalisuaususions Anugeiu S1uausn dndnuisiusasanuidudurleansalusu &
Anadsganindaiivgnluansazans Ca-P lusaifinnuendsin anudorluuaseandudy
Woane3alusin 41afiugnluaisazats Ca-P dAadegenindniivgnluaisazate K-p

(miwﬁ 5)



A13197 5 Anadenissyiulanaranududureanesaluiuuazsnvesihilussuuineineg devgnluasazaneniveans saluguiniu

Uselewd (KH,PO, : K-P) waglsiiduuselov (CasOgP, : Ca-P)

- . . . L - ANudY v . . AU
szuuiivag/ W ANINGIAUY W AINEIIIIN Uninuieduy Uniinuiiasn
. . o . g ANTgaly . oanadaludu . woanadalusn
Juvasnaanasa AuAanNd  (URAWAT)  9INRRAU  (LYUALNAYT) (n33/na) (n3a/na)
(%) (%)

41ls 91 ﬁ’]ilﬁuﬁ: 5.7+2.2 64.2+8.7 81.8+33.8 28.5+4.2 42.1+3.9 2.1+£1.2 0.2+0.1 0.8+0.4 0.7£0.6

K-P 7.1+2.0 70.4+5.5 101.8+34.3 25.8+2.7 41.9+4.5 29+1.1 0.3+0.1 0.9+0.4 0.2+0.1

Ca-P 4.2+1.3 58.1+6.6 61.8£17.5 31.2+3.6 42.4+3.2 1.3£0.5 0.2+0.1 0.6+0.2 1.2£0.5
4@ 48 maﬁuﬁf 7.4+4.1 64.0+8.8 109.5£42.3 28.1+3.2 42.0+3.3 24+15 0.2+0.1 0.7£0.4 0.8+£0.6

K-P 9.5+4.6 68.7+8.1 141.0+37.2 26.3+2.5 41.2+3.1 35+1.3 0.2+0.1 1.0+0.4 0.4+0.2

Ca-P 5.2+2.0 59.3+6.8 78.0£14.6 29.9+2.7 42.8+3.4 1.3£0.5 0.2+0.1 0.5+0.2 1.3+£0.6
‘iﬁ’l‘ﬁ?gﬂ 3 awﬁu'uf 8.7+4.5 63.2+6.8 114.4+49.4 28.8+4.3 43.2+1.9 3ELRS 0.2+0.1 1.2£0.5 0.9+0.8

K-P 11.3+4.4 67.0+6.8 151.3+40.8 %1 524/ 41.7+0.4 4.7+1.0 0.2+0.0 1.7£0.4 0.2+0.1

Ca-P 6.2+3.3 59.5+5.1 77.5£18.7 30.1+5.8 44.8+1.2 1.6+£0.2 0.1+£0.1 0.8+0.1 1.5+£0.7
%ﬂ’l‘ﬁuﬁ’] 5 ﬁ?ﬂﬁuﬁ: 6.1+2.1 64.5£12.5 89.4+23.1 29.5+3.7 42.8+6.0 1.9+1.4 0.2+0.1 0.6+£0.3 1.0+£0.7

K-P 7.6+1.5 67.4+16.9 107.0£17.6 26.7+1.8 40.9+2.5 29+1.2 0.3+0.1 0.8+0.2 0.4+0.2

Ca-P 4.6+1.2 61.6+6.6 71.7£10.6 32.4+2.6 44.6+8.2 0.9+0.4 0.1£0.0 0.5+0.2 1.6+0.4
33U 6.3£3.1 64.1+8.8 91.8+39.0 28.4+3.8 42.1+3.8 22+13 0.2+0.1 0.8+0.4 0.8+0.6

1¢
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nssyivlauazaududuneaniadavestin 147 anewug waugnluansazaiesig
mmiﬁﬁmawg%’ﬂugﬂﬁLﬂuﬂiﬂwﬁ (KH,PO, : K-P) Siasnevivnanduussansandumius
Iﬂﬂ%’@ﬂ‘ma\uﬁﬂ‘iﬁu (Pearson’s Correlation Coefficient)
dednsziduuszansanduiussesmssyiulanasanudutuneanesavesdn
147 aneus Weugnluansazmesgemsiimeansfalusuiiduusslond (KH,PO, : K-P)
wuinAuduiusseninssuaudusenefutmnutsduiinuiusdslufiamafeatu Qu
B9UN) MU8ANNIISIUILFusenederatan sIiuTu e nuT iy Fsaonndasiu
Arwduiusssvineugeiuiuiadnuisiuianuiusluienafeatu Gudewan)
WULREINU %mmaﬂmmdﬁmmgaﬁudamaﬁiaﬂmﬂu%{maqﬁmﬁﬂLLﬁqﬁu
FrumnuduiussEnines s IndedututhuinukesniiaudunUslufienis
Aoty Audsuan) mngauisiunusndsmaensifisturessminuissn Ssdenados
fumuduiussrnshwinuisduiudminussnfitauiunusufienaiontu (uds
VIN) Wity Fenganuindveinuisdudsasenisifiuturesivenuiesn
WarANUFURUSSEUIIANNT N U aaneSaluAuAuAuTNTUpanesalusn
AnuEuwUsluRamaaednu udsuan) suneanuinanuuduneanssalunudiwananis
fisFuvesmnuidudureanadalusin
Tusaefrudusiusssrinaminuissnsuanududunoansalusin Sanud
wuslufirmnenssfudng (uiBeau) nunennnuintminuiesndananenisanaswasnan

Wutuneanasalusin (w1199 6)



A15197 6 1SS AUlaLasAudITueaneSaved 147 aneiug Welanluasazanesinermsifineanesalugumndulsslon

(KH,PO, : K-P) Aipsievivnandussansanduiusiagldansvoaiiiesdu (Pearson’s Correlation Coefficient)

AU AU
$waudu  Anuge  Swau Anuen enwdes dwidn dudu dwidn dudu
fiana A SINADAY 570 Tu wisey  weawedd  wiesn  weawesa

Tudu Tusn
IUIUAUABND 1
PRGN -0.0086™ 1
UIUTINFADAU 0.6906"  0.1056™ 1
ANYIITIN -0.0801™  -0.0107™  -0.0002"™ 1
ALY -0.0157™  -0.0554"  -0.2092"  -0.0699" 1
drondnuadi 06979 0.2295"  0.6598"  -0.0006™  -0.0913" 1
AMuTNTurlpanesaludy 0.0811™  -0.0046™ -0.4176  -0.0299™  0.1493™  -0.1559™ 1
dhminusesn 04348  0.2182° 0.6438"  -0.0085™  -0.1659" 0.7420° -0.5199 1
Arduduneanesalusin 027357 -0.0892™  -0.0313™  -0.0018™  0.0515™  0.0348™  0.6261° -0.3024 1

fvavlumisna Ae @1 r (Coefficient of correlation)

¢e
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nssyivlauazaududuneaniadavestin 147 anewug waugnluansazaiesig
mmﬁﬁﬁwaaWa%’a'lugUﬁ‘lmeuﬂizIwﬁ (Ca,04P,: Ca-P) SiasnzsinnArduuszans
andunuslneldgnsvaaniesdu (Pearson’s Correlation Coefficient)

dednsziduuszansanduiussesmssyiulanasanudutuneanesavesdn
147 anewud evgnluaisazatesigemnsiimeanefalusuiliiduusslovd (Cas0qP;:
Ca-P) wuinmnuduitussyninssunududenefutmdnuisiuuassiuiudusens fuainy
Wwntueanesalusuinnuduidsluiemaneiiu Qudeuin) vunganuinduiudenans
danasonisiiuiure s ndnuiidunazaududureanodaludy Fsaenndosiv
mmﬁuﬁus‘izmNmmqw’mﬁuﬁwﬁﬂLLﬁﬂé}'uﬁﬁmmﬁuLLUﬂuﬁﬁleﬁmﬁ’u (luidauan)
ety Famnsanuihanugeiudmatennfistumesiminuiiy

ANUAIMUFUNUSTENINIUIUITINABAUNUUIAUNLIAITINTANUAULUT L UN AN

a

Wiy Qudauln) muneanudnsiuiusndawanen st uvesivinutesn lunayd
ANUFLRUTTENINTIUIUIINABAUAUAINNY1ITINTANURULUSTURAansantuty (Luds
AU) NUNYATINIITUIUTINEINARDNITANAIYBIAIINYITIN
Lazauduiusssninsimdnutedutvivdnutesindauiususlufianig
Aot AuiBauan) wneanuidvinuisdudaadenisiivduvesimeinuiesn
AIUAIUFUNUSTENI1IANUTNTUNpaNasal uAuiuAUTNTuNeanesalus1nd
AnuEuwdsluRrmaaednu udsuin) wuneanuinanuudueanssalunudiwananis

WLTUYDIANUIUTUNDEAN DS ALUIIN (BIN5199 7)



A15197 7 siasgiulanasanududureanesavesdnn 147 aneiug Welgnluasazanesinemsiifineanesaluguiilidudsslewd

(Cas0gP; : Ca-P) Bdszvimandulseansanduiusingldgnsvaauiiesdu (Pearson’s Correlation Coefficient)

A A1d
JWIWAY  AUGE W AN ADNLTEN Y LUy Y Ly
fona A SINADAY 51N Tu wisdu  wWeawesa uwkesn  weawesd
Tudu Tusan
IUIUAUABND 1
PRGN 0.0778" 1
PUIUTINADAU 0.5522"  0.2875" 1
AILYIITIN -0.0728™  0.0413™  -0.3219" 1
ANUTEIlU 0.1522"™  0.0728™ 0.0691™  0.1330™ 1
dhondnueu 0.4698"  0.3258"  0.4254"  -0.0459™  0.1133™ 1
AMuTunaanesaluiu 0.2895"  0.0893™ -0.0908™  0.1683"  0.1589™  0.0036" 1
drandnusiasn 0.1542™  0.1883  0.3834°  0.0231™  0.0767™  0.6899  -0.3545 1
Anuntuneanesalusin  0.1147"  0.1121"  0.0590™  -0.0567™  0.0382"  -0.0403"  0.2434"  -0.1269"™ 1

svavlumnsna Ae @1 r (Coefficient of correlation)

G¢
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nmssgiavlauazanududuneanaiavasiinls wleugnluaisazatesineimisis
V\Iaawg%’aiugﬂﬁti‘luﬂﬁﬂwﬁ (KH,PO, : K-P) Atasnzsinnandudssans anduwuslngls
qm‘sﬂla«ﬁﬂ%ﬁu (Pearson’s Correlation Coefficient)
dednsziduuszansanduiussesmssyiulanasanudutuneanesavesdn
15 ledgnluansazarssmemnsiidneanedalusuimduusslovd (KH,PO, : K-P) wud
AuduRUSsEnIes i usenof Ut nusduiinnuiuwd slufiennadioaty (luda
VIn) WneATs LR URe nedsHason ST uve i Uty
FupduTuSsEres L IndedutmtinuisndaaiuudsTufiennadefu
AuLFaU1n) ¥U1BA1LIITIUIUTINAINARDATISIRLT U s T L9510 Tured
ANMUFUNUTTEWINDWIUIINFBAUAUANUINTUNaan oS alus nTAuAuwUsTuAAN1
psenudny (wdau) Bu1eaNINUININAWanaNITanaInNNNTuNaanaSalus
Frupuduiusseninsimilnudedusudminuiesindaudunusiufienig
ety AuBauan) mneanuidwinufsdudaadenisiivduvesimeinuiesn
wazANUFNRUSTEMINIANNT LT aanaSaluRuiuAUINTUN aaneSalus 1T
AnuEuwdsluRrmaaelfu udsuin) suneanuinanuuduneanssalunudiwananis
fisuvesmnududureanadalusin
Tusariinmnuduiussyninshwinuissnfuanududuneans $alusinilaanui
wUsTufiennenssiudng (udsau) mnedsimnuisindsaionisanasmesrinuidudy

Woanesalusin (Ms5197 8)



A15°9% 8 NStz Aulanasautureanesavesdils Wevgnluansaranesmensniineanesalusundudsslew (KH,PO, : K-P)

BasgvAduUsEansanduiusiagldansveauiiesdu (Pearson’s Correlation Coefficient)

AU AU
$iuaudy  evwge  Swau avwenn anaden  dwin dudu dwdn dudu
fone i SINFDAY 30 Tu wisdu  wWeaweda  uwkesn  wWeawesa

Tudu Tusan

PUIUAUADNS 1

GRRHGRLY 0.0770™ 1

WIUTINADAY 0.5699"  0.1531" 1

MUY -0.0852™  -0.0574™  -0.0579™ 1

AMRealy -0.0858™  -0.0524™  -0.2785  -0.0556" 1

drondnusadio 06423 0.1642™ 05536 -0.0629"  -0.1654" 1

AuTuneanesadlusu  -0.0465™  0.0517™ -0.6445"  0.0919™  0.1354™ -0.1972" 1

dhondnuresn 0.4610°  0.1521™ 0.7857 -0.1272™  -0.2566  0.7701° -0.6139"" 1
Anuautuneaneddlusin - 021077 -0.0724™  -0.5972"  0.1881™  0.1254™  -0.2734"  0.6605  -0.5119" 1

fnavlumnsne As AN r (Coefficient of correlation)

LS
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nmssgiavlauazanududuneanaiavastiinls wleugnluaisazatesineimisid
naanasd (P) °Iu;sﬂ17'i‘lsjl,ﬂmhzisrzjﬂ (Ca;04P, : Ca-P) Saszvivnanduusyansanduwus
Iﬂﬂ%’@ﬂ‘ma\uﬁﬂ‘iﬁu (Pearson’s Correlation Coefficient)
dednsziduuszansanduiussesmssyiulanasanudutuneanesavesdn
15 \flevgnluasazanesgemsniveanesalusuiliiduusslond (Ca;0qP,: Ca-P) wui
AuduRugssninssuaudusenatutvdnuiedutass1uiudusienefuautudy
Woanesalunuinuduudsluiianiafendu udsuin) vuneauinduILsuRenoaEINag
fonisiinT e mtnutedusasaududuroanedaludy aenndesfuaauduius
serisaugesutuiminuisiuifiauiusluismadentu Guduan) wudedy
Jemnearirinanugeiudmaensisdurssimnuieiy
FrumnuduiussEnines s InFedut Uit utesniiauiunUslufienig
ey Audeuan) suneanuinsiuiusndwasenisiiuturesiminuesn luvesd
AUFUNUTIENINT I INFDAUNUANNE1ITINTANNRWLUSTuRAN 1R seiutnu Quida
AU) NUYATINIITUIUTINENNARDNITANAIYBIAINYITIN
FrunuEuTLSsE s Lt sduduimdnutasniiaudunyslufianig
et AuBauan) wneanuivinuisdudaadenisiiuduvesimeinuiesn
WaANUFNNUSTEMINIANN NN aanp Sl uRuiuAULINTUN aaneSalus 1T
AnuEuwdsluRrmaaednu udsuin) vuneanuinanuudusanssalunudiwananis

WLTUYDIANUIUTUNDEN DS ALUIIN (BN5199 9)



A13197 9 NMsisyAulakarAududurleanesavestnils Wievgnluasazaresinensifinearesaluguilidudsslon (Ca04P, : Ca-P)

WaswiAmduUsEansavduiusingldgnsveaiiusdu (Pearson’s Correlation Coefficient)

Ad Ad
$iuaudu  Anugs oy Aue avwd@en i dudu dwdn dudu
fona A SINABAY Fah) Tu wisdu  wWeaweda uwkesn  weawesd

Tudu Tusn

IUIUAUABND 1

ANHENAY 0.3345" 1

PUIUTINFADAU 0.4218™  0.4130™ 1

AIUBIITIN 0.1745™  0.0645™  -0.2433 1

ALY 0.2020™  0.2976"  0.0916™  0.0792"™ 1

drondnurad 0.6190°  0.4052"  0.4947  -0.0328™  0.1583™ 1

Aruduneanesalusu 035427 0.1420™  -0.2020™  0.3821°  0.2251°  0.0890™ 1

dhandnusiasn 03722 02469 06709  -0.0879™  0.0748™ 0.6610° -0.3441"" 1
Anuntuneanesalusin  0.0171™  0.1452"  0.0320™  -0.0545™  0.2120°  0.0946™  0.2914"  -0.0027" 1

fnavlumisna Ae A1 r (Coefficient of correlation)

6%
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nduldAnyA1gean (Max), Awgn (Min) uazAiade (Mean) vaamaiasyiuln
¥93417 147 anesiug eUgnluansazaresimermsiitvleaniesa (P) Tuguiiduuszlow
(KH,PO, : K-P) LLangﬁlmﬂuﬂiﬂwﬂ (Cas0gP; : Ca-P) Wudnwuzn1taseyLAvlna1u
Sruaudusions ANugeu Sutusn armensn eudedlu dimdnuisiusessin was
Ansesinoarefafiazanluduuazanuesinim 147 aneiug Sarsnag dviinisine fad
Agaan (Max) wuimaasyivlafieunndnvay d1ivgnluasazarsuidulsslony
(K-P) firgeanvesnsiaiqiivlnuinniidmivgnluansazaeguiliiduusslod (Ca-p)
snfuAuETInLarAnNtLdurleanealusniidnfiugnluaisazans Ca-P fd1gean
unniindivgnluansazas K-

A19NER (Min) WuannsiasaRulanaunansaziusieniu T1nvgnluaisazany

'
a1 o

sUifuszlond (K-P) dardrgavesnmaasyiulnunnnindnivgnluamsazaroguiiliidy
Usglonid (Ca-P) snviurnugadiu armensinuazaudidurleaiesalusniidniiugnly
asazany Ca-P Hergsgaannnidmifivgnluansazans K-

uazAlads (Mean) wuinisasyiulaiieunndnuas tvgnluasazaisgud
Huvselend (k-P) flergegavesmsiadgravlaannniitiivgaluaisazareguitliidu
Usglony (Ca-P) sniiuminuensin ansdolusazaududunieanssalusnidniign

luansarate Ca-P dfasanunnnintninuanluansazate K-P



715199 10 Agagn (Max), Arean (Min) wagAade (Mean) ¥09n1siaseivladn 147 aneiug weslgnluasasangsinemsinineaneFalugy

Fduuszlond (KHPO, : K-P)

AN AN
$iwaufy  avwge  dwau avwenn anuden dawin dudu dwdn dudu
fana A MNEeAY 5N Tu wisiu  WeaWedd  wiesn  weaneda
Tudu Tusn
Max 24.0 88.0 254.0 36.0 59.6 10.1 0.5 2.8 0.9
Min 3.5 38.1 40.0 194 31.0 0.8 0.1 0.1 0.1
Mean 8.0 69.7 115.8 26.0 4a1.6 3.1 0.3 1.0 0.3
SD 3.3 7.0 39.5 2.6 4.0 1.2 0.1 0.4 0.2
CV (%) a1.4 10.1 34.1 10.0 9.6 39.8 36.6 43.0 61.4

v



M19199 11 Agdan (Max), Aenga (Min) wazaady (Mean) ¥aen1siasaivlandn 147 aneus Wedgnluansazangsinemnsiiveanssalugy

FlahBuuselomnd (Ca;0qP, : Ca-P)

R RN
$iuaudu  avwge  dwau avwenn anadea  dawin by dwdn dudu
fana Y SINFDAY 30 lu wisiu  wWeaweda  wiesn  wWeaweda

Tudu Tusn
Max 13.0 75.9 134.0 40.5 5719 2.8 0.3 1.1 3.7
Min 2.3 422 28.0 22.6 20.7 0.3 0.1 0.1 0.2
Mean 4.6 58.6 67.8 30.8 42.6 13 0.2 0.6 1.3
SD 1.7 6.6 18.0 3.4 35 0.5 0.1 0.2 0.5
CV (%) 36.2 11.3 26.6 11.0 8.2 37.8 37.6 32.7 413

4y
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F9150iNaN15MAA8aT 1

MnMImAtedsMsasyAulavesing smudnauiusions Anugedu d1uusn
AruTsIn Arandelu dwdnuisiuassn suiviiesgivoane¥afasanluduassn
wurinimnanssuuinadnls nunan Srmindnuasdntui dagnluasazans k-p
dwmaliuaudusens anugady Swausin dviinufeiuuazanududurleania faludud
Anadugenidnivgnluansazany Ca-P Insdnfivgnluansazats K-P 1ususleariedad
Judseleviuasiivaaldlaine (auiesd, 2552) dawmalidnndduiudiudens Aauaasy
$ruausn dmtinurisiusazanududurearesalususnndunilude Turaefiaaue
50 amnuiderlusazeududurieaiedalusin $1aivgnluansazans Ca-P dAnaduganiy
fniivgnluansazans K-P Bsnnsidndivgnluansazas Ca-P finrmensinunnnindind
Ugnluasazans K-P ilumanevaussvesinudionemeanssa Tnsdsnmafiuiuiiiasniie
nsgavloaiasa LiNADNLBNIVBITINLYLS AWMFUNTHRNTILILIUTINLALAINLENIVB Y
51n3ANEA NN Lﬁaamﬂi’mﬁsz‘ﬁagiuamammwaaWa%Jaﬁ'uUizmzu 90 % U9
woanla¥aiigaldunainnisgavesrusin uenanduiisiivnrleanasasadarudaney
(fiexibility) TumsUsuszuUTNIAIifUan mALTslaeludneanesasdssnadulvggn
Woanesalates Lwi&"J’Qﬁmw%nmﬁﬁwaaWa%’aqmdﬁdau%u (P enriched soil patches) 3
uanuusnnuasdsunmnaduiiesluuinudind i igereanaaldunntuds 8o
% (Raghothama, 1999; Schachman and Shin, 2007) AAAARINUITIIUVDS Owen (2006)
finuinszuusniinismevaussrenisuavleariesasgrstalaulusunisanaswesdiuiusn

! v A a

AafuLarivu1eelinns oueEIeRusinISINANE1IINVRIUIINITNINTY Woey Ty

9

dannriinurianeansda (Gahoonia et al., 1999; Bates and Lynch, 2001; Eticha and
Schenk, 2001) dso1misvianeanedalusniifvinsnevausdaeifiuauensnuazns
LANWYUISINlRLINTY (Fageria et al, 1988; Kirk and Du, 1997; Owen, 2006) 3&nwas
mmmai’]mmzfﬁﬂmuiwmsiaG’Tusuaﬁnﬁﬁumimuaumﬁ%’@Lﬁ]uﬂiwé’ﬂwmzmsw%m@ﬂm
FuBug

Laznsneuaussfidalaudndnvasnilivesnisvinreanssa Ao 41a7ugnly
asazanoguiilifulselov (Ca-P) dawalidndanududunoanosaunnnindniivgnly
asazaneguiiduusslond aonadesiunisnnassues Smith et al. (1990) As1B91uIINIs
wianeanesavesiienudn (Stylosanthes hamata) finavilwiinsasauneanesalusan

1NazgIbASUDNAIUNTITIARBUG18UIINA 1N TeAUDNA2Y F9vilAsINaIN1SD

wigguladaluly waAnssudenan fe anuneienlunisinuianinsinliiauaiuse



a4

151991 INVIALAAUNNALAL WYdN15UTUT Ingannudenisreanesanaglvly

NITUIUNTUATUDATURAE NSRS LAUTR oeas uadslinisiasgaulain nnelaan1ignd

o
1 1 o w 1 [ 1 [

Noanesanlogeag1eannndinalrduseansninnsitweanasananieuny (Duff et al.,

Y

1989; Plaxton and Carswell, 1999)



a5

HaN15NARRL 2 UgnAntdaandnl 22 aneWus luaisazaiesine s 4 3U lag
Juguneanasanignasdlifesndssianuingfunniianu

PNNSUaNANYINITRBUANDIUNTRSYUlALazANUINTuYINeanaTalusy

<

LazIINTesing 22 aneug edgnluansazaresinersiidvloanssasnaiu 4 U Ao
(KH,PO, : K-P, CasOgP, : Ca-P, AlOP : Al-P 1lag FeO4P : Fe-P) w1y 4 dUa1st wu3nnis

RTYAUTAYRITNIAUTIVIUAUABNEG AIUFIAY FIUIUTIN AIINYIITIN A1AINTEILY

Y v

dminudadunarsin anududuneanedaludunazsin fauunnsiiaiiosandnina
vosiugim SviwavesgUlearetanaydrdnatiusswineiusinuassurleanlada fuiolud
UIUAUADND

mswanneaidudnvaenilaildussfiunsasayiviavesin nednildsureanssa
Aflssmesionudeimsiuazamsounnneldnuazimndnunrleanesaonadnalidnng
wannefitesadle ﬁ]ﬂﬂmi‘v]maaaLﬁaﬁmimﬂmwmmmﬂ"mﬁ’uﬁawm%m%wammﬁui%’n
wuinfidafis 15 anevus Ao Nipponbare Kasalath Jenilelneuadld (MHSC08055) 41uns
YBuelwaulus (MSNCO7009) Joly (MSNC04036) T1ataunnuaikay (MHSC10025) Ydgui3
Aoy (MSNC05017) KDML 105 917@7 (PMPC00157) U8ne (MSNC04015) PT 21/A% 25 15

= v

e 1aslnas (PMPC00032) waziasiu (PMPC00004) Wunguiuginiidnuiudunans

3
'
Y a

Wnian drunugietiu 1 (PMPC02002) iuiugnidnuiususenaiesiian lnefidnuiu

s v

UM DNBANAIIINNAUNUTNTI I IUAUABNONUINTIAATS 25-44 % FIUAILLANFINTEBIRIN

]

1 14 I

dvsnavesyuneanesa nuindifivgnluansavaie K-P Jalureanesaniogluguiiiu

Y

Usglgvddamalvitnmnaneiugidnuiudusenauiniian seswmean Ae T1anvanluaisazaiy

P

Ca-P wagdmivantuansazaie ALP kay Fe-P 131uiudumanatosnan tngddtuiuause

Y q
neanasInt1INugnluaisazane K-P 89 82 % way 87 % MINEIAY LATAIIULANAIY
\eanndninasiusenineiuginiwasguneanesa nuldndulngivanluaisazae K-P

& A ¥ +

fnsunnnounnindnfivgnluaisazais Ca-P oniiudng 9 anewug fe d12snTuag
(PMPC00032) #aenin3u 1 (PMPC02002) 4maneuremutios (MSNC06055) $1aanaan w¥
fevine T1uaUUNLLLTY (MHSC10025) 419uas CM 917109 (PMPC00112) wagNipponbare
ﬁﬂgﬂiumiazmﬂ 25U finsusnnedilaiunnsnaniy ﬁau%’nﬁﬂgﬂiumiazma Al-P gy Fe-

P danalitniinisuennatssaz ludanuun N1t unea@sn (915199 12)
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M15991 12 TIusuianeveednd 22 aneiug Welgnluaisazatesinniineanssa 4 U

(KH,PO, : K-P, Cas0gP,: Ca-P, AlO4P : Al-P wag FeO,P : Fe-P) seeiian 4 dUani

Wugda

K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 7.7 4.7 1.3 1.0
Uales (MSNC04036) 8.7 4.3 15 1.0
g3 1 (PMPC02002) 5.8 3.2 1.0 1.0
aeUAImley (MSNCO6055) 6.0 3.8 1.3 1.0
YrIaneY Iy 6.8 3.8 1.3 1.0
Jevilolwaunslsl (MHSC08055) 10.0 4.7 1.3 1.0
P uiBIA (MHSC09016) 7.7 4.0 1.3 1.0
Wit 7.8 4.0 2.0 1.0
Wiiwine 6.7 3.8 1.8 1.0
afens 73 3.7 1.2 1.0
PdUUNLLLTY (MHSC10025) 8.0 4.8 15 1.0
91287 (PMPC00157) 8.2 4.0 1.7 1.0
117UA3 CM 7.5 6.7 1.2 1.0
Yduslwaulus (MSNCO7009) 8.5 4.2 2.0 1.0
WaeAu (PMPC00004) 8.0 4.0 1.7 1.0
Udno (MSNC04015) 8.5 4.2 1.2 1.0
UdyuslSaes (MSNC05017) 8.3 3.7 2.0 1.3
PT 21/n%. 25 8.3 4.5 1.0 1.0
91ua3 (PMPC00112) 6.5 4.0 13 1.0
KDML 105 8.7 4.0 1.2 1.2
Nipponbare 9.3 7.3 2.0 1.2
Kasalath 10.3 6.3 1.0 1.2
F-test Var*** Pforms*** VVarxPforms**
HSD (P<0.05) 1.4 0.4 3.4

X LARDIANLANA1IRE 19T dAMSER AT P<0.001

* LanIfenuLANGNe NHTsdAYNINED AN P<0.01

aad

* LansinnuunnaseeslitudAgnieedan P<0.05

ns (not significant) A LuflaAuwanssetsiideddgmieeia

Var (Varieties) Al Anausnsnailesandviswavesiugin

Pforms (Phosphorus forms) #ie mwmmnsmLﬁanaﬁﬂﬁwﬁwamaqgﬂWaaWa%’a

VarxPforms (VarietiesxPhosphorus forms) fis A3uuAneA1aLle391n8vEnasuseniniuginuas surloaneda



ar

GRQHEGRAT
Sofinnsaneuansstuiilesaindvdnaveniuging wuinidnts 11 aevus feo
Udualwaulys (MSNCO7009) Udne (MSNCO4015) Jale (MSNC04036) 1@ (PMPC00157)

S a

#1uns wasiu (PMPC00004) Tevilolnyuadls (MHSCO8055) KDML 105 wfiavse Udgusl

3atey (MSNC05017) wazdanegu Wunguiudtniinnugeiunganan Tuvasiinug

9 Y

Nipponbare fimmigaiutiosdign Tnsfinnugsduanasannguiusiniidaugesiugsiian
04 25-32 % ﬁmmmmﬂﬁmLﬁaamﬂﬁw'ﬁwamaquWMWa%’a %’waﬁﬂqﬂiumsasma K-P
Hureawedaiegluguiiduuselovnifienugefuiigaiian sesasunie d1aiivgnluasazans
Ca-P Baflugunoaiodaiioganmausisuazdniivgnluasarans Fe-P dadusuriearesa
fogluanmiunsn luvazidniivgnluasazas ALP dwalvidanugeiuiesiian Taedl
Anugwiuanasandniivgnluasrazans K-P fa 43 % dmsumnuunnsiaiesaindvina
SrusgnieRusinuazsunoanesa nuirddulngiivgnluasazans K-P Sanugedy
unndmiivgnluansazans Ca-P sniudn 11 anesiug fe 1aelnas (PMPC00032) To
Ty (MSNC04036) #ag1ii3u 1 (PMPC02002) d12iillossn (MHSC09016) F12uns CM Tdue
Twaules (MSNCO7009) PT 21/A%. 25 919609 (PMPC00112) KDML 105 Nipponbare waz

Kasalath Ugnluansazaiy 2 U fianugeiuiiliuaneieiu (m135199 13)
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A19199 13 ANFIRUVEITY 22 @neug wileugnluaisazangsiniivieanasa 4 §U

(KH,PO, : K-P, Cas0gP,: Ca-P, AlO4P : Al-P wag FeO,P : Fe-P) seeiian 4 dUani

Wugda

K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 75.4 59.5 39.5 45.6
Uales (MSNC04036) 81.0 67.9 52.4 51.0
g3 1 (PMPC02002) 78.7 63.8 43.9 41.0
aeUAImley (MSNCO6055) 79.9 60.4 43.4 39.5
V18U 80.8 63.2 44.4 45.2
Jevilolwaunslsl (MHSC08055) 84.6 59.9 50.4 51.3
P uiBIA (MHSC09016) 76.3 60.8 43.0 43.4
Wit 83.4 58.0 41.4 47.8
Wiiwine 79.6 62.3 45.7 51.4
afens 72.1 55.1 35.9 41.3
PdUUNLLLTY (MHSC10025) 78.5 60.5 42.5 45.3
91287 (PMPC00157) 89.6 63.7 46.1 51.5
117UA3 CM 82.4 69.8 44.6 49.9
Ydualwaulus (MSNCO7009) 76.4 71.3 52.7 60.
uasiu (PMPC00004) 83.4 63.4 49.6 50.0
Udne (MSNC04015) 87.8 70.5 47.6 53.4
Udgusisatios (MSNC05017) 82.2 61.8 43.8 50.8
PT 21/n%. 25 75.3 60.6 49.0 45.8
91ua3 (PMPC00112) 65.3 61.9 35.7 40.2
KDML 105 75.4 61.9 50.3 53.7
Nipponbare 54.9 49.1 35.3 37.1
Kasalath 775 64.0 41.0 42.2
F-test Var*** Pforms*** VVarxPforms**
HSD (P<0.05) 7.12217.0

X LARDIANLANA1IRE 19T dAMSER AT P<0.001

* LanIfenuLANGNe NHTsdAYNINED AN P<0.01

* LARTANLANA DTN Ay vinea

aan P<0.05

. . re A e ! 1 a o o aa
ns (not significant) A LuflaAuwanssetsiideddgmieeia

Var (Varieties) Ao A3UuANGANTE0991NBNENAYRIN LI

Pforms (Phosphorus forms) fia AaLANANTBINBVEHATRIgUlDaneTa

VarxPforms (VarietiesxPhosphorus forms) fia A3uuANA1aLH8391n8VENasImsEnINiUgiIkae JUloalea
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TUIUTINADAY
Y av yo o A a ' v & v ° v
GUWQWVL@?UW@ﬁW@ﬁﬁVIL‘WEJQW@@]@WN@JW@QﬂWiuu fﬁ']‘&l'ﬁﬂﬁi']ﬂ"ﬂ']ﬂ')uiqﬂ‘lﬂ@ A10NT

VP90 NNTNBVENAVRITUTTY Wudnditnd 4 anewug Ae Uduelwaulua (MSNCO7009)

9

=

KDML 105 Nipponbare uagJoniolnyuatld (MHSC08055) unguiiugdnanddiuiusin
Wnign luraenil 5 argiug Ao U1aLiesdn (MHSC09016) andien wWilUiane 41iane
g1 wazd1raeyan1ules (MSNC06055) Wunquiugniidnuiusintesiian druniny

wanaN9Lllasandninavesguneanssa dinateiusivgnluaisazans KpP dulu

9 Y

o d‘

Woanesaguiulselosufidunusinuniign sesawun Ao 9niivgnluaisasaly Ca-P &
Jugueanasaiioganimiudi wazdifivgnluaisazans ALP uag Fe-P dudugy

Woanesanegluanmaunsanaziluneanesailululslevidwmalidndduiusinies

| =

gndia 69 % wag 72 % awuawu Wawssuweuiuininugnluaisazaty K-P dwsuaiy

uansialesnndninasinseninsiugdnuazgureanesa wuirdndlngiugnly
asavany K-P uay Ca-P fdnusindiliusnsinedu onifudn 5 anestug fe Jevilolnyuns
16 (MHSC08055) 917%3 (PMPC00157) Yduelwaulus (MSNC07009) Udne (MSNC04015)
uaz KDML 105 fiugnluansazans K-P fldnnusinannningnluasans Ca-P drudnniign
Tuansazany AP way Fe-P dsmaliidnnusnies uaghiflanuuandrmisada (3199

14)
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M13199 14 F1UIUTINADAUTBITNI 22 ateiug Wiedgnluaisazatusiniineanssa 4 U

(KH,PO, : K-P, Cas0gP,: Ca-P, AlO4P : Al-P wag FeO,P : Fe-P) seeiian 4 dUani

Wugda

K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 85.8 79.0 28.5 25.3
Uoly (MSNC04036) 121.5 82.3 34.2 37.3
g3 1 (PMPC02002) 101.5 65.5 25.5 21.3
aeUAImley (MSNCO6055) 76.7 53.0 29.7 20.0
V18U 80.0 51.0 25.5 24.3
Jevilolwaunslsl (MHSC08055) 147.7 99.2 33.0 32.8
P uiBIA (MHSC09016) 86.5 64.3 25.3 25.8
Wit 79.2 57.5 32.3 27.0
Wiiwine 92.8 65.0 32.7 25.3
afens 95.3 63.0 21.7 21.2
PdUUNLLLTY (MHSC10025) 101.0 80.0 32.2 30.8
91287 (PMPC00157) 106.2 60.5 30.8 32.0
117UA3 CM 114.8 102.3 34.0 32.7
Yduslwaulus (MSNCO7009) 160.3 111.7 55.0 39.3
uasiu (PMPC00004) 102.7 78.8 32.0 30.5
Udne (MSNC04015) 128.8 83.2 35.5 36.3
Udgusisatios (MSNC05017) 89.3 67.7 34.2 29.8
PT 21/n9. 25 120.2 92.2 42.2 35.3
91ua3 (PMPC00112) 82.8 76.2 28.7 25.2
KDML 105 158.7 110.0 42.8 39.8
Nipponbare 136.7 1153 50.2 38.0
Kasalath 132.3 95.0 27.2 32.8
F-test Var®*** Pforms*** VarxPforms***
HSD (P<0.05) 17.6 5.3 41.7

X LARDIANLANA1IRE 19T dAMSER AT P<0.001

* LanIfenuLANGNe NHTsdAYNINED AN P<0.01

aad

* LansinnuunnaseeslitudAgnieedan P<0.05

ns (not significant) A LuflaAuwanssetsiideddgmieeia

Var (Varieties) Al Anausnsnailesandviswavesiugin

Pforms (Phosphorus forms) #ie mwmmnsmLﬁanaﬁﬂﬁwﬁwamaqgﬂWaaWa%’a

VarxPforms (VarietiesxPhosphorus forms) fis A3uuANA1ALH8391n8VENasITENINRUGI LA JUNDavaTa
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A2ULTIITIN

detnugnluanmweanesafieglusuliiduusslewd $ndnsusuilaeinigda
YIYAML1IIIN PNMTVARBdLToRITANEENAYeITUETY wudfidnde 9 aeus Ao
a3y 1 (PMPC02002) LUFAanue §1atflead (MHSC09016) F1a1duunusiudy

(MHSC10025) 911a18%1u a1Aeny LUSiUiane Udguisades (MSNCO5017) uag

a

Nipponbare {Wunguiuginnianiuenisingsgn luvaefidriug PT 21/n 25 Wuiugnd

v PN a | v ¢y  aa =
ﬂ'l']ﬂJ?J']']i']ﬂu@EJVlfj@I I@EJ?J?’TJ'HJEJ']'JTWﬂaﬂﬁﬂ"ﬂqﬂﬂQNW‘UﬁSU']'J‘VIlIﬂ']']ﬂJEJ']'Ji']ﬂaﬂfj@ 09 24-30

9 Y

v ea

% PMUAILLANGNNLTBRINENSNATDIgUNRaasa TiynaneiugnUgnluansazaiy Al-P

9 Y

waz Fe-P daluguneanesanegluaniniunsa dwalidrafinnuerisiniiiinuiniu
sotae Ao T1nivgniuasarate Ca-P luvaeidnuanluansazaie K-P Juduveaness

A g ¢ 1 Yy o v .:4' P Yy o
SU‘WL‘Uu‘digiﬂsﬁuaﬂNaiﬁmqjuﬂqqﬂﬂqﬁiqﬂuaﬁmﬁﬂ Iﬂ‘allﬂ'nllEJ']'J?"Iﬂﬁf”IﬁQ"U"IﬂSUTJWUQﬂIu

Y 9

a15a¥a18 AP hag Fe-P 04 34 % way 33 % MIUa1nU @19SUANLANANGLDIINdNsNa

Susgninaiugtnnarsurleanesa nuirtndwlngnugnluaisazaty K-P uay Ca-P 4

AMNEISINAbLANANAUWaEET17 2 @rewus Ao Uduslwaulus (MSNCO7009) wag PT

]

21/n. 25 Nanluansavareneanesannuinue1Inliunnaeiu (n5199 15)



A1519% 15 AINY1ITINVIVIY 22 @18NUS

(KH,PO, : K-P, Cas0gP,: Ca-P, AlO4P : Al-P wag FeO,P : Fe-P) seeiian 4 dUani

s

9

=

52

Waugnluasagangsgniineaneasa 4 5u

ANE125710 (LYURALUAST)

Wugda

K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 25.7 29.1 36.4 38.4
Uoly (MSNC04036) 22.4 28.3 35.7 37.7
g3 1 (PMPC02002) 30.0 35.0 45.7 48.7
aeUAImley (MSNCO6055) 26.3 32.2 42.5 40.3
V18U 28.0 33.7 45.1 42.5
Jevilolwaunslsl (MHSC08055) 24.3 27.6 38.4 36.0
P uiBIA (MHSC09016) 26.3 33.9 48.4 47.6
Wit 26.8 335 45.2 41.4
Wiiwine 29.9 37.1 44.9 46.0
afens 28.7 34.4 44.4 41.5
PdUUNLLLTY (MHSC10025) 27.3 34.2 43.3 44.5
91287 (PMPC00157) 24.7 30.0 35.9 35.6
117UA3 CM 25.8 28.3 38.7 38.3
Yduslwaulus (MSNCO7009) 27.5 31.4 26.8 28.0
uasiu (PMPC00004) 25.8 30.9 35.9 37.7
Udne (MSNC04015) 22.3 31.4 37.4 38.6
Udgusisatios (MSNC05017) 26.8 32.0 43.5 443
PT 21/n%. 25 24.5 28.6 31.7 26.7
91ua3 (PMPC00112) 24.9 29.4 36.6 37.1
KDML 105 26.0 29.6 32.5 36.7
Nipponbare 26.9 32.1 a1.5 46.0
Kasalath 27.8 33.1 44.0 36.0
F-test Var*** Pforms*** VarxPforms***
HSD (P<0.05) 3.71.187

X LARDIANLANA1IRE 19T dAMSER AT P<0.001

* LanIfenuLANGNe NHTsdAYNINED AN P<0.01

* LARTANLANA DTN Ay vinea

aan P<0.05

. . re A e ! 1 a o o aa
ns (not significant) A LuflaAuwanssetsiideddgmieeia

Var (Varieties) Ao A3UuANGANTE0991NBNENAYRIN LI

Pforms (Phosphorus forms) fia AaLANANTBINBVEHATRIUlDaneTa

VarxPforms (VarietiesxPhosphorus forms) fis Auuans1aLiiosandninasiuseninsiudininassuneanssa
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AU

1 v v 6 a

dAusuanudenluduaninnuduiussulsunuraslsiadiulunseatavanlaing
N32UIUNITAILATIBRREINAN G NSRBI lua dmsuneanoFaudinldlalusg
Ao v A & Y] a ¢ ' Yo U a1 o ) )
21nsNIntn M dulassas1seanaslsiad win1stasuneanasantifisanwenuauAeInis
anunsodwasienuliaunaveslulasiaudadulassasimdnvenaslsiladle ann1svaasy
dlofiansandvsnarosiuging wuinddn 6 arewug Ae Nipponbare anfony 11udUwNLY
waU (MHSC10025) 917a18U19A Ut a8 (MSNC06055) e115u 1 (PMPC02002) wagw1)

v ¢

angruduiugifianudeslugeian lunazinuglondolnyuisld (MHSC08055) 1Huiiug
nlianudeilutdesiign duauuaneiieaingnsnavesguneanssa wuirdrmnany
wgnlanluansazaiey Ca-P Wu dwalvdaiueilugedisainieanesasuausdisd

1Y

pd1Atyneada Tuvasiidnfivanluaiseats K-P, ALP uay Fe-P danudeiluiiliwang
1Y A a 2 a a ] 1 v v v v | 'l

fu Wennsanf@dninasiuseninaiuiniuarsuneanesa Tadwlngignluasazany
K-P uag Ca-P fimnuidgaluitliunne1eiy oniudid 2 aneus Ae Jenilelnywidld way
Uduelnaulvsmignluansavaie Ca-P fimnudierluuinnitvgnluansazay K-P uazdna
drulvaiiianudgluananiieugnluaisazaty ALP uag Fe-P iilasneaneasgluud
Tgaldlagndmaliinlilasuneanesamismeidlusuniunszuiumsgaldsmlulasiay

Fudulasaas1andnvosnaslsnad (157199 16)
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A13199 16 AMITE7luret1d 22 ateiug Welgnluaisazaresiniiineanasa 4 5U

(KH,PO, : K-P, Cas0gP,: Ca-P, AlO4P : Al-P wag FeO,P : Fe-P) seeiian 4 dUani

Fuddn AU

! K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 375 37.4 38.1 38.4
Uoly (MSNC04036) 33.7 39.2 37.8 37.3
g3 1 (PMPC02002) 38.1 42.8 39.2 38.5
aeUAImley (MSNCO6055) 40.1 41.3 38.9 39.6
V18U 39.8 40.8 39.1 38.2
Jevilolwaunslsl (MHSC08055) 31.9 38.1 35.7 34.7
P uiBIA (MHSC09016) 37.2 39.0 36. 35.2
Wit 36.9 38.2 35.6 36.0
Wiiwine 36.9 37.2 35.3 36.7
afens 41.0 42.2 39.4 39.7
PdUUNLLLTY (MHSC10025) 39.6 a1.7 38.9 40.1
91287 (PMPC00157) 35.7 38.3 36.4 34.6
117UA3 CM 36.4 38.8 38.0 36.1
Yduslwaulus (MSNCO7009) 35.1 41.5 36.1 39.7
uasiu (PMPC00004) 35.8 39.8 36.0 38.2
Udne (MSNC04015) 36.7 39.9 36.6 35.1
Udgusisatios (MSNC05017) 38.6 37.3 35.8 36.2
PT 21/n%. 25 38.7 38.1 38.3 37.2
91ua3 (PMPC00112) 39.7 39.9 375 39.3
KDML 105 36.5 a2.1 39.9 38.9
Nipponbare a2.7 433 38.5 a2.4
Kasalath 40.1 39.7 33.9 37.3
F-test Var®*** Pforms*** VarxPforms**
HSD (P<0.05) 2.6 0.8 6.2

X LARDIANLANA1IRE 19T dAMSER AT P<0.001

* LanIfenuLANGNe NHTsdAYNINED AN P<0.01

aad

* LansinnuunnaseeslitudAgnieedan P<0.05

ns (not significant) A LuflaAuwanssetsiideddgmieeia

Var (Varieties) Al Anausnsnailesandviswavesiugin

Pforms (Phosphorus forms) #ie mmLmﬂm'wLﬁanmﬂﬁwﬁwamaqgﬂﬂ/\laawa%

VarxPforms (VarietiesxPhosphorus forms) fis Auuans1aLiiosandninasiuseninsiudininassuneanssa
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H @ Y v
UINUNLLKRIAUY

nsfidafintsuannediftudenalfiminuieiugenuludae 91nmeasudle
#13UBNTNAVRINUTUY WuIHTIDe 17 aneviug fie Yduelwaulus (MSNCO7009) Uy
wi3aifes (MSNC05017) $1auns CM Tels (MSNC04036) Tewilelnyuasle (MHSC08055)
wasffu (PMPC00004) Faenii3u 1 (PMPC02002) Kasalath T8ne (MSNC04015) §1atduun
Wiy (MHSC10025) 1W3ina1e dnaneeu wWitemwe 9193 (PMPC00157) KDML 105 an

' 1%
4 U sl o v 4

Aony wazdnianeuismuties (MSNC06055) Wunguiugniuminuwisduuniian Tuvaei

]

1% '
s

fug Nipponbare \Juiugniuminuissutosngniia 18-38 % WewSauifisuiunguiugi

fuwiinudsiusnniign suanauansiailesaindvsnavessuieanesa nuindiynane
ftugiivgnluansazane kP dsmalidniiminuiiuinian sesasn fio 4nilgnlu
a1savany Ca-P uardniivgnluansazans ALP wag Fe-P daalidnifidivinuiafudas
flanis 86 % uaz 90 % pwdiu eSsufisuiuinivgnluaisazats K-P fuay
unnsnalesndvdnasinssuisiudinuarsureaniesa wuirindlngiia 17 anesiug
fignluansazane k-p Swdnuisdiuninndt Cap snifudn 5 aneus Ao 4raslnag
(PMPC00032) a1fang 919uns CM 9191a9 (PMPC00112) waz Nipponbare ﬁﬂqﬂiu
ansazans 2 3U Suwiinuieiuldunneeiy dutnilvgnluamsazats ALP uag Fe-P duwa

Tfindnuresutsskaz il uwnnf1mIeEns (M15199 17)
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M157199 17 Umtnuiasiueesdnl 22 ateiug iWedanluansazatesiniiineanasa 4 5U

(KH,PO, : K-P, Cas0gP,: Ca-P, AlO4P : Al-P wag FeO,P : Fe-P) seeiian 4 dUani

% L% v v [
YIRUNLLAIAY (NTN/ND)

Wugda

K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 4.644 3.816 0.794 0.653
Uales (MSNC04036) 6.523 3.555 0.758 0.683
g3 1 (PMPC02002) 6.143 3.508 0.821 0.609
aeUenudoy (MSNC06055)  5.354 3.057 0.777 0.603
V18U 5.862 3.188 0.877 0.649
Jevilolwaunslsl (MHSC08055) 7.413 4.131 0.777 0.498
P uiBIA (MHSC09016) 5.217 3.190 0.790 0.571
Wit 6.020 3.175 0.896 0.709
Wiiwine 5.832 3.064 0.981 0.654
afeny 5.358 3.506 0.678 0.625
PdUUNLLLTY (MHSC10025) 6.309 3.084 0.858 0.650
91287 (PMPC00157) 6.109 2.948 0.841 0.630
117UA3 CM 5.863 4.756 0.755 0.526
Yduslwaulus (MSNCO7009) 7.050 4.023 1.246 0.725
uasiu (PMPC00004) 6.185 3.508 0.799 0.671
Udne (MSNC04015) 6.414 3.193 0.750 0.587
Udgusisatios (MSNC05017) 6.551 3.401 1.158 0.894
PT 21/n%. 25 4.954 2.802 0.663 0.378
91ua3 (PMPC00112) 5.083 3.231 0.770 0.537
KDML 105 5.543 3.471 0.744 0.594
Nipponbare 4.178 2671 0.793 0.436
Kasalath 6.374 3.679 0.472 0.458
F-test Var*** Pforms*** VVarxPforms**

HSD (P<0.05)

0.820 0.248 1.950

X LARDIANLANA1IRE 19T dAMSER AT P<0.001

* LanIfenuLANGNe NHTsdAYNINED AN P<0.01

* LARTANLANA DTN Ay vinea

aan P<0.05

. . re A e ! 1 a o o aa
ns (not significant) A LuflaAuwanssetsiideddgmieeia

Var (Varieties) Ao A3UuANGANTE0991NBNENAYRIN LI

Pforms (Phosphorus forms) fia AaLANANTBINBVEHATRIgUlDaneTa

VarxPforms (VarietiesxPhosphorus forms) Ais A3uuans1aiilasandninasiusenirsiuinuassuneanssa
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dhwinuien

msfitmiidununnuageuninty dwaliihndnwiangsulde an
nsnaaosiiefiarsandnsnavessiuging nuinddafe 16 aewus Ae Ydywiiates
(MSNC05017) #agi73u 1 (PMPC02002) 41auduuniaiudy (MHSC10025) $12uns CM wa
fu (PMPC00004) TFuslwaulus (MSNCO7009) Tovilalneudld (MHSC08055) 1iithans
Winemwe Usne (MSNC04015) 91183 (PMPC00157) Uale (MSNC04036) ¥1ianes 1y 917
aeU1sAmties (MSNC06055) KDML 105 wagdnaiiledd (MHSC09016) tungusifuginaiil

q

] (%
s s o

dwinuitssinunndian luvaeiiiug PT 21/nv 25 WWuiugifvminuissintiesiian lned

3 3
5 o v | o eaa o o v d' = v ]
ur]‘V]‘LJﬂLLVNi’]ﬂaﬁaﬂ"\]’]ﬂﬂquUﬁW@Ju’]VUﬂLLﬂQiqﬂﬂJqﬂW?j@ﬂﬂ 40-55 % AMUAIULNNANTY

9

\Hasndviswavesguleanesa nuinthannaeiugivgnluasazans K-P saduneanssa

neogluzunidulselevidwmaladnduiminuiesinuiniign sesasun fe 4199Ugnlu

' (%

) LY v/

Janluaisazaiy Fe-P danaliitdifuininiiesin

Y

a1508a18 Ca-P wag AP luauzidn
Yfoufigniia 81 % wleiUiouiisuiudniivgnluaisazats K-P llefiansanisdninasy
seriefusinuagsunteanasa Sndwlngfivgnluaisazats K-pP uay Ca-p fuwidnusi
snitldunnsreiu eniutn 2 areius Ao ei3u 1 uay KOML 105 fivgnluarsazans

K-P fdminuiasininnnda Ca-P dwdnnignluansavaney AP uaz Fe-P dewalvidiiwiin

wissndesuazlifinnuuana1meeia (G]’ﬁ’Nﬁ 18)



A1519% 18 UIMUNWIAISINYDIT1? 22 @1gnu

s

3

(KH,PO, : K-P, Cas0gP,: Ca-P, AlO4P : Al-P wag FeO,P : Fe-P) seeiian 4 dUani

58

§ Wevgnluansazarusimnilneassa 4 5U

90’ L% v %4
YINRUNLLIAIIIN (NSU/ND)

Wugda

K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 1.238 1.796 0.523 0.375
Uoly (MSNC04036) 2.059 1.441 0.367 0.351
g3 1 (PMPC02002) 2.438 1.650 0.595 0.414
IaeUenuloy (MSNCO6055)  1.723 1.438 0.502 0.400
V18U 1.710 1.454 0.584 0.424
Jevilolwaunslsl (MHSC08055) 2.587 1.894 0.447 0.270
P1uBIA (MHSC09016) 1.560 1.477 0.553 0.377
Wit 1.979 1.648 0.636 0.409
Wiiwine 1.906 1.620 0.684 0.444
afeny 1.417 1.508 0.448 0.383
PdUUNLLLTL (MHSC10025) 2.303 1.673 0.625 0.484
21287 (PMPC00157) 2.065 1.344 0.461 0.349
117UA3 CM 2.336 1.877 0.453 0.298
Uduslwaulvs (MSNCO7009) 2.270 1.598 0.558 0.342
uwasiu (PMPC00004) 2.280 1.816 0.475 0.384
Udne (MSNC04015) 2.281 1.580 0.458 0.320
Udgusisatios (MSNC05017) 2.172 1.668 0.748 0.654
PT 21/n%. 25 1.042 0.907 0.298 0.150
91ua3 (PMPC00112) 1.540 1.490 0.479 0.362
KDML 105 2.095 1.307 0.336 0.258
Nipponbare 0.822 1.027 0.478 0.268
Kasalath 1.466 1.315 0.218 0.188
F-test Var*** Pforms*** VarxPforms***

HSD (P<0.05)

0.335 0.101 0.796

X LARDIANLANA1IRE 19T dAMSER AT P<0.001

* LanIfenuLANGNe NHTsdAYNINED AN P<0.01

* LARTANLANA DTN Ay vinea

aan P<0.05

ns (not significant) A LuflaAuwanssetsiideddgmieeia

Var (Varieties) Ao A314ANA9H0991NBNENAYDIRUET

Pforms (Phosphorus forms) fia AaLANANTasINaVEHATRIgUlDaneTa

VarxPforms (VarietiesxPhosphorus forms) fis Auuans1aLiiosandninasiuseninsiudininassuneanssa
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AUt UNaaNaSHlURY

Hlafiasaudnsnavesiugdn wuind1awug Nipponbare Wuiugndaududu

9 9

I3

woavloalusugeaaiiios 1 anosiug luvaedidn 21 aeiug Sanudutuneanesaluiy
ffoudign Frunnuuansadosaindninavesgunoanesa nuindmnareiudiiugnly
asazany K-P Saududunleanaalusuinniian Tae K-p sUfifufunuvomeanasad
oglusuiiduuselov sesasn fie dmfiugnluasazans Ca-P uay Fe-P luvnirfidnaiiugn
Tuansazaie ALP dswaliidndanududureanefalufutiosiian Tnodaruidudy
oawofaluiuanasndniivgnluaisazats K-P fa 79 % dmiuanuuansiailesain
SvEnasmsEninsiugiuazsUnleavesa Srmnaneiusiisnududurleariesaludugaile
Ugnluansazane K-P daudnitugnluansazans Ca-P wag ALP fianmiduduneansalusiu
Ladumnsineiu enciuiug Nipponbare ﬁﬂqﬂiumsazma Ca-P fimnuiduduneanaalusu

1A AP (91151991 19)
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A151991 19 anududureanasaluiuveddnd 22 aneiug Wedgnluaisazaiesinid

Woawoda 4 U (KH,PO, : K-P, Cas0gP; : Ca-P, AlOgP : Al-P uaig FeO4P : Fe-P) szuziian 4

U
g anududunaanasaludu (%)

! K-P Ca-P Al-P Fe-P
128 Inas (PMPC00032) 0.258 0.079 0.054 0.088
Uale (MSNC04036) 0.231 0.074 0.067 0.072
g3 1 (PMPC02002) 0.200 0.102 0.062 0.084
Imanglrsautes (MSNC06055)  0.255 0.082 0.059 0.075
UL 0.255 0.090 0.050 0.075
JemileTnyuasldl (MHSC08055) 0.193 0.082 0.060 0.094
P11 BIA (MHSC09016) 0.249 0.081 0.058 0.076
Witdhan 0.222 0.077 0.057 0.081
Wi 0.241 0.085 0.056 0.086
aRong 0.266 0.092 0.055 0.086
TEUUNULILTY (MHSC10025) 0.233 0.082 0.060 0.085
41387 (PMPC00157) 0.233 0.081 0.053 0.082
1A CM 0.210 0.092 0.058 0.081
Usuelwaulas (MSNCO7009) 0.210 0.085 0.048 0.080
uasriu (PMPC00004) 0.219 0.078 0.056 0.072
Udne (MSNC04015) 0.233 0.082 0.060 0.070
UdyusiSatdes (MSNC05017) 0.225 0.074 0.059 0.088
PT 21/n%. 25 0.296 0.088 0.063 0.077
21479 (PMPC00112) 0.246 0.088 0.052 0.077
KDML 105 0.208 0.081 0.060 0.101
Nipponbare 0.365 0.143 0.068 0.083
Kasalath 0.250 0.087 0.060 0.056
F-test Var*** Pforms*** VarxPforms***

HSD (P<0.05)

0.033 0.010 0.080

a

X LARDIAULANA1IRE 19T dAMSER AN P<0.001

ad

** UARDIAULANA1IDE TR NEdAN P<0.01

a

* LansiennuwansseenlitedAgnieadnn P<0.05

ns (not significant) Ae TddaMuupnaseensiidedAgyniseia

Var (Varieties) Ao A3UuANGANLTE0991NBVENAYRIN LI

Pforms (Phosphorus forms) fia AaLANANTBINBVEHATRIgUlDaneTa

VarxPforms (VarietiesxPhosphorus forms) fis Auuans1aLiiosandninasiuseninaiuginuassuneanssa
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AU TUnaanasalusIN

oA

1HIaNATUBNTNAVRINUFUNY WudndiU1n 4 aneiug Ae Nipponbare PT 21/n% 25

]

v

KDML 105 wag Kasalath Wunguiugdnindamududuneanesalusingsan Tuvaziug

q

[

vheni3u 1 (PMPC02002) flenaididusteaniesalusntiesiian Fediamududuroaoaly
snanasannguitusinfianutuduneanesalusingaands 33-45 % suanuuaniig
ilesanndvBwavesgunoariesa wuirimnaneiusivgnluansazans Ca-P Sanandudu
waavo¥alusinundian lag Ca-P sUilfusunuvesoanedafiegluanmaursuasiy
woawoSaliiduuszlowl sesaen Ao Iniivgnluaisazats Fe-P luvaziidniignly
asazany K-P wag Al-P dananduduneanesalusniesiian lnedannduduneanssaly
snanasandnitugnluasazats Ca-P fis 32 % dwsuanuunnsiradosandvdnasom
spuiafugiuagguleanesa wuirdndnlngfivgnluasazats K-P uaz Ca-P A
duduneaniealusnliunndneiu sniiustugdelsivgnluansazats Ca-P finnududuy

WoanedalusinuinnitUgnluansagany K-P (13199 20)
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A13199 20 Auuduneanesalusinuestnl 22 a1eiug Wedgnluaisazaiesinid

]

Woawoda 4 U (KH,PO4 : K-P, Cas0gP; : Ca-P, AlOgP : Al-P uaiz FeO,P : Fe-P) szuziian 4

U
Fucdnn anuutuaanasalusIn (%)

! K-P Ca-P Al-P Fe-P
41i119ae (PMPC00032) 0.141 0.158 0.113 0.137
Uale (MSNC04036) 0.106 0.247 0.148 0.148
g3 1 (PMPC0O2002) 0.108 0.162 0.090 0.142
Imanglsaules (MSNC06055)  0.139 0.157 0.104 0.128
UL 0.143 0.190 0.081 0.105
JevileTnyuasldl (MHSC08055) 0.098 0.157 0.136 0.213
P11 BIA (MHSC09016) 0.145 0.198 0.122 0.123
Witdhan 0.125 0.174 0.111 0.123
WiNmNe 0.113 0.186 0.088 0.135
afeny 0.121 0.178 0.116 0.116
FEUUNULILTY (MHSC10025) 0.131 0.141 0.133 0.135
41987 (PMPC00157) 0.123 0.176 0.122 0.155
U1UAs CM 0.116 0.172 0.118 0.182
Usuelwaulas (MSNCO7009) 0.128 0.232 0.178 0.161
uasriu (PMPC00004) 0.114 0.230 0.103 0.157
Udne (MSNC04015) 0.144 0.209 0.173 0.196
UdyusiSades (MSNC05017) 0.135 0.149 0.110 0.129
PT 21/n%. 25 0.161 0.254 0.214 0.210
21479 (PMPC00112) 0.125 0.234 0.150 0.208
KDML 105 0.128 0.282 0.167 0.227
Nipponbare 0.264 0.216 0.174 0.252
Kasalath 0.153 0.235 0.170 0.169
F-test Var*** Pforms*** VarxPforms***

HSD (P<0.05)

0.045 0.014 0.108

a

X LARDIAULANA1IRE 19T dAMSER AN P<0.001

ad

** UARDIAULANA1IDE TR NEdAN P<0.01

a

* LansiennuwansseenlitedAgnieadnn P<0.05

ns (not significant) Ae TddaMuupnaseensiidedAgyniseia

Var (Varieties) Ao A3UuANGANLTE0991NBVENAYRIN LI

Pforms (Phosphorus forms) fia AaLANANTBINBVEHATRIgUlDaneTa

VarxPforms (VarietiesxPhosphorus forms) fis a3uuans1aLilesandninasiuseninsiuginiuassuneanssa
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AIUNANTTNARDIN 2
Aunil pH A1 Weanesavzgnaseegluzuues ALP uay Fe-P udluaninauni pH g

vefuaznulugUves Ca-P (§y51, 2546) BalunisugnAnwdnluansazaiesinemis

A o oA

fislmleamesaguiianeiu fio K-P, Ca-P, ALP uaz Fe-P Usingravesinniiugnlu Ca-P flnns
windulalndidestu kP Inevoaviesafisivegfu Ca-P 4 UanuUdesrleawodaoonu-liis
galdldnnniuazdanuduusslovilifivgaldliineg unndsfueansfafignadeeg
ﬁuazqﬁﬁuLLazmé‘mé”mﬂ’msﬁu*sﬁummm (B39, 2545; The University of Hawaii, 2007)
weana3afignaiiagiusindufeiussudausssfuduliuimameansaiivanUdes
aaﬂmﬁ’m%’ﬂﬁﬁﬁn@miiﬂumimmaaﬁ%aLLmﬂﬁmﬁ’u Tnedfldsuneaneyatoniulunie
\Anornsvanearleailevgnluasazarssimemnsluguiiliifuusslond (AP uay Fe-P)
danaliadunaszundulazunnnetes (Barry and Miller, 1989) @anndasnius1891uv8s
Dobermann and Fairhurst (2000) fis1831u31 Wlefiwvavleanasa drdurnuaszuniy uan
netey senaenuatlinandnsin wazn1snevauesidaIuBndnuNEnils Ao Srurusnuas
ANEYIITIN é’fﬂ%LﬁuléﬁwﬁuﬁsﬁnmuimﬂumsﬁmmﬁﬁLﬁ]’%ﬁﬂu Al-P Uy Fe-P f91u3U5N
anasuazinuenTniutusgrstalnudadudnuasiinevausrean nneanesan
A0AAABINUIIYITUYDY Gahoonia et al. (1999); Bates and Lynch (2001); Eticha and
Schenk (2001) A1891u1 R rssiavdouaeiusinmaiuanugnsnvessusnlnn
ﬁﬁul,ﬁaagﬂua;mzﬁﬁummxlaaﬂa%’a uazaenndesuNLITeue Owen (2006) finuinszuy
F1NINTOVAUDIRMENITUINN DN D TADE 19T UTUAIUNITAABITRITIUIUTINADAU TIUE
miLﬁw‘?’fmmmmmaﬁﬂLLazmiLLmmmuwmiﬁma%u (Fageria et al., 1988; Kirk and Du,
1997; Owen, 2006) Sedn¥aEAINLENITINLATS LU AR LBt DunsnoUaUe
Favunirdnuarninasayivliadudug ismevausmwessruusTnidudnvasiivedi
Uszansnmlunisgeldeariedauazdmasionisiasyivlnvesiuiianasng (Lynch, 1995)
Tngdnitvaneanesatindmaliiinisasaydulamadiuddusarsinanasdanalufenis
anasvetmnuidusazsndreuiy fufudnvariiventininueionainnisein
Noanesa (Dobermann and Fairhurst, 2000)
uegndlsfmalunmsdnuifmuiitusiniddnuuensmeuaussuesssuusini
uanrs9nTugdNBuRTSIuIuIALasANs NN liwenssuluyngUealeSadsuans

Tudeinenmueaiugianansaluimunduiugiugnluanimeanesasle
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4 =]

NANISNAaDIN 3 ﬂgnwﬂaaun'\smauauaa%’n 4 @189NUsS aUsELIUNNS

k]

navauasralenaanads (P) Tudnmuuas

s =)

PNNITUTLHUANIAINAIUNITIRTYRULALAENANERTD9T12 4 @uiug (Uousuk

]

1A eI Fauddu) Nugnluduninisladeneanasansneiu 4 sedu (0, 30, 60, 120

Alansu/ls) nneldlsadeulunszansussyiuiiineanasan nudeyadny 3 svus Ao svuz

o

60 Tu T¥UZUANNOFIAARALIZEZLAUNET NUAMUKANAINLTLDIIINENTNAVOIRUTT7

[

SvswavesszAuleearlesauardvinasss ittt nuarssduewoanesa fail
528¢ 60 Y
IUIUAUABND

dletmeng 60 Fu Gadusvezuannardurasiitniinnudesnseanssauin 4129

Iasunoanesaniiissnesonudsin1sarunsaennnotaziasivlalan 91nn1snaeINy

I 1

AULANARLesIINdnSnaveiugdnn Jovewdnazduauluiugifiduudusanaun

a & v ea 5y Ao 6o o Ao Y 1 PN =
‘V]E,jﬂ PRNGN MR Wuqsﬁ?LLN"\]u IU?JMSV]WUSLW@Qﬂ’]ﬂﬁﬂugu@]um@ﬂau@ﬁW@@ﬁﬁ 59 % Wy

9

54 % ey ULl uiunuglovaniuazd1iuad Wafians anAULANILLBIIINENaNE
vossyiuleneanasa wuirtnvnaneiusiugnluauninislddeneanesa 120, 60 uaz 30

Alansu/ls danalidnidduiudusenafuingda 62 % 60 % wag 53 % wiatUSeuieuiudig

lallddeneaneda 0 Alansu/ls) luvaefianuuans1uiioanndnsnasiuseninuiugtn

wazseauleneanasa nuiiuglevewnnugnluduniinislddeveanasa 60-120 Alansy/

19 depalnisuirudumenauiniian Tuvuenusinwasivantufuniinistdaleneanasa

9 9 Y 9

] a [y o va o v 1 I ' aa v o &4A ! ! [
bNEN 30 ﬂIﬁﬂill/L’i ﬁﬂ&lﬁiﬁuﬁ]’m%umum@ﬂ@lﬂLLG]ﬂGIN‘I/INﬁﬂG]ﬂ‘UWUSUEJGUEJLLN EJEJ’NIiﬂGHlI

9

[y

HugHmdTuiIuududonanuInuaunsiiuseaudeneaneasa lnelidnuiudusenai
wnilevgnluduninislddeneanasa 120 Alansuw/ls duwiudiesiduudusienatey

niugauY fawdaelinsmuseaudevoanasa (15199 21)
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M19197 21 FuAURNavedtn 4 aeug WelgnluAuninisladeveanasa 4 sedu Ae

0, 30, 60 waz 120 Alansu/ls fiszey 60 Tu

s IuUAURDND
WUFU?

: o Alandu/ls 30 dlansu/ls 60 Alansu/ls 120 Alansu/ls
Uovouk 3.7+ 2.1 77+12 11.0 £ 2.0 10.7 £ 0.6
IR 33+ 06 9.3 + 1.2 8.7+ 0.6 83+ 0.6
oA 27+06 33+0.6 4.0+ 1.0 37+1.2
e [EAGY] 2.7+06 57+25 73+21 9.3 +0.6
F-test Var*** Plevels*** VarxPlevels**

HSD (P<0.05) 1.41439

o

oo LanaianauuAna e 1elitedRyeadAn P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* Lanaflamuuana1seeltedfAynieadan P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

1%

AIUEGINU

ATUAILEIRUNUAILUANAIUTLBIAINBNTNAVDINUTUINAEBNTNAVRITEAUYY

[

Woanesa Inednidunazdnuanluiudniiarugsiuniniign sesawn fe uglovouw

'
a o v saa =2

”Lummzm%laqmLﬂuwuwummamuuaw 4ADe 26 % WA 20 % MINARU LilBlUSeuTey

9

[y

fuiugdmidunazdnoues WeRarsanauuansaiesnndvinavesseiut sweareda
wuiinaneiugivaniufuniimslddeneanasa 120, 60 wag 30 Alandu/ls dawalvitn
1AMUFHUNNINGL 14 % 13 % way 11 % arudrau ieeuiisudutnnldlaldde

Woanesa (0 Alansu/ls) (M99 22)
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M1 22 ANUFRUTRITN 4 aneug ieugnlufuniinislddeeanasa 4 sveu As O,

30, 60, 120 Alandu/ls fisves 60 Ju

GRRHEN TR (EATETR )

WUST2
; o Alansu/ls 30 Alandu/ls 60 Alansu/ls 120 Alandu/ls

Uovouk 69.2 + 2.1 80.1 + 6.5 786+ 7.8 83.2 + 4.4
IR 750 + 5.0 85.6 + 1.6 86.6 + 3.2 82.2 + 3.3
SN Ge 57.5+17.2 64.5 + 4.7 68.3 + 2.8 742+ 43
FIUTY 82.5 + 11.4 90.0 + 18.6 91.9 + 85 92.5 +12.0
F-test Var*** Plevels* ns

HSD (P<0.05) 9.89.8 -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

A213181351N
distndgnlufuniinislddereanedaliiisame 41aziinsusuilagdnvensainy

817910 INATNABDINUAINULANALANIEDNTNAVDINUSVUI? Ta8T1IkAe ToUDLHLAZT

9

[

widuduiundianuensinunninilesmdaduiugnianuesintesiign 28 % 23 %

WA 17 % MINAINU (ANS71971 23)
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M19197 23 ANUENITINTBINNI 4 aneiiug Wedgniuduniimsldleneanasa 4 sedu fe 0,

30, 60, 120 Alandu/ls fisves 60 Ju

ANE125710 (LYURLUAST)

WuUSI
: o Alandu/ls 30 Alandu/ls 60 Alansu/ls 120 Alansu/ls

Uovouk 31.0+ 5.8 271+ 3.4 28.1 +8.0 237 + 4.0
U1IUA 29.9 + 9.6 320+ 24 277 + 3.7 285+ 3.8
SN Ge 21.6 + 3.7 23.1+30 187+78 212+ 1.7
e [EAGY] 24.4 + 52 26.4 + 4.5 275+ 1.6 237+ 4.8
F-test Var** ns ns

HSD (P<0.05) 53--

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A Tidauupnaeensiitedfgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suansaLilesaIndvnasamseniniuginnuas sedue

Noanoda

=
AMULRglU

aupudealulinuanuuanaisegifitedfynisada wansliiuindannans

[y

Wugssee 60 Tu seaudeeanesaluiinasennuduily (5199 24)
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M19197 24 Aadiealurestnn 4 anewug Wevgnludauninisldadevieanasa 4 szdu fie 0,
30, 60, 120 Alansu/ls Nisvey 60 Tu

s AMULEI U
wuﬁq%qg =\ s 1 =\ o/ 1 =% [ ] =3 s 1
o Alansu/ls 30 Alansu/ls 60 Alansu/ls 120 Alansu/ls

Jovauu 409 + 0.6 41.2 + 2.0 40.8 + 3.8 39.1+9.3
YA 38.6 + 2.3 40.7 + 6.8 a52 + 1.7 440 + 0.3
NGNzR 38.2 + 3.8 420+ 1.5 390+ 55 ad1 + 1.0
FIUTU 36.4 + 2.4 41.1 + 5.6 42.0 + 2.7 43.7 + 2.0
F-test ns Ns Ns

HSD (P<0.05) - F7

o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

* Lansdannuuanaeeiteddymneadai P<0.01

* uansfannauanssegsiidodfamaadiaa P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandvinavesiuging

Plevels (Phosphorus levels) fia muuansaiiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) i A21swansaLilesaIndvnasauszninaiuginnas seduie

Noanoda

A
Uminues
nidnuimsduludnvaznisivanstanisiasgiulanfvesing Feiailasuds

WoanasanifisanaiuaudainisvrednasulivIdunndnwisdunasls 3nN1SNeanIny

Y

o

ANUANFNTEBIINBNTNAVBIN T ﬁEJ“ZJEJLLﬂJLLﬁ%%’]’JLLMLﬂUﬁUﬁ: T nusduiiunn

v
v saa

30984911 AB ‘WUS"?I’JLLLIQU LLﬁ”LW@Qﬂ’]LUu‘WUﬁﬂﬂJﬁ’]MuﬂLL‘VIWI‘H‘L!’EJEJ &n TagiuninwAesy

9

a

aﬂﬁ\‘mﬂﬂ‘wuq‘UasﬂaLLNLLﬁ%SUTJLLﬂﬂ 62 % Lag 58 % MINAIAU LﬂJEJW?J’]im’]ﬂ’J’WﬂJLLG]ﬂG]I’N

a o

Wendnsnavesseauleneanesa nuintiynaneiugivgnlufuninislaleneanesa

9 Y

=3

faws 30-120 Alansu/ls dewalidiuvineiadunuings 51-58 % wiawSeuieunudn

nlallalddeneanosa (0 Alanu/ls) TuvasiianuusaniailonInansnasiusenieiugi

1+

wazsaulenoanasa nuiniuglevewniugnlufuniinislddeneanasa 60-120 Alansy/

Y 9

] a 1+

15 denalyisimdnuisiuanniign Tuvaeifuginunsiivgnluauiiinislddeveaniasa 30-

9 Y 9

60 Alanu/ls a'waiﬁﬁﬁmﬁaLLﬁmﬁuim'Lmﬂ@mmaaaaﬁuﬁuiﬁamam e 19l3AnURUGT

WU ’WMﬂLLMQG]UV]JJ']WU‘HGH&Iﬂ’l'ﬁLWlI'ﬁ”G]‘UUEJWE]ﬁWE]ia IG]EJZLI‘LJ’WWHF]LLMQ@U@JWﬂLN@UaﬂIU



a o

Auniinisladeneanasa 120 Alansu/ls diuiiu

6 &

9

fawdasdimsiiuszauleneanada (157199 25)

M13197 25 UnTnLiaauYeatnd 4 aneiug WeugnluauniinisldJeveanasa 4 syu

0, 30, 60, 120 NSU/NT2A4 fisvey 60 Ju

S RNz

(%
o A o

TMUNWAIF UL BENITNUTDU)

9

=

Ao

4 o vy v o
YIRUNLKIAY (NSU/ND)

wm o alansu/ls 30 Alansu/ls 60 Alansu/ls 120 AlanSu/ls
Uovaun 1.674 + 0401 3.444 + 0.162 4.254 + 0.473 4.376 + 0.507
P1IUA 1.503 £ 0.454 3970 £ 0.499 4.130 + 0.622 3.045 + 0.484
oA 0.966 + 0.779  1.314 + 0.360  1.206 + 0.282  1.810 + 0.743
FIUTU 1.324 + 0.305 2498 + 1.137 3.516 + 0.474 3.754 + 0.557
F-test Var*** Plevels™* VarxPlevels**

HSD (P<0.05) 0.631 0.631 1.730

o o

X LARTIANLANAIIRE 19T dAY NSER AN P<0.001

N o 19

** LansdamuLenANee9ltdAgneadan P<0.01

* uansfannuuansnsegsiidodfamaadiaa P<0.05

ns (not significant) A Tidanuunndeessitedrfgyniseia

Var (Varieties) fis anauansailasandvinavesiugin

Plevels (Phosphorus levels) A mnauansnaiosandvnavesseiuionoaesa

VarxPlevels (VarietiesxPhosphorus levels) i a11suanssiilesaindvinasiusznitaiuginouay seduie

Woanoda

UNINWEIIN
d1mSUNNINOUAUDINTULIMTNKIAITINHUANLLANAIHLBIIINBNTNAY DN LT
uazdndwavesszaulaneanesa sudndnaveniuddnn wuindunmaseveunduiugi

9

UMTNWAITINUINATIT LU IULAL DAY LTBNRIITAIAINLANG9LLDIAINBNTNAVDS
sedvdeneaneda nuirtimnaeiugignluduninislddeneanadadeus 30-120
Alan3u/ls dewalidnddmidnuvissinunnis 36-48 % WawSeuiiguiuiindgnluaui

laileldtemeanasa (0 Alansu/ls) (3197l 26)
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M19197 26 UMENWAITINUeITN 4 aneug Wedanlufuniinislddeeanasa 4 sedu Ae

0, 30, 60, 120 Alan3u/lg fiszey 60 Tu

% L4 t 4 o
WIRUNLLIRIIIN (NSU/ND)

RIS o Alansu/ls 30 Alansu/ls 60 Alansu/ls 120 Alansu/ls
Uovouk 0.322 + 0.066  0.513+0.100  0.578 + 0.092  0.610 + 0.126
IR 0.370 + 0.13¢  0.550 + 0.069  0.724 + 0.243  0.503 = 0.097
SN Ge 0.198 + 0.086  0.307 + 0.034  0.315+ 0.209  0.330 + 0.113
FIUTY 0.216 + 0.044 0345+ 0.144  0.494 + 0.098  0.424 + 0.037
F-test Var*** Plevels*** ns

HSD (P<0.05) 0.124 0.124 -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaLiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

anududunaanaaludu
dmsun1siesgranuutuneanasaluiu Kan15ATIEINUIIUI NENERUGH

UgnluAuninislddeneanesa 120 Alansu/ls dewalvdnifiaududuneanedalusiuiin

a

Mg %89 Ao diugnlududinislddeneanasa 60 waz 30 Alansu/ls sgalsiniy

9 Y

Frmgniusuinlaiiinislddevieaneta (0 Alansu/ls) dwalitndanuutuneanedaly

Audeeiian (M157199 27)
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M19197 27 avaduduneanadalusuvesdny 4 aeiug Wedgnlufuniinislddeveanesa

4 s¥efu Ao 0, 30, 60, 120 Alansu/ls fiszey 60 Tu

AnUuTunaanasaludu (%)

RIS o Alansu/ls 30 Alansu/ls 60 Alansu/ls 120 Alansu/ls
Uovouk 0.100 = 0.009  0.244 + 0.026  0.321 + 0.019  0.401 + 0.035
U1IUA 0.110 + 0.013  0.219 + 0.017  0.264 + 0.069  0.400 + 0.042
SN Ge 0.121 £ 0.019  0.200 + 0.077  0.260 + 0.138  0.268 + 0.030
FIUTY 0.066 + 0.006  0.247 +0.085 0.341 + 0.116  0.446 + 0.051
F-test ns Plevels*** ns

HSD (P<0.05) - 0.069 -

o o

* L ARIDANULANA9RE 9 TINE AN ANeER AN P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* uansflemnauaneinsensdtodAymeedian P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaLiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

ANuLtNTunaanasalusIn

ANNSUNITIATIZINAULTUTUNDANDSATUIIN NANITILATIZUNUINTNY 3 @8

2N

A =) ]

v a Y @ o saa Y v o = -
Ao Uaveud 11w wazd@iuddu Wwiugndanududuneanealusnuinign luvaei
2 o & w saa Y v o £ Qq' i = a a
Weosanluiugniianudutureanesalusindesian wazanuunndalionIndninaves
Joneaeda nuindnsnevanssnunsiiuseaulenoanesa lnelianududunoanedaly
sngailalgniuauninisldleneanada 120, 60, 30 uay 0 Alansu/ls audrdu Tuvuen
ANUUANALTBIINBNSNATINTER I RUgT LA seRueeaneda wuluglovounuas
Trunanugnlufuiiinisladeneanasa 120 Alansu/ls waziug@iuddunvanlufuninig
lddeneanata 60 Alansu/ls dewalviinidiaududuneanedalusinuniign duiugiies
mnvanlusunliiinislddeneanasa (0 Alansu/ls) dwalvtnianudutuneansdaly

INURENEN (5799 28)
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a o

A19199 28 AnudutuneanaSalusinvesdnd 4 areiug Wevgnluduniinisldy

Woanasd 4 s¥au A 0, 30, 60, 120 Alansu/ls Nsee

oA

9 Y

60 JU

d

ANuLINTunaanasalusn (%)

ki 0 Alandu/ls 30 Alandu/ls 60 Alansu/ls 120 Alansw/ls
Uovaun 0.040 £ 0.012  0.094 £ 0.009  0.097 + 0.011  0.245 + 0.007
IR 0.047 + 0.013  0.079 £ 0.003  0.110 £ 0.028  0.212 + 0.039
SN Ge 0.014 + 0.001  0.020 + 0.020  0.048 + 0.048  0.080 + 0.025
G 0.029 £ 0.003  0.026 £ 0.026  0.182 +0.015 0.118 + 0.022
F-test Var*** Plevels** VarxPlevels***

HSD (P<0.05)

0.024 0.024 0.067

*4 L ARIDIAIULANA1IBE 19T

o o

o

ydANNE

7 P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* uansflemnauaneinsensdtodAymeedian P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) e mnuuaniaiilosanndvinaswssuieiuginuazsedule

Noanoda

Uszansnrwnslaneanasa
UsganSn1nnistaneanasa Ao AUAINITAV9U I UNSTAS 19U NLAIADUE
WoarleTangals 31nn1sveasInuIItIINaIeRusiUsEANS A mnsldneanasaanany

n1sviiuseduleneaneda lnedindgnlufunldlalddeneanasa (0 Alansu/ls) &

'
a a 1 v =

UszdnSamnisldneanesauniian drudnndgnluauninislddevieanssa 120 Alansu/

[

13 Iusgdnsamnisldvieanadatosign Tuvaeauuand 199 udnsnasuseninaiug
Trmasleneanasa nuintnnaeiugivssaviamnsldneanesaanasunsiiiusedu
voaleneanaFauazliinnuunndreiunieada uwiiusduddunugnludunldlaldldde

Woanesaliuszavsnmnsldveanesaunningidn 3 areiug (157199 29)
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A15197 29 Usgdnsainnisldneanesavesdnn 4 anewug iWedgnluduniinisld e

9 Y

Weoano$a 4 seau Ao 0, 30, 60, 120 Alansa/ls fiszey 60 Tu

Uszansninnislenaanass

ki 0 Alandu/ls 30 Alandu/ls 60 Alansu/ls 120 Alansw/ls
Uovaun 10.098 £ 0.882 4.135+0.441 3122 +0.182 2505 + 0.227
U1IUA 9.165 + 1.038  4.589 + 0.3d7 3999 + 1.230 2518 +0.249
WasAn 8.382 + 1.233 5474 + 1.860 4.489 + 1.821  3.767 + 0.444
G 15229 £+ 1.229 3931 + 1372 3156 + 1.010  2.262 + 0.242
F-test ns Plevels*** VarxPlevels***

HSD (P<0.05) - 1.180 3.235

o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LansdemuLanANee9ltd Ay neadan P<0.01

* uanatapuuanAvegelitydAyneaiinin P<0.05

ns (not significant) A Tidauupnaeensiitedfgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) e Anuuaniaiilosaindvinaswssuieiuginuagsedule

gl

Noanoda

JLYTUANNDFIEN
AMUIUAUADND
AUTIUIUAUADNENUAURANAIATLBIIINBNENAVRINUTT AL BNENAVRITEAY

v saa

Jovlearieda lnsTovenduazdnuaaduiugifinisadraduudusenslduinnd 1iusdau
Fuuaziilosd nmsaddnnudusonedsdinuuandailosndvinavesseiuloveanaia
Tngdnamnanewusiugnlududisinisldieneanesa 120 waz 60 Alanfu/ls dewalidind
Sunudusienesnnnindnivgnlusuiifinislateneanesa 30 Alansu/ls fis 28 % uay 14

% ANUANU (1151991 30)
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M19197 30 FIUFURBNDVDITT 4 aneug Wevgnluduniinislddeeaneda 4 sedu Ao

0, 30, 60, 120 Alansu/ls ﬁszammnnaqqq@

s UUAUADND
NUFUN?

: o Alandu/ls 30 dlansu/ls 60 Alandu/ls 120 Alansu/ls
Uovouk 11.0+44 223 + 6.4 257 + 2.5 333+ 7.0
IR 10.0 + 3.6 20.0 + 5.0 220+ 4.4 19.0 £ 2.6
SN Ge 6.7 + 4.6 9.3+32 173 £ 129 257+ 6.7
e [EAGY] 8.0+ 1.0 203+ 1.5 183 + 3.1 21.7+ 25
F-test Var** Plevels*** ns
HSD (P<0.05) 5555 -

o

oo LanaianauuAnaeg1elitedRyneadAn P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* Lanaflamuuana1seeltedfAynieadan P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda
VarxPlevels (VarietiesxPhosphorus levels) e mnuuaniaiilosaindvinasussuieiuginuagsedule

gl

Noanoda

AUFIAU

éjﬁuﬂ’mwﬁﬂﬁuWUﬂ’J’]ﬂJLLG]ﬂﬁhx‘iLﬁa\‘m?ﬂ%%%Wﬁ%@ﬂi%ﬁUﬂﬂW@ﬁW@%ﬁ lnelovaluiay

o":lt:l

szLLmLﬂuﬁuﬁqmmmmamummﬂfmmLLmuu,a lea efinnsanmuuansirailosnin
dndnavesszaulunaanaia mennﬂmﬂwuqmﬂgﬂiumwumﬂaqwgavﬂaiamLm 30-
120 Alansu/l3 dawalviviianugsaunuinnirdnnlgnludunldlalddeveanesa (0

Alan3u/ls) 84 14 % (51991 31)
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M13799 31 ANUFWRUTRIT 4 aneug Weugnlufuniinislddeeanasa 4 sveu As O,

30, 60, 120 Alanu/ls Nszevuannodsan

ANEIAY (LTURLIAS)

RIS o dlansu/ls 30 Alansu/ls 60 Alansw/ls 120 Alansu/ls
Uovouk 1233 +179 1473 +11.1 153.7 + 6.7 1453 + 1.5
U1IUA 118.7 £ 13.6 1437 + 11.4 140.0 + 5.0 134.8 + 5.5
SN Ge 103.7 £19.0  113.2 + 106 1133 + 6.4 126.0 + 11.1
FIUTY 106.5 + 6.4 119.0 + 5.3 118.7 + 15.7 1193 £ 5.1
F-test Var*** Plevels*** ns
HSD (P<0.05) 12.112.1 -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) e mnuuaniaiilosaindvinasussuieiuginuagsedule

Noanoda

AINYIIIN

v

ATUALEIITINHUAIILLANA 1N BNTNAVRINUTT IR I0E10Re7 Taed1 3

anenug Ao Joveun 41auns wazdiuddu Wunguiugndanuenisinuinds 26 % 22 %

]

¢ A o =X &

o o = = a (Y (% saa 4 r-:l'
g 21 % fUaInU LlIEJL‘lJi‘EJ‘UL‘I/IEJ‘UﬂUWUﬁLWENﬂ’]SZNLUuWHﬁquﬂJﬂ'ﬂiJEﬂ’Ji’]ﬂUEJEJVl’QW (1974

71 32)
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M19199 32 ANLENIIINYRINI 4 aneiiug WedgnluAuninsldleveanesa 4 szdu fie 0,

30, 60, 120 fAlan3u/ls Nszevuannessan

ANE125710 (LYURLUAST)

RIS o dlansu/ls 30 dlansw/ls 60 Alansu/ls 120 Alansu/ls
Uovouk 34.3 + 2.4 40.3 + 0.8 34.6 + 6.6 29.8 + 1.0
U1IUA 373+ 7.7 31.5+6.1 34.7 + 8.1 28.3 + 3.5
SN Ge 27.0+£59 24.0 £ 5.2 26.0 + 3.5 255+ 4.3
FIUTY 315+ 15 32.8 + 5.6 322+ 4.8 33.4 +89
F-test Var** ns ns
HSD (P<0.05) 6.0 - -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

o

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) e mnuuaniaiilosanndvinaswssuieiuginuazsedule

Noanoda

=
ANULRglu

o o a

aupudealulinuanuuanaisegifitedfyniada wansliiuindannais

o

[y

Wugnszezunnnegsn seauleveanedaliiinadeninudedly (ins1en 33)
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M19197 33 Anadealurestnn 4 atenug WevgnludAuninisldadevieanasa 4 szdu fie 0,

30, 60, 120 Alanu/ls Nszevuannodsan

s AUy
Wus‘lsuqq =\ s 1 =\ [ 1 =3 [ 1 =3 s 1
oflansu/ls 30 Alansu/ls 60 Alansu/ls 120 Alansy/ls

Jovauu 455 + 35 443 + 3.0 43,1 + 4.8 469 + 2.8
YA a6.6 + 1.3 a7.0+ 3.0 a7.1 + 3.7 469 + 3.0
NGNzR 432 + 8.5 458 + 9.3 423+ 56 485+ 1.2
FIUTU 46.9 + 3.6 415 + 4.1 44.1 + 8.5 48.4 + 2.4
F-test ns ns Ns

HSD (P<0.05) ¥

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

o

* LERIDaANULANATNeE 9l T dAtunI9anien P<0.05

o

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

H @ Y v
UINUNLLKRINU

AutmnwAsunUANULANELTBRINBNENATRIUgU LAY BB NaYRITERUTY

]

Woavesa lneJovauniJuiudnduindnuisduiiuinga 46 % 47 % uas 57 % Lile
=l
A

a |

= = LY 7 a v 6 v I o o A a 1
WIgUguUNUY1IBN 3 FIUNUT ABD V1A W BIAT WAZFILUIU LUDNINTUIAINULANGNY

'
a =

Wesndnsnwavessyaudevlaanada wuintrmnareiugnugnluduniinisldleneanssa

9 Y

120, 60 wag 30 Alansu/ls danali AU InTNLAIAUANINDS 69 % 60 % way 57 %

muaau Weseuisuiuinilulaladeneanasa (0 Alansu/ls) (ns1eit 34)



An51971 34 umummqmmaw’n il E‘l’lEJ‘W‘L!S Luaﬂaﬂiuﬂuwumﬂaﬂamamia 4 5¥eU A

0, 30, 60, 120 Alansu/ls mzammﬂﬂaqqqm

% C% v v [
YIRUNLRIRY (NSU/ND)

TR 0 Alansu/ls 30 Alansu/ls 60 alansu/ls 120 Alandu/ls
Jovous 23.084 + 7.447  64.397 + 22.528  57.712 + 10.892  82.148 + 32.747
YIRS 16.531 + 8.637  32.787 + 15.353 33.739 + 5.598 39913 + 7.264
o 13.137 £ 8897  19.797 + 9.590  37.770 + 33.250  49.092 + 17.943
Fualdu 10.115 + 1.604  29.524 + 5312 26.915 + 13.482  31.358 + 7.271
F-test Var*** Plevels*** ns
HSD (P<0.05) 15.886 15.886 -

o

oo LanaianauuAna e 1elitudRyneadAn P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* Lanaflamuuana1seeltedfAynieadan P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

UIRUNWIAITIN

AULNVUNKAITINHUANLLANA I U IINBNTNAVDINUTUNINALBNTNAVDITE AU

o

Jevoanesa ImsﬁamaLLmLav%’nLLmLﬁuﬁuidﬁﬁmmuﬁﬁﬂﬂﬁma 5998947 Fip WugLiles

a (% o’d‘do ‘:l

ﬂ’]LL@S"’U'JLLlI"\]‘L!L‘IJUWUﬁVIiJU’MUﬂLL‘INi’mUEJEJ‘I/IE‘W] LELIEJW’%]'WZU’]WN%JLLG]ﬂG]'NL‘IJEN’ﬂ]’mEJV]ﬁWﬁ

9 9

vosseuleeanada wuirtynanetusivgnluduiitinsldtorleaneda 120, 60 uaz 30

9

Alansu/1s dnalnd 18U ndnwiasInAuINDe 56 % 50 % way 49 % ANUAIAU bilD

Wisuidsuiuinililaladeeaniosa (0 Alan3u/ls) (5197 35)
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M19197 35 UminuiesINuestnd 4 aewus Wedgnlufuniinislddeeanasa 4 sedu Ae

0, 30, 60, 120 Alansu/ls ﬁszammﬂﬂaqqqm

% L4 t 4 o
WIRUNLLIRIIIN (NSU/ND)

R o Alansu/ls 30 Alandw/ls 60 Alandu/ls 120 Alan3u/ls
Uovaui 3314 +1.621 10.428 + 4.053 9.3d2 + 3.835 9.288 + 6.188
Y1IUA 4.283 + 2.381 5.569 + 1.156 5.466 + 1.216  8.579 + 2.557
WasAn 3.399 + 1.095 3.860 + 3.625 5.804 + 4.453  7.470 + 2.882
FUTY 1.176 + 0.528 4.262 + 0.912 3.637 +1.529 2470 = 1.313
F-test Var*** Plevels** ns
HSD (P<0.05) 2.701 2.701 -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

o

* LERIDaANULANATNeE 9l T dAtunI9anien P<0.05

o

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

anududunaanaaludu

dmsumannziaudutuneanedaludiu nansiiasginuindniivgnlufui
nslatevieanesa 120 uax 60 Alan3u/ls dwalidnfianududuneaesalusuanndian
wazliumnsinafunsadi sesasn Ae 41fivgnlufuiinsldateneaniosa 30 Alansu/ls
Turazfidnivgnluduililaldlateneanesa 0 Alansu/ls) danududunoanioalusy

Weeign (157199 36)
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M13197 36 AatutuneanaTaluiuvetl 4 aeiug Welgntufuniinislddeveanesa

4 596U fiw 0, 30, 60, 120 Alan3w/ls Nszezunnnedsan

AnUuTunaanasaludu (%)

TR o Alandu/ls 30 Alandu/ls 60 Alandw/ls 120 Alandu/ls
UDUDUMN 0.087 + 0.015 0.157 + 0.009 0.194 + 0.014  0.210 + 0.038
Y1IUA 0.098 £ 0.022 0.161 +0.040 0.246 = 0.065 0.263 + 0.049
SRNGE! 0.089 + 0.048 0.188 £ 0.018  0.222 + 0.027 0.264 + 0.029
LU 0.064 + 0.013 0.145 + 0.012 0.094 +£ 0.094  0.311 + 0.038
F-test ns Plevels*** ns
HSD (P<0.05) - 0.044 -

o o

* L ARIDANULANA9RE 9 TINE AN ANeER AN P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* uansflemnauaneinsensdtodAymeedian P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

ANuLtNTunaanasalusIn

dmiunsiesieianudutuneansdlusin nan1siaTIevinuItInaIeugH

9

n1snevaUBIien1siinTuvessEiuleveaneda lnetnnugnluauniinisldleeanasa

al

120 Alansu/ls danududuneanasalusinuinian luraueidnugnluauinlilaldde
Woanesa (0 Alanu/ls) uag 30 Alansw/ls dwalviianududurleanesalusndosian

waLlUTANULANANAUNIEDR (AN5199 37)
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A19199 37 andutureanaalusinuesdnd 4 areiug edgnlufuniinisldde

9 Y

oA

Woanasa 4 szAu Ao 0, 30, 60, 120 Alansu/ls Nszzumnnegaan

ANuLINTunaanasalusn (%)

TR o Alandu/ls 30 Alandu/ls 60 Alandw/ls 120 Alandu/ls
UDUDUMN 0.051 £ 0.003 0.059 + 0.005 0.070 + 0.005 0.090 + 0.012
Y1IUA 0.053 £ 0.003 0.061 +0.008 0.077 £0.022 0.091 £ 0.016
WasAn 0.042 £ 0.006 0.059 + 0.006  0.081 +£0.015 0.108 + 0.021
LU 0.044 + 0.009 0.064 + 0.009 0.082 + 0.027 0.106 + 0.024
F-test ns Plevels*** ns
HSD (P<0.05) -0.014 -

o o

* L ARIDANULANA9RE 9 TINE AN ANeER AN P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* uansflemnauaneinsensdtodAymeedian P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

Uszansnrwnslaneanasa
1NNNaINILA1NUTEEANT A NS TENeaNesd Ao AIUAINITAVRIUItUNSASI9
Wlnuisdeniieneanesanaald a1nn1snaasinuItInnaeiusivssansamanas

munsiiiuseaudeneaneasa lned1indgnluduildlaldleveanesa (0 Alandu/ls) &

a a

UszdnSamnisldneanesauniian drudnndgnluauninislddevieanssa 120 Alansu/

a

13 fivszansunisldneanesateenandeUssansnmnisldnoanesavestninissezunnng

1%
=T

AR LA UL EINUNTE L 60 T4 (A151991 38)

9

=3
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A15197 38 Usgdnininnisldneanesavesdnn 4 anewug iWedgnlufuniinisld e

9 Y

Woaneasa 4 szAu Ao 0, 30, 60, 120 Alansu/ls Nszuzumnnegaan

Uszansninnislenaanass

ki o alansu/ls 30 Alansu/ls 60 Alanu/ls 120 Alansu/ls
Uovouk 11.659 + 1.931 6.373 +£0.365 5.179 + 0.371  4.857 + 0.875
IR 10.605 + 2.630  6.483 + 1.659  4.232 + 0.969  3.887 + 0.686
SN Ge 13.270 £ 5493 5347 + 0.499 4548 + 0.588  3.823 + 0.435
FIUTY 16.212 + 3.890 6.933 +£ 0.547 4.516 + 1.545  3.251 + 0.422
F-test ns Plevels*** ns
HSD (P<0.05) - 2.237 -

X LAADIANLANATIRY S NEdAENsER AT P<0.001

o o

** LansdemuLanANee9ltd Ay neadan P<0.01

* uanatapuuanAvegelitydAyneaiinin P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

& A
sEgL UL
AMUIUAUADND

AUTIUIUAUADNENUAURANAIATLBIIINBNTNAVRINUTT AL VT NAVRITEAY

Jeveanesa Inedeveuniuardnunaduiugifidiudusensanndian sesasn fe Wusdn
wifunaziilesdnduiusifisuaususdenatesiign Wefinrsananuuaniailesandvsa

9

4

vasszaudeneanada nuirtmnaieiusivanlusuninislddeneanasa 120 wag 30
Alansw/ls dealvdniinisdnwiududenauniian sesaswn A 11iugnluduninisldde
Woalasa 60 Alansu/ls luvaeitnililaldlevieanasa (0 Alansu/ls) dawalidninnany

WugHIuduRanatiosan (M54 39)
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M19197 39 FUAURNEYRITN 4 aeiug WelgnluAuninisladeveanasa 4 sedu Ae

0, 30, 60, 120 Alansu/le fiszezfiuiien

s uUUAURDND
NUFUN?

: o Alandu/ls 30 Alansu/ls 60 Alansu/ls 120 Alansu/ls
Uovouk 107+ 15 233+ 35 26.3 + 2.1 34.0+ 523
IR 10.0 + 4.0 227+ 15 233+ 4.5 247 + 4.5
SN Ge 3.7+0.6 19.7 £ 2.1 140+ 4.4 17776
e [EAGY] 77+25 18.7 + 6.1 16.7 + 7.0 250+ 5.3
F-test Var*** Plevels*** ns
HSD (P<0.05) 5,050 -

o

oo LanaianauuAna e 1elited Ry neadAn P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* Lanaflamuuana1seeltedfAynieadan P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Anaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

H @ Y v
UINUNLLKRINU

AutmnwAsunUANULANELTBRINBNENATRIUgU LAY BB NaYRITERUTY

oY

9

4
LY o sda o

D9 41-62 % LlIEJL‘UiEJ‘UL‘I/IE’JUﬂ‘UsU’JLL@J“\]UGENLUUWUﬁVIZJU']ﬂHﬂLLﬁW]UUEJ‘EJ

9

a

Woanesa lned1n 3 angiug Ao Liesdn Jsvoun LLazsi'J’mLmﬂuﬁuiﬁﬁ wifnukasiuiinn

fign ilefansanany
uansnaflosandvnavessziudeneanasa nuirtmnaeiugivgnludundnngldade
soanafakaud 30-120 Alandu/ls dwwaldd b iminuisduiiuands 71-72 % ile

Wisuifsuiuinilildladeeanioa (0 Alan3u/ls) (5197 40)



A1519%1 40 umummqmmaw’n il E‘l’lEJ‘W‘L!S Luaﬂaﬂiuﬂuwumﬂaﬂamamia 4 5¥eU A

0, 30, 60, 120 Alansu/le Aiszezfiuiien

90’ L% v v [
YIRUNLLAIAY (NTN/ND)

WUSI

: 0 Alansu/ls 30 Alansu/ls 60 alansu/ls 120 Alansu/ls
UDUDUMN 36.674 + 14.776  81.582 + 20.380 84.491 + 34979 77.442 + 19.305
Y1ILAS 16.694 + 5703  51.263 + 19.858 56.896 + 24.777 56.730 + 25.471
e 12.434 + 4.229  86.609 = 70.693 91.844 + 66.266 90.329 + 92.628
UL 7.226 + 4.868 33.110 + 2.512 30.009 + 7.953 36.422 + 7.398
F-test Var** Plevels** ns
HSD (P<0.05) 35.678 35.678 -

o a

oo LanaianaLuAnaeg1elitedRyneadAn P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* Lanaianuuansnsegaiitedfynisediif P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) Al Avaiumnsnailesandvisnavesiugin

Plevels (Phosphorus levels) fia muuansaiiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) i A21swansaLilesaIndvnasauszninaiuginnas seduie

Noanoda

UIRUNWIAITIN

ATUEIMUNRAITINHUANLLANA 11BN BNBNATVDINUTUINALBNTNAVDITL U

Yevloavloda lnad1n 3 aneiug fe e Jovewduazdnuaaduiugniiwdnuiesng

WNfe 71 % 69 % waz 47 % LlsiUSeuifisuiuiug@auddudaduiugnidvinudesin

9

v A

Ueeiign WeNansananuuandailasnndnsnavesseauleveanesa wuintanugnludu
ninslaleneanaanaud 30-120 Alansu/ls dwalidnifiumdnuiesinainda 61-65 %

diaSeuiieuiutinnlilaladereanasa (0 Alansu/ls) (ms1e9 41)
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M19197 41 UminuiesINuestnd 4 aeus Wedgnlufuniinislddeeanasa 4 sedu Ae

0, 30, 60, 120 Alansu/le Aiszezfiuiien

% L4 t 4 o
WIRUNLLIKIIIN (NSU/ND)

R o Alansu/ls 30 Alansu/ls 60 Alandu/ls 120 Alandu/ls
Uovaui 7.947 + 4808 13.474 +7.065 15.015 + 6.842 8.848 + 2.403
Y1IUA 3.159 £ 0.766  8.367 + 6.041 7.788 + 3.092 7.030 = 1.169
WasAn 2461 + 1.334  10.379 £ 9.166 14.693 + 9.184 19.885 = 19.731
FUTY 1.242 + 0.273 5380 + 1.403 4.280 + 1.942 3.037 + 0.446
F-test Var** Plevels* ns
HSD (P<0.05) 6.384 6.384 -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

o

* LARNEIANLANANDENI T AR NSERAT P<0.05
ns (not significant) A TidauupndeesiidedAgyniseia
Var (Varieties) fip A214ANA9TI0991NBVENATRINLET?

Plevels (Phosphorus levels) Az Auuanseiiiasandnsnavesseauleneanasa

VarxPlevels (VarietiesxPhosphorus levels) o A311LANFAILE8931NENTNATINTENT1RUET 1A SEAUle

Noanoda

NNSLATYLAULANIATURIAUAINADINITAS INANAALAZBIAUTZNOUNANANTIALTUAY

1A8LlDNANTUINTUNANANLALBIAUTENDUNANER F1UIUTIADNG LAIUUANAIUNANE

dnsnavessyiuleneanasa lnetiynaeiugnugnluduniinisldadevieaneasa 120, 60

waz 30 Alansu/1s dNalAv1IiaNUIUSIMENBUINDY 66 % 63 % hay 58 % ANUAU 1l

Wisuidisuiumslailddeneanieda (0 Alan3u/ls) (snedi 42)
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A15199 42 I1UIUTIWRNBVBITT 4 aneug WiedgnluAuniinisld Jeveanesa 4 seeu

A9 0, 30, 60, 120 Alansu/ls Aiszesiiuiien

o . MUIUTABND
WUFU?

: o Alandu/ls 30 Alandw/ls 60 Alansu/ls 120 Alandu/ls
Uovouk 9.5+ 0.7 14.0 + 13.0 265+ 2.1 25.0 + 4.2
IR 9.5+ 0.7 13.0+ 5.7 16.0 + 3.6 20.0 + 9.8
SN Ge 4.0+ 0.0 145 +49 12.0 + 0.0 11.0 + 0.0
e [EAGY] 33+21 16.7 + 8.3 133+ 3.1 16.5 + 10.6
F-test ns Plevels** ns
HSD (P<0.05) - 8.0 -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

AINYIITIN

o w

AueTIlinuanLana e 19Tt dAyVEhs wandliiuidvnaieiugi

o 3

szezinuies seauleeanesadlifinaronue1sis (15197 43)
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M19197 43 ANUEITIVDITN 4 deug WeugnluAuninislddeveanasa 4 szdu fie 0,

30, 60, 120 Alandu/ls Aiszeviiuiien

A1NE1759 (LTURALUAS)

WUSI
; o Alandu/ls 30 Alansu/ls 60 Alansu/ls 120 Alansu/ls
Uovouk 24.8 + 0.8 219 + 6.4 24.4 + 1.0 24.6 + 0.4
IR 239+ 0.1 230+ 4.6 25.4 + 3.0 237+ 2.0
SN Ge 232+ 30 233+ 1.5 24.1 + 0.0 249 + 0.7
e [EAGY] 17.7 + 6.3 26.2 + 1.6 25.4 + 0.7 25.4 + 2.0
F-test ns NS NS

HSD (P<0.05) ¥

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

o

* LERIDaANULANATNeE 9l T dAtunI9anien P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

o <& A
AMUIULUEAN

IIUIULAAFNUAMULANGAI RN ZDVESNATDINUTT 1) Tneilasdn Jeveurduazdnn

ca

o uiugnTiduIuudnfuInga 52 % 51 % waz 39 % Awaau WellSsufisuiuiug

]

[y

a A~ saa o @ Y a Ql'
"'ZI'JLLZLH]U‘?NLUUWU@WNQ’]U’JULM@@@U@HW@@ (m1590 44)
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M99 44 FunuLaafnesavesdn ¢ aredleUgniuduniinisld Jeneanesa 4 szau fe

0, 30, 60, 120 Alansu/le fiszezfiuiien

o FUIUAARADTI
WUFU?

: o Alandu/ls 30 Alansw/ls 60 Alansu/ls 120 Alansu/ls
Uovouk 85.9 + 6.1 78.6 + 6.2 75.7 + 20.2 875+ 12.6
IR 61.7 + 4.6 59.9 + 48.2 80.2 + 29.6 60.7 + 44.1
SN Ge 57.7 + 26.6 114.7 + 29.0 68.7 + 0.0 85.1 + 0.3
e [EAGY] 29.8 + 22.6 53.7 + 29.9 42.3 + 15.0 332+ 3.7
F-test Var*** ns ns
HSD (P<0.05) 26.1 - -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

o & A
AMUIULUENAU

IIIUUAAAUNUAINLANAT9L T899 BN HaVITUGT kAT BB NavessTaUe

]

= 3

woamla3a Inedusiduduiusnisuauauinn edndlsfinudevewifuiugnfisuiumsn
dutiosdian wazilefinnsanauuansailesandvinavesssiutovleaesa wuindrmn
anertugiiugnluduiifinngladeneanodadious 30 Alansu/ls Tuly dwmalddniidunumdn
AunnideiSeudisusunmslldladeneansasa (0 Alansu/ls) Tnsuuwudedudfiuannty

mmmuﬁm%’uﬂaﬂaaﬂa%’a ("15199 45)
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M15199 45 S1uIUANA ATV 4 @reiug WelgnludundnisldJeveanass 4

S¥AU v 0, 30, 60, 120 Alansu/ls AszeziAuiied

o FIUIUAATUADTI
WUFU?

: o Alandu/ls 30 Alandw/ls 60 Alansu/ls 120 Alandu/ls
Uovouk 10.3 +9.0 233+ 9.0 173+42 192+ 76
IR 16.6 + 0.1 227 +59 30.7 + 12.9 41.0 + 29.0
SN Ge 449 + 6.2 178+ 4.4 32.7+ 0.0 54.9 + 27.3
P 13.8 + 1.6 38.4 + 20.8 46.4 + 14.0 64.2 + 20.4
F-test Var* Plevels* ns
HSD (P<0.05) 19.519.3 -

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

o

* LARNEIANLANANDENI T AR NSERAT P<0.05
ns (not significant) A TidauupndeesiidedAgyniseia
Var (Varieties) fip A214ANA9TI0991NBVENATRINLET?

Plevels (Phosphorus levels) Aia Auuansgiiiasnndnsnavesseauleneanasa

VarxPlevels (VarietiesxPhosphorus levels) Ao A21ULANGAI9LEDI91NBNTNATINTENININUIT 1AL SEAUY

Noanoda

Ynin 100 wwaa

3 3

Wwiin 100 wéan wumuwanssanzdnsnavesiugdn Ineiugleveunuaziiles

1%

o a o o s A | o s w a 5y ‘:4'
Afiuviin 100 Waa ANNNIRUGTIRALEEILLTY (AN5197 46)
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M15°99 46 1ntin 100 Wwade 2999717 4 @newug Wevgnluaundnislddeneansda 4 szau

A0 0, 30, 60, 120 Alansu/ls Aiszesiiuien

Ynin 100 wwda (nSu)

WUSI
: 0 Alandu/ls 30 Alansu/ls 60 Alandw/ls 120 Alansu/ls

Uovouk 32+03 3.1+0.1 3.0+ 0.1 3.1+0.1
U1IUA 26 +0.1 26 +0.0 26+0.2 25+02
SN Ge 3.1+0.1 26 +0.1 29+0.0 3.0+0.2

e [EAGY] 24+03 2.6 +0.2 2.6 + 0.4 2.5+ 0.0
F-test Var*** ns ns

HSD (P<0.05) 0.3 --

o o

** AAITNANLANANE NS TEEAgYn9EiAN P<0.001

o o

** LEADNAINLANA190E 19NN EANIEn AN P<0.01

* LARNEIANLANANDENI T AR NSERAT P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia

Var (Varieties) fis anauansailasandviznavesiuging

Plevels (Phosphorus levels) fia muuansiaiosandvdnavesseiulowoaeda

VarxPlevels (VarietiesxPhosphorus levels) o A21suandLilesaIndvnasauszninaiuginanas sedue

Noanoda

NANANADAU

HANFAADAUNUAIULANAIUTDIIINENTNAVINUTUIRALDNTNAvDITEAUTY

9

a ! IS

WoanloFa lneTovounuaziesrnduiudifinandasonuuinnitdaunsuwasdiusdu o
a ! dll a a U+ (% " Y v ea a a
fA1sanAuuansioInnsnavasseauleneanata nuitmnaeiugnugnlufu
finslddeneanatansusd 30-120 Alansw/ls dwalidndnandnsenuingata 61-66 % Lile

Wisuidisuiuindilalléldadenoanada 0 Alansu/ls) (el 47)
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M19197 47 wandnrenuvestl 4 anenug Welantuduniinisldleneanesa 4 sedu fe 0,

30, 60, 120 Alandu/ls Aszeviiuien

a 1 v %3 1%
HaNanRBAY (NTU/AU)

WUSI
; 0 Alandu/ls 30 Alansu/ls 60 Alandw/ls 120 Alansu/ls

Uovouk 24.1 +0.8 31.6 + 29.5 62.1 + 10.3 64.2 + 14.1
U1IUA 148+ 1.8 232+ 21.6 34.0 + 16.6 241+ 74
SN Ge 75+39 43.1 + 26.7 26.1 + 0.0 27.4 + 4.0
e [EAGY] 3.1+28 20.5 + 2.9 16.5 + 1.1 17.6 + 11.1
F-test Var** Plevels® ns

HSD (P<0.05) 18.8 18.5 -

o o

* L ARIDANULANA9RE 9 TINE AN ANeER AN P<0.001

* Lansdannuuanaeeiteddymneadai P<0.01

* uansflemnauaneinsensdtodAymeedian P<0.05

ns (not significant) A TidauupndeesiidedAgyniseia
Var (Varieties) fla avmiumansnaiiesandviswaveaiugin

Plevels (Phosphorus levels) Aia Auuanseiiiasnndnsnavesseauleneanasa

VarxPlevels (VarietiesxPhosphorus levels) o A311LANFAIE8931NENENATINTENT1IRUET 1A SEAUle

Noanoda
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F913aiNan1sMaaasil 3
msﬂqﬂsﬁwﬂuauﬁﬁﬁﬁmeﬁWaaWa%’aﬁLﬂuﬂiﬂmﬂ 17 ppr Fadupvesiudd
mnugavanysaiuiunats msvgninluduiilildldteveaneasa (0 Alansu/ls) eradanals
dfimaasydulalidiud azdunmsldadelearesafioduaiuninaiopiulavesdniady

+ +

dandrdgdsleneanssadudenmuzunmsiuselovdluszere WewwnazUanlasey
Woanasamdulsslowiodnsdng @s1nsal, 2557) wasneanesadusignlimdaudie
(Marchner and Dell, 1994) ialddeneanaaaslulufuudinoanasanisgnaicluounin
ra = [ 4 [ 3 ! =
vaausAumntevilianudulsslesivessinemisanaswazegluglveansusenaud
avaneen laslufunsaneanesagnaseamdnuarezaliiuiaduneamniliazateul
lufiunagnasenieuaaldendenistdleveanasalulSuiaimvuizaudigdaasunis
Wsiulavestnld dususzauresleneanesanmngaud miunisasyiulavestiiug
U ca U d‘ 1 % 1 L% ¥ ¥ a 3 a
azaneiugliszaunuansenulUluwsiassedu Tuaunsas 1 mandnuas0sAUsENaUNANER
dnsunistiderleanesafiivtudmalilidnunudasesiwnn wifddmaliisiwiuuin
duseTiannuieniu Inedinugnluduniinisldleneanasa 120 Alansu/ls dawalnd
PUIUNEATUNINGS 44.4 Wdados dorailotnnnsinudnseswgedmalilsunm
= a i & 1A a0 I = o a & =
amnsvsendaasauluudazudalidifisane s1anddnunuudaunisdloniaiaudnduiin
WUFEINY Pawani1eiuulTeves asned wagane (2559) 1891131 Mstddeiaiians
16-16-8 Tusnsn 25, 50 way 75 nlansu/ls dewaliswiuudndusesiddunnenaiunisada
WURAEIiU ugua (2558) Ainudn nslideBunidnaningamseaululasinuiiuiy §ns
21.84, 43.68 uaz 87.40 Alansululasiau/ls irlidniiivesidudubanfivualduindy
Tugazibidniesdududnduiivwilduanas
dmSunamsinsienseanasanasauluiuwarsn WU ukarIINUBIT1Y

v ca

naneiugiineanedaazauiuduaunisiiussauvesdeneanasa lnuszezunnnegign

q 3

v ]

Tniiugnluduiiinisteneanesa 120 uaz 60 Alan3u/ls dswaliiinoaleaazaslusuuin
flgn 0.262 % waz 0.226 % wazdnugnluduidnslddensanosa 120 Alan3u/ls dawa
Tiioavesaazanlusinuiniign 0.098 % uduszansnmnisldveanssa Famuneda
arwannInvestrlunmsaiisimiinuisieviineweaeadigald (Blair, 1993; Richardson
et al, 2011) ndulvinanssfudrufunanisieseisianeaesa e d1nvgnlududlalléla
Jevleaviadaias (0 Alansu/ls) dewalvifluszaniawnisldveaedauniian 12.936 nu/
fiadniu deinivgnlufuiilililadereansdaasiiuszansammsliveansalsfiningng

Ugnluduiniinsladeeanesannsedu eradunszdnnvgnlupunlilalddeveanesad
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nsusui Tneanaudesnisneanssanazldlunssuiunisiumueddulaznisiasydule

a 1 I

Tndosas uadsdnisasaiulananieldanzniineanesaniiogogedndndinalng

Y

Aoy Y

Usgansammisioneanesananleunu (Duff et al., 1989; Plaxton and Carswell, 1999)
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Lmﬂﬁhqﬁuiumsazmaﬁwaaﬂmiﬁﬁmaﬂ/\la%’a (P) Iugﬂﬁﬁ‘]uﬂiﬂwﬂ (KH,PO, : K-P) wazls
uuselen (Ca0qP,: Ca-P) MnnsmAnadensasaiulnednn susiviududens
AINGIRY F1UIUTIN ANNE1ITIN ALY dndnuiaduuazsin saudedinsiees
Weaneanaranlufunazsin wuirdniunanssuuinadials 41ueu $1dhdnwazdn
Fuih Geugnluarsazans K-P dwaliduiudusions aamugeiu S1uausin dmiinudsdy
L.Lazm’mLﬂmﬁuWQaWQ%’aiué’uﬁﬁﬂLa?ﬂlaqmdﬁnﬁﬂqﬂiumiazma Ca-P Tuvauziinue
510 AnudenlukagAuNTuneanasalusn %’nﬁﬂgﬂiumiazma Ca-P ﬁﬁ%a?{aqm'jw
Tnitugnluansazans K-

ndsntudadendilvinge 22 aewus uasugnluasazanevoarie¥adignadly
Mg ienuingiuitdaiuluaisazatesinemisiageglusuves Ca;0qP,: Ca-P,
ALOP : Al-P, FeO,P : Fe-P uay KH,PO, : K-P 91nn1sAnwanuaefinoudusnonisiasy
waanadaningusnaturesnd i 22 aeviug lnsdnvueiivdifwssansnmduniseeld
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LAZNISIANANARTINLAUDENINANINAUNTA LASFNBULANLAINUEIITINLALIIUIUTING
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a1 a

X 2w =5 a 1% 9 Y A P
Wnduaziludnwaenusdnudssaniamnisgaldveanesavestiinuanluaninid

WeaneSasnaguiu

s
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gavnedaiandlvivnge 4 meiud wazlgnnaaeunisnevausssieUereanealy

9 Y 9

a A o oA v sy & Adda 1% PR a A v
nszanfuiedafeniugtluUgnluiunnddaymausigreanesadiiluduiiuansineiu

v [

lnedinsladeneanasa 4 seau (0, 30, 60, 120 Alansu/l3) MNNISANYINITHOUAUDIVDS

LY

seeuderlparedasonisiasyiulauarnislvinandnueatn 4 arewugiu nuindniuday

o v @

aeiuginisnevauesieszruleneaneanunnieiuiuegiudnyuzUsedniugvesdn

[

Judreey lnensasgyiulavestninssesnisadgivlanddugean wuglovewdiugn

o

lusgauleneanada 120 uar 60 Alansu/ls dwalviliduiususienaas luvaeniugiesd
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uazdausiduiimsneuausaileUgnluszdutoveareda 120 Alansu/ls egrdlsfmustuging
unsinsnevausuilevgnlussduleneanssa 60 Alandu/ls dennsladeluuiumd
wgaNdnSUANF BN TTeritIrdnas it ndnsesydulamadudduay ndia
danaliinandnvesingnallusmedadmnlddewsarledaiuaudndueaduiivnion
T linigaulalddnisidmalifudeninsu fedunslioveanesaluuiuni
WigENYeNIINAzAANTadeninensiagaruseloviudidedigliiuasninuany

anysalluszerenwagliduiivivdwndaudneig
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