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ABSTRACT

Phosphorus is an essential nutrient for growth and development of rice.
Receiving insufficient level of phosphorus below its critical concentration will result in
reduced growth tillering and vyield of rice. Therefore, the root system has to quickly
adapt morphologically in order to increase root surface so that sufficient phosphorus
can be absorbed by the root system. At different growth stage, rice has a difference in
phosphorus requirement, as well as that the minimum phosphorus requirement or
critical level of phosphorus for each rice cultivar is different. The objectives of this
study are to investigate the response of root systems of different rice cultivars to
phosphorus deficiency, and to find a critical concentration of phosphorus where rice
displays deficiency responses during seedling stage when studied under nutrient
solution system. Two experiments were conducted in this study. Experiment 1 was
divided into two parts whereby part 1.1 was setup in a 4 x 4 factorial in CRD (the first
factor are 4 rice cultivars and the second factor are 4 levels of phosphorus
concentration). Part 1.2 was setup in a 4 x 5 factorial in CRD (the first factor are 4 rice
cultivars and the second factor are 5 levels of phosphorus concentration). Rice plants
were grown until 28 days for part 1.1 and 15 days for part 1.2 to evaluate responses
of rice root system of different cultivars to phosphorus deficiency. Experiment 2 was
setup in a CRD to find a critical concentration of phosphorus for growth of rice cultivar
KDML105 by testing in seven different phosphorus concentrations and evaluate root
system during the 30 days of seedling growth. It was found that when receiving
phosphorus below 100 uM, all tested rice cultivars displayed elongated root at 7 days

post germination. From 9 days post germination, number of roots per plant and root



dry weight started to reduce while root:shoot ratio increased. When comparing
responses of rice from different ecosystems, it was found that upland rice was able to
extend their root longer, had more root dried weight, and had higher root:shoot ratio
than lowland rice. However, Lowland rice was able to produce more roots per plant
than upland rice, especially in cultivar KDML105, whose root system responses were
directly proportional to phosphorus concentration. Evaluation of critical phosphorus
concentration for root system responses to phosphorus deficiency during seedling
stage for cultivar KDML105 suggested that critical concentration for phosphorus
responses in both root and shoot was 60 uM. However, responses were detected at
different growing stages, whereby root system responses were visible from 15 days
post germination while shoot responses were present from 27 days post germination.
Consequently, it is necessary that during seedling stage of cultivar KDML105,

phosphorus availability of at least 60 uM is needed in order to ensure optimum growth.

Keyword : Root system, Phosphorus, Responses, Critical concentration
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Waav\la%’mﬂuﬁmmmiﬁﬁwLﬂuﬁm%’umﬁm%gglﬁuiwuaﬂﬁ% (Raghothama, 1999)
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1159119118 1TAE N1551983AUTENBUAINY VaAwad N1suULYaduasn1sAUNUE) 1Wu
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#1939 2ITIY LU NSEUINNTEuATIEIRIELAY nsEUINnIEla wagnsEUIUNISTiReINTS
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ANAIAYsaNITLasLAUTAYOINYNN Lwiﬁudaulmgﬁﬂ'%mmWaaWa%’agUﬁLﬁuﬂsziasuﬁﬁ?w
(Barber, 1995) 1y fiuutuvuvesUszmdalneiiveanesaadeiios 0.02 % FewiniiAuuw
%’uuummﬂizmw@uq evaa (nel1 0.08, unalde 0.04, HaUTUE 0.06 LLazzﬂﬁu 0.08 %)
(Aa938nIAIYIUgIINeEn, 2548) Imammaﬁﬁﬂﬁﬂ%mmﬂaam%’agﬂﬁL'ﬁuﬂsﬂwﬂﬁw Wi
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uwibivsinameaneFaludud uay 2) lufulivSinameanesaas ueglusuiiylidaiunse
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Y Y Y
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sruunlpgifiuanuennkars s ldfnntuens i mesensmeanesaluiv
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Y 9

IMSNLNSIAReUNlUAURT LU Weawasa Jungk, 2001) WEUNNYRANIOUNEIYNRUTLNT
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[ a

lnganse1ee NsnuasesnuITuegiuelinvesiiyiug (Ohwaki and Hirata, 1992; Dechassa

v a
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woaweda (Phosphorus; P) usnemsidniurensiasaiulnvesit Inoglu
n&w macronutrient iflasanfindesnisluuTunaunn wiasidaveseaefaiiuldunain
Fuussssned duduninensiliudmualiuaslivgudouludisssezinadu assthuiy
lulnsiaudediegluonnimunnda 78 % wazdinsvyuisunasaiian luvazisiglulasiay
geydedireludulaevalenszuIunis Wi denitrification, leaching wag volatilization w
woaleadulnaiinegidnlugavseuinaildadluluiu Wosniujisetuueaden
viowdn uavegitulumsazareiu shliAnduasussneuluguithiliasansiuar iy
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a LY (% v 6 a v v 6 (% 1 a Y ! A |
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WAen (Geheaunfdu P) inszeanesalideujisenawnnuazsiudiiusineandiauile

v v

NafiueInIA ImﬂﬂﬂaLLé’aWQaWa%’aﬁﬁasﬂuﬁiimﬂaasﬂugﬂﬁLﬂuﬁ’swﬁwm phosphate
ions A9 Us¥nauf1e phosphorus atom Wag oxygen atom Imagﬂﬁﬁumﬁqm Ao
orthophosphate Usgnausie oxygen 4 atom 1u PO, orthophosphate dulvgjaglusy
999 H,PO, luan miifudunse wazeglugures HPO,” Tuanniauduse Woanosass

nlulasuliesnunanivasanneanadalifluvsseine wiawsasanssadeglu

3

Feavareluguves PO, 1ludiulvguazdiuioslugu HPO,? Bnuvaniuasaunilves

'
a adaa

Woanesa fe Tudwlidin Feleaesaeyluwadvesiiviazdniluguvas Deoxyribonucleic



acid (DNA), Ribonucleic acid (RNA), Adenosine Triphosphate (ATP) LLaziug‘d“UEN

'
a

Ca(PO,)5(OH, CL, F) lunsegn #lu wazwdenvies 1Judu wennluumas LAz A nuan
uidsvasleanodadsogluiiufialan Ao lugUvasfiuudrneg Ssfidruysznauvoslaanoya
Feadntioawindu (<0.2 % lngtiviin) wearlesafiuusidududsenavlunguud apatite
leuwn ws Fluorapatite-Cas(PO,)sF, Chlorapatite-Cas(PO,)sCl @ g hydroxyapatite-

I 1 Ayvo o I

Cas(PO);OH Tufiunniin1sazranves apatite 110 Snidudnausnsiniu A

Y

9 AUNDALNS

a 6

(phosphate rock) s Fluorapatite f1lau1anna1sdunidnienindu crystalline apatite
LarflALNANNTATANYRIANTBUNTE WU nTERnuasdnd Sunusyilailidn phosphorite &adl
Tassa$radunuu cryptocrystalline 91nvisanuunasnanaty wuin weanesadnisvyuiou

Mavuneglusening 3 uvasll Ao Aukaviiuws 3alT3n wavia FeansvywIsuluuiauwnasdd

TPHLIAUIUNN WU Msavanvempanesasuinuiues 1Wudu (833350, 2551)
nsuyuIsuneanadaludu

fugaldeaslumsazarefiudeogluguves H,PO, uay HPO,? Wleftugelddari
Tineanluaisazaisfuanas V\IaaWa%’ammméaazamﬁuq Jsazangeoniilualsazaiufiu
dutudtelfiinnuauna nanfe eansdaluduiifuusuguniuazuinfoniaise
azanelil H,PO, war HPO,? Aundudansaratedu wageanluaisazatefuaiunse
anmzneutfuveudslddn dwsuneamaiegludunisinquasluwadvesqdunidiin
nszuUIUNTUanUABn51MeIMT A NSNS mineralization TveaveSaiiduusslovl
Aundugansazaneduls Tumenduiuilleveanesafiegluasazarefugnlilaeqdunidau
ylvinloanaadntuliifuusslond o 1Aanseuaunts immobilization tules d1vy
weanesaludrufigaduvuiteyninnoaassdiuduneanesainaniuasuld auisa
uanidsufuneanlesaluansazansfulfivuiy venand dlddeneanesaaduluiu e
ﬂaazmEni’]%Lﬁuu%mmWaaWa%’aﬁLﬂuﬂiﬂa%ﬂumiazmaau wazlunmsnduiunoainni
azangldantanunsannaznauduunaidey egiith viewan naneidusudilsiiduyselow

Toduiu (9575564, 2551)



ansusenaunazdsunavaanaanasalufu

WeoavleFaluAueuniavun Usingegluguvesessinneann vseniniuUasaning

nnsalnneaneasa (H,PO,) tauvisdu eamwslufuwiseeanlilu 2 nqulvg fie duwsd

)=

Woanivatdunidgweamn TuRunag 1 dneavnisaosdiuidaneiu windunidweoaiwnil

a ! =

v a A v 4 Y a a ) a v o ) aa a6
LLu’ﬂu&lVlll']ﬂ‘Viiau@EJsUu@EJﬂUﬂiﬂqusU@ﬂaumTﬂ'lmqaLu@lu @ﬂuublusﬁu@u&']\iﬂﬂmaumiﬂ

Y

(% ' [
Y v a

Woantolaziunlufutuuuy 3nNan15ATIERAUN9 1U nudduduuuidunsd
Woanmags¥nIng 0.3 83 95 % vaaealnsanualuiu uwiluauildlunsaanssure U
foflur3dvieaminuinnin 90 % voseanlufiu (Audn 1 wes) egelsiniy 9nnsd15a
mUsinaleanedaluiuuvesUsamelneuazussmaluouode wuin lufuuduuures
Uszmelnefineanesandeios 0.02 % Gi"wﬂdwﬁuuw%uuum@aﬂiwaﬁﬁuq anua (Wi

a

0.08, uuaLde 0.04, MAUTUA 0.06, uazditu 0.08 %) Usunmvesweanssaluiuluusazyn

VUiUIvS e WIANEN (MSevthdnau) unnsnsiulumueliavesingauniiinfy nsve
819 warn1slenau drautuilaunaninguiiafeiu winfuiieasiden dniveanssa

v a A

winnIAUeneu fungnlduiuriegnuzaisinndt dndvsinuneanesaegtesninfu

Ualny wazUSuiaveaneaanesaluautuuusniuesnI1nutuand e nIyeg19g9ly

FUAUNINNTIEANUING D TU A, dIUAUTUNINTTavauvesaEnsNgNuzaauIn Ao U B, n

TveaveFaunnintuvesiuluntfiniu (Auansdaiaivivgitinen, 2548)

1. voawndunsd
Waapdunsdluiulsenaumeansusenaunatasie tnewad analinuing nucleic
acid 2 % phospholipid 1 % tag inositol phosphate 35 % a@udn 68 % VasdUNIEWDELWA

Filianunsadunsiininduaisusznoula (ranasdnindsUgiinen, 2548)

2. Weawnatiunsd

WoanmadunIdludu dvaminduleesuneainaluaisazatefunazniniidy
a1sUszneunseusmiuvesudseglufu asiluveswdveseamnlufuiuinuieg Fawus

panletdu 3 wan Ao

a a 1

21 wanws (mineral form) TuduidnantdunsUsunivoafu 19

<9 Y

flurapatite,3Cas(PO,),.CaF, Way Chlorapatite, 3Cas(PO,),.CaCl, F90 gluiudad wazus

a a = o d' = < ! o aaa
NABNU BINITUIUNN L'L!E]\‘i%']ﬂVLEJQEJUWE]ﬁLWG]@JF’Y?J’]SJTJWLﬁ?ﬁ@ﬂ?i%?ﬂaﬂiﬁﬂmﬂﬂ



M19197 1 Megansneamnetiuniduazgasiniivasloanaaneglunsusazyin

W3 gasiadl
carbonate apatite 3Cas(P0O,),.CaCO4
oxy apatite 3Cas(P0O,),.Ca0
hydroxy apatite 3Cas(POy),.Ca(OH),
strengite FePO,.2H,0 (ferric phosphate)
vivianite Fes(POy),.8H,0 (ferrous phosphate)
variscite AlPO,.2H,0
barrandite (ALFe)PO,4.2H,0
wavellite Alg(OH)5(PO4),.5H,0
taranakite KsAlsH(PO,4)5.18H,0
crandallite CaAl;(PO,),(OH),
gorceixite BaAl;(POy4),(OH)s.H,0
fluorencite CaAl;(PO,4),(OH),
dicalcium phosphate CaHPQ,, CaHPO4.2H,0
monocalcium phosphate Ca(H,POy),
salts of K NH,4 such as (K,NHg)(ALFe);Hg(PO,)s.6H,0
occluded phosphate Fe,(OH)sPO, in solid solution with FeO(OH)

131 : ANSENIAIYIUgIINEN (2548)

Wnuwsndwanifinannisnusnafurislilessunoannluasaraefugsauise
ujasenduuanlosoudieg Wy Cat? Fe'? Fe™® AL, NH,', K* waz Mg tAnidu
a1sUsgneuluguusnneg wisauduaisusenausinlatueg fuusunansuia (weathering)
Yoeusyiafne slauazUsunaveanlossutazieuleeay anudunsaduiiswesiunay

¥ d‘ 1 a a T A 1 = ! a a o
anmwingenaus wu luAuialnidnimnusura@eunaamnuinndt 80 % uaziogitly
Woale wanveawlaiiessdnioswindy wselufundniswisunnuazidunaiuiu Wy fu
999812183 occluded phosphate 111131 60 % egfitueas wdnveamnuinnil 20

a

% wardanunluguuaadouneans Auniufisendudiaindviunaweadeuaas



unniundnieaiin egfiduneain waz occluded phosphate uididufuifugaAzendu
nsn dnduunaumanileas agidueainn uay occluded phosphate H1nNTuARLTEY
Woawln agralsRmumanusweamaiinuansalunsazaneluinldtosunn &nduusiia
TniazaneldfniusiiAnuund viousiilassaalianaadududounng azarelden
niusiflassarslinanasgnaing (Aanansdniaiviusivine, 2548)

2.2 aUszneutealafiinninnsladeadiuluiu delddeneamniiazareléa
Wi Ca(H,POy),.H,0, NHH,PO, way (NH,),HPO, aqiﬂiuﬁuﬁﬁmaL%w%aumﬁl,%smqq
Wenduanseainadnmnigg flavaneilddesniniuane wu 019 Waswdy dibasic
calcium phosphate dehydrate, CaHPO,.2H,0 #38 MgNH,PO,.6H,0, Mg(PO,),.22H,0,
Ca(NHy),.H,0 Fsazareldtosnin Ca(HPOL),H0 waatvasuluiiu octa-calcium
phosphate, CagHy(PO,)e.H,0 Fafaud1aadios avaneinladhadnte LLaﬂu‘ﬁ'qmma
Wasuluidu hydroxyl apatite, Ca;o(OH),(POy,)s Wae fluorapatite, CaioF,(PO4)s Feazany
aﬂﬂiuﬁqm Lwimﬂfiﬂm\laaW\Imﬁazawlﬁmuauﬁﬁﬁmmﬁﬂum w‘%aauﬁmummﬁqmmu
fnAnduaseamnvialatisdafinsnenudoyaiios uimainindumaneamaid
luanalugiuasadududou Wnlseaminazanldondaiy (A1R158N1AIYIUFANIN G,

2548)

'
=

2.3 Adsorbed phosphate laaaunlaainnfignaadusgn1uiiaves hydrous oxide

Y Y

Younan eadluy uasushuwmilea®ang (silicate clay) Neawmralgnn3e wazeINwinIg

Y

UanUdeendugansazangdiu (ranansdninisnugiinen, 2548)
1 a a ¢ a
nsdavaatgdunIdnoaalufy

SunseneamadudiuUsenauuseunad 15 89 80 % voseanaSavunlufiu diu

()]

unssinglududnusenaulumedadiuves O/N/P/S ludnslagyseua 140:10:1.3:1.3

(%
Y

Aty Teyaliyd

€

a o

dunseinaludurinlisnaiuisamineziulsuruuesdunsonaainsle

q

de

¢ = 1

wrausuAuYIBunIdnaama Ao v1niy ¥1ndnd Fagndevaaelaeydunsdauuasy

Y

v
a 1

Januaagadunsgwaanmnoanu 1380n52UUN15191 P mineralization wagn1sNnaiunse

a a !

Woangnlduasnauluegludsdidingn 1Fonindu P immobilization Ns¥uIUNITIA0Y

v
= v (% 1

ASEUIUNISH AANEAU N mineralization wag N immobilization @vsudunsdneannniles

Y

[ o Y

ludunigingingndnlagieuledilsnsenin phosphatases acid FaHENIINTINAYU1 VTR

LaznaINTIUYRRaUVSEluRuaeYln (8595580, 2551)
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sUvasnaanafannvgnaly

Ingilditvgaldvloanesalusuaeslessurean dadrulngiiu monobasic
orthophosphate (H,PO,) @ ¢ dibasic orthophosphate (HPO,?) &2 u tribasic
orthophosphate (PO, ) 1Huguiifiveragaldls udiumaegtesnnlumsazaoideiiie
flumin mono wag dibasic orthophosphate wiiiin1sAnwluaisaralusInomITHUIINY
ausagaldneanasaandunidneanalusuves phytin lalaglisekiunssuiunis
mineralization wiluanmausssuviaidululdludinadidosuin (Aana1sdainian

Ugiine, 2548)
Tadefimauauanuduuszlovivewasamnlufu

1. viavesdrsnadnn

1.1 Solution P L‘“ﬂuﬂEjNWBaLWmﬁazmaiuaﬁiasawaﬁuiugﬂsuaa H,PO, way HPO,
2 Jeenunsadulszlevisofnloviud

12 Labile P 1Jungusleamniigngadunieinizdavuiineyniniu Labile P &
sufvdwmdudunioinglufiusazreaminiiegluvadeduvidifidsaasd Jaanusoliu
WoammlviiuansazangAulaviui

1.3 Non-labile P .unguneamniiliiazansthegluduvesuiugund dsanudos
woalsludnsriidnunn Tuduwes non-labile P # Sssamidsduridnoamniiogluduvioing

wazluwadydunsdnguiaaiadenuasdsliaaiefinme (853350, 2551)

9

UAT81AY A 52AUTDIENINNTANTOANINAIVIAY FeuanirieaInudunse -

a a a A [ 1 [ A
bUe (pH) 997U lngeadunganinveshunaiadunse - LUEARN9) ANAIT NN 2
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A1519% 2 ANWAULVDIFNINNIALALANINANVDIAUNANAUTUNTA — LUE TULAaZI

Amnudunse-wua (pH) ANNATANIOANINANNVOIAU

<35 ﬂiﬂ?ULLiﬂﬂJ’m‘ﬁIE‘jﬂ
3.5-45 NIATULIIN
4.6-5.0 NIAAANN
51-55 NIAIA
5.6-6.0 n3UIUNA1Y
6.1-65 nsAlaniey
6.6-7.3 AGEN
74-78 AaLanties
79-84 AUIUNET
8.5-9.0 A199A

>9.0 A199AAIN

137 : AARNTENIAIVIUFNINGT (2548)

[y

dwsunisazaneldvesmanieas wazegiuuneannsiuiu hydrous oxide Ues
[ a o A o PN aaa a a k% o &
wiinuazeaiitil Welnmsiudsunlawmuuiisensiu ansnsaesuignigaunis fall
AL (H,POy)s + 30H &= AL(OH); + 3H,PO,
P a a X - < a a X < & a o
LD pH AULWNTU KIDAMNLUUANYDIAULNNTU LaNWDELNRNTDDUUUNDALIG
] | a Y ‘:4' I3 = A v o

ansavanidetlossuneamnesnungansaraefiule luvusivinuseegitudinsanin
JuansiiliazanelugUlansenlad (hydroxide) waglunismseiudiu d1 pH anaswseouiu
audunsatufuriadiilessuraaauniull aiaufisedundu fe wan lansen
leavsengiuulansenlydinujaserduivlessuoans iniduminneamnnie eglity
WoanviazareenTu

Tunsdveaduifuivinds Guwr) arudunsavesiulinanas (pH g99w) Wesan

v 8 & - & a A Lo <

nsdadndunisiiuanudunisludiu wazmsiasuanineedansann oxidized form undu

reduced form 131 910 ferric phosphate 1Uu ferrous phosphate Fadwmalilosouroan
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avangeenulduiniu nmsazangldvemmnnuaaiBemeaailefinad suuasfAsendu
wansldierail

Ca(OH),(POy)s + 14H" = 10Ca*™" + 2H,0 + 6H,PO,

(hydroxyl apatite)

wanupaeuveamnazarslduniuiionnudunsafisdu (oH anag) 1iesen

Tosaulalasiauanunsadusiiulessueawn waglunsdues hydroxyl apatite Sazanelé
Alomnudunsaiivdu osanlessulansenda (OH) seususiulossulalnsauuay
Aaduh Fedsdaasunsazarsanntuluannilfunsaiiniu

a [

Tngvialuansdunsdneandiosglufunsageudenmainties dngnyduvsdidndes
aanglilulesouneanladiieninisniudunsa - aredus anudunsa - Arsvesiuds
= o (Y] 1 a & 6" i 1 a A
finudrfydavianieguvetlossusesivneamnsie 1w luaisazareduinlunse
Woawlniineglugy HsPO,, HPO,, HPO,? wax PO, lunsdifiansasanefudunsndn wie
pH snd1 5 eawndulngjdnaglugy HPOL, HsPO, waslunsdifiansararefudusisuin
w30 pH @il 9 eawlndrulvginaglugy HPO,?, PO, wsiglutae pH 5 - 9 liAseny
H3PO, wag PO, Hlksi H,PO, ez HPO,? Tudndiumanisnadl 3 (panansdniaiggivinen,

2548)

M19197 3 ANNENNTatuNsavatevalaanealugUsne

AsEsatunsavarevesleanosalugusiigg (Wesidud)

pH YaIAU
H,PO, HPO,? PO, + H3PO,
5.0 99.3 0.6 0.1
7.2 50.0 50.0 0.0
9.0 1.5 98.4 0.1

117 1 AANTEINIAIIUFAINEN (2548)

dieldUeneauinnazarslifadluluiu lessureamniiazaglitngnasadudu
W lAutull pH awised We pH vesdus Weawngnaidaelessuuiniiazaelanan

Fe™?, AL uag hydrous oxide venan aafity uaruien1ila wazAos anUsNaNITn3eas
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dle pH vesdugeiuan 4.1 0u 7 ualunanieadu Weawndngnaselay Ca™ Mg™ uaz

CaCo, inluupa@eumaanau3unamniusess We pH 193fugeuan 6 1u 8

= Veery High

(3] Fixation

v Very | o

@ . N

= High .

= .

E " High

5 1 Fixation

- . i el * Highest

X High i i 1 Phosphorus

ic ' ' 1 Availability

1] i ! 1

= 1

. ‘ J i P

E . P Medium

ol v ) Phosphorus "i Fixation

0 . osphorus P : E -

E Medium Fixation g Fixationby o e .

[«% | F Aluminum

[ Yoot r \‘ ‘\ ,' Phosphorus .

2 - ) . ’ Fixation

[ = * % e

g ; " “ ""’.:' by Calcium

E Low 2 s - - - ™

< | | | | 1 1

3 4 5 5] 7 8 g
z Acid Soifs i - Alkaline Soils &
= Ll r Fa
Soil pH

AN 1 RdIUTDINITITINDANATUAPTUNTEAU pH A199) VOIAU
131 : Jeschke (2017)

Mt 1 wandlidiuidnainvesnsnioleaa Sufntufisziu pH seq veq
fiu wilsidleduil pH egszming 6 fe 7 fusunameawinioglusuifieliusslovdunndian
widldvnennainssduresUimailudufismeunaudoinisvesiiviiugn feiltuegiu
yiawazUTinausweamniazanvlunsnsaeamlnveiu arfuddunaluninsaleaiin
g9 daalsifusinameamaifvldlaei uaglunemssiuda dauisrunalunisns i

Unamesteamaidusslosdsens (panarsdaimiviugiinel, 2548)

3. Usnnavesuanlasauuaransusenausineg minujiseniulessunasnin
3.1 leesumanuazealituiiazarslufu loseuneawmsluaisazatefiu viuisen
Tadrewazsindiuiniu Fe'? Fe' way AU arsusenauiintudiuunninazatetilasnn

wardlnavinlimuduusslosivesoanlufuandias @a15Usenoun1es Younanuaz

sgiufiazavegluiuiinazanelviuanlosou Fe™ Fe* uay Al unndullofudunsndn we

Y
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USinunisaganganaaiile pH suaaﬁuqa%u Fatudarudunsadansnsaloanndeanndy
vilsiSunaveslossureaiinluasazasiivanasnudwiv iiesanlessueangn
Wasuliiduasetunidveamaiiazarssnuiniu dwmaliisgaldlddenas (Aunansd
AAIYgNINeI, 2548)

3.2 Hydrous oxides @1%5U hydrous oxides ¥auwan gl wazuusnidaiioglu
Fusialy Tnsanizegnsdsluuauiundounasiunguiu hydrous oxides vouvdn ogiita uay
wsnila aunsngaduleseuneanaldUiuiamn nssuiumsiifendt polar adsorption
uaNANTENIN hydrous oxides Wiaiiiveravhuiisenulessuneamainduasiiazais
lagndnaay U‘%mmWameﬁgﬂm‘%aﬁw hydrous oxides vosan agdiiu wazuuanidadn
anadiile pH maaaugasﬁu (PauR13En1AIYIUgIINEN, 2548)

33 WSAULWTUE2TALnR (silicate clay mineral) uSAULRTgIWIN kaolinite,
montmorillonite uag illite a1u1sna3sWeanldlnsfiusszianiansaviufazesu
lopouvleain lngnszuung surface reaction Ao NTvuIUNFilepouUDANALT LI

aaa [y a

hydroxyl group ﬁagjiam HanAnvesLsAumileTanm uavviujiseriuesneuvetegiiy
vidooznouveamaniioglulasiainsueausdaing lossuneamnisnaneidussduszneuves
WAl faunTs (ANINSENIAIYIUgIINeN, 2548)

Al + H,PO, + 2H,0 = 2H' + AWOH),H,PO,

(silicate crystal) wIneamintazaneinlgenn
3.4 uAaLEENLAZLUNTIRIUAISUBLUR (carbonates of calcium and magnesium)
AuAd pH geinil CaCO; 138 MgCO; avauay uardl Ca™ uag Mg™ U1nA3e (calcareous
soil) leasuvleamnviujiselanuazsinsinu Ca™ way Mg wazunansdlenaviujiszen
18y CaCo, udnAmduarsunadounsenuni@ouoaafiazarsinldonn wazial
annsninluldusslenile deauns (ranarsgniaidgivinel, 2548)
3Ca*? + 2H,PO, = Cas(PO,), + A4H"
azany laiazany
3CaCOs + 2H,PO, = Cas(POy), + 3HCO; + H*

avany lylazane

a

3.5 NuNilvesasnvandaselossurleains NuNRIve9a1sNUanUaselaaau

(% 1%

Woawlnanunsdninnisuanudeslosouneaald Tunsdiiansuuliiunmun (euniamdn)

[
a

gonavarslan untansuuiinuiiodes (eunalve) dgevavargladn uddnlunsdvosansi



15

= a |

azaelaneguad 1y Jegosnoawln nsinuniiungeuinlvlossuneamnazaislad

%
a = = o aaa [

897w Fanusunalossuneamnedasimss esaingniuantdesesnuilivinufisendu

arsduluAulamnsitu (ranansdgnindnidgivinen, 2548)
n1sasanagEna

1. msnsenasnnvashiu
leldleveaminfiazarsldfadluluiu fvarunsagadlulududivldifisadniies
Uszanm 10 - 25 % vesealnfiazatsldludeuindu eamniiozarelddiuiinigly
Uszana 75 - 90 % 1 138071 MeaulndigneTeegluduliogluaninilliazaisdn fvla
ansnsnthlUlduselondld Uinuveseveamaiildadlulufuargnedanndestuiuegi
211191UN1303909AY é”]mﬂumm‘%awameaaﬁuﬁguﬁuagﬁ’u 1) yilnvesdriulsznay
uazanUeIAutiug 1wu Usinadunieiaglufu 2) 52U pH Au 3) Usinamedlesouuan
wazasUszEnouvanman eafity wianila waale wunddeu 4) Usunaweslansenlyd
maﬂLwﬁﬂLLaza@Jﬁﬁfm war 5) USunawasksiuniledniee (Aanasgninivilgiingl, 2548)
1.1 UfAsennmsnsealaamnvednu Aunsaleamnlavaisuiserdieiu awise
uveilnvesufAsevanioondu 3 ¥iia fe
1.1.1 UfAsoimsgaduegniuiy eyniavesdudislvuiaidniiegluanimues
ABARBEA LU WINWIAUULEIAGG aw%i’mql,l,azaaﬂlsnﬁsummﬁﬂLLazaqﬁﬁmﬁuﬁﬂim
Inifuslsey uaglossunoamndusaluihudsogsudeatu Seannsngadaduld il
1) usigadaiualeuss van der Waal L“f]umi@m%’uﬁl,%‘smdﬁ physical
adsorption ?jqﬁwaﬁﬂﬁlaaaumaLW@samé’mﬁuagﬁaU6] Nuiwesreaasesviiu Taseadns
vasnvaasusliifiorlsiUAsuLya
2) dlessueaadudiiuaisaeaasennlgiuseiall (chemical
bond) vidensduitussusuresuanlosou ilviAnluanavesastu Wunisgaduiuy
chemical adsorption 310194AnTuldINs1za15AeAaBEMNETE hydroxyl uag silicate
group Foavgaoenlumdeiumisiilfaunaseoueuleseu lovsurealneiaitune

! Y v YV

Tudwnuaille 3anelminn1sduimienuseall YSunauasaamnfignandunie’

Y Y

g
Y
=
G

(% ' '
CN 1 o 1

chemical adsorption # Tag#ia9 lULinegnI175 physical adsorption lwszAwnUslopaU

LY [y 1

Woawadduiiureaaseaidnin sgdlsinulessuneamnfignaadusgin uiinvesans

AeansuAmaIlingnandaliniousdnuiunils ildausaazatslossuneannindy
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oonnagluansarmeiuld Woawmmaiisegluanmiignass (ranansdaainugiinen,
2548)

1.1.2 Uisenmsunuiisnelessuiivuialossuiniu lessusleatniignge
%’Uagiauﬁuﬂwawjaumﬁm@iaa6] indeusudnlusglutosinesznimandendnvosuiiu

witle loseurlanuidlossuress) Wasuananmigngaduidunsdiunuieulossuy

Y

o s

YouAn (WU hydroxyl, silicate) uaqloesunsannduiinunoaassaninusz 1Al Tu
anmimeansandedl hydroxyl (vuiatannitleseunedinn) w3e silicate group (AU
Indlhearivlessurlaan) siueglulasiasisesguneaassnty an1mvedlasiasisuasHan

A dugUTned undlslesaunaamnidiuiunuil hydroxyl uae silicate lassadiaves

1 1 a

nAnlipsfodad1udy wsizruinvedlessusainaiulosaunununlivindy wWeoiduwul

Y

= v A £

nanvadnsaumndednillessuneainnegnlainisinsesluildu Welilalaseasialay

Y

sUsvesndndinadl leooureamndsgnivinuuuiuesdussnovvesusiumioviialng
090173 Metuealawadignedauasliilenavgnosnuluaisazarsfudnuenainus
ﬁumﬁm%ﬁﬂﬁgﬂﬁﬂﬁamaﬁa (PRN3EnIAIYIUgIINEN, 2548)

1.1.3 UFA3enn1suandiuasinujisen a1suszneuneaniiazanslddsn
azanouasunniililossureamauarlonsuuandug lufuifiarssznausneg wu wan
oonlud wianlansenled egiithilensenlus waa@enaiveiun uuniideuniueiun ey

Tuanmindeuningay arsusenaumarildnazansuazlvlooouuinmige wu uanlooou

a o =

I3 aN I a dl'
VNLUAN 2adUN LLﬂaLSUEJlILLagLLﬂJﬂULQjEJﬂJ@E”JIUﬂqiaga']U@u LLﬁgLNQIQQQUW@ﬁLWWLLagLLWG]

Y

& [y o aaa [y a < ‘:l' a &£ 1 a
leopumariinuiuuazyiujisendu aduaisusznauneaaiiazaisendstu wu 1in

<

Jumdnneamls egiuuneans waaleuneas vseaisusznauiidgnsiuanadudon

'
a

897U nazidumsnsaeaaiiasainarsusenauneamaiiinTuazatetileasnn

aaa Y

Uisemsuanmiuasyinuisentl nelvAnnisnImeamanasanaiegratig lu

a a [ ! d'

~ A a aa ] ~ )
AUNLAINLTUNTANIDAUNUAIULUUAN LUDIINWDENNNLHNHAIDDNNIINATUTENBU

#1199 Uy dngneselessuveanan eafity lufundanimaudunsngs wazdngnasenie

Y

lossuvosupadevlufundan nenuduniisgs (ranansdainivigiiven, 2548)

2. MsnsanannuadunIeing lufiu

duvsyingluiuiilasiasisdudou Fudininsesleaauazieyilvneannagly

Y o

o & ¢ 1A 1% v a &
sunduseleviddoiynions fu aunsaesuigle dadl
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2.1 Ujfseeeaduagniudinu dunieingilassasieiiusenoumengunaiunse
wendieaniulossudiuiuuin nqulessuvesdunisinguaidauisolnaugaiuniy
lopaurlpanlunisgnandusginurivesasneaasenduy Wawuiy (AM1915601A797
Ugiineg, 2548)

aaa d‘ d‘d 1 [ d‘ a a a [ =

2.2 Ujisenisununlessunivwiawiiu weulossuiiinaindunseing e1adl
yualngjauldannsadilegseninandnveunsiumienla winleosuvesarsdunsol
yuadnuazansardiegluseninamdndendnveushumiedld losouresansdunsd
o = @ ! & Ao | v = ¢ a
Aanandinunsugeiuinuleseunean dwalinisesoainnanas (AMIA159A1ATT
Ugiine, 2548)

2.3 Uffsen1suandinadinufisen Wedunseingaaiediuaziudeusy dn
nellAANIAdUNIIUNTLA 3991119 pH VesRuanas FuiunIsasanaasans Izl ALY
way Fe™ azatgeonuiluaisazarsfulanindu ualuvaziferduil n15a8a18@1903

(%) |

BUNIY mqﬁﬂﬂﬁlﬁm hydroxyl acid W tartaric, citric, malonic wag malic acid UL N5A

(%
v

waniannsariilfiAaufATen chelation fu AU waz Fe™® I fadu Fudunistoatudls
AL uag Fe™ lUviuiAzentuleseureawln Ssannisnsarleainasld daunsdlvesAuid
Ca™ 110 wilafle calcareous soil Fail CaCo, ogun Bundsingluifinansznusionisnie
woalnias etnswauiiduresudees Cacos fanseuan pH wazadudios ca'? o)
AABALIAN

ndinaniun azmiulainnsifiniuvesduvseingdmwalinise3oananas n1s
nieleamalufuldlaifinfiewinuiselaujisemiiavinty mnudiiandeug dunaie
Uz wsziuduanswauniosdUsznounanesie disldadeneamnadlulufuniugnse
< 1 1 = v A Y aa . [ I
WWunsa Weawndiulvggna3aiuiinle3s polar adsorption fun1sanagnautluans
Wealnnfazateldenn uwagdliudeevinduignaseediedng @338 isomorphous

replacement (Aa1915801AIYIUFNINEN, 2548)

nsgeydevieanadalufiu

[

WoaneTanegluauaydelunnaulavae s el
1. Aalududluvasiviiersanliuainsu
TunngguandesiuieifivnalUld Tuwden seds vseduuazluresiivniineanesa

Anoanludie Tnslafsuainfuwdamilsagdereanaialasnisineanluivdiuvesity
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Uszana 0.5 — 1.0 nn. Neanesanal wsauszunal 0.4 % Ya3USununaanasanavuanily

Ay (@ulansiu) (Aansdnimisugianen, 2548)

2. gnvzaneasiulufudns

asUsznouNeaindulngjavaneildtosin uasilosounleawaiiavarsagly
arsazasfuluUIuulesuin (Wesnin 0.1 ppm P) 91atAnainn1ssza1soneanasaas
Wahuane lutieszeziandu e1afivsinadesfinu uwidszoznauuiusesldeuiinng

Y

gaudeludSinannn (ranansdnmividgivinen, 2548)

3. NISIYLNY
Tngmluminaisusenaveasinvaamnluaninvesdulsluinisssieindu waad

JuAundidsenafinisgaydeluzuaes phosphine (PH) 19 (rannasgniaivgianen,

2548)

4. N1SN39UVDINY
lupuigniianvsegnauineenaniunduly Ineavesafneenlume lulnis
anvgLdeveanedausvuias 1 -3 nn. WeanedaselU nieUszuin 0.4 - 1.2 % Y89

Woanasananualtufutulansiu (panansdniaiyugiiven, 2548)

Ufjdunusszninaneanaanusinau

(% § v

WoaneFaliuduniusiusinduluiinisaauaznisinfeudreaigluiiv @9 Fageria

1%
=]

(2001) agul7 fisil

1. veoanesawazlulasulufdunusiuviinaasuiu (synergistic effect) Tusnu
NINALARLSIRNLALAIUNITATAULAVDINY

2. veaodaiufduiudideuinduuaniiBen esnuuniiBoulusindsimiii
nsedumshauveseuludua (WoalvAwa) Jusesufisonisindeuihomeawinain
ATP Tudilananavesansau

3. mslieeamndnsguilifivazauneanedassiuiuiles Jalnalisnsdru

P:Fe uay P:Zn guiuly suduwmeliivwaninisuinsiniiaes
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awnraslymidenaniintuiesannsldleneanedaludnings TuAundszauanuidu
Uselovtvaauaniazdinsdraudnanidn 89l 1) wannazdansdnazatels nanewdy
a1susenaumanaanansoa1susenauvasdinsavoandsazarslaussas 2) veoas

davinensgananuasdinzd@nsin nisiedeudieainsingdiuniledu nasnauidng
NITUIUMSUAUBATY Uag 3) NsiiudniUenoannyigdaasunisasuIadinInyesgy
wiNINasIMnsaeAdeuivddumilenulatonat geunsenureaunavedsIne1ns fie

9NIIEIU P:Fe Uag P:Zn gandiseauund (Marshner, 1995)
an1svanaanasSavaInY

wiineanesalusgilindoudelufuudansandoudnelanluiy Woanesads
A [ ‘291} A A a & a ¥ [ dy P [l dy A Ao o a a =

aunsamaeudsanileeNnasgyiuiuailuduloibolnduaziloweniauasgiule dv
= 1 1+ [y :.’/ 1 a a 1 1 = o 6
Jamevauswionsldlevaanadanudssozusnvasnisiasqyidule dluyisvenisdunug
Woanesatnedaudgludmanaziudnvasie sadunisuianeanasaluyieiiadinanssny
1 v} @ a % ok @ ] =
AONTHAUULAN waNITRTUETINANTEvRNY (8595504, 2551)

Tuannzinvuaneanesa dninisiasuilasidrfey 2 Usen1s As Tuveevun
1 én wazdwulutes awmniuiuluiinisvenetuiesnnwadiledetuinlidesvene i
Fultosnanwadluidatgatunniineanasasinazaninyiuiivessinanas ag19lsAniu
WIIN15V8NLVUINVBIUANAILIN WAUSUNAlUSAULarAaalsTaas arteNuAluanadLiie
< v ) a A A  &a ~ < v & A A
WANTeuWINTY YuInluNanasuinwausuuAaslsiadNanasiewdniosd dualAlunsi
PeneaNasaluTz ez wSNLAIININTVY WADATINITAIATIZIPLLEIRDNUNAADLSNadanaY

Wonsasiiulngiumnilofuanasnn LALNaNTENURDIINUDY AstuNsnunneanssadl

I 1 {

AdRAIUTENIEmMTaRURUTIN (shoot : root ratio) anawwIe (89gmNs, 2546) AIBEIYY
20w (Phaseolus vulgaris) Til#§uleanasalusziuifisene fid1 shoot : root ratio winfu
5 uifloraveanesamdoior 1.9 Famsesiuduturnwunii@eudidaniody 10 wandld
Wi msveuaniiBendwaliiminsnasawnn uidiunileiuanasiivadntowindu
(Khamis et al., 1990)
msvevleaieadaduaimmivinlinsnszanevesmnslulansmaindumileAuas
magjﬁsmma%u dmfuiifinaneaesaiusinuaslulawmsalusin 27 % anUiunm

Hanualudu luvasnfivndll 15.7 % srewnisinivivianeanesadaiusatadale
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lurugNdumilofungnnisiasgiaulang Msuianeanssavesdianuid (Stylosanthes
hamata) finaviliinsazauneanasalusinunn wazdalasudndiunils@indoudeuain
drumilenudnaiy Iwilisrnaunsasydulaseluls eswnivnergiusneraninli

FINHANUANTONTNDIWNTNUIALAGUN TGN (Smith et al., 1990)
QUEERIEILRENTL TR R EE R G

dlofiguaneanesadniinsnovaussedasina veens (2552) lsgnuirfieiinng
naUAUDIRE19TIALS B ANaaN D5 LSUAILANISABASITA (transcription) #50A15@579
RNA #9910 10u398N15USUAIMNTILATLATN19E35INe LnediingUszsasaiiiaiine
ANLanIaluMskasIreanasaanau ieUulauseansamnsldveanasaniely
~ A 1 [ a Y ¥ A
Y N1snevaUsIvaINYianIsuIaneanesa awsnesuislaldu 2 du Ae N1IRoUANeY

AUFUFINING UagaWaSTINe) 79l (Raghothama, 1999; Schachman and Shin, 2007)

1. NIABUANRINUANEALNIEUNgIUINEN

nspavaussluaull Taun nMsiiusnsduresnaedlunilonu lnanasudny
9T INAUITEUUTIA LIINSHUNUARIS NN Taanaaw na1nAY TagLiiudnuiuuas
AIUYIVBITIN LANTIUIULAZANINEIIVOIVUTIN @51951nASALMDS (cluster root) wazdy
S 1 1 o & p N
wastensitinegsiniuventesiluneslsw (mycorrhizal fungi) 8nsae

1.1 ASNTIUILLAZAINEITD99IN TUdIUURIN1TAILNTEUUTIN Tnetldeunis
Yaursnuwuudameniluses adunsdamivessinuuuiiinnaiue deasunisiiy

A o

UIUYBITINUIUL LATES19ININUTUUSUAUTUUY LazdingasieanlufiAniaiauiuiu

a [

fafu dnwarnisuinizaeunuAutuuuiindriiedunisnnoane falufuduuy
(838985, 2552)

12 UIINUAZIINLILY A19FUNISIRNTILIUTIUIINUALAIILENIVBITUTINI
AMLEATYIN Lﬁawwm'}ﬂﬁ%ﬁagﬂuamammWaaWa%’aﬂ'ﬁu Uszanas 90 % vosleanosad

v O A A v o = i o
ANLANIAINNIRATDIVUIIN WanANUuRsTivIareanesadiinnuangulunisusussuy

Y]

iniivanmaudsdaeniluiiveanssanm Jasndlvygareanesalates widaiung

[ 1

Usnaniieanesagenitdindu sinfwenuwuuswazivusinundufirvluuiiudng

[

Fegligaroanasalauintuds 80 % nsiiuanunuiwiuvessusiniunagnsnddgy
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10 LﬁmmﬂmLﬁuﬁaﬁmﬁamaqmﬂr"fuﬁ';aﬁ,gmﬂauLLazQWWaaWa%’aﬁ’mmﬁu iledaaiuns
waunvusnlildandmne dumiefuisdndoulasansnadumngsn deelviiou
AN ALAEN (898M8, 2552)

13 sinedaweiuiesinngu (Cluster root) iniAntuidlefivunavieanada Sefiuiin
finnsusunalneneg Weanunsameanesalndsanetuaudeanis enadeudunss
Woawlnliduefiunidneamn vieannsnsaeanasalufu (Shane and Lambers, 2005;
Lambers et al,, 2006) nAdawosindvusntuunagumuniuiunszanadouUsuas
annsadanssinasndsnsadunid (Inewamy citrate uaz malate) waznsavloaiinag
USnaseun s1nfi Lilelfiunnsazaievesansuszneuseaminfiazaisen Wy uaaldes

o aaa = v

Woae wdneans wavegidureaws WeavarauainsnduniddninufiseAiad

[
=

(chelation) funAalduy Wan waveglitu sinfisdsgareamnainfulauindu (seews,
2552) lufudifimsnsaeanssags nedamosaunsadunsmdunsdldunnnisnivilésy
Woanesaneaiigans 20 - 40 wi (Vance et al., 2003)

14 $n31d1uvessindedrumiledu (Root : shoot ratio) Weaweaidusindils
wdeuinelufu fivursslavieunsaeiusiinisfmussuvsnldfiounlngdu el
annsaudnszaresnlulufu LLaz@mmmaL‘V\Imiumiazawauvlﬁqﬁu (Jungk, 2001) fiw
yalealeaindidnsndruvessndediumilefuganivitvildsurleanesastafivswe
(Gaume et al,, 2001) %"’aLﬁumamﬂmsaﬂmsLﬂ%@LaUImﬁwuﬁwﬁuLLazTU 919157 18a1N
nsrvandaasgidiuasgnandesundidulduiowulvssuunnivunlngiy
(Cakmak et al,, 1994) MsWaNsEUUTING NG ietelifivanmnsammeainiogusiin
souq nldnniu Melltuegfunnuunndinsvesdnenmessiivviomeniugialunsusus
san1suaneanesa (Fohse et al., 1988)

Tugranisiauvessniienauauosion1svIaNeans Tatl @13159n19193gLAuLe

YosNErane v INIUNUIMEIAY AIR1599 4
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A9197 4 NavesETsINssYRUlavesivusTianemM st INTug SN Ineane s

A15139M19LaTYLAUL msnevaueseniole  wareszuuIINnlutTfiven
fleflutasiivianeaniesa Weaveoda
29NTU (1) duewhveileie anN1sLasYYeITINUguiuas
Wvane NNSUANTINUYLS
(2) infoueanniu dWuswauieideduingin
RN
(3) wiiAnadudy HAIPNLE YT

LASINASALNDSUINTU LAty

Talnlatiy anANUILYUILSIN AUNULUUYDIVUIIN

AU WinAMUTUTElusn ANNISTULINITHAATINVU
faa o 6 Q' ‘3 QI a

NIALBUATEN (ABA) FUATITAAUTU WLASARUUSIN

ludnalag esandarulug

wasudrensladuddiuinie

Y

a

AU

17 : Hammond and White (2008)

2. NSABUAUBIAUETIINGN

2.1 msusuRanssufisatestuneanesalufiy Wefvndyaniizvinreaneda
Tnderalvinnududuveseanesanisluwasanasetg1esinsa (Natr, 1992) agrslsiny
fuhanmerensnumtidunelulelamanadiliauna Inewdeudoneansdaivaya
MuiAleawsaveludiuveslelnnaradu (Plaxton and Carswell, 1999; Raghothama,
1999) ﬂizmumié’qﬂéﬂ’JLﬁumi%“ﬂmmmLﬁﬁmsﬁu%awaaWa%’aiul%Imwma%ﬂﬁaeﬂuazéﬁ’uﬁ
Und wielinszurunisine Tulalanata@uaninsaiauseluls

2.2 madfiumuidulselonivesoanesalufunazduaiulissuusnannsageld
1ndy Tngnisudansndunsd waslusmeuuazansalan (chelates) naanaunsndsnsaned
WmaaInszuUn Taenseuaunsfananniznennnszdunisviinuresduiiniuaunis

asraoulel Wwu nsaneanwa eulasllsluinadea waslusiuvudsmaalsn nanfe wils
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d! ! dl

fwsuitennmsalvnvleanssa dndedyarudadidnuugdellosuasnanvaty elvidiu

(%
a

199 Suiuavnavaustlagnies neuluNsUTENBUAIENITM19IUTB transcription

factor anewtin dmsudusnidunuimnseiulviynevaussdanisvianeanasa Ae

= a N

1U5fu phosphate starvation response 1 (PHR 1) &sflunuimuieatinnisvineuussdulu
ngal P starvation induced genes uaziaduogramisifunumluitinsareloudayay nilu
fis fla phospholipase D (PLD) stionsysliiiuiiunaneanesadnswamnsin uena Nt
slefiwaveanesarniinrududuveslalalaiuluguanas msfisesluuiivsiniindoude
TWgslutosasfiunuimiidrdiviliiinnsusudsussuunsedeudeansemishuiio lu

[

oS & a Ko a o A aa A o
LUININLBDADNITLATYVDITIN UBNAINULNA transcription factor BUS NUUNUIMTEAEY
lunigeduwmarfidingninileaiiliauaunisadnelusiu deimindulusfudmsuouds
Woanlosau uazauleds1eg waznsndunsd saunenIuANNISUAsuLUaIiud g

W UaraITINe (89815, 2552)

P USIIaUY SINTYA | — P Tusnein L P ludduwiladusn
inTusiiuuuds P aanstAvlnvasdIutoAu
UsuLuunuaddu \iunsndun3o
Lﬁ'u APase 1az RNase L‘ﬁu root:shoot ratio
#519vusn WAINIABUNTE

AWH 2 NMsneuaussvesiivilevianeansda firnwesgnasae
N3ROUALDINUTLATEY Y IMAIAIUANNITYININUTD YRS
[APase = nsanaaWwna (phosphatase acid),

RNase = Loulaailslufiipdiea (ribonuclease)]

i1 : Hammond and White (2008)
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MsUSushiiddnBnesnmilswessnitviiviaweaneda Ao nmsinlusiudmiuge
weaislooay (Pi transporten) luiiloifelifisamedmunisganeainnaniu Gaavaeld
1NTUTINAINTIITESTIN TAafionszsduiisngaldludiotoassnag Tasunflusiu
dsurudeoauinlonoudl 3 2sdgos Ae PHT1, PHT2 way PHT3 dwidu PHT1 dufiunuv
dfylunisgarloainloseuninatsazaisiu wagnuiifinisifiuswaunndulusin
Tnelanzegedsusnaatssndefivavoansa (Hammond and White, 2008)

uenanmsUiuivessruundsildnanuiudatu ssuusndadoromadian g
Swfufuiderlunoserdnie Tasfislduaslulawmsnainin dwdildsunoaefauas
5193 Midulovensiasn (hypha) gald siivszaviaingeninsnlunisgaeaneda
osnang 2 Usgnns fe dulesndnningn 2 - 5w Seinsrdniuian | Usainsgs
N wadluiifndudaduinoyniafuganiisnuin Sunsndaudlulugesisesdudadn
nwannuazandlild wasdlsveadesluasslsmdauaunsolunaifiunudy
Usglovivamlaanieda Tnansmdsnsnduvddesningdiu vievdansaneayiina senundes
asUsznevdunideann viemieihlvanfivnouaussdenisuinnoanoda Fsnnsmas
et Sndanalden pH luAuusnuseuy mﬂﬁsuagﬂusmﬁmmzamﬁamiazma

Woammndnnanils 1NNsYINUTINAUTeEINLaseTRINa SIndsegluAuniveanesa

'
o

= a & L3 & ] = = [ Ao &
1 Feanunsaiiuanuilulsylevivessigil 3 - 5 wh Weweuiusnnlifiwesluaeslsen
iipausfivnvianeanesasesdndsninamadnaduasundisnliiissmeunnisaduayuy
NaNTsUveITINUAELesY dwsuihaanglaauazylasandndesaindiumiesuundasn
< & Y v [y A o 2 1 v Y
wannluemisidessnuamdududygranilisnneevauesionisuianeanosaniy

(Hammond and White, 2008) §am157471 5



25

AN5199 5 9NSNaNTLAVDIANSIULELATHANEIUNTL DAURDA NWULN1TNDUAUDIVBITINNY

Nuaneasa
yinvasasiulawnsn ANWULNITNBUAUDIVITINNYNV NN DT
ylasa iNEnTIdINTRITINFRAIUmloRY

isnsuanseonveslusiuvudsioann PHT1
dfiunsuanseenveseuleslsluiedioauaznsaneanna
fiunsuanseenvaslusiiuvudsloann PHT1

nglad LRI LY DT INRULS

WuNswanseanvasaulasllsluiediea

‘1'71|3J’1 : Hammond and White (2008)

2.3 11TUSUNTEUIUAITIIATUBATY 19U N191ela NTELATIZAMBLET LazLuA
UoATuveIR1SUBY (Raghothama, 1999) nszAulinszurunisinalaladaidunuuuienia
(slycolytic bypass pathway) iieaniuneudiliveanlossurio ATP Lﬁ'aammagﬂumas
vannaunanasa 398 ATP 9110 wiu l@enldarsusznaulnlsweains (pyrophosphate;
PP Wuunasmdsnunauny wasiiivdanssuveseuleifiiinsldneanesatosas wu 14
sulfolipid Waz galactolipid 1 phospholipid TunszuaunISINATUEATN (Raghothama,
1999; Vance et al., 2003)

n1snauauaIvasiludazyseesaUsinaaaadalusEiusigg

TuwdagdreorgreatdesnsUsuneanesalussauiiuananeiu lagd17ins

movaussnaUTIaeaneTanlasuluszAUA1IY AIRn3197 6
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M19199 6 N1sRBUAUDIR I lUUsREYMoeRaUTIAean oAl AT

RRIVGR aruduturoaesaluieibo
Wn/dedgn  vuAau  HeuYIALARY NgH wolles a9
14 1 0.09 - 0.29 0.43 - 0.83
25
30 Ju 0.37 - 0.55
35 U 0.25
55 U 0.37-0.52 0.57 0.59 - 0.66
73 U 0.12 0.22 0.27
112 Ju 0.11 0.17

‘1'71|3J’1 : Reuter et al. (1997)

Y & a v oy
ﬂ'ﬂﬁJE‘VI'ﬂULﬂEJ'JﬂU?ﬂ?

v a 1

g1invanludagiuiled 2 ndu laun ¥13danieslis (Oryza sativa) wazd13ugn

Y

we3n1 (Oryza glaberrima) 4ilgnlunivie@eiinaussmaluunseutaziunaugu aun
UsemaBuife Ing dunen a1y Geawin wai 3w guu waeduladidy dmsutinugnluuay
wesnmlunasugnisuusnegluweninine fuan antuunsnszatglumslivemeianies

8151 11MsEelai awinisunant U mileuniu uitnvgnuasieuneiulunaialan

(Y A

& o & v a A = & |
ABUTNNALTUTIAAIULLTE FLUITU 3 nauaIUanwe A

' o
¥ a a aAa v e v

1. 9178uAn" (indica) #5091 WuTMNTanEwuLinEe18173 a1duae Fadoun

Y

(% (%
[ Y 1

Nnunasidunuasasnlulsemaduide Wudnitoumzgnlunivie@ownusguiaus
U Beaw FaUTud Tne Bulatlidy lUaudduiouasasani

2. 917797881 (japonica) lHutruniisnudaden naws Junasnudanainnig
mamfoudinszaefiasnmaguuiiiln ndminduansiunuaduundvansluneugud
Juu 1nvd Yaude glsy wazeindng

Y v

v a . . @ v aAa I Y oA @ v
3. 9717971737UNN (Javamca) LUUSUTJV]NaﬂngLNa@{JQQJIWZyJ auuwgﬂm%ﬂumnwu

Na

|2\ CN

HAaNsENINTBuAnmazaveing iesnmzdgnunnlulseimadulaiiige Waulu
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LinTu g3 wazddu wiliAsglasuanuleumsglvinaningn (nesiduuasiaun
1, 2559)

1. szeznaasgyiulavesdn
1.1 mswsadulameiudduuarlu (vegetative growth) msiaSauiiulalugasil
wiseenidu 2 szez A
111 szezndn (seedling stage) Buduaduinnsonainudn aunseiadudn

Sukanne seezdldinanussann 20 T dutndluussana 4 - 5 Tu

' (% '
a (Y 1 v a

1.1.2 szazuanne (tillering stage) ITUAIUAAUTIUTUUANAD AUNTENAUSUATN

Y Yy
v v

nondau syazilfiianUszana 30 - 50 Yu eltuegfuiugine

12 maasqiulamsduiug (reproductive growth) Buainannisfidudnnaing
pongdau favies aenaen auflsnsnauiug Jadunisduaanisaiameduiug svosildinan
Useana 30 - 55 T

13 msia3ynamdn (grain development) Fu91nnsnanNsiuguesneni1n wan
Huthua uutls sunsetaudaanun Toawmuauszana 25 - 30 T

Fatu maeigivinvesiudnouiseslvinonde duduiuginudfainldiaan
Faussonauiafuifeaszanm 90 - 120 Fu dauiugdinuiuss SnldinarUssana 120 -

140 U (NBNIWLATHRIUIUI, 2559)

2. MIUUNUTEANVIINUTTN

LY Aa a A ! (% !
wugtnnteudgniudsemalnelusfndainuvainuaisunuazuandaiululuwsiag
L oA v v sy A v a moaA v & W fy =4 R v sy a vy
#un widagduiuginnugniumiluiiegldfaneiug Wugiidiuniaieeaduiugausiule
G
Y

yelulunae s Hui Lo INanINAITYIUILNERND UALDIRDAIINADINITVBIRAIR VILA

neasnsdesiunUgndiduiulifaeiuaunnaindeanis wugdnantinsivsive

Ly

wazduunbinaalaentieureInsivin1sinyes Jussuia 5,000 ndtaneiug wugunnd

o w A

nsILuneenlunalednwuy N1ITUNanY Nd1Agy Ao

o

2.1 FWUNAEANITUANINIVITOANNUBILAIUAR

2.1.1 Imlawas nunedia 9ifivasiaiveinisesnaeniiuiueu {Wudnnugn

v

lugguitvingdy Weswntiesnaenlugianiiiainaisiuduninatsdiu Jsdeaugnlugasly

[%
1 [ 1

\Wielieenaenyasgarunififitasiainaniudundt 12 $lus esdwuneenliduiiilse

£ PN 1 9/ =& o < PN A [y £ o e = ! [ v
LbEduN SZJW’JVII’JG]EJLL?NU@‘EJ PRAUYINNULNYINAINNU ‘UW?WU@WULM@Q@%MIM@UWQG’IL‘IJ‘IJW]'JI’JLLE‘?\T
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2.1.2 4nldlnas nunedis 4fivenaenaiueignisiiuiiervesinalagll

Fuagiutianas iudnlgnlugguivialudwlng awnsavanlinaeanadinduniiene
wazlanlanluggiowiiosanndviuaminniigadu ergnsiuiedssunas 110 - 150 Ju
(neaddeuainundn, 2559)

° &

2.2 FWUNALANINATAUNET

2.2.1 Pt Judnildsseznainisugnaudeiuieddu widwdudaluas
spinunerlalutiusiouduensy - nanauvemna eniunield wazausauusgosoenla
Dudmdsuihau fruisezdaiimn

v & v gy Y & v 2 A

2.2.2 nan Wudnnldszeziiaivgniiunans andutiliuasasiiuiieg,
Iplugrslszananiounainy - werInieuveny

223 min dudnnivanlegldnaiuiu dndudiabuanziuineilugas
Uszanaufousunnmy - unsiau uazdiwlsdoseanlasndudnroudimidn d1amdn uazdn
winun (nedeuaginiunt, 2559)

23 duwunauaninnisugnrseaninwindeuiluinad
23.1 43ls Wudnnvgnlngerdeauanimiilufinnausssusflununls
o4 & A = % o o Yo - 2 v Y o ew

wseuineu lifinsiudinilundasun T6EnsUgnuuuneesviselsaludadiums Wit
Lsdunnndnnusdeanuuilaslag

232 rnwan Wudnnvgniumnlvluiuinduids wazlinsifudniililu
wUasun Ingdgnlanseauingdn 1 wuiuns wiliifiy 50 wuiwes nMsgnduaiuwdeld

W 3 wuu Ao

(%
o

1) 1wy Wudindanlugauit endediluiinnaiusssuyis

fugtldarulugiduiuginiudemseduiuginndaiuguandniugiudes 1Ju

9

v a Y 1% 1

JNTAUNINVDILUEAR i nildugauazaudy

9

2) drunvadseniu Wudnvdenugnluesiuinfissuuvadseniu
Ugnlaiviauntuazunusa wugdnildaruunnduiugdnivuuduunlndiiamnse inande

gelusruumsyihnwuuledewnd]

a 4

3) d13udmied1inisasy Wudnvlieafivgnlugguid wugdis

Y

v
IS o 1 1

| o & o A 4 & v v aAo o & a Y
ﬁ?uuqﬂNﬂLUUWUﬁqWULN@Q NIDLUUNUTVIINAAUIINANUTNULLDY A9819 WU YUWND 56

9 9
[ (%

Walwe 159 Auilaud 111 Wudtnmantanunsadnuaodniusesuinle InsuanluuengiIn

]

wazde waznumean wivindadunaiuiueg siuvanmuisadlas uatninandndn (ne

LLATNAIUITN, 2559)
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2.4 swunsuUsznnvatawddluantiians

241 dmwilen Judmndwdedmansdvngu Ussneumeutwinerilamiafiu

'
Ny v a o

Hudilvey warliuterlilaaegiendntieeviolifive diothlwdazladnaniduifnduy
[ ) 1 a o
Wuwlandewiuasldnuaela

2.4.2 1137 Wudnndwdediaisla Useneumendserlalaadudiulung

= < a A 2 v a4 o Y v o ' ] % ~

wariiuleezlulaminfuegisndntes Wethlunudidnaniidviguuagsiunddnamies
= 1 = ! U U o U (3 gj a o v ¥
finnuyumlouwnnineiumudnvarUsediiugiug (nesiduuwasiimmnd, 2559)

L

3. Wugdn

% s

Wugdaldlunisfinull Wudinuinanimnisugnusessuuiiiarnisugnd

]

wanaaiy (amaukastils) dmsuiuginunaunldlunsdnwil fe aninenued 105

2N o

s a 1 Y a a a v Y 1 v
YU 49 813 258 LavYILLUIU I@Hﬁﬂﬂm%ﬂ?iLﬁ]i@Lm‘UI@LL@%T]EJ&%LE]EJWU@QWUQTJ’YJLL@@%‘W‘U

[

&
PNU

jmd)}

y1nenuzd 105 Wudnuahiseuas unainnissiuniuiazinideniiugille

U w./.2493 - 2494 Tnguneguns dveifiy WIntnud1I5IUTININGNNBUNAST 1A
a (v o v} 6 3 4 ¥ a o Y a a a a

vl dnwarlsydmugiludniidngeUssunns 140 wudwns S1euddednns luddes

gfeudIuAy Nvdeu luswiyuiuaesn wandnuseseisn dradiendne eneiu

WNeaUseRn 25 wgadnieu Usunueslulad 12 - 17 % anaindnian Yy Induvey

dnwaau nusddlafneaues waadasla unss aunmn1sd@d gunmnissud deu

9 9

1 IS

a ' a =1 a < 1Y a v b4 2/
Yy fnduven nuseanniuUsekasAuan lusunulsaluddn lsavauluuna lsalnd

(% ' [ ]
=l v v a A ) = =

warlsAlumdn A umUmasnslanaUIn1a ASINIUATLILATUNUIUND NUTLULUT AD

NMARLIUDBNLRLLUTLDLATNAUNEABUUY (NBNIVULATIAWIT, 2559)

[y

na 49 Wuduraruldlinas Tannsuay 3 19 581319 PSLO0508-3-1-1-4 fiu

IR66738-118-1-2 UAE IR68504-29-2-1-3-1-2 Iianesiug PSL05102-19-1-5-4 figuéidedn

fwadlanlugauiuss w.a.2548 dnwarusyimugilutriinduasdsyann 80 - 89 LwuAuns

]

91giuiign 102 - 107 Tu (wwdudiew) nsenens luddeadu Tusens sasuduUiunans

1
% a

vl & I 2 v a a ' P a5 a '
TLhID ABTI9EUY NIWTWUAATIUADNENY ABUI A UMIUNALNTEIARFUIRATTA LAY

v ¥

fumulsalyl Auwugdn Ao NUNUIvaUsEnIU (NBRIBLALHAIUIUI, 2559)

915 258 Wudnlsliluas dAndenaindnlsiugiuies Jeusnenlnie noau

wou warlimavuszdiugin 013 258 lagaudivinisiasanisiaunfuiien1sinyns

9

Ao 81needng Jwina1u1e wazaneiaulasanistilsiigs Yandnwiuguas
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Wiguilsunandnserinsaniduasnaaouiugdnilsvioadu senined w.a.2525 - 2529
anwarUszdiugilutiimies gaussuna 127 wufiwns Ygnlanantuazuiuss engiv
NeUszann 106 - 134 Tu ddursudiauds adu desaznuludides lusagluseroudng
[% = < 2/ « 1 val & 1Y
N9 g1aunans Tvwdntes lusannidlesiaun $39819Uuna1e seid Aesasdulraiuly
a [ 1 ! < v A = v o < [y 3 v
5INDA LWANTINY WwandwWdendne ssesiindivenudnuszuia 1 dUav Aunmdn?
an yu fnduveninties (nedideuasiimund, 2559)
Fawgidu Uutilshuas liannisiusivsiuiuganineesnslungiiunuesds
° = ° = v v A o A = = a o = =
Fuaseulies sunailes Jminlesse UgnAndenuasiuSeuiisurnaniniianninaaaaiey
Is@esseuazanilnaassdnimiu dnvagdszdriugiludmieniudiuges gaussunn
110 - 150 WwuRues ognuieIvszanalaaiouiuensuiisnalusounaian drdutasly
Ad87 dosalu vauluuazileaduuuaddiig luAuuazend A998 Wine17 LWan
£ A = 1% a v o [ o ¢ 1 A v &
TriUdendnng Augndiae seegindiveudnUszunn 5 §Uaii anvazieu Ae Ugnlana
] o < < aa = D
anlsuazaninuid dnvuziuing1ndundeuresnain AuAINAIIFLATN1TIALA
Aunulsalndiluanmsssued nuudsliunans 1ealsseds fe ludunulsaniinesis

wazkuaaUl Nunkuzdn Ao fundnilswazdnuiaiulumawmiiowaznirns Tusanidaaunie

(NBNIVLLATINRIUITN, 2559)
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A5N15Aiun1sIve
danufivnnnsanen

irn1sAnwIN18laan NS NIoU M @191 NS AUEHANNTITUNITLNYAST

UMNINYND LY
Jaauazaunsal

1. Wanwugd 4 siug lawn 1nenuzd 105 N 49 1% 258 waz Jausidu

. p309¥Ar pH (Waterproof pHTestr 30) 8% Oakton Instruments

. §BUANTOU AINNY 108 Fns Bvie Memmert 31 UNB 500

2
3
4. \3estianailon 4 fuma S Mettler-Toledo u ML 204
5. gunsainisneaeslgninluasazaesine s

6. gunsaldwiuiiudeyanisiadiulavesin

L

. asalldmiuSguansazangsiemsdmiulgndn (113199 7)
Aty

1. NSATENETITAZANEINBIMNITANTNYY 1,000 i1 (stock solution) waENISATEN
A1582a1851101M1 58 mMTuUant (solution)

LATUNAITALAIYTINDINITAIUTUTY 1,000 411 (stock solution) Taeldgns
asaranesIneIMIEMIuUgniBsiauUasen Yoshida et al. (1976) (5197t 7) Tneiile
vy solution 1914 stock solution 1 fiadans azaneluthndu 1 ans (@nt3y KH,PO,

AlgnuUsundutuluLnaznssuis) Ysual pH 7 6.5 + 0.01

2. nmswssuaUnIalnisiwizUan
2.1 wisdludmsumwizndrdieny 1 -7 Tu lnedalnuduguinay 19123059

nandbiluasnaunasfnmendneguuiadn wielddmsumizndndn
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2.2 wissnludmsunedgniiety 7 Jududuly leedalniuduuisnauuasiang
SULHUIYY 4 § YaduruAugnaIess 4.5 wudwag iWelddmiudienartiiasUanly

WHALNISUAD

3. mawssunaduaznsérean

[
o a 1 i

FUAUNITNAADINAYUNLAAT1ING 4 HUSARIUNITNAADUAIUIDNLAIULTUN 12

9

a

Falue Unvigaumiiviesdn 24 Falus antuihwdefisendreasdantedmsumiendndnags
aepdudaiuiiansavatesinemslundaznssuds Usu pH liegiisedu 6.5 + 0.01 1Jua
7 U Wensy 7 Tundwenudd vinsghendntilundaznssaiSaclan uwasiUdsuansazany

swewINNEUAM (Wiagnsyanildlandniansazanesine1ms 2 &as)
ad =
ABnsAne

= ::sll 1 =3 % 1
AsENY UL U TY 2 n1snmand lawn
A1SNAADIN 1 ANYINITABUAUDIVDITLUUSINTABNISUINanasa Taall 2 n1g
719899898 LAk

s 1 [ 14

MsvAaesil 1.1 AnwinsnouaLeeITEUUTINTT 4 Wug desziuaidudy
woalaafiunnsnsruluansazanssine s 4 sedu léua 0, 100, 200 uag 400 pM
MMAARaT 1.2 AnwinsneuaLesueIszUUTING1 ¢ Wus soseiuananduduy
wWoala3afiunnssiuluansazaresine s 5 seiu lduA 0, 25, 50, 100 wag 200 pM
MINAaBsTl 2 ANWIN1INOUALBIVBITTUUTINTIINUGYIRENNLE 105 Aeeiy
mnuituturleane fafiuandafuluasazatesinens 7 sesu Tdun 0, 20, 40, 60, 80, 100
waz 200 pM lasmsEauaNtuTUIngin1snevaussion1suianeanesavestnluszes

v

nan

1. N15NAaaen 1 AnwIn1snauduasvasssuusIndItnenisuianaaneasd tned 2 a1s

NAADILDY botkA

A15NAADIN 1.1 ANWYINITABUAUDIVDITEUUIINGIN 4 WUS AOTZAUAINULTINTY

9

[y

WoaneTanuanAaiuluaaaI8s 19T 4 FEAU MUNUNITVINABIRUL 4 x & Factorials
in CRD Uade? 1 Am Wugen 4 9iug Lawn 91inenued 105 NY 49 015 258 uasdiusiu

Yol 2 fio szavanududurloanssa 4 szau laud 0, 100, 200 waz 400 uM Taedi 200
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UM fie sERuAIiNTuloaneSanneLieslugnTanTara18519eIMNIAINETT Fadawlasain

=2 ¥

gn3u84 Yoshida et al (1976) insduiindeyanisiaiaivlavesszuusin laud n1sdn

Y

YYIYANULIITIN NTASININUIUTINADAU NSATFUUNNUNLINITIN LAZONTIAIUYDITINAD
drunilefu Nsvey 7, 14, 21 way 28 Jundeson 3NUUUITeYaNNILATI¥ Analysis of
Variances (ANOVA) wazhUSguiiguninunanma1guaenaaenigldswnsy R

s 1 [y ¥

NMARBadl 1.2 ANWIN1TABUALDIUBITFUUITINGM 4 Wus desziuaadudy
Woalaafiunnsneruluansazanssine s 5 seAU MUHUNITNARBILUY 4 x 5 Factorials
in CRD Yadeil 1 Ao Wugd1n ¢ Wus léiud w1amenuzd 105 na 49 015 258 waz usidu
Yadel 2 flo syduaudutuneanasa 5 sedu ldwn 0, 25, 50, 100 way 200 pM N3

v = Y

Juiindeyanisiasasiulnvesszuusin loua n13dave1eanueIsin MsasedIuusIngs
AU NISELAUUINUNBIAISIN LALONTIFEIUVDITINFBEIUULDAUY N2 3, 6, 9, 12 way 15
Tunawien MNUUIITaLANIATIEN Analysis of Variances (ANOVA) wagil3guliisuaiy

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

2. NMMABRLW 2 ANEINITNDUANDIYBITEUUTINTIINUGU1INBNNLE 105 ADszAUAIY
Yy v o o ' o Y o Y v a a
Wudunaanadanuandrsiuluasazaiesine1nis 7 s2au uazmszauanududuingd
nsnauduBRanIsvIananasavesdnaluszezndn
TNUNUNTNAABUUY CRD TngUgndniluansazanesine i seauaududy
WoavleSaniuanseiy 7 seau laun 0, 20, 40, 60, 80, 100 kaz 200 UM vimsUufindeya
NSRS YULAUIATDITEUUTINUAZAU tALA N15EATE18AINEIITIN NNTATNTIUIUTINADAU
NMIATANUINENLITIN BnTIdINTeITINAREIUmtenY nMsassdruuludedu I 1uIuAUY
fOND WALNISATANUNNTNWIAIAY TiSeey 3, 6, 9, 12, 15, 18, 21, 24, 27 wag 30 Tunaddan
a 6 ¥ ¥ [ r.:glj 4{' ¥ Q{' U (2 6’5
wazdaTzimanunturssoanesalulloovesiulazsniiszey 30 Tundwen Nt
voyauniAszyt Analysis of Variances (ANOVA) kaglU3gulilguainuuansevesaliaie

aeluswnsy R
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Nutrient concentration

Reagents

(MM)
KNO; 3750
KH,PO4 200
NH;NO5 625
MgSQO, 400
CaSO,.2H,0 1500
NaCl 50
MnSQO4.H,0O 2
ZnS04.7H,0 2
NiCl,.6H,0O 1
CuSO4.5H,0 0.5
HsBO; 25
NaMoO,.H,0 0.5
Fe-EDTA 50

Adjust pH 6.5 using NaOH 1 N and HCl 1 N
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=3 v
N13NUVDYA

A15199 8 NSLAUTDYAINYAENTATYAULATITTUUTINKAZAUT?

ANYAUENISRIYLAULY

FBn1sUsTIU

AINYTITIA
FIUIUTIN

UINLITISIN

DHTIEIUVDITINAD
drunilonu
ANIATIZNMUS U

Noawosa

uUlunesy
UIUAUFDND

VRL VIRV AT,

¥
Y s

Sanauslauduauialatesnileniige

Tusnusnsesiu Tnetusinfisensenunainlaugu
Fahminusesn ﬁsimmsauﬁwqmmgﬁ 72 eAvaLTYE WU
72 $lug LaztameLAsestanadon 4 dumns

AAULAN U INLAISIN/ U NI NIAIAY

thiegafteuniaasdaimtnuiudanuauasthdaogai
Tuwnliduid figaumgf 535 °C u 8 Falus 9rnturiun
aza1elu 0.1 N HCl wazuusansazangdingeialuiiasizvim
ANULNTUYBINDENBSARAI83T colorimetric assay
(molybdovanado-phosphoric acid method) Tneldipsoq
spectrophotometer (Murphy and Riley, 1962)
Tusnulusedu Ineduluiilnatussnuuayaduulunue
Tusudufiuanesnunainne

Fawiinusdu iknuniseudegamgd 72 ssnwades un

72 99 WALTINLATDITINATEN 4 LAY




una 4

NANISNAABILAZIRT]

NANISNAABIN 1 ANYINITNIUAUDIVBITIUUIINGI?

fanisvaneanasa

g (% v

1. wan1snAasil 1.1 ANEIN1SADUAUDITDITIUUSINGID 4 WUS ADseAUANULTNTY

9

wWaanadanuandrsiuluaisazalesinemis 4 seau

[y

NsANINTSLsAULATeINatl 4 W Tuanmansavaiesinesiilseduaiy
WntunlaaneTaunnsneiu 4 sgdu laud 0, 100, 200 wag 400 uM laeUgn@Anwiuiu 28 Ju
NANISANEINUITNISEAVENEAINULIITIN NITASININUIUTINADAU LALORIIAIUVDISINGD

dauwmilofu FAUwAnE19iUleIaINBNSNaYIRUEINT BNSNaYRITEAU ALY

a

WoaloSaiunnsnafy uazdninasiussuineaesilady Tuvaefinnsazautiminugesini
AuuAnd1sfullosandninave siuginuazdninavessziuanudntueanosai
wansnstuini Tnsluusasdnwasinnsmevauss sl
1.1 A158ATEIBAINYIITIN
nsiavgnennuensnudnuaeitinsnouaustegiesinEanaud 7 Sundsen

F9.AnANBNTNAVRINUTTIMALBNTNAVRITEA UANNTNTUNDaNTaNuANFAe Y Tuve

a a

Srey 14 21 hay 28 TUNSI98N UAMULANAINAULLDIINDNTNAVINUSTIN BNTNaVDY

]

seAuANUtudurlaanasanuanaeiulagBvinaTiseniaeslade lussususnusenind
91787y 7 Jurawen Usingranisuianeanedaludnyaziiuanuesiniiuindunsyau
0 UM NMsReUaUBIRINaNSIRslTHasaIlaulat Il gUINTY Inesvey 28 Turaien Ay

InildlasuneanesameiinisinveganuedsinuinneudInugnlusedu 200 pM g

I U

20 % luagiiseau 100 way 400 pM elinsgnveraainuenisinilnalAgsiuseau 200

uM wenantiszey 14 Junawenduduly WugdnsuiinsnevaussosziumUTNTY

YoINDENDTATALAUNING WY D15 258 LEAIN1TNDUAUDIATEINITOEAYE8ANNEITINLA

a £ ! v 6 = a [ v saa & I o ea 1
PANYUNINNIINWUY Tuﬁumzwm’maﬂma 105 LUUWNS‘V]&I@’N&IEJ’]'J?’]ﬂ?mﬂ’J']WUD:@u""] AN

n13novaNsIUIIUAINTEAUAIMTNTuYeInaanasanlasuagalanduluynssue

MnsAny Tudiuves Ny 49 uasBiwifuiinuensnlnafesiulunnssduaududu

Woanesa (5199 9)



M19199 9 ANENITINVRITTT 4 g NUgnluseAuAUduTuoana TaNLANsNiY

4 5eAu Weey 7 - 28 Junawen

ANNE1ITIN (WURLUAT)

WiaIvRIANNLUTUTIU - - - -
73U 14 YU 21 U 28 MU
g Y1INBNLEE 105 8.9° 12.9° 20.8° 24.5°
A% 49 13.7° 17.6° 24.9° 27.4°
915 258 12.7° 22.1° 29.5° 32.2°
kU 13.4° 18.3° 22.8° 25.95¢
HSDg,05 1.0 1.3 1.9 2.4
AMUTUTY P 0 13.0° 19.8° 27.1° 31.0°
(uM) 100 12.0° 17.3 24.0° 27.1°
200 11.9° 16.9° 24.5° 26.0°
400 11.7° 16.8° 22.5¢ 25.8°
HSDg,s 1.0 13 1.9 24
Wuge x Y1PeNLULE 105 x 0 10.0 14.6%" 24.7°° 28.5°¢
ANMUINTU P 9719 enugd 105 x 100 8.8 13.20 20.4° 23,5
(uM) Y1IneNULa 105 x 200 7.9 11.8 20.2¢f 23,5
91ABNULA 105 x 400 8.9 11.8 17.8 22.4¢
AY 49 x 0 13.4 19.30¢ 26.7°4 29.3b¢
A7 49 x 100 12.8 15.9¢N 23.8°¢ 27.2%
A 49 x 200 14.4 16.8%¢ 24.6"¢ 25.4
A% 49 x 400 14.0 18.3 24.6¢ 275
915 258 x 0 14.2 25.0° 34.8° 39.3°
815 258 x 100 12.4 21.3% 28.7% 32.8%°
915 258 x 200 11.9 20.4°¢ 29.6%° 30.0%
915 258 x 400 12.0 21.7% 24.9¢ 26.6>9
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15197 9 (9)

ANNY1ITIN (URLLAT)

WaIvIANNLUTUTIU = = - -
73U 14 9 21 U 28 MU
WG x FIWTU x 0 144  20.2°° 22,19 26.7°°
AULVNTY P Fauadu x 100 14.1 18.8°" 23.3% 25.0
(uM) Fusu x 200 12.5 18.5>" 23.5¢¢ 25.1<
FU3IU x 400 12.5 15.6™ 22.5% 26.7°¢

F-test ns ** ** **

HSDg,05 - 34 5.3 6.7

CV (%) 8.0 6.4 7.1 8.0

v [ v o

o fnvinwsinguiidsiulanifinnuuandsegadituddnmieaia
7i P value < 0.05

1.2 M99 UIUTINABAY

ndansdrendaing 4 fiug asugnluarsazaresinervisiifiseduanududy
WeanoFaunnaeiu Tugie 7 Jundwten nsadednuiusindesuuastngaluwanmneiu ue
dleriuld 14 Yundssen nu 49 wazrnanenued 105 Budnsaiednausnsdesuuinnii
915 258 uagduity sadsnguavesnistianeanedadisedu 0 uM vilvinisadis
Srunusnsefuanasnsziuaududuneanesadug 9 - 18 % niskildsuneanesaas
Hainadudinisasannlmivesdynifusedstaaududsees 21 Tundwenifudull ne
Frmitusiinsairssnunnsedugsiigaiieugnseiiu 200 pM wazdsurusnilndifes
FududAldsuseiu 100 uM d195U na 49 uazend 258 fin1sadssiuiusinianas
Uszanas 15 % leldsuanuituduneanesaluszduiiguiuaiiudeanis egralsfnmnis
LilsSuneanadaaedunaiuiueg devdmansenuiemsadissausnanndsiu Tneisses
21 Sundasen Fftlildsunearedaaefisiuusntosniisefuanudududug 1 55 - 61

% uagHavaIN sIAneanasaneniIsann1sas v INFeAudUTINgHatAlIUINNTULD

'
=]

futuIanaanasaluTEe2IaMUILTUMSIUAY UONANTTINUSNHAIEZNITNOUAUDIND

v [

nsvinneanesaniudnvesnguiuginalsnsses 28 Tundwendneie lag 815 258 uag
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[ '
Iy I

FldunleFuszAuAUUtLiies 100 uM JN15a5195INNENHATVUTINTULWNBLANTIUT

Asnlanansgeveanesalaunnau (15199 10)

M19199 10 F1UTINFRAUVDITT 4 g NUantusyauANuutuneanaTanumns1aiy

4 szavU 1leeny 7 - 28 Junawen

, IWIUTINADAY
WRRIYBIAINBUTUTIU — — — —
7 U 14 U 21 U 28 U
gt Ynened 105 32 11.8° 29.0° 76.0°
nY 49 3.5 12.4° 33.0° 78.2°
915 258 3.8 10.2° 21.9° 46.8°
Fudu 3.5 11.5° 24.9° 53.0°
Ftest e o .
HSDyg.05 - 0.7 3.1 4.6
ALY P 0 3.4 10.4° 14.4° 17.0°
(UM) 100 3.3 11.8%° 32.0° 76.3°
200 3.8 12.3° 32.7° 81.8°
400 3.4 11.3° 29.8° 78.7%°
Ftest e xx .
HSDyg.05 - 0.7 3.1 4.6
Wugi7 x Y1IPeNLUEA 105 x 0 2.7 10.6 15.38 20.2°
AMMILTY P ¥1ABnNZE 105 x 100 3.3 12.1 33,0%¢ 90.7°
(LM) 17909nULd 105 x 200 3.3 12.3 33,77 98.0°
21109NULA 105 x 400 3.3 12.0 34.1%° 95.0°
v 49 x 0 3.7 10.8 16.0" 17.8°
N9 49 x 100 3.3 13.2 39.6° 92.3°
N9 49 x 200 4.0 13.6 41.2° 102.3°
nv 49 x 400 3.0 11.9 35.2% 100.2°
915 258 x 0 4.0 9.5 11.08 14.2°
913 258 x 100 3.7 10.1 26.0°° 55.8°
9135 258 x 200 4.0 10.8 25.1% 60.0°

815 258 x 400 3.7 10.2 25.4%€ 57.0°
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A1519% 10 (519)

PUIUTINADAU

wiaeveIANNLUTUTIU = = = =
73U 14 9 211U 28 MU
U x FITU x 0 33 10.8 15.18 16.0°
AU P FUU x 100 3.0 11.9 29.3>¢ 66.5°
(UM) FIULU x 200 4.0 12.4 30.7°¢ 67.0°
Fusau x 400 3.7 11.0 24.2° 62.7°

F-test ns ns * o

HSDyg.05 - - 8.6 12.5

CV (%) 20.0 5.5 10.4 6.5

v @ v o

NER  FI9NEINIWSINg WA ULERIRAULANA1Ieg 1 lTEd Ay atia

ﬁ P value < 0.05

1.3 msavausnvsnuiesin

nsazautminuesndudnvasfividimnueisavesinniosainniseie
Woavlesa Tneiletivsyaulymumeanesdlussiuingfidhannsaavauniminuiisn
Igranas Tugas 21 Suusnndssen 919 258 Fadidnennlaawulusiunstavereanuenisin

Faanunsauansdnenmlunisazaudmtdnurissinlaaindiiugeau Fanistavereninuen?

'
1

s1nuaznsad1esuIundedutudusdnuusidalaonsidenisarautwinuiasn
drwunsmovdaustveiaionssesuAuduiuneanedaty $115unanteIn5n
WoaneSasgraiulitniszes 21 uay 28 Sundssean lnedndildldsuneanedaasiinis
avantvinutesnldanasia 57 - 87 % mudisu Weeusudildsuseduanududu
WoaneSaoganaLiies (200 pM) uenaniidndildsunleanedalusesiu 100 uay 400 pM &
Feanansaavanivtnuiesnlgliwansneiy Fadushvadidosduliduindissdu 100 pm

Y v o a a a a ¢ a | Y] I P d'
WUSU'TJEJQ@Jﬂ'WiL"UﬁQJ}LWUI@V]ﬁﬂJI‘,}ﬁmW]UULWWi%@Uﬂ?WNWNTUW@LWﬂQ (®13191 11)



M19197 11 MsazauinninuiesInvesdy 4 wug Mlgnlussauanududunsanesa

MUANA1Y 4 52AU LWeoNe 7 - 28 Tundssen

AsAzaNUNUNLASIN Gadnsu/au)

WaeUeIANNLUTUTIU - - - -
73U 14 9 21 U 28 U
iiVeiiee YReNuEd 105 1.5° 12.1° 75.2° 387.4
nY 49 1.8° 18.8° 105.5% 438.7
915 258 2.6° 26.4° 119.9° 429.3

T 1.9° 20.3° 98.7° 429.9

F_test . . s

HSDyg.05 0.3 4.6 19.1 -

ALTUTY P 0 1.9 20.0 48.3° 72.4°
(uM) 100 2.0 18.4 117.3° 517.8°
200 1.9 19.6 114.6° 537.0°
400 2.0 19.6 119.0° 558.1°

F-test ns ns Fxx Fxx

HSDyg.05 - - 19.1 82.2

WUFVI X YReNLUEA 105 x 0 1.4 11.3 33.5 57.8
AILINTUY P ¥Aenugd 105 x 100 1.4 11.7 81.6 478.8
(LM) Y1In9NULa 105 x 200 1.5 12.1 95.7 502.0
190nuLd 105 x 400 1.6 13.1 90.0 511.0

nY 49 x 0 1.8 19.0 49.8 72.1
nY 49 x 100 1.9 17.3 126.7 548.8

nY 49 x 200 18 18.2 1275 528.9

nY 49 x 400 1.7 20.9 118.0 605.1

915 258 x 0 2.4 26.6 69.0 98.0
915 258 x 100 2.7 26.5 135.3 483.4

915 258 x 200 2.5 25.1 113.2 529.5
915 258 x 400 2.6 275 162.1 606.4




a2

A1519% 11 (519)

NSATANUINUNLINSIN (aansu/au)

wiaeveIANNLUTUTIU = = = =
73U 14 9u 21 U 28 MU

U x FILTU x 0 2.0 23.1 41.0 61.7
AU P FU x 100 1.8 17.8 125.6 560.4
(LM) FIUU x 200 1.8 23.2 122.1 587.7
FIWAU x 400 1.9 17.0 105.9 509.8

F-test ns ns ns ns

HSDo.0s - - - -
CV (%) 13.2 21.2 17.3 17.6

v @ v o

NBR  FI9NEINIWSINguiATULaRIisRULAnA1aeg 1 lTEd A natia

ﬁ P value < 0.05

1.4 9AS1EIUVDIIINADEIUAUDAU

Sns1druvessnmediumilenu (root : shoot ratio) 1udnwasfinanslimdiuds
ANUAINNTA28951n91UNTES 19U T8 SRSIEIUVRITINAREIUULBAWINAY 1 B8
Fodldsnlutsunaannlunisadredudwiaiusassndivsunawingu Tunasiisnsidiuves
indedumionusngt 1 wansliiiudassansnmuessnlunisaseduldd dusudnnd
aveanedaaziinisusudaiieliaunsanieanesaldfisineroninudesnisinediy
Snsrduvesnnaedumieligelu mviusludnumefnantulnnguadaaudodn
019 14 Jundssenifusiuld Tunmswaziiuldindednluldsuneanesaas denalidndl
Sasndmressndediunilonugaiuds 2 wh Wefsufudnivgnlussduanadudy
waliigs (200 pM) mamauauaqé’méné’mmaﬁialﬁaqLLaz'u;uLLiau'}ﬂE‘JﬁuLﬁa%’nﬁmqum
Fusnae nisnevauesludnvarinanditmnuneisiuvesinlunisuarsmoansda
deldifianeraainudoinis Tusasfidiafildsuneanedalussdu 100 §9 400 uM &
gnsrdivesnnsedviienuliunnseiu dusunisneuausnuBvanavesaeRugin?

a A v [y [ I v 1 [y 1 v Y 1= a
LS@JTJ’i’]ﬂQNaLJJEJGU']’J@’]EJ 14 Tunasseniduauluiuny ﬂqmwuﬁmﬂsmmzwunﬂmiﬂqﬂ

]

o 6

luiiuiineunsengs fdnsdiuvesnndediumilenuiginiinguiuginiuaiu lnsaniy

9
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s

815 258 MUgnlunssudsnlilasuneanetaias ddnsdiuvessindediumilefugeniniug

9

du9 egraviuladn (15199 12)

M19197 12 dasrduvessnsediumiiefuesd 4 g Nugnluseauaududy

Woanesanunne1aiu 4 sedu Lieone 7 - 28 Tunasen

BM1@IUYITINAREIULLDAY

WAAIUDIAURUTUTIU — — — —
7 U 14 Yy 21 U 28 U
g YnenUed 105 0.21° 0.26° 0.26° 0.29°
nY 49 0.20° 0.27° 0.31° 0.33°
915 258 0.22° 0.34° 0.36° 0.39°
P 0.23° 0.32° 0.33% 0.36°
Ftest xx . k%
HSDy05 0.02 0.04 0.03 0.03
AALTUTY P 0 0.22 0.45° 0.54° 0.56
(UM) 100 0.20 0.24° 0.23° 0.27°
200 0.19 0.25° 0.23° 0.27°
400 0.21 0.25° 0.25° 0.27°
Ftest e xx .
HSDo,05 - 0.04 0.03 0.03
g1 x  U1IMenuEd 105x 0 0.22°° 0.42 0.45° 0.46°
AT P 9199nuzd 105 x 100 0.18™ 0.20 0.19° 0.23¢
(UM) Ymmenuza 105 x 200 0.21° 0.21 0.19¢ 0.24<
Y1RNUEa 105 x 400 0.22°°C 0.20 0.19° 0.23<
nY 49 x 0 0.18" 0.39 0.51° 0.51°
nY 49 x 100 0.19 0.22 0.24< 0.28<
nY 49 x 200 0.18° 0.22 0.24 0.27¢
N 49 x 400 0.18" 0.23 0.24< 0.28<
915 258 x 0 0.20° 0.53 0.65° 0.74°
913 258 x 100 0.24%° 0.26 0.25“ 0.27¢
9135 258 x 200 0.22%¢ 0.26 0.25< 0.27<

815 258 x 400 0.24%¢ 0.30 0.28° 0.28




aq

A1519% 12 (519)

DNI1A@IUVDITINFDEIULDAU

WiaeveIANNLUTUTIU - - - -
73U 149U 211U 28 U
WG X FIWTU x 0 0.28° 0.48 0.54° 0.52°
AULVNTY P Fauadu x 100 0.21%¢ 0.25 0.26 0.31¢
(uM) FUU x 200 0.19 0.29 0.26 0.31°
FU3IU x 400 0.21°¢ 0.27 0.27 0.30“

F-test *x ns * Fxx

HSDyg.05 0.07 - 0.09 0.08

CV (%) 10.3 11.0 9.8 7.2

v [ v o

NBR  FI9NEINIWISINg WA ULERIRANULANA1Ieg 19 lTEd Ay atia

ﬁ P value < 0.05

3150INANISNAADMN 1.1

% v

ANPULAUTIUINGIVDITEUUIINTIIANITHAUAUDIADNITIASUSEAUAINULYUTUY

q
o

Woanasanuanm19iueg19990157 Tunnsmaziulddnszuusnuesdnae 4 Wug wans
91n15ingRedrniuladadieldlasuneanesaias (0 uM) TnefinsBaversainueisin

| Y v v o A & | o o g & A o & av o
UINNINTEAUAINUINIUNDANDIHDU) AOWH 7 JUNAI9DA mummmmﬂaav\laiaLiJumehJ

'
= 1 [

LAFRUEIENTRINITATOUEAT WAZIATEUEBLUNETINTIIMIENTLUIUNTRUNANINIEA N

[ '
[ [ Y =

wazhaniUasulsyany deuiietnuaneanesassuusindsdududesiinisinvenaainy

9

A 1

g5 nlN Ty LwaiﬁiﬂﬂmmmﬂszmEJG"haarﬂﬂmﬂaam%’aﬁaQ‘U%L’gmia‘u6] AUT7
(Richardson et al,, 2011) uonanin1sBavenesindsldninensseneanada (ATP) lu
USunauditfesninnisadresnlml nmsiinanuenisniadudnvaeiiinisnevaussdonis
viavleanefaeg195Iaafign (Kirk and Du, 1997) agslsfniu msldsuaududy
Woanesaifies 100 pM wazmslasuszauaududunoanesadiAuainuneiiios (300 pM)

JU @9NalPAuT1IIANN81251N AN AL AR UAUTINRYanlusEauAULUTUNaN 05

Y

saa 1

wowies (200 uM) dmsudnvninenuzd 105 WuiugiiinisneuauoweInIug1IsIng

seauAnutuneanesanlasulandunitiugou Tludnwasuusunduiu Wewdssus



a5

14 Yundondusuly Snvurdavesnruemnndiseuforiuoamoaetaldly
Usinaitliifisaneneninudesnis $173sdoslinnswaudnvaraug Tunilevaivouas
duaiunsgeynileanefasanfudnuuznsiavensanuenn duifenisaiisdmausn
sasliigeiu nsasiiuldiudletnldsumnmdudunoare¥adios 100 uM fnadfindway
sinsefiliigeiu Sadudnvarnsuiuiuilefufiduiavioiuuinasiiuiitsndeiag
fulfnntuiiues dnsadnaradumafiudannmagaduoane¥aosadiuldda (Fohse

o v o

et al., 1988) dusutnusaviugdalinisadninwiusiniuanasiuseniu lng nquiugdn

9

v A (% s

uaudinsaiieiunusndesuiigaininguiuginnlg winduiugdialsduiinisinvene
AmnueMNTiganInguRusiniuaiu Sadudnuuzvesnsvaedeiunastu uasfiszey
28 Yundasen 814 258 uay Fuidu (nguiuginals) Aldfussiuanududunoaneyaiios
100 pM @11139831951nn&Y (cluster root) wazausntudusiuiuann Seaenndesiuna
n15AnwIu8 Benjamin et al. (1988) finu3da Lupinus albus iileldsuninududy
WoarleFaluszau 100 uM Wunaiwiu 3 dUansi dnrsadrennguuazuansinwuua iy
$1unn Wewnanisnevausesisae iUty asdiuldinfivisaeeind
nsnevauesresyiumududureanesafissiuRety wilnisuanseanludiniand
uansnsfuiniy dvsurnngudinandnifstudlefinaeanneraeanssmiunaiuiug
IﬂEJﬁﬂJUiWﬂ%uUﬂﬂQQJBEJ'N‘ViuWLLﬂULﬁ@LﬁﬂJﬁuﬁﬁ’Jﬁﬂiﬁuﬁﬂ%ﬁ«!ﬂ’jﬂﬂﬂﬁ Snvadannge
Fuasziuasndaansdunid (newmnnz citrate wae malate) waznsaveaninalidniae 3
Prelinoanesasuithiazarsitannsnazaretild wazdes Sunidnoamnnlvidvunmdnag
(Playsted et al., 1988; Lambers et al., 2006)
dnsudnuarnsBaveeANe1ITINRAE N15a5 19T IUINIINA e L eIt T LETU
auduturloanedaluseiuiiunndneiu Sedmaseiiodiimsazauiminuiesn Tnadle
fmnuanlearesaluseiuingRazanansoazauiminuisnldanas fadudnuueiivdas

ANULASEATDINTYIINNNSVIANDENDSE (Dobermann and Fairhurst, 2000) 31ARANSNAADY

'
= 1

PNIULINUINTEAUANUTUTUND AN DAV A S U LS UAINANTENURDNSAL AU NI NN

dadifieny 21 Yundssenluduly lnadildsuneanasalusziu 100 3 400 pM &3

' v
aa o

annsoavantmtnuiesntdliwanseiu fiflessedu 0 pM winduiisiihmiussinanas
sgnannieisuiuseiunududureanefaduy Juandifiuinssduaududuingd
YasmInavaussansaneaneiafe sviu 0 uM Tudrurediildsuneanadafiss 100
UMt SsanansaazauminuRssnldifsuwifusesu 200 pM WwRefUsESU 400 UM

PFeldldINansENUADNITALALUN TN RN



a6

174 d‘ o o = U U dl v 1 QI o 1 1 1
dnveneanesadniinalnnisusudiiiieliegsonlneifindnsndiuvessinsediu
A a 0% d’{ a Y] 1% 1% 1 A [y 1% [ £ Y Y
witloAuligeu wazsuinsusudiludnuaedainariledeny 14 Tundwenidusuly dudna
PN v Yo (Y a v 1 1 1 A a 1 U v v A 1 [
lallgsueanesaasiidndiuvesnndediumiefuainitseduanudududus sgramiu
Lot Tuvgnsudnngnlussiuanududuneanasa 100 89 400 pM T8R1EUVEIIIN
| | A a PN [l [ [} = Y & 1 a v [ U a a a
aodruntiafuiliunnd1eiu Fauaasliiuindetviareanesalusesduings (0 um) &
ANENeIEIukaeanesaieliaunsaegsendeluls Ineiudnsdiuvessinsediu
A a v X I3 a a Y o v av v
wiloAulgedu Inelunauiannisannisasgdvlanisiuadunazlu 01msilaain
N38UIUFUATIENMIBLAINEIINMUITEUUTINUINTY (Cakmak et al., 1994) 11383
% [ 1 z.ﬂ' 1 YV % Q" 1 Aa ¥ d’{
WaunvesszuundInaive st e sameanefanegusanseug sInbilaundy
FIaDAARBINUIIBIIUYBY Gaume et al. (2001) InuINsALDaN Iz ANDENDS AV
gndmveInndedumlefugInIvlasuneanasaee1waLiies
PNNNANINAARITHILIN AiulainssuuTIndniinisnevauerasEAUANLL TN
Woanasanlasungnatniau waglanien1svIananasanseau 0 uM LgesEAULREILNLY

Wiadalulasuneanasaasazdanalinssuusniinisdnvenea1u81251n81nTU Usu

gnsrdvessIndediumilenuliasdu wiluvaeinisasiedruiusindesunaznsazay

£
o

Undnuitesnanas ludiuveessuusIngMnlasuseauaNUldNduneanesaiiiss 100 pM

LY

gadanalissuusninsiaun lnogaunAuREINUSEAU 200 pM N9HDILAAIINAUTIILES
Suiteannenivleanedan Jsimamisuanuneuiiaefuaniunisalnengn tneiinig
Ausnweanesanmlaliliuindian e1afinisineanesafimlauivasaulineluwad

& a U =Y U v =N v v a v
WelimssnuUsnameanesaneluwadMauna uwazanUsinamnudutuluwiAiloanudn
nszaeludidruveslalanalady welnnanssuaee Tudruveslalanaraduaiuseolula
9e19UNA (Lauer et al., 1988; Raghothama, 1999) wanani anuiniuginImiandnwi

a I (% a Aa U U
nsRevauRILana1eiueenil tneleniza1Inenuyd 105 NUNSADUAUDILUSHUANSEAU

Y

AUiuturlaanasanlasusg uAudnNITuEdus NMInoUaUeITaINUTTNIlnEN NI

]

v

< Y1 ! 5 v A v
wWiulgdnguiug

Mlsidnndruvesnndediumidefuganinguiugiiuaiu lnewniy

dldw 1 6 1

91 258 fifidnsnduvesndedumilefugeniriusdlngesafiulidn dadoradu
nalnnsususmudnuagUsziudiiniues iesmndnlsduiusinidssuuinanis
Ugnuuituiineudedianmgivssmaiivarnuans ded1naetuanzaianeanetadsdad
nalnnisusudilennuegsenetissniia teliaunsanmeanesalsfiemesioniny
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2. WanN15NAaeef 1.2 ANWINISABUEAUBIVBITIUUSINGIR 4 WUS ABTEAUAINNLTNTY

q

wWaanadanuandrsiuluaisazaresinemng 5 seau

=

INHANITNAADIN 1.1 NHIUNT F9¥ 19N 1Ula3158UUSINTIILEAIDINITUA
Noano5anszAu 0 uM WANSEAU 100 UM §9iN1SHAILISEUUSINTAbNALABIAUSEAU 200 UM
TunisnaassldefudunisAneiloman¥uLNISNaUALBIIBITLUUSINAINISUIANBaN 85
d‘ o d' = 1 d‘ v b2 U ¥ v %
Mmiman1snaassil 1.1 idnwidesaniiieliainisassylainssduanududunaanasa
WilandINalseuUIINKENIINITVIN kazdILSudNsnauauasiiIyn Ty Tnadn1siiy
anudvesszRuAMudutureane SauaznsiudeyaunBeu

° ) A P = a a P YA

dmsunisneassd 1.2 4 WJunsfinwinisasyiulaveanditn 4 wug luanm
415881851001 5NNsTAUANTNTUNDaNBSALANANAY 5 s8aU aun 0, 25, 50, 100
wag 200 UM TngUanfinwiunu 15 Ju nan1snyImuINaneaen15EnTe18MIINEIITIN N3
A5199UIUTINADAY LATDRITIAIUVBITINGDAIUNLBAY UAINULANANAULDIINNDNTNA

YBIUGII BNBnavessEAuATNTUaanoTaNuANA9TY LagBnSnasiusenineaes

U998 luvaginisavandminuissindanuwand19iuiiesaindnsnavesiugininas

2.1 MsEATEIBAIINYIITIN

Tuga9 3 way 6 JunaIsen ﬁLﬁsmmmL,Lmﬂﬁmﬁ’mﬁaamﬂﬁwﬁwamaqﬁuﬁfﬁ’nLﬂ/iﬁﬂfi’ju
Fsusnguataauilotnety 6 fundssen mameuausIveIsTUUTINFINaTANLAEEATS
funanIsmaaesil 1.1 fik1uan 815 258 uaz Fusldu (nguiuginale) fsmsinsdavene
AENTINIINNNT ¥1nenuEd 105 uay nv 49 (huuginnuiaiu) Jsdamadelies
isszezanvneivhnisdne (15 Jundasen) dmsunismeuaussiunsinuesnI e
nvesdndessiunudutureanlaaiiunssiutiy Unngaaauuansadiodneny o
SundssoniBuduly fsziu 0 UM waz 100 uM ﬁﬂ’]igfﬂ“ﬂEJ’]EJ?]’J’]%JEJ’]’Ji’]ﬂQQﬁEjﬂ Ty
svsumnududureaesasug fnarilianuenismndnildunnsiety venanidddanals
11 v1menugd 105 FuiinsBavensanueniiniinevaussuUsunduiussdunududy

v

Woanesalioony 12 Tundwenluduly Tuvaeiiugdug dulinsnevauesilidaau
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AN57199 13 ANUY1ISINVBINI 4 WS NUanluszAuANITUTUNaaNasaNLANANeIY

9 Y

5 s8R 1eg 3 - 15 Tunasen

ANENITIN (WURALUAS)

WaevIANLUTUTIU — — — — -
39U 6 YU 9 12 91U 157U
iiVeiiee PINBNULR 105 55°  9.2° 109° 131 18.7°
nY 49 58%°  92° 1277 140  181°

915 258 50°  10.0%*  125° 1652  215°

P 6.6°  12.0° 13.8° 152  205°

Ftest . . . k%

HSDy05 0.9 16 15 1.4 13
ALTUTY P 0 6.1 10.6 11.5  16.4°  20.1%®°
(UM) 25 5.8 10.2 11.3¢ 128  19.0°
50 5.8 9.9 13.0°¢  146° 186"

100 5.5 9.9 1377 157 21.3°
200 5.5 9.5 13.3° 141 19.6°

F-test ns ns *x e Hxx

HSDo,05 - - 18 1.7 1.6

I x  veenued 105x 0 4.7 9.1 9.9% 13.0 19.7
AILINTUY P umnenuzd 105 x 25 4.2 9.7 9.6 12.1 16.7
(UM) 91A9NULA 105 x 50 5.0 9.4 9.9°¢ 14.0 18.4

P1eenULa 105 x 100 5.5 7.6 12.1%¢ 14.7 19.0
Y1IPDAULE 105 x 200 6.2 9.8 13.1%°¢ 14.4 19.5

Ny 49 x 0 6.5 10.6 11.6°¢ 15.6 19.4
nY 49 x 25 6.0 8.5 9.6 10.9 15.1
Y 49 x 50 59 9.3 14.4%¢ 14.4 16.7
Ny 49 x 100 52 10.4 14.4%¢ 15.7 19.5
Ny 49 x 200 59 9.5 13.4%¢ 13.0 17.5
915 258 x 0 6.1 10.5 12.0*° 19.2 218

815 258 x 25 6.0 9.8 14.7%° 13.6 20.9




a9

A1519% 13 (519)

ANEIITIN (LHURLLAT)

WiaeveIANNLUTUTIU - = = - -
39U 6 U 9 U 12 YU 153U

UG x ?15258x50 50 100  11.9°¢ 16.3 19.4
AMULINTU P 919258 x 100 4.4 11.8 12.6%¢ 18.2 23.4
(UM) 215 258 x 200 5.0 8.3 11.2%¢ 15.5 21.9
FIUIU x 0 6.2 11.0 12.4%¢ 15.0 19.6

FINUIU x 25 7.6 12.1 11.2%¢ 14.1 19.6

FIUIU x 50 7.2 10.9 14.2%¢ 14.8 18.8

LU x 100 6.4 12.2 15.6° 18.4 23.3

FuIu x 200 7.7 11.7 15.5° 14.7 20.5

F-test ns ns ** ns ns

HSDg 05 - - 4.9 - -
CV (%) 158  16.8 12.7 9.8 6.7

'
1Y [ P a o

Mg FIENEINW8IngunsaiuLanItanuuanaeeelited A neaia

ﬁ P value < 0.05

2.2 MsEsNdIuIUIINGaRY
NTNAVRINUTUIIHANBNITATNTININTINVBITIIAING 3 TUINNAIIDN Failns

% v

MEUANBIAAIEARITUNITNARBIN 1.1 WY AfURUgIIWIEI (W1In0NUEd 105 uae NY

[y |

49) faarunsaasieduiusindesulagandinguiugdnals (915 258 uay Fudu) 13
mauaum@f&ﬂa'né“qeiqmaﬁiat,ﬁaaLﬁ@ﬂgﬂﬁi’imﬂmzammmuﬁu dMSUNINBUALDIAIUNTT
afdunndeseiuanududureane fafiuandrstu iSuusngraruuans1ailodn
91y 9 Tundssen wagndsnnugndniuny 12 Jududuly vibiviuimanssnuve sseau
anududurloaneadenisainediuausinedsfaiau daldsuneanedalusyiuaing
Wudu 0 89 50 uM @1u1saad1esiuiusinsesulianasia 18 - 22 % auadasu e
Wisuisuiutmaivgnlusedu 200 pM ludruvesdniiugnlusedu 100 uag 200 uM &

a1u150a5 199 wuIINAoAULALNALALIAY UBNIINTTINUNITAOUAUBIVDINUS NY 49 uaz
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975 258 flony 12 Jundwen Fsannsaaduusndutudeldlisureanesans Tudy
Snwaznisneeuduiiuiiiasndelfaiunsonssaneseenlummeane fafleguiiia
seuq Tnndu usidlednfiengainnTuanuneneudnanliaunsaimudeluldidossn
futneseaeanesaluseduingdidunaiuiu luvaefivninonugd 105 wardiusidu
msadediuiusnanaadeseiuaudutuneanesafilasusasludnuuzuysiuauiy
Snunrnsadissiuusndesufindniiasdmanuudoifesuazuusddudesvezinaily
nsUgndunuBatu (15 Jundssen) Snilldsussduanududunoano¥a 0 81 50 uM
annsaairssusnseduldanasie 20 - 32 % pudy WeSeuiiisuiuindiugnly

S2eU 200 UM (15197 14)

M15199 14 FUTINFRAUVEIT 4 g NUantusyiuaNudutuneaneTanumans1aiy

5 5zAuU 1leeng 3 - 15 Junawen

, PUIUTINADAU

Wa9Y89ANULUTUTIY — — — — —
39U 6 YU 9 U 12 91U 153U
g YReNLEd 105 3.0 7.1%* 11.4° 154°  21.1°
nY 49 25% 76 12.7° 14.9° 22.0°
915 258 1.4 4.9 8.5¢ 10.26 13.8°
Fudu 23° 59  103° 12.1° 17.9°

Fotest xxe axx - - -

HSDy05 0.6 1.4 1.2 15 2.1
ALY P 0 58 103 9.7° 12.5° 14.8°
(M) 25 59 100  10.1° 113> 16.3"
50 58 99  10.8® 11.9° 17.5°
100 54 105  11.1% 14.7° 23.1°
200 62 98 12.0° 15.3° 21.8°

F-test ns ns xx xx xx

HSDy 05 - - 1.5 1.7 2.5




A1519% 14 (519)
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. IUIUIINADAU

wiasTesANLUTUTIU = = = - -
39U 6 U 9 U 12 3 157
WGt X U1eenuEd 105 x 0 3.0 67  107°°  12.7°° 157
ANMUNTU P 91manugd 105 x 25 3.0 7.0 9.0" 125 178
(UM) Y1In0ANEE 105 x 50 3.0 73 11.3%¢  152°9 210
91ABNNLA 105 x 100 3.3 7.0 133  183° 258
Y1ABNNLA 105 x 200 2.7 73 12.7°° 1827 253
A% 49 x 0 3.0 7.0 1209  148*9 163
A% 49 x 25 27 7.7 12.0°9  12.3°¢ 185
A% 49 x 50 2.0 8.7 1209 128 212
A% 49 x 100 2.0 7.0 12.3%C  16.8%° 285
A% 49 x 200 2.7 7.7 15.0°  17.5%® 255
915 258 x 0 1.7 5.0 6.3" 11.5% 127
915 258 x 25 13 53 8.3%f 9.2¢ 12.7
915 258 x 50 1.3 4.7 9.7°f 8.8¢ 11.7
915 258 x 100 1.0 4.3 77" 107% 157
915 258 x 200 1.7 5.0 10.3°¢  11.0% 163
FTU X 0 2.0 6.3 9.7%7  112% 147
U x 25 2.0 5.7 11.0°¢  11.3% 163
U x 50 2.0 6.3 10.0°7  10.8%  16.0
U x 100 33 5.7 11.0°¢  13.0°¢ 225
FIIU x 200 2.3 53 10.0°"  143*9 202

F-test ns ns ** * ns

HSDy05 - - 3.9 4.6 -
CV (%) 28.1 23 11.7 113 113

v @

Y

NER  FIENEINIWSINg uiAaULanssnULans1aeg1lTed Aynsad

7 P value < 0.05



2.3 ANSETANUIRUNLATIN

wanNA19ULY AziulaI1dnwusaInalasudnsnaa N RUSIILaE TEAUAILLTUTY

[

WaRasaNINITaz AN MINLTIsINURII NN LA SU AN LT UNaanaSalus s AU

Woanesanuanaieiuminu Tugie 9 waz 15 Tundsen Frudduduiudnauisoazay

unidnuissnlauinniniugaug wenaintnisazauiininuriswessntidud siuniy

sERuANULTUNRanasanlasuag1uladasae 9 Yundsaniuduld Tned1suiinig

avaudminuiesinanasdlalasuaududuneaneasalusyaufisninin 100 pM §ie 23 — 30

% wiawisunusindilusesu 200 uM Tagnisanasvesiintdnuiasiniuanalmiudg

= % =~ [ q'
AMULATHAYDIVILUBIANNNTTVIANBEANDIEUULDY (RNF7199 15)

M19199 15 MsazannninuriesInvesdnl 4 wug Mlgnlussauanuiutuneanesa

d‘ U U U d‘ U U
NLLANFNNNU 5 FEAU b8 6 - 15 JuUnaNBn

. nMsazauminuiesn @edndu/sw)
wiasTesANLUTUTIU > > > >
6 U 9 U 12 YU 15 U
g7 Y1INONUES 105 3.1° 8.0° 19.6 30.4°
nY 49 3.7° 9.1° 13.7 26.9°
915 258 3.6° 9.0 16.8 29.6
FIUIU 3.7° 12.6° 21.9 37.3°
F_test . e s
HSDyg.05 0.3 1.4 - 3.0
AULTNTY P 0 3.4 7.4° 14.1 25.5°
(UM) 25 3.6 8.4° 15.9 28.5°
50 3.6 10.2° 17.2 28.4°
100 3.6 11.1° 21.1 36.0°
200 3.6 11.3° 21.8 36.9°
F-test ns Fxx ns Fxx
HSDyg.05 - 1.7 . 3.6




A151497 15 (519)
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AsAzaNUNUNLASIN Gadnsu/au)

WiaeveIANNLUTUTIU = = - -
6 U 9 Tu 123U 159U

WGt X 91IeNuEd 105x0 3.0 6.7 14.8 23.9
ANUNTY P 1mNuEd 105x 25 3.2 7.5 16.9 28.9
(UM) Y1RoNNEa 105 x 50 3.0 8.1 18.7 28.5
Y1PBNNEa 105 x 100 3.1 8.9 23.1 35.1

Y1PBNNEa 105 x 200 3.0 9.1 24.3 35.6

AU 49 x 0 3.5 6.8 10.8 21.7

Y 49 x 25 3.8 7.6 10.9 21.9

Y 49 x 50 3.8 10.3 13.9 21.0

v 49 x 100 3.7 104 16.2 34.7

v 49 x 200 3.8 104 16.9 34.9

915 258 x 0 3.5 6.9 13.0 23.3

913 258 x 25 3.6 9.1 15.0 27.1

915 258 x 50 37 9.2 15.1 27.5

915 258 x 100 3.7 9.6 20.4 34.0

913 258 x 200 3.7 10.1 20.7 36.0

FU3U x 0 3.4 9.1 17.8 33.1

YU x 25 3.7 9.5 20.8 35.9

YU x 50 3.8 13.2 21.0 36.5

FUTU x 100 3.8 15.5 24.4 40.0

FUTU x 200 3.9 15.5 25.2 41.0

F-test ns ns ns ns

HSDo.0s - - - -

CV (%) 9.3 15.1 11.0 9.9

MNews M ”ﬂmﬂwwé’mqwﬁmqﬁ’uLLamﬁqmmLmﬂsmasmﬁﬁaﬁﬂ YN NAnA

7 P value < 0.05



54

2.4 dnsdruvessnsediumilonu

diiereanaasininsnduresnsediumilofugeiu uaslinsneuauouy
wdsundufuseiumnududuleaedaldiu lnaisusnguanisnevauasiiszey 9 Tunds
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Ugntusegdu 200 pM egnslstimnunstisussauanududumleanasa 100 way 200 uM §iad

o

~ ! o A a al v a o | A o = Ao cw
ll@9]Tlﬁﬁusﬂaﬂiqﬂm@ﬁ’JULﬁuaﬂucl/ﬂﬂaLﬂﬁNﬂus[,uv‘]ﬂslj?ﬂ@']ﬁ!vwnﬂqiﬂﬂﬂ’] UBNITAUNUTUTIIYN

3

fnsmavausaivandeiueenll Nszey 12 Tundasan N 49 §3R9lonT1dIUVRISINAREIU
willenunlnalpgaiulunnszduaudutuneanasa Tuvasniugdus ddnndivessnse
1 =1 a -'-N' L% % % vV U d' VY % CY) Y} 1 =4

drunilafunwlsiunuseauaududuneanasantasuludnewue wUsunEuiy nanfe

v IS ! ! ! A a a é’ =~ Y v ¥ U o A6 |
Iilgnsdinaesinaediunilefuividuiislasuanuiduduneanesaluszauananinin

100 pM AINEIRU kaziliondssey 15 Tunaean N 49 FU3UANIINOVAUDIVBIONTIEIY

Y
Y [y v

Y9951NAREIUUTDAUNLUSHUANSEAUAMNLTNTUNDEN S AT LAS UL ULAE AU LS DU

]

wenandgidLnalainguiugiIwaIukanguiugtnls In1sneuausiiiudnsdIuves

9

'
[y a

snsedumilefuniaenadasiunan1saaei 1.1 lnenguiuginilsionsdiuvessinse

drumileAunaaininguiuginiuaiuede 25 % (M5 16)



M19197 16 SnsauvessnsediumtieAued 4 g NUgnluseiuauduty

Woanesanunne1aiu 5 seU LWeone 6 - 15 Tundswen

BMI1@IUYVITINAREIULLDAY

WiaIvIANNLUTUTIU - - - -
6 U 9 U 12 YU 15 U
g7 Y1INBNNEE 105 0.29 0.35° 0.36 0.30°
nY 49 0.33 0.32° 0.27 0.27°
915 258 0.35 0.35° 0.35 0.37°
FIUIY 0.33 0.42° 0.40 0.40°
F-test ns xx ns e
HSDo,05 - 0.07 - 0.04
ALTUTY P 0 0.34 0.39% 0.41 0.47°
(UM) 25 0.34 0.39%° 0.37 0.42°
50 0.32 0.40° 0.38 0.36"
100 0.32 0.32¢ 0.29 0.22°
200 0.29 0.30° 0.29 0.21°
F-test ns ** ns Fxx
HSDy05 - 0.08 - 0.05
I x  v1Aenued 105x 0 035 0.46 0.48 0.49
AILINTUY P ¥1menuzd 105 x 25 0.28 0.45% 0.36 0.38
(UM) 1ADNULA 105 x50  0.28 0.34%¢ 0.32 0.28
Y1IPonuza 105 x 100 0.29 0.25" 0.31 0.18
P1n0nuza 105 x 200 0.26 0.24° 0.31 0.18
nY 49 x 0 0.34 0.29" 0.30 0.37
nY 49 x 25 0.35 0.30°¢ 0.27 0.34
nY 49 x 50 0.32 0.427¢ 0.32 0.25
N9 49 x 100 0.33 0.317¢ 0.23 0.19
nY 49 x 200 0.30 0.27° 0.25 0.19
915 258 x 0 0.38 0.387¢ 0.34 0.49
915 258 x 25 0.37 0.36"° 0.39 0.47
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A1519% 16 (519)

BMI1@IUVITINAREIULALDAY

WaIvIANNLUTUTIU - = - -
6 U 9 U 12 YU 153U

WG X 815 258 x 50 0.34 0.34°¢ 0.40 0.45
AMULNTU P 919 258 x 100 0.34 0.34%¢ 0.32 0.27
(uM) 915 258 x 200 0.30 0.31%¢ 0.31 0.26
FIUIU x 0 0.31 0.42%¢ 0.50 0.61

FINUIU x 25 0.38 0.44°¢ 0.46 0.50

FIUIU x 50 0.34 0.50° 0.48 0.45

FIUUAU x 100 0.33 0.36"¢ 0.28 0.23

FIUUAU x 200 0.29 0.37%¢ 0.29 0.22

F-test ns * ns ns

HSDg 05 - 0.21 - -
CV (%) 20 18.6 9.7 12.3

'
1Y [ P a o

Mg FIENEINW8IngunsaiuLanItanuuanaeeelited A neaia

ﬁ P value < 0.05

Jsalnanimeassdi 1.2

nHanIsaaesd 1.2 4 vilimsulgdissuusindniinsmovaussrestsuainy
dutuneanedaiilasuadondatunisnaassdl 1.1 uazuanse1nisuinneanesaiieldsy
anududuneanasalussdudisnnia 100 pM (0 - 50 pM) aaun Taefnsusuiesnesand
Tudnvazaeimsinvenssinlifiaueundausas 9 Jundasen nsEavenesIngana
Jusnvasfinevausssiniiniinisadresning Wesnmsiaveresnldnsneinsnie
Woanosa (ATP) TuuSinafitesninnisadresinlug (Kirk and Du, 1997) n&saniitiiinig
Vsushlaoifiumnuensnlrnniuwds dnvarsinanfissegiaioieanmeanesalaly
Usinailsiifiesnesenudeanisld Wetneny 12 fundssenidusuly Sainsududilu

anwazadeTIndenulinInTy iaiuiuATInuazaunsagameanasalaluusuanuin

Ju (Fohse et al., 1988; Gahoonia and Nielsan, 2004) %ﬂLﬂuﬁﬂHmzﬁﬁﬂLa%umi@@m
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Woane¥asrufudnunznisdaversaue1asn egrslsinuilediiaefuaniozein
woamesalusziuingidunaiug auannsalunsaiesnlniezanas Tasdniiugnly
seduauutueanasaiisnndt 100 pM (0 - 50 pM) fIswIusIndeduiianategadiuls
¥n Tuvasiinslasunududuneansdafios 100 uM Sedslidradsiuiusindedud
TndiAesfusediu 200 pM dufuaruusnssresiugnasuvesimdunsaianndeduiiy
faadlinanismeuaussiiaenndiefiunismaassdl 1.1 Wudy nguiudinuwiaiu (knmen

a

Ugd 105 uag nv 49) An1sadesindenulaaandinguiugdnals (915 258 way i) ui
v ey | = v v e & 2 W a =& o )
nauiugilsinisiavenesnlafnitnguiustiuaiy Fududnuvaeynwediuuasi

9] % 1% aa A v ~ ) ) & v )
UBNINNITATIIINABAUYRITINTNTRRVUaLBLlaT TNy 12 Jundsendusuluudn
Sz sazaninrinuiiesndalinisneavausiszey 12 Jundsandudulumiuiy Nsedu
0 - 50 uM dswaltnausaarauiIninwisTnlnanamudRULdlaisuiusEau 100

= ¥ YY) v 1 v [ .a’f: dy Y @
g 200 uM YIFBAAFDINUANYULNITATINIINFDAUVDI nMsRovaAUluANwuE U LU
D9ANULASEAYDIT9INNNSVINBENBSE (Dobermann and Fairhurst, 2000) TuvaieNaIw
LANFNAUNUENITUYBIT RN SavaudImTnLiasIn d5lina nsveassiilidaiauindu
n1svAaes?l 1.1 fd1uun visdenainainergvesdnlunisfinwidesiiuly vinluliiugs
mqmmﬂﬁi’]waqmjuﬁuﬁﬁ’n

ANMSUSNWAUL BNSIAIUVBITINADAIULAUDAULNITLUTHUAIUNTHOUAUDIVDIANY

Yy a

anvauzAeuninil lngdisuiidnsndiuvessindediunilofuiigaduilieldsunnududy
Woanasaluseduiisinin 100 uM anudsu Snwazuiidunisnevaussianisvin
Woanesaodrafiuladn Judunamiannmsannisasgiavlameiuaisunaylu emsile

INNTLUIUFUATIENAIBUAIGNAII N U TEUUTINIANINTU (Cakmak et al., 1994) Nsil

'
=

MsfwYesszuUTIndnaiietelvidnannsomweanesafieguinmsous snl
Iennauthues

PANaMIMAaedd 1.1 way 1.2 Aruan vinlimsulginssuusindasis 4 Wug Sudl
Aswaufiananileldsuanududuroanesaluseduiisinit 100 uM lnsfin1siaveny
ATABTITINIINTURIA 7 - 9 Tumdasen uaziiletnieny 9 - 12 Juvdasen msadesinde
Funarmsavauitinuissnisuanas luvaeiisnsdnvessindediumilefuiaiugy
g1rsunsiaanududuneanasaiies 100 uM dedsnaliszuusininisimunlanuuni
Wiguwisgduanududuneifios (200 pM) dmiuiiuginitinismevaussdesziuainy

Wutuneanesanlasueeelanaunan Ae fugunenuzd 105
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HANIINARBIN 2 ANYINIINBUANDIVDITZUUTINT1INUSVIINaNULE 105
saszauaNududunaanaanuandeiuluaIaza1es1ne1mIs 7 S2AU
wazmszRuAaNududuiIngivesnisnauauasian1svIanaaeE

1724 172
Y9912 luszeznan

o [ A E o = =2 ! P 4 =2

dmsunisneaesdl 2 4 1un1siinan1svaaed 1 indnwiseiieliaiunsaseyis
sEAuANTNTUIngAnIsnavausssenisvIaneanasavesdnluszezndla dwanlaain
N1INAEBIN 1 Neun il 1ulainsEAuAUTNTUING AUBINIINBUAUBITBITEUUIIN
msiensvinneaneda sgludirssiuanududuneanasandinit 100 uM welvaiunse
seyfieszauanudutuingilaegiuug wazarunsassuialaindudinaniainisvin
WoanasanszaumuutuvinlakazuanteInsuIaneanasaiatniensniu Tunsdnm
S o - a Y Y v v § v & = Yo v a
HRadinsiuanudvesseauanududuneanasaliunniu wavidenltdiuginivnnenuyd

1 a 1

105 Wigsiugifsandnyisie iesaniusiinaninisnevaussressiuanududy
woale3afiladsuetnadaiaunitiugdug lasugnlusefuanudutuneanesa 7 szau léun
0, 20, 40, 60, 80, 100 waz 200 uM LAvdeyan1saSyRulnvesTEUUTINLALAUYNY 3 Ju
i 30 Fumdssen ldun MBnveneauensn Suausndedu Msavaut i

RINEIUVDIIINADEIUUTLDAY T1UIUTURABAULAZAITUANND NTATANUINTNLAIAU LAy

'
P

AnsrgvmaLutuveseanasaluiliotefssuy 30 TuNdwen NANISANYINYIINN
anwagiinNIsAnY) dAuuane1aiuiiodnndnsnavessenuanuiudureanasa el

1%
v A

N15PBUALDILUTIIANLANANNY tnaluLiazanyuednITnavaNeY Aal

1. M8AYEI8ANYIITIN
n38nvensauNIINiinisnevausienisiUAsulUauessefuaududy
woaveiasganmiinidnuardug Insiulsnguanisnevauasiauseny 9 Jundaen
Husly waziBuuansuanismevaussegnsdalauiloiingdiseny 15 Jundsen Feiinns
povaussuUsHNfufusERUAIdLtunleane3afildsu ndnfe szuusndniinisdnvens
armgmnnntudieldureaefalussduiishasegnatiulddn dwmsulutaseny 15 - 24
Fumdason dmiivgnlusedu 0 pM fmsBavensamensininnaidnilduneanesaly
seuaududy 200 pM s 20 - 37 % uennilutissrezaareiivhnnsdnm (27 - 30
Fundaaon) nuiriniivgnlunnssdvanududureaneatinisdaversanuensnilil

' o o & A a v X | a ) 1
I MNIARP! VIQULUEN"U']ﬂﬂ'ﬁEJ@GUEﬂEJﬂ'ﬂqllEJ']'JTWfﬂflﬁlﬂﬂEUUE]EJ’NL@ﬂ?@qﬂwqwaawaiﬂléﬂu
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WEINORBAIUADINITUDIUN TLUUTININAITHAUNANBULDUS TULIVALTELAZ AT
iielianunsagavleanesaniegluasazaelilauinau laud nisasiedwausnseduln

1ATU (AN51991 17 way 18)

M13199 17 ANueNIINVeITIRUgIIRenUEd 105 Nugnluseruaududuneanasa

MuANE1Y 7 52U LWene 3 - 15 Jundeen

AULTUTU ANNE1ITIN (WURLLAT)

P (uM) 37U 6 U 9 U 12 T 15 U
0 4.5 9.1 12.1% 15.2° 19.3°
20 4.5 8.8 13.7° 14.9% 16.1%
40 4.5 9.2 13.2% 12.7% 15.3%
60 4.8 8.6 11.0° 14.2% 15.0%
80 4.6 8.7 12.6%° 12.8%° 13.4°

100 a5 8.9 11.2° 11.5° 14.2°
200 a.4 9.1 12.9%° 12.4%° 13.1°

F-test ns ns ** * *

HSDo,0s - - 23 3.5 4.8

CV (%) 6.0 10.2 6.5 9.4 11.4

v v 2 ::l' a v

MNEUR  FI9NEINWISINg AT ULEReRULANAIeg el TEd Ay neadia

‘1'71| P value < 0.05
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M131991 18 ANUENITINVBITIINUTVIRRNLEE 105 NugnluszRuaududuneanasa

MuANA1Y 7 52AU Liene 18 - 30 Tunaswen

ALLYUUU ANYT1ITIN (WURLLAT)

P (uM) 18 Tu 217U 24 7 27 Tu 30 Tu
0 20.9° 22.4° 29.4° 32.8 35.7
20 17.9% 21.8° 29.4° 33.3 35.4
40 17.7%°¢ 21.2° 27.9% 30.8 35.0
60 16.0%4 21.1° 27.8% 31.1 33.1
80 14.2% 19.3% 26.4%° 28.4 33.1

100 14,34 17.1° 23.3° 25.0 29.4
200 13.0° 17.3° 23.8° 28.6 30.4

F-test *x* HHH * ns ns

HSDg,05 3.6 3.6 6.2 - -

CV (%) 7.9 6.4 8.3 10.2 8.1

o @ [ o w aa

VLG FIBNEINWBINguTsatuLanITanuuAnAsee it d A neaa

o

ﬁ P value < 0.05

2. M3aduIuTINGaAU

Tudhaiindrdndaengties (3 - 9 Fundssen) msafrsdnnusnvesndrdndlai
nsnevauaseTERUANITuTuleaneta Tnsulsngraninuuandfissey 12 Sunds
saniluduly nisadedvusinseduvesdiiugunenuzd 105 In1sneuausirasziy
ANt uneanesaludnyuzwlsinduiugufelfun1sdareeanuedsin Tuge 12 -
18 Fuvdasen mIafedununndeduiuanaudelssuanudutuneans falussiuisinia
40 uM wazdinnmeuauareszdiuautudurearetadu 3 ndu Ao nuitanunsoaing
Sruusindeduligsiian (s 200 - 40 uM) ndufidesRonguiansnsaaiedausnle
Urunana TouA sedu 20 pM waznguitansndunguiianunsaadiesiuunnseduldiian

= U

Ao s¥iu 0 pM lagnguidediarauildnuiusIndenuanas 27 uag 35 % auanulilaiiey

'
% 1 =

Aunquinile nMsnevaussianaddmasoliondie?ifienguindsu Tuyae 24 - 30 Tu

q
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wawen wuitnsaiedusndeduresinizuananlelnsuanududuneaneaalusyeu
7191171 60 pM Tneszuusndadinmsnevausswiisandy 3 nauuAy wiluuesEAUAIIY
Wudueanesatinisnevawesiiudsuuuatid Inenguiiaiunsaasisdnuiunnsedulege
ign Usenaulumesedu 200 - 60 M nguianunsaassduIusIndesulaUunas taun

9

26U 40 waz 20 pM luvaeiisziu 0 uM Jaduszauiiannsaassdvusinaesulasifian
milidlafiansulSeuiisunanisnovauesiuieigneuning azuldindedniianguin

YuszAumufaINIsHeanasatusATunTunulumetues vinldn1snevaussasesu

ANULTuanasatin1sasuwdatll (151991 19 wag 20)

M15197 19 FuTINFeAuYeItIINUgUINENUEd 105 NUgnluseRuaMuiNTuaanesa

MuANENaiU 7 Se9U Weeny 3 - 15 Junasen

ALLUUVU FIUIUIINFADAU

P (uM) 37U 6 U 9 Tu 12 U 159U
0 2.0 a7 7.0 11.7° 11.3¢
20 2.0 5.7 7.7 11.7° 19.0°
40 2.0 6.7 7.0 14.3%° 23.3%
60 2.0 6.7 7.7 13.3° 23.7%
80 2.0 5.3 9.3 15.0% 23.7%
100 2.0 6.7 8.7 16.0%° 22.3b¢
200 2.0 6.0 8.3 18.7° 26.7°

F-test ns ns ns ** HH*

HSDg.05 - - - 4.4 3.9

CV (%) 0 14.2 13.2 11 6.6

v @ Y

NBR  FI9NEINIWSINgunAiULanIDsRULAnA1IeEg 19l TEd Ay nsata

17{ P value < 0.05
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M19197 20 FUIINFRAUYEITIINUGUINENULE 105 NUgnluseRuAMutNTuanesa

MuANA1Y 7 52AU Liene 18 - 30 Tunaswen

ALY FUIUIINFDAU

P (uM) 18 Tu 217U 24 7 27 Tu 30 Tu
0 12.3¢ 11.3¢ 14.0° 15.0° 13.3°
20 27.3° a4.7° 75.7° 79.7° 108.3°
40 35.0° 47.3% 78.3° 84.3° 130.7°
60 32.7° 48.0°° 94.7° 113.0° 197.3°
80 35.7° 56.0%° 99.7° 110.3° 180.3°
100 33.3° 48.0%° 92.0° 108.7° 174.0°
200 37.0° 62.0° 93.3° 109.3° 178.0°
HSDo 05 9.9 14.1 143 19.7 32.8

CV (%) 11.4 11 15.6 7.4 8.4

o @ [ o w aa

VLG FIBNEINWBINguTsatuLanITanuuAnAsee it d A neaa

o

ﬁ P value < 0.05

3. MsazaudmtnuiesIn
d115UNNINBUANDINUNTALAUTINUNKAIINT1IUTINYHAAUUANAIGLTDIRN
dndnavesszauanutuduneanasanuandisiuiliodnndieny 12 Jundssenifuduly
LHUREIAUNITATINTINIUTINABAY kawlSuTin1snavaLaITalRuUINEWUNTEey 15 Tunds
H 9 1% - ) Y o v a & Y = a v
san Msavaudiminuiesinililunilsludnvasililssiduiedunininunsenaatin
- 1Y) Yy A 9 v a a v @ v vy
Weosnnisvianeanesa lnednnvaneanesadlussauingfdnaiuisaazauvtnuiisle

@ v a [ Id v v =l H Y 1% 1
anaN FLUﬂ’]W'i’JNR}%L%UI@'J']Wi%EJ% 21 waasenduauly ssuusnaninisazauiutnuiale

Lduanseiullieugnlusedu 60 - 200 M uagiliminuissinanasiseauaududy 20

waz 0 M euasu TuvaeNseau 40 uM SsluutnAnuReInUsEAU 20 UM wag 60 —

[
1%

200 uM uenaNLTeFunalainlug19a189NaN7 STUUSINA@LNSaEvaNUIMEnwAIsInlRE g

Y

Nandlougnlusedu 60 - 80 UM anwarNIIABVANDLYNT B1ainInUSunaeaneasan
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sruuTInInlaudsldiissnenaaufein1s 93siauszuuTnliivwalngau Lie

didaruanansalunisiatmveanedaniegluaisazatesine s (151l 21 wag 22)

M13199 21 nsazauhvdnuiesInvestiiuguInenued 105 Mugnluseiuanuidudy

WoavleFanunnsiiaiu 7 seau Weeny 3 - 15 Tundsen

ANULTUTU Msazautminuissn @adndu/du)

P (uM) 39U 6 U 9 U 12 Tu 15 U
0 0.9 2.7 4.4 6.6° 11.9°
20 0.7 2.6 4.3 9.7%° 21.3%®
40 0.7 3.0 5.1 10.8%° 22.0%
60 0.8 2.9 4.2 9.8% 23.1°
80 0.6 2.8 5.0 10.6%° 22.1%

100 0.5 3.1 4.4 10.6%° 20.9%
200 0.7 3.0 5.2 13.1° 22.6°

F-test ns ns ns *x *

HSDy,05 - - - 4.3

CV (%) 18.4 16.0 13.7 15.3 18.3

o

YEIAYNIEDH

v o

NBWR N YINIYIDINGYNANNAULAAINIALLANAIIDE Y]

‘17i P value < 0.05
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M19199 22 MsaraNVTNLIT NVt LY IAeNUEd 105 MUgnlussAuaatudy

Woanesanunns1aiu 7 sy 1lene 18 - 30 Tunasen

ALLYUUU AnsarauTvTWisn Gadnaye)

P (uM) 18 Tu 217U 24 7 27 Tu 30 Tu
0 13.1° 14.3° 23.7¢ 27.2° 22.4°
20 56.2%° 82.3° 179.5° 299.5° 641.1°
40 64.4° 87.7%° 213.1%° 315.6%° 762.4%°
60 55.1%° 99.0° 245.9° 425.2° 957.6°
80 54,27 102.2° 248.3° 372.9° 954.9°
100 44.5° 97.8° 220.4° 370.5° 794.5°
200 52.5% 103.5° 220.9° 372.9° 795.5°
HSDg,05 18.7 23.4 35.6 65.8 289.0

CV (%) 13.8 18.9 20.6 15.0 16.4

o @ [ o w aa

VLG FIBNEINWBINguTsatuLanITanuuAnAsee it d A neaa

o

ﬁ P value < 0.05

4. INTNEIUVDIIINADHIULAUDAU
d1m¥un15UssfiunanIIneauaLeIT0ITEUUIINTAeTINRaN1su A aanosd
Usziflumesnsdiuressinaediumidonu JauUsiunudnvaznstave1eaiuenasn
Msad1esuIuTINAefuLay A saYaNT T U s T FaFuumngraruLAndgeE1aLdiu
Iindaudnd91701y 12 Yundaonfuduly uasiinsneuauesutsunduiusefuay
dudurloanesaiit1nlésu nande Wedldsussruanududunoanesasasazdanali
Snsndruressindediumilonugstu nslildfurearlemasdsnaliidnn Tnsduveasn
sodmumileAugeninszdudug egndaaulunniisengiiviins@inu Tutiseny 12 - 18 Yu
Na998N Sﬁnﬁﬂqﬂiuizﬁu 20 - 200 uM FsfisnsrdrunessnrediumilonuilndiAssiu ua
fiszey 21 - 27 Jundasen ﬁuﬁﬁnﬁﬂqﬂiuizé’u 0 waz 20 UM Buishsdruvessnodiu

[V 7
Y

willefiunigeda 2 udlemguiusediu 200 uM visiionainainnisiuivesssuunndeUIunm
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6 Y Y = Y a N

Weanesaniegsn AudnIwesinisusudiielissuusnilvualngninun® Lazfissey 30

Y

i £ '
¥ = = A

Tundssen sutinugnlusedu 40 uM Bulidnsduvesnnsedumilonunadusess 29
Waannstasurleanesaluseruiidunaiuiu Tudiuvesseau 60 - 200 M Faildnsnaiu
YessInAedIuMteRUNN Jeuandidiuinszuusindaaunsameanesalaismenaniny

ABINITVBIAU (ANS199 23 way 24)

a Y] ) i A a v I a = o
M1919N 23 aﬁﬁqa'}um@\ﬁqﬂﬁaa'ﬂumﬂu@@usﬂ'E]\TGU']'JWUQGU'D@I@ﬂnga 105 'VlUQﬂiu53®‘Uﬂ'mll

induneanesanuanseiu 7 seu 1eeny 3 - 15 Jundasen

ANULTUUY Rs1dINYBIIINAREIUTDAY

P (uM) 37U 6 U 9 Ju 12 U 159U
0 0.43 0.33 0.29 0.29° 0.31°
20 0.40 0.37 0.26 0.26™ 0.19°
40 0.37 0.41 0.24 0.21°¢ 0.16°
60 0.35 0.38 0.21 0.20° 0.17°
80 0.36 0.39 0.25 0.18° 0.15°
100 0.34 0.35 0.25 0.18° 0.17°
200 0.40 0.32 0.25 0.20° 0.17°
F-test ns ns ns *x e
HSDo,05 - - - 0.08 0.07
CV (%) 16.1 16.3 11.8 13 12.6

v o o w

Mg BTN wSIngunsnaiuLanItanuuanasegiteddnneaia

value < 0.05

=b



M19197 24 dasaduvessnfediumileRuvestnaiuguInenud 105 NUgnluseau

ANUUTunpanasanuaNg1eiy 7 s2AU Weeny 18 - 30 Tundssen

66

AULVUTY RTIEIUTDITINADEIUNTL DAY
P (uM) 18 Tu 217U 24 7 27 Tu 30 Tu
0 0.36° 0.38° 0.40° 0.41° 0.39°
20 0.19° 0.23° 0.24° 0.30° 0.36°
40 0.17 0.18° 0.19° 0.22° 0.28°
60 0.17 0.16° 0.17° 0.19° 0.24"°
80 0.17 0.16° 0.17¢ 0.19° 0.22¢
100 0.14° 0.16° 0.16° 0.17¢ 0.20°
200 0.15> 0.15° 0.17¢ 0.18° 0.18°
Ftest - . xx - -
HSDy,05 0.05 0.03 0.04 0.08 0.06
CV (%) 8.3 5.6 6.4 12.1 8.5
NUELYR) FdnwInwdanguiisstunansieanuuandsedwilteddanisada

‘1'71| P value < 0.05

5. NS89 UUTULAZAISHANND

nsasrsiuulunaznisuannevestludnealdussdiuisnsasyiulaees

41 T1INlesunpanasalusLAUNLNEINDFAINUABINISUY Jnau1saas191waIululauin

fnsuanned wazsaaulaliegwanysal mndnvarleanesaluseauinginddiuiuly

LAZNISHANNBUDE ANNSUNISANWILNUINNITASI9INUIULUADAUVDITII MBUAUDIRDTLAU

Aduduneanasasusony 12 Jundwenduduly Tugae 12 uaz 15 Jundwen 4199

Iosuanududuneanaalusedu 20 - 200 pM Faanunsaaiedruiulusenulags Tiea

32U 0 uM Wity Il wulusedudesiign uazidletnileny 18 - 24 Jundwen Wuyied

P115uTn1sanne azulaI1dnYUEN1TRBUANDIUTISINaSITAILADARARITUNIS

movauedluyie 12 - 15 Jundwen dudnnlildsureanesaasuantainisveassinnis

wiaAvlnuwagliaunsounnneldwiiouseauanududueanesadus egrslsiniunis
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Igsuneanedasnidunaiuig Eiamiamasiamm%zglﬁuimLﬁa%’nﬁmqmmﬁu fiszez 27 Su
wdsenduguly dnitlasuneanesaluszdu 20 waz 40 UM Buwansornisuaneanadaly
Snwaisdinsunnnoanadds 53 - 40 % Wialeususesu 200 pM luvasiinislésuneanssa
B9 60 - 100 uM T SainldudniinnsunnnoldlndlAseiusedu 200 UM (m15199 25

WAy 26)

M13199 25 Fulusenuvestinniuguinenued 105 Nuanluseiuanududuneaneda

MuaNF1iY 7 seU Lieane 3 - 15 Jundwten

ANULTUUY uuluneny
P (uM) 39U 6 U 9 Ju 12 Tu 159U
0 1.0 2.0 2.3 3.0° 3.0
20 1.0 2.0 3.0 3.7° 5.3
40 1.0 2.0 3.0 4.0° 6.7%°
60 1.0 2.0 3.0 4.0° 7.0°
80 1.0 2.0 3.0 4.0° 7.3
100 1.0 2.0 2.7 4.0° 7.0°
200 1.0 2.0 3.0 4.0° 7.7°
F-test ns ns ns x e
HSDo,05 - - - 0.6 1.6
CV (%) - - 10.8 5.7 9.2

v o Y

NEUR  FI9NEINIWSINguiATULanIRULAnA1aeg 19 lTEd Ay neatia

7 P value < 0.05



68

M19197 26 FuFUsoNaveItIINUTUINENUE 105 NUgnluseRuauiNtuaanesa

MuANA1Y 7 52AU Lieang 18 — 30 Tunasen

ANULTUTY UIUAUABNE

P (uM) 18 Tu 21 U 24 7 27 Tu 30 Tu
0 1.0° 1.0° 1.0° 1.0° 1.0°
20 2.7° 3.0° 5.0° 5.0 5.7°
40 3.0° 4.0% 6.7° 6.3 7.3
60 3.0° 4.0% 7.0° 8.7° 10.3°
80 3.0° 4.0%° 7.0° 8.3% 10.0°
100 3.0° 4.0% 6.0° 7.3% 12.0°
200 3.0° 5.0° 6.7° 7.3% 12.0°

Ftest - xx kx -

HSDy,05 0.6 15 2.9 2.0 2.6
CV (%) 8.2 15.0 18.6 11.5 11.1

°o v aa

VLG FIBNEINWBINguTsatuLanITanuuAnAsee it d A neaa

o

a

9 P value < 0.05

6. msazauiminuidu
ﬂ’]iﬁ%ﬂmﬁﬂﬁﬁﬂLLﬁﬂﬁULﬂué’ﬂngﬁLLamIﬁLﬁuﬁﬂﬂﬂuﬁmyiiﬁﬁﬂmmiLf\]‘%iUuLa‘UIWUEN
{11 \ednldsueanlealusziuiinaifissionudeamsaganunsnavaumdnuialdas
wiiledrmeanzvarleanedaluseduingfzannsaarauiminuicldanas Sadu
Snvaiziivademnuaioaidesninnisveveaneda dmsunisavasiminuisduiins
nevaLefosziUmILturloarasaiunnsstuiilotnieny 12 Yundweoniduduly 3

o [ } %

TasudnSwaunanwuzniIsaseaulnlusedu n1skulasunesanasaiasdsnansenuagig

JULsIRENISRSAUlnvestIlne AUt T UmTnwisulenINseaudug dususutnly
5¥AU 20 — 200 UM Fea1uNsaaaNIENWIAIAULAR NSRBUALDIYBIRNYENSATANE
nlinuiannasnanidenslinaseiiesaudniieny 24 Juvdwen wililetleny 27 Tunas

senluduly nslasuneanesalusyaunnudududidunaiuiug dendinansenuians
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avauvtinuiady Fudniildsunoanedalusysu 20 uay 40 UM Buiinisavauthudnuste
suldanasmudiiy uardmnguadaaunndedudodngszey 30 fundssen nefudnlu
SEAU 20 way 40 UM ﬁﬁmﬁfﬂLLﬁqﬁuﬁaaﬂ’jwé’u%’nﬁﬂgﬂiussﬁu 200 UM 819 52 - 63 %
auddu uenanidamuinnislgSuneanedalusysuanududuiiios 40 uM finavinlidy

IMUUMLNUAPUANAIIINTEAU 60 pM BEUIA (A15197 27 Lay 28)

a - Y] v v v I a a' Y] v v
M990 27 ﬂqﬁagallu’]'WUﬂLLWQWUSU@QGU']'JWUﬁﬂJTJ@aﬂNSa 105 V]U@jﬂlus%ﬂUﬂ'mﬂJmiﬂJu

WoaleFanunnsiaii 7 seau Weeny 3 - 15 Tundwen

ANULTUUY Msavautinuedy @adndu/du)

P (uM) 39U 6 U 9 Ju 12 Tu 159U
0 17 8.3 18.6 22.5° 34.4°
20 18 8.2 18.6 37.3 112.6°
40 1.8 8.2 20.0 51.4% 137.2°
60 1.8 8.4 20.0 49.4%° 138.7°
80 17 8.2 18.9 59.3% 150.6°
100 17 8.7 16.6 58.8% 124 5°
200 1.7 9.0 19.0 66.6° 154.3°

F-test ns ns ns x e
HSDo,05 - - - 225 52.3
CV (%) 14.6 8.3 9.5 16.4 15.4

v o Y

NEUR  FI9NEINIWSINguiATULanIRULAnA1aeg 19 lTEd Ay neatia

value < 0.05

=b
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M19197 28 MsarauninuisRurestINUguIINeNUEd 105 NUgntuseaAuaAuTutY

Woanesanunne1aiu 7 seAu Lieong 18 - 30 Tundasen

ALLYUUU MsarauTvnuTaEy (N3

P (uM) 18 Tu 21 U 24 7 27 Tu 30 Tu
0 0.036° 0.038¢ 0.059° 0.066° 0.060¢
20 0.288° 0.408° 1.276° 1.670° 2.339¢
40 0.308° 0.504%° 1.386° 2.110%® 2.808
60 0.315° 0.496%° 1.493° 2.159% 4.276%
80 0.324° 0.631%° 1.513° 2.109% 4.305%°
100 0.320° 0.507% 1.497° 2.128% 4.425°
200 0.341° 0.679° 1.442° 2.180° 4.414°
HSDg,05 0.083 0.257 0.765 0.500 1.550

CV (%) 10.8 19.8 222 10.1 17.2

v v v d' a v

MBS FI9NEINWDINg WA ULERIRRULANAIeg 1l Tyd A eatia

ﬁ P value < 0.05

7. msUszdfiuvnanududuvesieanealuiiadeuaznmsazauySinamsanadaludy
WazsIn
dm¥unisuseiiumanududuveseanedaluiofouarnisazauusunm
weae¥aluduuazsn Wemszduanududuinginisnevaussdonisuiareanasaves
Fnituguninenuyd 105 Tusgegndn Fsdiunisiinseilagld3snisues Murphy and
Riley (1962) nan1sinszinuitmududuvesieanssaluiodouaznisavan Ui
Woaedaluduuarsin fauudsiunussuaududuneanosaiidnlésu daus 0 - 200

(%
P Y |

uM Taspududuveseansdaluilododiuvesduiiaisus 0, 0.08, 0.12, 0.17, 0.25,

0.32 uay 0.49 % auasu Tuideidedruvessindasiaus 0, 0.08, 0.1, 0.15, 0.16, 0.21

WA 0.29 % ANUAINU LATYIINNIAULAISIWE 0, 0.17, 0.23, 0.33, 0.40, 0.53 waz 0.78 %

'
= [y

ANaRU Lazazfiulai131fiseiu 60 - 200 uM Wy Audaianududuveareanasaluy
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WolgaauunnInluiiatdosn waluvueiseauAUINTY 0 — 40 pM JAUILTUNIED

dunbnasmeaniy (m5199 29)

M19197 29 ANsintuvesearesalulloauarnsarauysunaeaneTavestiugtn
nonued 105 NUgnluseiuanunturleanasanuansiey 7 seau Weeiy

30 JUNAION

| . AN TY ANUDUTUVDY nsazavanysnuneansa
GRVRIRNT —
P (LM) Woarasaluiode (%) (Haansu/Au)
A 0 0 0
20 0.08 0.20
40 0.12 0.34
60 0.17 0.74
80 0.25 1.03
100 0.32 1.43
200 0.50 2.18
3N 0 0 0
20 0.09 0.07
40 0.11 0.09
60 0.15 0.13
80 0.16 0.15
100 0.21 0.17
200 0.29 0.23
saTtady 0 0 0
20 0.17 0.27
40 0.23 0.43
60 0.33 0.90
80 0.40 1.26
100 0.53 1.69

200 0.78 2.57
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a 4 =]

TUNANIINAADIN 2

91NN1TANYINIINDUAUDIVEIT1IVINBNUEE 105 FioszAUAULTNTUNDaN DT
WANEIAY IS AUANNTNTWINGATBINITRBUEUBIRBNITU I oanasa vt T lusses

NA1 NANISANHINUINTZAUAINLTNTUINGAVOINITNDUAUDIVDITZUUTINLAZAIAY D87

Y

| [y

SEAU 60 UM LBUAY LATN1TNEUAUDIIUYIIANTILANANNIY tngsEuUsIndNISRovaLadile

o Y o P

Yy a Y] Y] @ v a Yy a Y
T1dleny 15 Tundwenduduly Tuvusidiuvvasaduiinisnovaussliotndeny 27 Ju
1% @ % I (% a (% dy
nassenluauly Inglunrasanwuriinisnevausy aell
Y] aa ] Y] Y v ) | & o = a
anwaznin1snovausiasrauANtutunaanesaeg19sIALsINgn A N158a
d! a % LY U LY ¥ vV % d' Vo
YYIYAINYNITIN Fedn1smevaussluanuasiUINARUA USEAUALINTUN e TaNlasy
flalkel 9 TULINAI9an TuYIUSNENEIIEAU 0 uM WNUURTNAYNTHANNE1ITINANTU L
diadnfieny 15 Tunaweniluiuld drnldsureanssadlussiuanudududisinii 60 pm
)~ a a X Xy ] a & A A v )
1n158nv818ANEIIINUINTY UsIngnisaldenariinduilosnndiediviaveanesa
v = o o oA v ) 1% X " \
sguusInfesdinisususuiielwaunsamneanesalvlauinTunaslidimanssnusnanis
winAulaludiuaesdidu nisdavereausinliuiniuiadunisusudiedieiesla
Wesannlansnennsuseneanasa (ATP) luusuandesninnisasiesnlud vilmAans
YSuilaisananmsifindiuiusin (Kirkk and Du, 1997) egnalsAniulugag 27 - 30 Tunds
80 4nnvanluynszduanududuneanesainiugnsiniliuand1eiu Feinainnis
Insuneanesaluszauaidunaiuiug dnuaugnsinvensnuensIniiees1afeIniayi

TszuusinmuleanasalalulsunufluieanananNUAoInls 917399098 NISNAUE N B

a

u JuwasuastisduaiuliausogamweanasaluUSaiiuindy dmiudnuneid
msasaniiesarsuaranaitlfaunsagamleanasaliuniufde nsadeduunnde
sulifintusufunsinveneauennsn Sadumsiaiuiiiadufavessinsdefiuiiliuan
T LLazmmm@Jmmwgaﬂ/\la%’ﬂmuﬂ%mmﬁmﬂ%u (Fohse et al., 1988; Gahoonia and
Nielsan, 2004) Tun1ansaiudnu wntudiganiizvianeanesalussauingiuiue Ini
Smnusnsefufiananduiu Weswndudmiivsunamleanssanilifismesrensasydula
Mnmsvnassinuniednldsuneanesalussiumaududuiininit 60 uM dsmalisuau
nviefuanasmuddy Tuvueiissiu 60 uaz 80 uM Jn1sai1ssuniusndedugedign way
fisuausndefusnnaidniiugnlusedu 100 uay 200 pM AnuLANaTiUTINg LTt
Tanusauszifiudesulasn Aswiu 60 uay 80 pM Sadusziuamududuilliingd svuu
indafinisasaiulaled Tuvaedissduanudududisnni 60 uM WHussduamnududu

IngAveINInavaueieuInneanesaluiiuginenued 105 Jwhlvssuusinaunse
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aseusnldanas Inednuariusnguaamuusndadeugndouiu 15 Sundssendu
fuly wazUmnguassuansannBstudionailumsdgndnuntudngae
dmfuinfuianeanesatnannsoazauiminuisldanas (Dobermann and
Fairhurst, 2000) 9MnMNARDYE audiuldinsazauiminuiannvesiniusunnenuya
105 Funevaussesziua I lutunleanesaodedaauilefiony 15 undwenidusuly
dudeafunsadisiuaunndeiu Tnedudmitugnlussdu 60 - 200 pM Snsagauimidn

wiasnlegs luvagsedu 0 - 40 uM Ansavaudminuislianasuaiu wasdsdans

Y [l
Y 4Aa4a o

1ai1915giU 60 wag 80 pM LﬂuszﬁummLsﬁmumumﬁmﬁﬁmgqﬁqm PaRlusEAUAINY
¥ % v} 1 U 12 ;% % U a a = o vV Y ;4 a o .,:9{
Wududanaenadaliiennududuseauingd 9vlisutain1 s sZUUIIN I TU
ielianunsagamvleanesalaiiemenonnudenis Fedenndesiudnynen1saiadnuIy
SAINADHUY
N15USUAY8958UUSINIAENITEAYENEAINUEIITINWALLANIIUIUSINADAUIANINTU
) ' a A v o & av oA ) A A A v 6o Y = v o
Aanan Taweiiesaneanesatudusanlindeudierselinsnfoudui 11730
nsiasEuUIInAvwalng WelWausaunnszairesineanlumneanesaluusiiud
aglnavnaulauindu Jungk, 2001) wenaINT Gaume et al. (2001) WUTNVNLIDANTIE
NManeanesainddnsdiuvessindediumilefuginitivnlasuneanesasgraneiiivs ¥
Juraninannisannisiasaivlanenuaisunazlu 81nnlaannnssuIuduasisieieg

LasnaAsTLIITUUTININTU (Cakmak et al., 1994) FallanuaanARefiuNaNITNAGDY

v a v Ao 1 a a

& < v oA v ) a | ! a
uI@IEH]%LWUI@']qLM@%W?%W@W@ﬁW@iﬁIUigﬂcU'Jﬂi]G] NUBAINFIUVBITINADAIULUAUDAUN

29T uazUsinguanuLana1as 12 Jundaenduduly uasisufinudaauveanis

a

novauenienty 21 Jundwenluiuly lnedinsmavaussuusesndu 3 nau nguwsnidu

| ada o 1 1 1 A a 4:4' LY oA Id ! Aa
NANYNUDATIEIUVOITINADAIULNUBDAUGINER (S¥AU 0 - 40 uM) naundoadungun

9

[y

dnydvessIndodiumiiofuliunany (5zAu 60 uaz 80 uM) uaznguiiaudunqud

D

[y

dndnvaIIndedumiofusifian (szau 100 waz 200 puM) Faluwandliiiiuinszau 0
- 40 uM Wuaududuluszauingfvesmsnevduessenisvinneanssa
HIBRANTUNDINANTENUINNNIT A SUANULIUTUN AN DA USEAUNWANAINURBNNS

>

WwIgAulaludiuvesiudnd nunisaisdniuluwasnisasauimdnuAisauusIngNa
AULANASIUTEAU 0 pM faue 12 Tundsenilusuly Tuvugiseiuneanasadus Gl
o Y ™ Y v Ao v oo o | < ) o o 6 &

uulunazdinidnuisdaunlndlAesiu egnelsiniu nslasuneanesalussauandu
LAWY doudINaNTENUABNITIATIAULR NTver 27 Tundwen futinugnluseduaiy

WNTuNoanasana1nI1 60 uM (0 — 40 uM) JTuIUAUsoNBLazUNTNLRUanas Tuvuy
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a

715560 60 — 200 uM fin1suanneuaziindnuidugs Fauandbiiuinszauanududy

= U

INgATOINIIRBUAUBIIUNTIRULnludILrloAuYDItY ABTITZAU 60 UM LWUREINU
N13MBUAUBIVDITTUUIIN

wagnMsthiudnivgnlussiuanututuneanedasieg fisves 30 fundasen T
Answimanududuvemlearesaluiode Weldusefiumsziuanududuingiveanis
novauewonsvnrleaneda nulauitutuveseansdaludeododiuvesduuazsn i
ansduuUsIuszRUALdudureana3afit iy Tnsauidudureseanealuilede
sauviaduilAadodans 0 9% (0 uM), 0.17 % (20 M), 0.23 % (40 M), 0.32 % (60 LM),
0.40 % (80 uM), 0.53 % (100 uM) Lag 0.78 % (200 pM) M1uaIRU d1USUTEAUINGRVBY
nsvnkAauneanasavestluYIeens 30 - 35 Tunawen Reuter et al. (1997) lasneau
szfuamduduvesrleanasaineifissfuninadgaulnvestmludiieigfandieg
0.37 - 0.55 % wazArududuvesnisnanearealusziuingiogs 0.25 % efiansan
MHaMIeTgRLdIsiuli sedumduduingivesUsinamleaesadusifidrivn

nonued 105 deinslussuena (30 Jundsen) egiisedu 60 pM wind1alasuALdudy

o =

weaneSalusydudidinit 60 uM azdwmalitndniswsyivlafianas Fslinanismaass
aonndesfunisnevanesludivvesfusazssuusiniiiiuun egalsiniy d1afldsu
weanlasalusedu 60 - 100 uM Ssfinatauivlaiiund addritugnlumnududusedy
PUNAT? mﬂﬁmﬁm'%‘wmmw%auﬁm%’uLfﬂaﬁuamazmwmvﬂaavﬂa%’a&”’aLwimsgé’qﬁaa lapdl
nafvsnweanasaiivnldaranlineluwad visenafinssnuUsnameaneyansly
wadliauna indouihoneanesaiazavegluluiinludsluiifelve anusinuanududy
TuwAleawdinsyangludsdiunesialananady Wioliionssusieg luduvedlelanarady

anfiunalulaeg1eun® (Lauer et al., 1988; Raghothama, 1999)
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a ¢ d'
fM13192LAF1$NAMULUTUTIUNIITNAGRMN 1.1

] a ¢ v o & A )
ATTINUINA 4 H15199LAF1ENANULYTUTIUANNYIITINYDIUN 4 Wuq ‘VI‘UQﬂGL‘UigWUﬂ'J'\IﬂJ

WntuneanaTanuandeiu 4 seau Weeiy 7 Tundasen

WAAIYDIAURUTUTIU Df SumSg MeanSqg Fvalue  Pr(>F)
FEAUANULUUTY P 3 1247 4.16 4.386  1.08e-02 *
U 3 17626 5875 62011 1.99e-13 ***
WU x syt P 9 18.23 2.03 2137  0.0553
Residuals 32 30.32 0.95

MTNRUINT 5 M15EBATILIANURUTUTINANNEITINVBITN 4 g Nugnluseau

ANUNTURanaSaNLANANNiY 4 S3AU Weeny 14 Tundasen

WAEIUDIAURUTUTIU Df  Sum Sg MeanSq Fvalue  Pr(>F)
FEAUAITUTY P 3 70.2 2341 18269 4.34e-07 ***
iioine 3 5184 17281 134.882 <2e-16 ***
gU x sEAuAMINTY P 9 35.3 3.93 3.064  0.00922 **
Residuals 32 41 1.28

o a L4 v v ¢ a (%
ATHUINT 6 ANTIIATIZVANNLUITUTIUANUYNITINYDIN 4 WUg ‘Vl‘UQﬂI‘LﬁSWU

ANUTNTUNaNaSENLANANNAY 4 S3AU Weeny 21 Tundssen

WAEIUDIAULUTUTIU Df  Sum Sg MeanSqg Fvalue  Pr(>F)
JEAUANUTUTY P 3 1328 44.26  14.446 4.02e-06 ***
WU 3 5009 16698 545  1.13e-12
WsU1 x sgRuAINTU P 9 109.1 1212 3955  0.00181 **

Residuals 32 98 3.06




MTNRUINT 7 M15EBATILAANURYTUTINANEITINVDITT 4 g NUgnluseau

ANUNtunaanasanuaneeiu 4 s3aU Weeny 28 Tundssen
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WAEIUDIAULUTUTIU Df  SumSg MeanSqg Fvalue  Pr(>F)
STAUANULTNTY P 3 207.2 69.08  14.213 4.65e-06 ***
iiVeiiee 3 404 134.65  27.704 5.05e-09 ***
gt x sydueududu P 9 1517 1686  3.468 000434 **
Residuals 32 155.5 4.86

o a L4 o ! v £ v ¢ a
ASEUINT 8 M1T1TATIEHANUUUTUTIUTIUIUTINABAUBITD 4 UG Nidanlu

9 Y

szRuANINTuaaneSaliunnsineiy 4 seau Weeny 7 Jundasen

WAUDIANULUTUTIY Df SumSg MeanSqg Fvalue  Pr(>F)
SEAUANMUIUTU P 3 1.833 0.6111 1.048 0.385
iiVeiiee 3 2.667 0.8889 1.524 0.227

WY x sEAuAAINTU P 9 2.833 03148 0.54 0.834

Residuals 32 18.667 0.5833

] a ¢ ° v o v ¢ a
MTFINUINTA 9 A1519ATIEVANULUTUTIUINUIUSINADAUYBIUN 4 W‘Hﬁq ‘V]UQﬂGLu

szRuANINTUBaneSaTuanseiY 4 seu 1eeny 14 Tunawen

WAEIUDIAULUTUTIU Df SumSgq MeanSqg Fvalue  Pr(>F)
FEAUAMLTUTY P 3 22.83 7.61 19.125 2.74e-07 ***
gt 3 31.53 10.509 2641  8.69e-09 ***

U x seAuanuNiu P 9 4.97 0552  1.388 0235

Residuals 32 12.73 0.398




ANSIHUINT 10 AIS19BATILINANULUTUSIUINUIUSINGBAUYDIT 4 UG NUanty

9 Y

sEAUANNNTunRanaSanuaNeA1eiu 4 SEAU Weeny 21 Tundasen
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WAUDIANULUTUTIY Df  Sum Sg MeanSq Fvalue  Pr(>F)
STAUANULTNTY P 3 2691 897 111679 < 2e-16 ***
iiVeiiee 3 8483 282.8 35206 2.98e-10 ***
U x sydueMANTu P 9 2029 22.5 2807 0015 *
Residuals 32 257 8

o a L3 [ ! v £ v ¢ a
ASEUINT 11 AN519NATIZNRAULUIUTIUIIUIUIINADAULDITD 4 WuS Aivaniu

9 Y

szAuAILTNTuNaneIauaneeiy 4 seAu 1leeny 28 Tunawen

WAEIUDIAULUTUTIU Df SumSg MeanSqg Fvalue  Pr(>F)
STAUANULTNTY P 3 30686 11562  668.44 < 2e-16 ***
iiVeiiee 3 9123 3041 17581 < 2e-16 ¥
TUGT1 x sEAUAINTU P 9 2370 263 1522  3.05e-09 **
Residuals 32 554 17

ANSINUINT 12 ANFINIATIENTANULUTUTIUNSALALUNAUNWAITINVBITT & NUS

9

a 1Y) Y v o A 1 Y] Y ~ Y Y
Tivgnlussaupududuneanedafiunndnaiu 4 seau Weeny 7 Sundsen

WAEIUDIAULUTUTIU Df SumSgq MeanSqg Fvalue  Pr(>F)

FEAUAMLTUTY P 3 0.027 0.0091 0.14 0.935
gt 3 7.379 2.4597  37.841 123e-10 ***

fgd x sedueuudu P 9 0437 00485 0747  0.664

Residuals 32 2.08 0.065




MTNNUINT 13 NT19ILATIRNANLUUTUTIUNTALANNTNUIANTINYRITT 4 UG

MgnlusgAuanuintunesanesaiuanseiu 4 seau Weeny 14 Tu

Na999N
WAAIYDIAURUTUTIU Df SumSg MeanSqg Fvalue  Pr(>F)
FTAUANULNTY P 3 18.5 6.2 0.365  0.779
U 3 1252 4173 24.682 1.85e-08 ***
WU x syAueuNiu P 9 1146 12.7 0.753  0.659
Residuals 32 541.1 16.9

ANSIRNUINT 14 A1519AT1EIANUBUSUSIUNTALANUNAUNLIIIINY9U17 4 WU

9

MgnlusgAuanuintuneanesanuanseiu 4 seau Weeny 21 Tu

IGANON
WNEIYIANULUTUTIY Df  SumSg MeanSq Fvalue  Pr(>F)
STAUAMLULTY P 3 42517 14172 4772  6.47e-12 ***
li¥atine 3 12529 4176 14.062 5.11e-06 ***
WIY x sEAuAIITU P 9 5219 580 1953 0.0795
Residuals 32 9504 297

ANSIRNUINT 15 A1519ATIEANURUTUSIUNTAL AU ATNLIITINYDIUT 4 WUS

9

fugnlusssumnudidunleanesaiunnststu 4 sedu Woey 28 Ju
Na499N
WAUDIANULUTUTIY Df SumSg MeanSq Fvalue  Pr(>F)
FEAUAMLTUTY P 3 1957725 652575 118268 <2e-16  ***
WU 319089 6363 1153 30.343
U x seduenuu P 9 39302 4367 0791 0.626

Residuals 32 176569 5518




a L3

ANSRNUINT 16 A15193AT1ZIANUBUTUTIUDATIAIUVDITINFBAI WML DALYV

4 WS NUanlusEAUANUIUTUNDENDSANLANF1AY 4 SEAU 1PNy

9 Y] q

7 JUNAL9BN
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WAAIYDIAURUTUTIU Df  Sum Sq MeanSq Fvalue  Pr(>F)
FTAUANULNTY P 3 0.002717 0.000906 1.940  0.1429
U 3 00146 0004867 10.429 6.10e-05 ***

¥ U

WU x syAueMuNu P 9 0.017317 0.001924  4.123  0.00135 **
Residuals 32 0.014933 0.000467

ANTKUINT 17 ANTIAATIEVANULUTUTINENTIEIUTRITINAREI UM aAUYDITT
4 siug ManluszAumuluduneanasanuand1eiu 4 s¥eu e

14 YUVAI9DN

WAEIUDIAURUTUTIU Df  Sum Sg MeanSq Fvalue  Pr(>F)
STAUANULTNTY P 3 0.3988  0.13292 125344 < 2e-16 ***
li¥atine 3 0.0564 001879 17.724 5.85e-07 ***

WY x sEAuAAINTU P 9 00122 0.00136 1278  0.286
Residuals 32 0.0339  0.00106

ATHUINT 18 MT19IATIERANULUTUTINERTdvesTINdadumTa AuYeIT
4 fug MUgnluszauaudnturleanesanunnsineiu 4 sedu ey

21 TUnaL9an

WAUDIANULUTUTIY Df SumSg MeanSq Fvalue  Pr(>F)
FEAUAMLTUTY P 3 08112 027042 284.649 < 2e-16 ***
WU 3 00715 002384 25094 1.54e-08 **

¥

gt x sydueududu P9 00245  0.00272 2865  0.0134 *
Residuals 32 0.0304  0.00095




ANSIHUINT 19 ANS19ATIEINANULUTUTIUDNITNEIUDITINARE UL DA UVBIT N7

4 viug MlanluszAumnududuneanasanuandaiu 4 s¥eu e

28 JUNAIION

94

WAAIYDIAURUTUTIU Df  Sum Sq

Mean Sq F value Pr(>F)
FZAUAMLTUTY P 3 0.731  0.24368 39516 < 2e-16 ***
U 300621 00207 3357 530e-10 ***
3T x syAueMNTU P 9 0.0968  0.01076  17.45  550e-10 ***
Residuals 32 0.0197  0.00062

A151991As1ANNLUSUTIUNSNAaRS 1.2

] a P v v ¢ a )
ATTWNUINTA 20 A1F1UATIENANULUTUTIUAIINEIITINVBIUNY 4 ‘Wuq WUQﬂIu53ﬂU

Anuuduneanesaiuandnaiu 5 sEeu ey 3 Tunawen

WNEIYIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
STAUAMLULTY P 4 3.68 0.921 1.126  0.357795
WUgUN 3 20.27 6757 8267 0.000213 ***
WS x seAumIdNTY P 12 11 0917 1122  0.370492
Residuals 40 32.69 0.817

] a ¢ o v ¢ a o
MF1NUINTA 21 ANFIUATIEVANMULUTUTIUAINEITINYBIYNN 4 ‘Wuq ‘V]U@Jfﬂaua%ﬂ‘U

ANNUTUlBaNaSANUANA1Y 5 S2AU Loy 6 Junaeten

WAIYDIANULUTUTIY Df  Sum Sg Mean Sq Fvalue  Pr(>F)
STAUANULTNTY P 4 8.09 2.023  0.717 0.585468
gt 3 5874 19579  6.937 0.000722 ***
WU x syAueMINTY P 12 10.18  0.848 0301 0.985654
Residuals 40 112.9 2.822
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MTNRUINT 22 ATIIATIRNANUUUTUTINAMINENIIINYBIUT 4 UG Ugnlusedu

ANUITUlBanaSauANA19Y 5 S2AU Loy 9 Junawen

WAEIUDIAULUTUTIU Df  Sum Sg Mean Sq Fvalue  Pr(>F)
STAUANULTNTY P 4 5585  13.962 5614 0.001105 **
iiVeiiee 3 6328  21.092 848  0.000176 ***
U x sydueutte P 12 9261  7.717  3.103 0.003503 **
Residuals 40 99.49 2.487

[y

o a (4 v v ¢ a
ANFINUINT 23 ANTI9AATITVANULUTUTIUANUEITINYBIUNI 4 WU Nvantuseau

Y

Aunduneanesaiuand1aiu 5 s¥eu ety 12 Jundssen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
FTAUAITUTY P 4 9757 2439  11.619 236e-06 ***
Wugdn 3 99.02 3301 15722 6.6le-07 ***
TSI x seAuAIdNTU P 12 3072 256 1219 0304
Residuals 40 83.98 2.1

] a ¢ o v ¢ a o
MTFINUINTA 24 ANFIUATIEVANMULUTUTIUAIINEITINYBIYNN 4 ‘Wuq ‘V]U@Jfﬂaua%ﬂ‘U

Anuuduneanasanuand1eiu 5 s¥eu ety 15 Jundssen

LNEIYIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
FEAUAMLTUTY P 4 54.07 1352  7.683 0.000108 ***
ii¥oiee 3 11375 3792 21551 1.8le-08 ***

¥

U x seduenudutu P 12 23.05 192 1.092  0.392705
Residuals 40 70.37 1.76




MTNRUINT 25 MT19IATIRNANLHUTUTINTIIUTINARAUYDIU 4 s Nvanlu

sEAuANUNTunanasanueane1eiu 5 SEAU Weeny 3 Jundwen

96

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
FEAUAITUTY P 4 0933  0.233 0.56 0.693
Wugdn 3 19.933  6.644 15947 5.69e-07 ***

¥ U

WU x syAueMuNTy P 12 7067 0589  1.413 0.2

Residuals 40 16.667 0.417

o a 6 o 1 v v v ¢ a
ANTHUINKA 26 M1519ATITUANUBLUTUTIUIIUIUIINGDAUVDIUI 4 U9 V]U'Qﬂiu

sEAUANNNTUNaNaSaNULANA1IY 5 58U Weeny 6 Tunawen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
STAUANULTNTY P 4 3.57 0.892 0418  0.795
iiVeiiee 3 67.65 2255 1057 2.99e-05 ***
WU x syAuAMINTY P 12 7.1 0592 0277  0.99
Residuals 40 85.33 2.133

o a 6 o ! £4 £ v ¢ a
ATHUINKA 27 A1519IATIENANUBLUTUTIUIIUIUIINGDAUVDIUNI 4 U9 ‘V]‘IJQﬂIu

sERuAINTUNRanaTaNuAnAeiY 5 sE6U Weoey 9 Tunawen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
STAUANULTNTY P 4 39.43 9.86 6.226  0.000542 ***
WU 3 14218 4739 29.933 258e-10 ***

[

WU x syAueMINTY P 12 51.23 4.271 2696 0.009263
Residuals a0 63.33 1.58

*%
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MTNUINT 28 MNT1IATIRNANLUUTUTINT LT INFARAUYDIT 4 WS Nvanlu

sEAUANNNTunRanaSanuane1eiu 5 sEAU Weeny 12 Tundasen

WARIYDIAIULUTUTIUY Df Sum Sgq Mean Sq Fvalue  Pr(>F)
SLAUANULTNTY P i 14436  36.09  16.312 5.30e-08 ***
iiVeiiee 3 261.02  87.01  39.325 5.25e-12 ***

¥ U

WU x syAueMuNTy P 12 59.27 494 2233 00286 *
Residuals a0 88.5 2.21

o a 6 o 1 v v v ¢ a
ATHUINT 29 M1519BATIEUANUBLUTUTIUIIUIUIINGDAUVDIUI 4 U9 WUQﬂIu

sEAUANNNTUNRaNDSENULANA19AY 5 58U Weeny 15 Tundasen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
STAUANULTNTY P 4 617.9  154.47 34264 198e-12 ***
iiVeiiee 3 621.1  207.04 45924 504e-13 ***
WU x syAuAMINTY P 12 101.8 8.49 1.882  0.067
Residuals 40 180.3 4.51

1

M1FNUINT 30 ANFTIIATIRANLLUTUTIUNTA AN MTNLISINYRITT 4 Tug

MgnlusgAuanuintursanesanuansieiu 5 seau Weeny 6 Ju

N9991N
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
FEAUAINTUTY P 4 0452  0.1131  1.037 0.4
fugdn 3 4594 15313 14048 21le-06 ***
WU x sEAuAMIANTY P 12 031 00259 0237 0995

Residuals 40 4.36 0.109
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ASAUINT 31 AN51NATIZRAMULUTUTIUN TALEUUIRTNRIATINUDIU 4 UG

9

MgnlusgAuanuintuneanesanuanseiu 5 szau Weeiy 9 Ju

Wa399N
WAAIYDIAURUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
FTAUANULNTY P 4 14171 3543  16.691 4.01e-08 ***
U 3 176.25 5875  27.677 T7.4de-10 ***

¥ U

WU x syAueMINTY P 12 43.84  3.65 1721 0.0985
Residuals a0 84.91 2.12

ANTIRUINT 32 A119IATIEIANUBUTUSIUNTALANUNAUNLIAIIINVIU1I 4 WU

9

MgnluseAuanuiutuneanesanuanssiu 5 seau Weeny 12 Tu

IGANON
WNEIYIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
STAUAMLULTY P 4 4186  1046.6 1829  0.142
li¥atine 3 1828 6095 1065 0375
WY x sEAuAIITU P 12 6862  571.8 0999  0.467
Residuals 40 22891 572.3

=] a ¢ 5 o o % v ¢
MTFINUINTA 33 AN51UATIEVAMNULUTUTIUNNTACANUNNUNLAITINYBIU 4 WUT

9

MgnlussAuanuintunsanesanuanseiu 5 seau Weeiy 15 Tu

Na99N
WAIYDIANULUTUTIY Df Sum Sgq Mean Sq Fvalue  Pr(>F)
FEAUAINTUTY P 4 1229 30724 32536 4.34e-12 ***
iV 3 888.4 29613 3136 136e-10 ***
U x seauenuduty P 12 1483 1236 1309  0.252

Residuals a0 377.7 9.44




ANSIHUINT 34 ANS19ATIEINANULUTUSIUDNITNEIUVDITINARE UL DA UVBIT N

4 siug MlgnluszAuaududuneanesanunndeiu 5 sy

d‘ U L
ta1g 6 JUNANDAN

WAAIYDIAURUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)

JEAUANUIUTY P 4 002362 0005904 1726  0.163

U 3002099 0.006997 2045  0.123

WU x sydupuudu P 12 0.01818 0.001515  0.443  0.935
Residuals 40 0.13687 0.003422

AN59NULINT 35 ANIIILATIERAMULUTUTINRTI@IUVRITINFADEIURTDAUYB T

4 siug MgnluszAuaudutuneanasanunnmeiu 5 sy

ﬂl U %
b9DY 9 MUNAWDN

WAEIUDIAURUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
STAUANULTNTY P 4 0.10052 0.025129 5.664  0.00104 **
li¥atine 3 008162 0.027206 6.132 0.00157 **
TUGT x sEAUAANTY P 12 0.10792 0.008994  2.027  0.04721 *
Residuals 40 0.17747 0.004437

AN519NUINT 36 A1IITILATIERAMULUTUTINERTI@IUVRITINFADEIUNRTLDAUYB T

4 iug MUgnluszauanuintuneanasanuanseiy 5 seiu

d‘ ¥ %
L9BY 12 UKW

WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)

FEAUAINTUTY P 4 0.393  0.09815 0.658  0.625

li¥atine 3 0589  0.19637  1.317  0.282

gt x seduenuaudu P 12 1.851  0.15422  1.034  0.438
Residuals 40 5.964 0.1491




100

ANSIHUINT 37 ANS19BATIEIANULUTUSIUDNITNEIUVDITINABE UL DA UVBIT N
4 siug MlgnluszAuaududuneanesanunndeiu 5 sy

d‘ U L
ta1g 15 JUMaNN

WAAIYDIAURUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
FZAUAMLTUTY P 4 0.651  0.16274 94579 < 2e-16 ***
U 3 0.1731  0.05771 33536 5.29e-11 ***

¥ U

WU x sydueute P 12 01191 0.00992 5767  0.205
Residuals 40 0.0688 0.00172

a 4 ]
A1319ATIENANURYTUTIUNITNAADIN 2

] a P Y o ¢ a
AN UINT 38 @73’]\1’3Lﬂi']%%ﬂ'l’]mLLUiUi?u@?’]ﬂJquﬁqﬂsﬂaﬂmquuqsﬂqflmaﬂﬂga 105

MgnlussiuanadutuleaneSanunneeiu 7 seau Weeny 3 Ju

Na99N
WAEIVDIAUKUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
FTAUAIMTUTY P 6 03114 00519  0.626 0.707
Residuals 14 1.16 0.08286

o a (4 v v 6 a
M1FNNUINN 39 Gl’]i'N']Lﬂi']%‘viﬂ'ﬂllLL‘LJTUTJ‘U@'J"I@JEJ’DTWﬂ?JEN?J'YJW‘L!ﬁq‘U’Y]@EJﬂlI%ﬁ 105

MgnluszAuanuintunsaneasaiuanseiu 7 seau ieeny 6 Tu

VANNRR
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
SEAUAIUINYY P 6 3.345 0.5575 0.705 0.651

Residuals 14 11.067 0.7905
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M1TNHUINT 40 MTINATILVAULUTUTINANNEIITINVOU 1INV INONUEE 105

MgnlusgAuanuintureanesanuanseiu 7 szau Weeiy 9 Ju

PA999N
WARIYDIAULUTUTIUY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 18.299  3.0498 4.675  0.00822 **
Residuals 14 9.133 0.6524

] a ¢ Y o & a
AITNUINN 41 G]'ﬁ’]\nLﬂiﬁlg‘Viﬂ’J’]NLLUiUTJ‘Uﬂ'J’]ﬂJﬂqjﬁqﬂsﬂaﬂ%quuqmqqmﬂﬂﬂga 105

MgnlusziuanudntuleaneSanunnseiu 7 seau eeny 12 Ju

NAI9DN
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUIUYU P 6 35.68 5.947 3.755 0.0194 *
Residuals 14 2217 1.584

o a (4 v v 6 a
M1FNNUINY 42 G]’ﬁ'N']Lﬂi']%‘viﬂ'ﬂllLLUTUT]U@'J"INEJ’YJ?Wﬂ?JEN?J'TJW‘Uﬁq“U’Y}ﬂEJﬂM%ﬁ 105

MgnlusgAuanuintuneanesaliuansneiy 7 szau Weeny 15 Tu

VANNRR
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq  F value Pr(>F)
SEAUAUIUYY P 6 79.16 13.194 4.43 0.0102 *
Residuals 14 41.69 2.978

] a ¢ Y o ¢ a
AN UINT 43 Wlﬁ’]ﬂ’;Lﬂ'ﬁwﬁm’mLLU'ﬁUi’Jum’mEJ’]’Jﬁ’]ﬂSUaQ‘U’l’quﬁﬂJ’]’maﬂuza 105

MgnlusgAuanuiutuneanesaiuanseiu 7 seau Weeny 18 Tu

NAI9DN
WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYY P 6 13337  22.228 13.14  4.80e-05 ***

Residuals 14 23.67 1.691
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A1TNKUINT 44 MMTINATILVANULUTUTINANNENITINVOU UV INONUEE 105

MgnluszAuanuiutuneanesaiuanseiu 7 szau Weeiy 21 Tu

PA999N
WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 83.65 13.942 8.474  0.000518 ***
Residuals 14 23.03 1.645

] a ¢ Y o & a
AITNUINN 45 G]'ﬁ’]\nLﬂiﬁlg‘Viﬂ’J’]NLLUiUTJ‘Uﬂ'J’]ﬂJﬂqjﬁqﬂsﬂaﬂ%quuqmqqmﬂﬂﬂga 105

MgnluszauanuintuleaneSanunnsneiu 7 seau Lleeny 24 Ju

NA9DN
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUIUYU P 6 112.19  18.698 3.751 0.0195 *
Residuals 14 69.78 4.984

o a (3 v v 6 a
M1FNNUINK 46 G]’ﬁ'N']Lﬂi'wviﬂ'ﬂllLLUi‘Ui?Uﬁ?WNU’YJﬁWﬂ?JEN?J'TJW‘L!ﬁq“U’Y]ﬂEJﬂlI%ﬁ 105

MgnluseRuanuintuneanesanuanseiu 7 seau Weeiy 27 Tu

GNARR
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
SEAUAIUINYU P 6 149.5 24.921 2.691 0.0596
Residuals 14 129.7 9.261

] a ¢ Y o ¢ a
AN UINN 47 Wlﬁ’]ﬂ’;Lﬂ'ﬁwﬁm’mLLU'ﬁUi’Jum’mEJ’]’Jﬁ’]ﬂSUaQ‘U’l’quﬁﬂJ’]’maﬂuza 105

MgnlusgAuanudutuneanesaniuanseiu 7 szau 1Weeny 30 Tu

NAI9DN
WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SYAUANMUINYY P 6 108.1 18.02 2.51 0.0732

Residuals 14 100.5 7.18
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MTNRUINT 48 MNT1IATIRNANLHUTUTINTIIUTINARAUYDIUINUGUINENNLE 105

MgnlusgAuanuintuneanesanuanseiu 7 szau Weeny 3 Ju

999N
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 1.07e-29  1.78e-30 1 0.463
Residuals 14 2.49e-29 1.78e-30

dl a L4 o ! L ¥ % [ a
f199NUINT 49 mswmLmﬂwmmLLUiUiaummuswﬂmamumaamﬂawuqmﬂamaﬂusa 105

MgnlusziuanudutuleaneSanunneeiu 7 seau ey 6 Ju

VRN
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUIUYU P 6 10.95 1.8254 2.556 0.0694
Residuals 14 10 0.7143

o a 6 o ! £4 v v 6 a
MW UINT 50 (51’15’1\‘1’]Lﬂi’]%‘ﬁﬂ'ﬂllLLUi‘Ui?U“\ﬂ‘UUUﬁWﬂ@@mu%@ﬂﬂqﬂwuqﬂﬂlﬂ@ﬂﬂga 105

MgnlusgRuanuintunaanesanuanseiy 7 seau Weeiy 9 Ju

VANNRR
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
SEAUAIUINYU P 6 13.62 2.27 2.072 0.123
Residuals 14 15.33 1.095

] a ¢ ° % Yy o ¢ a
AN UINT 51 9’]']57\‘1'3Lﬂij%ﬁﬂfnmLLU?U??UQWU')U?Wﬂmamumaﬁ%quuﬁqmqjﬂaﬂﬂga 105

MgnlusgAuanuiutunsaneasaniuanseiu 7 seau Weeny 12 Tu

NAI9DN
WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYY P 6 11162  18.603 7371 0.00104 **

Residuals 14 35.33 2.524
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MTNRUINT 52 19193LATIRANLHUTUTINT NS INARAUTDIUINUGUInONNLE 105

MgnlusgAuanuiutuneanesaiuanseiu 7 szau 1Weeny 15 Tu

PA999N
WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 449.1 74.86 37.43  7.76e-08 ***
Residuals 14 28 2

dl a L4 o ! L ¥ % [ a
N1F1NNUINYT 53 mswmLmﬂwmmLLUiUiaummuswﬂmamumaamﬂawuqmﬂamaﬂusa 105

Mgnlusziuanudutuleanesanunnseiu 7 seau leeny 18 Ju

VNI
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUIUYU P 6 13199  219.98 1717 1.01e-05 ***
Residuals 14 179.3 12.81

o a 6 o ! £4 v v 6 a
M1FNNUINY 54 (51’15’1\‘1’]Lﬂi’]%‘ﬁﬂ'ﬂllLLUi‘Ui?U“\ﬂ‘UUUﬁWﬂ@@mu%@ﬂﬂqﬂwuqﬂﬂlﬂ@ﬂﬂga 105

MgnlusgRuanuintuneanesanuanseiu 7 seau Weeny 21 Tu

VANARR
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
SEAUAIUINYU P 6 4814 802.3 312 2.5le-Q07 ***
Residuals 14 360 25.7

] a ¢ ° % Yy o ¢ a
AI19NUINT 55 9’]']57\‘1'3Lﬂij%ﬁﬂfnmLLU?U??UQWU')U?Wﬂmamumaﬁ%quuﬁqmqjﬂaﬂﬂga 105

MgnlusgAuanuiutuneanesaniuanseiu 7 szau 1Wesny 24 Tu

NAI9DN
WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr>F)
SYAUANMUINYY P 6 15413 2568.9 16.94  0.000011 ***

Residuals 14 2123 151.7
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MITNRUINT 56 1T193LATINANUHUTUTINTIIUTINARAUTDIUINUGUINONNULE 105

MgnlusgAuanuiutuneanesaiuanseiu 7 szau Weeny 27 Tu

PA990N
WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 23552 3925 78.13  5.89e-10 ***
Residuals 14 703 50

dl a L4 o ! L ¥ % [ a
MW UINN 57 mswmLmﬂwmmLLUiUiaummuswﬂmamumaamﬂawuqmﬂamaﬂusa 105

MgnluszivanuiutuleanaSanunnsneiu 7 seau Lleeny 30 Ju

VRN
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUIUYU P 6 73943 12324 88.51  254e-10 ***
Residuals 14 1949 139

MIHUINT 58 A15193ATI8IANULUTUTIUN Sa AU ImITNLINSINYa9T IR UT Y
Aonuzd 105 MgnlussauamnududurleavieTanuanseiu 7 seau

o1y 3 Jumawsen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
SEAUAIUINYU P 6 251e-01 4.19e-02  2.588 0.0669
Residuals 14 2.27e-01 1.62e-02

A1FRUINT 59 A19193LAT1$RAULUTUTIUN A AN UTNLINTINVBITITUTU
Aonued 105 NUgnluseiuanuduturleanedanuansneiu 7 seau

dl > U
L9BY 6 IUNAWNDAN

WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)

SYAUAIULIUYU P 6 0.9295 0.1549 0.877 0.536
Residuals 14 2.4733 0.1767
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MTHUINT 60 M1T190ATIENANULUTUTIUN TaTANUIIINLIANTINYBITITUTY
Aonued 105 NUanluseriuauduturleanesanuansneiu 7 seau

d‘ U L
ta1g 9 JUNANDN

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 2.696 0.4494 0.958 0.487
Residuals 14 6.567 0.469

ATHUINT 61 H15193ATILVANUHUTUTIUNTAZANUNTNLITINVDITIITUTV
Aonuzd 105 MUgnluseiuamnudiudurleaeaniunnseiu 7 seau

ﬂl % %
LDDY 12 3URANDN

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUIUYU P 6 67.55 11.259 4631  0.00855 **
Residuals 14 34.04 2.431

MTHUINT 62 MT193ATIENANULUTUTIUN ST AN IITNLINTINYaIT UG
Aonuzd 105 MgnlussauamnududurleavieTanuanseiu 7 seau

Weeny 15 Junasaen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
FEAUAITUTY P 6 272.1 45.36 4.215 00125 *
Residuals 14 150.7 10.76

A1FRUINT 63 719193LATI$NAULUTUTIUNTAZAUUNNTNUIITINVBITIITUTU
Aonued 105 NUgnluseiuanuduturleanedanuansneiu 7 seau

dl L L
taa1g 18 IUNANDN

WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)

SYAUAIULIUYU P 6 5027 837.8 18.65  6.17e-06 ***
Residuals 14 629 44.9
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MINHUINT 64 M1T19ATIERANULUTUTIUN TaTaNUIIINLIANTINY8IT UG
Aonued 105 NUanluseriuauduturleanesanuansneiu 7 seau

d‘ U L
ta1g 21 JUnaN8N

WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 17652 2942 12.13  7.55e-05 ***
Residuals 14 3395 242.5

ATHUINT 65 7131931AT1LUANUHUTUTIUNTAZANUNNTNLITINVDITIITUTV
Aonuzd 105 MUgnluseiuamnudiudurleaeaniunnseiu 7 seau

0N 24 Tundsen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUIUYU P 6 145885 24314 1211 7.64e-05 ***
Residuals 14 28116 2008

MTNHUINT 66 MT193ATIENANULUTUTIUN TATENUIITNLINTINYBIT UG
Aonuzd 105 MgnlussauamnududurleavieTanuanseiu 7 seau

Weeny 27 Jurasien

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq  F value Pr(>F)
SEAUAIUINYU P 6 484435 80739 2778  5.25e-07 ***
Residuals 14 40694 2907

AFRUINT 67 719193LAT1$RAULUTUTIUNTAZ AN UTNUITINVBIT1ITUTU
Aonued 105 NUgnluseiuanuduturleanedanuansneiu 7 seau

W97 30 Tundsen

WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)

SYAUAIULIUYU P 6 2.1599 0.36 2314  1.65e-06 ***
Residuals 14 0.2178 0.0156
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s

ANSIHUINT 68 MIS19ATITINANULUTUTIUDNTNEIUVDITINABEIUL AL DA UVBIT1IWUS

]

Ynenud 105 Mgnluszruanuiuduneanesanuanseiu 7 sedu

d‘ U L
ta1g 3 JUNANDN

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 1.84e-02 3.06e-03  0.813 0.577
Residuals 14 527e-02 3.77e-03

[

ANTIRUINT 69 M1T19IATILITANUBUTUSIUDATIAIUVDITINF DAL DAUYDIV1INUS

]

Y1InenuEd 105 Mgnluseiuamnuduturleanesanunneeiu 7 seau

ﬂl U %
SYolagtd 6 IUNAWDN

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUANMUIUTU P 6 0.02056 0.003426  0.98 0.474
Residuals 14 0.04895 0.003496

M1TNUINT 70 M19193LATI8MANNUTUTINSR LY Ndod e AuT a1 UG
Y1Inenuzd 105 Mlgnlussaumnudutdurleanlesanuansneiu 7 seeu

Weeny 9 Tumndatean

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
FEAUAITUTY P 6 0.01035 0.001725  1.995 0.135
Residuals 14 0.0121  0.000865

s

AN519NLINT 71 A191LATIERANULUTUTINERTIEINVDITINRDEI UL BA UV IT 1IN UD

]

Y1Inenud 105 Mgnluszruanududuneanedanuanseiu 7 sedu

dl L L
taa1g 12 YURANDN

WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)

SYAUAIULIUYU P 6 0.03334 0.005557  6.948  0.00139 **
Residuals 14 0.0112  0.0008
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MTNRUINT 72 MT193ATIRRANLLUTUTINSR S NveIT ndod o Auva s 1Iug
Ynenud 105 Mgnluszruanuiuduneanesanuanseiu 7 sedu

d‘ U L
ta1g 15 JUnaNN

WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
ILAUANULTUTY P 6 0.15499  0.02583 40.35 4.76e-08 ***
Residuals 14 0.00896  0.00064

[

ATNHUINT 73 9151931AT12ANUUTUTIUENTIE@IUVRITINFRd LML oAU 1T IS

Y1InenuEd 105 Mgnluseiuamnuduturleanesanunneeiu 7 seau

ﬂl % U
SYolagtd 18 URANDN

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUANMUIUTU P 6 0.10345 0.017242 6658  1.7%e-09 ***
Residuals 14 0.00363  0.000259

MTRUINT 74 19193LAT18MANRUTUTINSR S ENYRIT Ndod e AuY a1 UG
Y1Inenuzd 105 Mlgnlussaumnudutdurleanlesanuansneiu 7 seeu

Weeny 21 Junasen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq F value Pr(>F)
FEAUAITUTY P 6 0.11718 0.01953 1469  7.99e-12 ***
Residuals 14 0.00186 0.000133

s

MTNRUINT 75 MTI9IATIRRANLLUTUTINER S duvesndodumtiefiuasdnaiug

Y1nenud 105 Mgnluszruanuuduneanedanunnseiu 7 sedu

ey 24 Tundsen

WAIYDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)

SYAUAIULIUYU P 6 0.13194  0.02199 118 3.58e-11 ***
Residuals 14 0.00261 0.000186
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s

MTNRUINT 76 MT1IATIRRANLLUTUTINERELvesndodmiiafuasIiug

Ynenud 105 Mgnluszruanuiuduneanesanuanseiu 7 sedu

ey 27 Tundssen

WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 0.13559 0.022598  27.41 5.7e-07 *x*
Residuals 14 0.01154 0.000824

[

ATNHUINT 77 91519310 5129ANUUTUTIUENTIEIUVRIT NFRd LML oAUTD 1T IS

Y1InenuEd 105 Mgnluseiuamnuduturleanesanunneeiu 7 seau

W91 30 Tundsen

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUANMUIUTU P 6 0.11929 0.019882  37.77  7.33%e-08 ***
Residuals 14 0.00737 0.000526

o a 6 o ! v v v 6 a a
AFINNUINYN 78 G]’ﬁ’N’]Lﬂi']%‘viﬂ'mllLLUiUiUu‘Rﬂu@‘lﬂUﬁ]@@u%EN‘U’YJWUﬁﬂJ'TJ@EJﬂN%@ 105 %

Ugnluseauanuiutuneanesanuanseiu 7 seau Weeiy 3 Tu

GNARR
WAEIUDIAULUTUTIU Df Sum Sq  Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 2.662e-30 4.437e-31 1 0.463
Residuals 14 6.212e-30 4.437e-31

] a ¢ ° v Y o & a A
AN UINT 79 9’]']57\‘1’.}Lﬂ'ﬁj%ﬁﬂ?qmLLU?TJT]U?HU')UI‘UC‘]@G]USU@QSU']PJWUQSU'T)ﬂaﬂllgﬁ 105 v

Ugnlusgauanudutunaanesanuanseiu 7 seau ieeiy 6 Tu

NAI9DN
WAIYDIANULUTUTIY Df Sum Sg  Mean Sq Fvalue  Pr(>F)
SEAUAIUINYY P 6 1.065e-29 1.775e-30 1 0.463

Residuals 14 2.485e-29 1.775e-30
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M1FNUINT 80 MT19IATIwRANLLUTUTINTLlusRfuasdIiuguIInented 105 9

Ugnlusgauanudutduneanesanuanseiu 7 seeu eey 9 Tu

PA999N
WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 1.238  0.20635  2.167 0.109
Residuals 14 1.333 0.09524

dl a [ o J ¥ ¥ L (2 a
N191NHUINT 81 Gﬁﬁ’N’JLﬂi’]%‘Viﬂ’J’]ﬂJLLU?U?’JUQ’]U’J‘L&UG}@MUGU@QSUTJ‘WUQ‘U’TJ@EJﬂﬂJzﬂ 105

MgnlusgAuanuintuneanesanuanseiu 7 szau Weeny 12 Tu

VRN
WAEIUDIAUKUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYY P 6 25714  0.4286 9 0.00038  ***
Residuals 14 0.6667 0.0476

] a ¢ ° v Y o & a A
AN UINT 82 9’]'13’]\‘1’3Lﬂi']%%ﬂ'l’]mLLU?U?’JUQW‘U?UIUW@WUSUEJQGUTJ‘W‘UQSU']'J@aﬂllgﬁ 105 v

Ugnlusgauanuduturleanasanuansneiu 7 szau Weeny 15 Tu

NAI9DN
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq  F value Pr(>F)
SEAUAUIUYY P 6 47.62 7.937 2381  1.38e-06 ***
Residuals 14 4.67 0.333

a a 6 o ¥ 1 4 v 6 a
A1319NUINT 83 W]i’N’JLﬂi’]%ﬁ/iﬂ'ﬂllLLUiUﬁ’Ju%"IMUUWUWE)ﬂ@?J@QSU'YJWUﬁq‘YJ'TWIQﬂlI%a 105

MgnlusgAuanuintuneanesaniuanseiu 7 seau Weeny 18 Tu

Na999N
WAUDIANULUTUTIY Df Sum Sq Mean Sq F value Pr(>F)
FEAUAINTUTY P 6 10 1.6667 35 1.20e-07 ***

Residuals 14 0.667 0.0476
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MTNUINT 84 MTITIATIRRANLUUTUTINTIIUAURDNDVDITINUGUINDNULE 105

MgnlusgAuanuiutuneanesaiuanseiu 7 szau Weeny 21 Tu

PA999N
WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 29.14 4.857 17 1.07e-05 ***
Residuals 14 aq 0.286

dl a [ o ¥ 1 ¥ v (2 a
NN UINYT 85 Gﬁﬁ’N’JLﬂi’]%‘Viﬂ’J’]ﬂJLLU?U?’JUQ’]U’J‘UG}‘UG}@ﬂ’eJGU’eNsUTJW‘lJﬁ:U’]’JG‘lEJmJZﬂ 105

MgnluseAuanuintunsanesanuanseiu 7 seau Weeny 24 Tu

VRN
WAEIUDIAUKUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYY P 6 83.62 13.937 1272 5.77e-05 ***
Residuals 14 15.33 1.095

] a ¢ ° v Y o & a
AI1NNUINT 86 @73’]\‘1’3Lﬂi"l%‘ﬁﬂ'ﬂmLLU?U?’JUQqujumumaﬂamaﬂmquuﬁqmqjﬂaﬂmgﬁ 105

MgnluszAuanuintuneanesaiiuansineiu 7 szau 1Wesny 27 Tu

NAI9DN
WAEIUDIAULUTUTIU Df Sum Sq Mean Sq  F value Pr(>F)
SEAUAUIUYY P 6 12495  20.825 39.76  5.20e-08 ***
Residuals 14 7.33 0.524

a a 6 o ¥ 1 4 v 6 a
AN UINT 87 W]i’N’JLﬂi’]%ﬁ/iﬂ'ﬂllLLUiUﬁ’Ju%"IMUUWUWE)ﬂ@?J@QSU'YJWUﬁq‘YJ'TWIQﬂlI%a 105

MgnlusgRuanuiutuneaneasaiuanseiu 7 seau Weeny 30 Tu

Na999N
WAUDIANULUTUTIY Df Sum Sq Mean Sq F value Pr(>F)
FEAUAINTUTY P 6 286.7 47.78 5574 5.66e-09 ***

Residuals 14 12 0.86
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MTNUINT 88 PNTITIATINANUUUTUTIUNMTA AN TN UYDIT1 NG
Aonued 105 NUanluseriuauduturleanesanuansneiu 7 seau

d‘ U L
ta1g 3 JUNANDN

WARIYDIAULUTUTIUY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SYAUAMUIUYY P 6 0.0762  0.0127 0.201 0.971
Residuals 14 0.8867  0.06333

ATHUINT 89 7151931AT1LMANURUTUTIUNTAZANUIMTNUAIAUYBIT1INUGU?
Aanued 105 NUgnluseiuauiuturloanasanuansieiy 7 seau

ﬂl U %
LDBY 6 IUNAWDN

WAEIUDIAUKUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYY P 6 1.878 0.313 0.643 0.695
Residuals 14 6.813 0.4867

ATHUINT 90 H13193ATILVANURUTUTIUNNTALANUIMTNUAIAUVBIT 1IN UG
Aanued 105 NUgnlusesuanuduturleanadanuansneiy 7 seau

‘ﬂl U %
L9BY 9 MUNAWDA

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq  F value Pr(>F)
SEAUAUIUYY P 6 22.98 3.83 1.19  3.67e-01
Residuals 14 45.07 3.22

ATHUINT 91 715193ATILVANUUTUTIUN TAZANUIMTNLIIAUYRIT NG
Aonuzd 105 MgnluseiuanudiuduleaieSaniunnseiu 7 seau

Weany 12 Junasaen

WAUDIANULUTUTIY Df Sum Sq Mean Sq F value Pr(>F)

SYAUAULIUYU P 6 4059 676.5 10.36  1.80e-04 ***
Residuals 14 914 65.3
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MTNRUINT 92 MNTIIATIRANLUUTUTIUNMTA AN TNLAIAUYDIT NG
Aonued 105 NUanluseriuauduturleanesanuansneiu 7 seau

d‘ U L
ta1g 15 JUMaN8N

WAUDIANULUTUTIY Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYU P 6 30411 5068 1439  2.86e-05 ***
Residuals 14 4931 352

ATWUINT 93 715193ATILVANURUTUTIUNTALANUIMTNUTIAUYBIT 1RGN
Aanued 105 NUgnluseiuauiuturloanasanuansieiy 7 seau

ﬂl % %
LDBY 18 UNANDN

WAEIUDIAUKUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)
SEAUAIUINYY P 6 206905 34484 38.95  5.99e-08 ***
Residuals 14 12395 885

ATHUINT 94 713193ATILVANURUTUTIUNTALANUIMTNUAIAUVBIT 1IN UG
Aanued 105 NUgnlusesuanuduturleanadanuansneiy 7 seau

‘ﬂl U %
L9BY 21 MUNANDN

WAEIUDIAULUTUTIU Df Sum Sq Mean Sq  F value Pr(>F)
SEAUANMUIUYTY P 6 791044 131841 1543  1.91e-05 ***
Residuals 14 119662 8547

ATHUINT 95 A1519TATILVANURUTUTIUN TAZANUMTNLIIAUYRIU IR UG
Aonuzd 105 MgnluseiuanudiuduleaieSaniunnseiu 7 seau

\Weany 24 Junasaen

WAUDIANULUTUTIY Df Sum Sq Mean Sq F value Pr(>F)

SYAUAULIUYU P 6 4987216 831203 11.04  1.27e-04 ***
Residuals 14 1054376 75313
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MTNRUINT 96 MNTITIATINANUUUTUTIUNMTA AN TNUAIAUYDITINUGT?
Aonued 105 NUanluseriuauduturleanesanuansneiu 7 seau

ey 27 Tundsen

WARIYDIAULUTUTIUY Df Sum Sg Mean Sq Fvalue  Pr(>F)
ILAUANULTUTY P 6 10776499 1796083  55.81 5.62e-09 ***
Residuals 14 450541 32182

AFHUINT 97 H15193ATILVANURUTUTIUNTAZANUIMTNUAIAUYBIT1INUGU?
Aanued 105 NUgnluseiuauiuturloanasanuansieiy 7 seau

W01 30 Tunasen

WAEIUDIAUKUTUTIU Df Sum Sq Mean Sq Fvalue  Pr(>F)

SYAUANULIUYU P 6 48393845 8065641  26.09  7.80e-07 ***
Residuals 14 4328631 309188




116

va Ya o
Use2niIY
Yo-ana wgnens vatmes
WinLle 6 u1AN 2537
UszInn1sAnen 2559 U3yl a@nuninniiuls mugkannssunisinens
NG

2557 Usuey1eis anvndnndivls (eiles 2 9)
ANENANNTIUNITNEAT UNINEGEULLA

2555 Uszmiaetnsindndugs auiedivaans a1y
fvau Inedeinunswavinalulagniyauys

2552 Usgmeflednsinndn avnivnunsaans

MedenuRTLazmAlulagn1gauys



	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ
	สารบัญตารางผนวก
	บทที่ 1 บทนำ
	วัตถุประสงค์
	ประโยชน์ที่คาดว่าจะได้รับ
	ขอบเขตของการศึกษา

	บทที่ 2 การตรวจเอกสาร
	การหมุนเวียนฟอสฟอรัสในธรรมชาติ
	การหมุนเวียนฟอสฟอรัสในดิน
	สารประกอบและปริมาณของฟอสฟอรัสในดิน
	การย่อยสลายอินทรีย์ฟอสเฟตในดิน
	รูปของฟอสฟอรัสที่พืชดูดใช้
	ปัจจัยที่ควบคุมความเป็นประโยชน์ของฟอสเฟตในดิน
	การตรึงฟอสเฟต
	การสูญเสียฟอสฟอรัสในดิน
	ปฏิสัมพันธ์ระหว่างฟอสฟอรัสกับธาตุอื่น
	อาการขาดฟอสฟอรัสของพืช
	การตอบสนองของพืชเมื่อขาดฟอสฟอรัส
	การตอบสนองของข้าวในแต่ละช่วงอายุต่อปริมาณฟอสฟอรัสในระดับต่างๆ
	ความรู้ทั่วไปเกี่ยวกับข้าว

	บทที่ 3 วิธีการดำเนินการวิจัย
	สถานที่ทำการศึกษา
	วัสดุและอุปกรณ์
	วิธีการดำเนินงาน
	วิธีการศึกษา
	การเก็บข้อมูล

	บทที่ 4 ผลการทดลองและวิจารณ์
	ผลการทดลองที่ 1 ศึกษาการตอบสนองของระบบรากข้าว ต่อการขาดฟอสฟอรัส
	ผลการทดลองที่ 2 ศึกษาการตอบสนองของระบบรากข้าวพันธุ์ขาวดอกมะลิ 105  ต่อระดับความเข้มข้นฟอสฟอรัสที่แตกต่างกันในสารละลายธาตุอาหาร 7 ระดับ  และหาระดับความเข้มข้นวิกฤติของการตอบสนองต่อการขาดฟอสฟอรัส ของข้าวในระยะกล้า

	บทที่ 5 สรุปและข้อเสนอแนะ
	บรรณานุกรม
	ภาคผนวก
	ประวัติผู้วิจัย

