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Abstract

Grapevine is one of the important fruit crops in Thailand because of grape
berries have high nutritional values and can be processed into several products. It
also has high yield potential and good product prices which lead to the expansion of
its growing areas. However, the suitable technologies for grape production under hot
and humid conditions in Thailand are still limited, especially on nutrient and water
management. Grape requires 16 essential mineral nutrients in suitable ratios for
optimum growth. Its growth and yield will be limited if it receives an imbalance of
mineral nutrients. Diagnosis of nutrients status in plant tissues can be achieved by
chemical analysis. Currently, the Synchrotron X-ray Fluorescence technique (XRF) is
successfully adopted for analyzing mineral elements in various materials. It is a fast
technique and requires small amount of sample materials. It could be applied to
analyze mineral nutrients in plant tissues if its analysis results are well correlated to
the standard chemical method. The objectives of this research are: 1) to study the
effects of water application and plant nutrient management via drip irrigation system
on grape vegetative growth, 2) to study plant nutrient content and distribution in
grape leaves and 3) to study the possibility of using the synchrotron XRF technique for
plant nutrient analysis in grape leaves. There were two experiments in this research. In the
first experiment, the effects of drip irrigation and fertigation on vegetative growth of grape
were evaluated. Seven treatments of irrigation and fertilizer application were arranged in a
Randomized Complete Block Design with 3 replications. Treatments consisted of T1)
control, T2) surface irrigation+soil fertilizer application of 12-24-12 (N-P,0s-K;0), T3) drip
irrigation+soil fertilizer application of 12-24-12, T4) drip irrigation+fertigation of 12-24-12, T5)
drip irrigation+fertigation of 10.2-4.2-17.9, T6) drip irrigation+fertigation of 10.2-4.2-17.9+
secondary nutrients, and T7) drip irrigation fertigation of 10.2-4.2-17.9+secondary and micro
nutrients. Total primary nutrient fertilizer applications in all treatments except control
were 83 g/plant. The results showed that all fertilizer treatments yielded greater growth
than control treatment. Grape growth under fertigation was greater than those under
surface soil fertilizer application. The treatments of drip irrigation+fertigation of
10.2-4.2-17.9 (N-P,Os-K;0) (T5) tended to produce the highest vegetative growth. In the
second experiment, the leaf tissues in all treatments of experiment 1 were analyzed for
mineral nutrients (P, K and Ca) by chemical and the synchrotron XRF techniques. The

results showed that, with the chemical analysis, P and K contents in the leaves of all



treatments except control were in the sufficient range. Leaf Ca content in most
treatments were in the deficient range except T6 and T7. The regression and
correlation analysis showed the significant positive correlation of the nutrient analysis
results (P, K and Ca) between the synchrotron XRF technique and the chemical
method (R2 = 0.764, 0.774 and 0.898). The results implied that the synchrotron XRF
technique could be applied for nutrient analysis and the diagnosis of nutrient status
in grape.

Key words: Grape, Plant nutrients, Fertigation, XRF
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Wiuhmsthidhequiiyargannideifisuiunsdsesn daandlifiuioguiuivideunn
nafianud iy uasiduiidesnisvesmann fafunisinuiteliortuesuisinudify
pgaBaflonmaifiunandn uaznanwueteduliaedu annisind ifiunisdseen naenau
nsitmumeluladnisndnedulundoutuliissansamvioutulsemealunougui
Jutudiliavesedu wagiinsmzugniusuny

2.2 msdanisin uazdeluadu
anudsaven1sUgneduliinands LLaz@mquqmwﬁﬁua&jﬁ’uﬁﬂamwmaq

g anmwandedlunisuan u,azﬁﬂdauﬂ‘z’yjjuasujﬁ’wnﬁmnﬁmmmwmﬂi 1A8LaNIENITIANTS
fiu 1 wazllelimngausuanudioansvesedu didutifeifienuddydonisaioivie
falunszuaunIaaisine uazdnedvesfinnuia nisvaimieldsudiiuaii
Fosni1serariilinszulruntsfinanliidulunuund Sesdiadovuin savd wax
a13UsenouveInaninla lunuifeniesunisuaaiglainisvaaes wazsiusiudeya
Aeafuusinamsldihuesiia (crop evapotranspiration; ETc) Adulsunanhitiedosnis
17233 ﬁauﬁaﬂ%mmﬁ;’lﬁq@Lﬁsﬂﬂmmmawqﬂ welnansyuaunsAetivesity wavms
svve Smbedurudnesideniieing nieusinasvenidemienaitenieiiui
Wy fadnsiou thuddeuiteuiudiunanisldivesfivdnsde (reference crop
evapotranspiration; ETo) LLam’1ﬂﬁ'ju%aﬂmﬁaﬁw%’ayjamwwwé’mﬂizawéﬂﬂﬁiﬁﬁﬂ (crop
coefficient; Kc) Gavanefirmfivosiinildanauduiusssninusinanistdie ity
(ET0) ivhnsvaaes warau1sansiadalaanaies lysimeter funaniseiuamiUsua
nsldthuesiivdnds ImsflumiﬂqnﬂmwiawﬁmLﬂwmmmiiﬁw%mmﬁﬁﬁﬁ%é’fmmi e
T dudeyalunmsmanuguuuunisvadssnulundasdgnitvld (nsuaadszniu, 2554) 990
$1891U89 215175 WYY wag SR gr1nng (2545) IdAnwUTImIn1sla uas



UszAnsnmnislihuesequitugfeusi (black ribier) idswiaunssivdan Tuthauwey
2502-WeARNTBY 2543 Saudtrsiaussisauistiaiunanan wuieduiuiinunsld
\de 2.7 fadwnssetu Sduusyavanmslidlutaedie WiaAulavneadu daussis oan
fon nauA iuAemandn fawvindu 0.48 0.70 0.81 1.06 war 1.03 mua iy Azifiuinden
Wt uudnranaudefinfiuiemanan LLazﬁé’uﬂizﬁw%‘mﬂ%’ﬁﬂLa?{amaamqg}mawhﬁ’u
0.85 dllussuszmalsinislidoyannamaonaifisuiiouszanue wazdnnsanisl
thanuaudesns uasUszavsamnislihluwasgnedula Fadulsidne wasiusiud,
mﬂgfgjju (Isidro, Neale, Calera, Balbontin and Piqueras, 2010)

sl luszuuiven

Tueinnunansinglalldmisdonisliiilitussansnmgeanmsediuanaungnia
laifienuuususuresanwornamiondagiuiiAeannetufist iineuuiaudsly
maneufivesUszne ﬁﬂﬁm%’wmmﬁﬁﬁagﬁi’ﬂﬁ'@ wazilinruddnnseniAn1sinas Gy
FldfuuAnmstansilusasgniielitusslond wasUssavinmasganuaufonis
vosiiy fx1eeminisauaunisliinfudsisndudmiunimaneduliiauniwgld
(Pellegrino, Lebon, Simonneau and Wery, 2005) LaLlUNISEWNAFNWUENINAS TLVDIRU
aguludranainansiuazanunsalfifuditnuanisliils mssdudnvaziiaaain
anuduiussezndng au i uazussenialusne duiivendeanznisuiaiinesedu
(Opazo, Farias and Fuentes, 2010) mmumﬁﬂaﬂwﬂu{]ﬁmuﬂmmsLLuumm{lwmma
seuuimen (drip or trickle |rr|gatlon) mmwmmmﬂaﬂaauaamu LLauuaﬂs{mumm WWINE
Buisiduszansamnslathgs thasasgiuuinanansinfiastiosessaiiane ngli
AutuudfulusUvesnsieda uaginwanuturesdulieglussduanuduray sz
(field capacity) l¢naoaiian (Rusn nesesu, nen fareana, w13 35237 uardndauns
tfunfia, 2545) mslilussuuimenanunsolild 2 35 Ao

1. Biflsiweauufiaiu (surface drip irrigation) Wun1sneie wafaimenoguy
Ffuanunsonenfivgunsaiiaimeslfidonunoigmsliou wasannsandeudelulily
il

2. S mealdfafu (sub-surface drip irrigation) %QL{]umiﬁamﬂﬁ’m&ﬂﬁasﬂﬁ
MR amﬁmhaaﬂmﬁqﬁgl,?mﬁﬁmﬂmsszmalé’aﬂ’jwmﬂﬁﬁmmuuﬁaau waznsloii
nealdinuiitedesio 1unisindeunsaiuuunnandoudeldld (yyde Beamnde,
2542) mmﬁmmiqmﬁmmgﬁmsm Fsazdanaldorninazogliiu FatuTaoetinnsdnarin
mnuaremesaELafeNsinR Nd L TndsUaneviotmen (flushing valve) Liitens
wideymil (Snsngue] Tle, 2551)

nmsTvTndeyanui fefivesmsliuuuimesinarsusensidy Ussvda
snndFsnnslithuuuriunduiiu (flooding) uaguuusesy (furow) anunsausndnduny
Tumsusmsdnnisie amuifissndafousinadualuszozen nsfadgunsallaigeenn



Andansadien warldonldnaoneng annsomuaunnda Yatild ildussndadussay
mmaai%lé’ﬁ'uﬁuﬁwﬂﬁzjﬁmtfzj'uiuauiau funsie Auwmder Audy waziudig nasliinly
iwuummmviuawmsmaammnmmwmmumuuuam’ﬁﬂﬁammiﬂaﬂmﬂmmawmﬁum
s iuilufigeanisinds wanvdmduitufivinueaui wavdeanislddhednausy wam Y
1Juammw1umﬂ%mm 75-95 Wasidus szjmﬂmmiamaamuaamm LaESEUULMEN
mmammmﬂuﬂsﬂﬂwaamﬂumﬂ‘muﬂm mﬂﬁlmmmmaﬂumﬂaﬂa A 1UTDADYUD
syuuiiAe mimmmmwmqLLiﬂmaqaqmm mm{lmmmiammummmmam Yeymdmidu
unzinvhatsaneiimen mmmmsuwmaamm;&L%wwmﬂmmum LAYLNEATAST
whosdinnufifeiuuimnunsliivesiautarstiafiugnisaransamunnyTununisls
dluusazadals

nsliieluszuuii

nslideluszuuih (fertigation) Wuwaluladlul Ainumsnslfenusensuiuan
Julng Aisn nesndw wozamey (2545) Talianuvaneliin Wunsliounfisluguves
ansazans Jeillilundeutumilii Susslemidenasioydvlavesiis iefivgairfagls
e WNINIY annsaansIuIuLII kazausanulunisldde dnsnsganevet uas
smensluuinasnidldainane aansgyidsluiunsvzdrsoonueniunsiniiy anns
azandofinniAululuiu diw sagns loanan, essadug 2edudllsed uas 1idn saUszys
(2554) Idlarmneadeatumslielussuusadssrmudndunsladelugufiasansine
T duansaraneiifenududurosminomisimizay Wunslii uasdonzuina
aunsnUiugns wagdng1le Tielasusmemsluinamuengauiuaiudonisluusias
Prsrgveamaiasydiuln ddunslielussuuinieiden uasdesen vagulsmsil

Jon

1. filifuioegreiiie uazasiianenasauasnizign

2. a1u1sausuans uwazanududuvesleliniuainudean1svesiiy wazanin
nionlurnedy LLauwmmauauamam{lmaimamﬁamia

3. sz ansnwnislivevesiivlddesay 10-50 wnndmislimisiu awisn
Usgndndy annsgapdeiosannsandnsluiu uaznsgadeidesannmsvzdnelseontd
LABLYATINNY

4. ARFUIULINIY AT waziatlunisTidy

5. filéin uardoogaahianeazannsniunanaslidaunmaeiu

6. annsonauielivnaszuniiulfies vlianAldiredudeas Tnsundste
Tulaswuldann Jogde Juwide Jelnunadeuldanlnuadounaslsd dudevoaness
widlsmsiuazada vieidefivuaniannsung

tadoy

1. Jeiilidesazareiliimun wasdosdaruusandas dwalieildfsaung

Y



2. Yeloaun wu guilosnean wieuaadeuuauludouvoas Jadudend
AantRaraelaendsldvanzauiunislilussuui

o
a v v =

3. graLAnnTsHNIouIaYie wartuduvessruLth esanainadl fuiuieans
Fonldgunsaliinusdenisiansoulsd

4. inwnsnsfeafinrmy Wiladeatuanantivesiu Jo wazihild esaindey
urewdialdannsonaudetuld Snadensnnazneuvesds uasinnisgaduluiadne
(WIAANR wasuaTam, 2504; wusl Ay, 2553)

2.3 N159ANTI51NBIMIT B

aqutugnlutsumelng fnsiaivinedwieoiosnasnsid Tafimnudesnissg
psAeutgs Auiliugnismisiinnmeauauysalinnifisswe Tag Paul (nd) lels
SuurthdwiuiuiififineBulgnequlih Auilivgnoquasiimugauauysal uazUium
5mon T TaTivnzaudauandlumsned 2.1 gtail

M19199 2.1 seRuUSnaimvinzavesnuauti wagsmenmsiuauilivanadu

AMENUR syuTivuzay

ANLdunse-ang (pH) 5.50-6.50
dunseing (OM, %) 2-3
weaveda (P, mekg ) 20-50
Tnunaiden (K, mekg ) 125-150
wundes (Mg, mgkg ) 100-125
Tuseu (8, mekg ) 0.75-1.00
dangd (Zn, mgkgfl) 4-5

FeulumsUgnequluuilefuiiviladsmsimathfuninsgiteumsUgnifionn
U3ausneimsiifoguda antuisasvhnisuiulgsduldlinnugauanysaifanzan
dmiuduequitugnln drusuequitugnidiazianusiosnissinemsiddgmasvia lag
nTuALfeInsisnHansiTzimsERus o sluily uarluluedu Jauandu
1997 2.2 wagadi 2.3 fail



M13197 2.2 sERuANLNTuYeIs e siYluiuluau

5EAUANUTNTUYIE1AD 1M TY

51091113 3 3

N1AUIN 1 NV FUSBAGBL Q\‘l Q\‘l&ﬂﬂ
Tulasiau (%) 0.30-0.70  0.70-0.90  0.90-1.30  1.40-2.00  >2.10
Woanada (%) 0.12 0.13-0.15  0.16-0.29  0.30-0.50  >0.51
TwunaLde (%) 0.50-1.00  1.10-1.40 1.50-250  2.60-4.50  >4.60
uAaLZe (%) 0.50-0.80  0.80-1.10  1.20-1.80  1.90-3.00  >3.10
wunTLe (%) 0.14 0.15-0.25  0.26-0.45  0.46-0.80  >0.81
Widn (mekg ) 10-20 21-30 31-50 51-200 >200
Fingd (mgkg ) 15 16-29 30-50 51-80 >80
waanila (meke ) 10-24 25-30 31-150 151-200 >200
NBIUAL (Makg ) 2 3.4 515 15-30 >31
Tusou (mekg ) 14-19 20-25 25-30 51-100 >100

ARLUAIRIN TUNNT YaYLiia, 2546
M9l 2.3 seduenuduiuvessinomnsivluluegu
5EAUANUTNTUYIE1AD M TY
51091113 3 3

N1AUIN 1 NV FUS AL Q\‘l Q\‘l&ﬂﬂ
Tulasiau (%) <2.00 2.00-240  2.41-260  2.61-2.80  >2.80
Woanada (%) <0.15 0.15-0.20  0.21-024  0.25-0.26  >0.26
TwunaLde (%) <1.00 1.01-1.20 1.21-1.40 1.41-1.60  >1.60
uAaLTYL (%) <0.20 0.20-0.25  0.25-0.35  0.35-0.37  >0.37
wuniLe (%) <0.20 0.21-0.23  0.24-027  0.28-0.50  >0.50
Widn (mekg ) <50 50-100 101-250 251-300 >300
Fangd (mekg ) <20 20- 30 31-150 151-400 >400
wuanla mekg ) <20 20- 30 31-200 201-500 >500
NBIUAL (Makg ) <4 4.5 6-20 21-40 >40
Tusou (mekg ) <15 15-25 26-40 41-60 >60

ARLUAIRIN TUNNT YaYLiie, 2546

INATNT 2.2 U 2.3 93 sueuilanufsanssmemswRazyialusziuay
Wadufinzauunnseiu muuiumwaamiﬂaﬂﬁ]qmimmif\mmiﬂaIﬁLwaawamamam
ADINTVDIFUBY LWEJIWJﬂ’]’iLﬁ]‘JEUL@UIGML‘Vill’luﬁll LLame'immmamammawu yonanissdl
189U Tumiﬂqﬂagmwumi@mamﬁmmmimﬂmﬂﬂLﬂuauazﬂfmamu wagziu1edIy
fignindeuineluavauiinaoiu uaziilefnsiiuiiefezdisinemsinluiunandnde &
LLamﬂumiNﬁ 2.4 (International Fertilizer Industry Association [IFA], 1992; Quoted in
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Spectrum Analytic Inc, n.d.) fisdu nsiufgrardniudunisinensimeimiseenllsie
daraliuTunusmemisidleglufutueey  anaslume

M19199 2.4 YSunamsaaldsineimsivlunasdy

NAKEN Usuaunisaaldsinemng (Lb./acre)

(T/a) N P,Os  Ky,O Ca Mg B Cu Mn Zn Fe
1 6.8 2.8 12 11.8 1.2 0.003 0.005 0.004 0.009 0.200
11 75 31 132 130 13 0.033 0.057 0.044 0.098 0.216

AnLUa9N IFA, 1992

Mndeyatrsiuaniiuin oqudufieiidiosnissimemsiinsudiu fesnormisudn
5179195309 519 MNTLETY ilonsiaTyAula Maaun waznnslinandn Fadulunns
Fanssnevnsiiy Temsdanmssmynilriegluseiuiiauga urnisugneduludseinelne
wnensnsdlugazidnamesinevisivuissiln 1wy simlulasiau veanesa uaz
Tnunaidey ViliAnmsladefififisssneiis 3 sladvindy waglutagdunut Sduush
nslieveauTmentuy viTminantds wagsesunsinwinislddelusjudulognsnd
11 TIB9YDY BANA HAIHA, FIANA TAUWY, AW MQATLLIY LaT G aaun (25450) I
nanliimslddevesnunsnsiuaneuludmianums unnvesusenalng finsledewnd
yiaindeiinslinsiu Tnsldegns 16-20-0 Tutisinudsisinanuiu uudld 2 ads
Snandeay 125 n¥udedu gns 12-24-12 Tusasmenuudswaldeud uudld 4 s Sasads
av 125 n¥ustesiu warllogns 8-24-24 luthauBeudnadafuifemandn uudld 2 ada S0
pStaz 125 niusiady

NTeudy nundiduuzinislddeviioge Wmedu Tnedians uazdnsinis
Tdousulunnitudl Fslaildsdefatiinasnomsiifegudiluiu uazsUiinasnoimsi

BIUABINIT NTIZANUABINITTNDMNTVBIR{UATTURE TUANUEANaNYTalvasAuluLAay

q
1
=]

fufigae Wunalsdinnsladedldmngansvanmiuil wazsvernaadadvin tAans
aydeosudesnannsvrdsvesiu fuszansamnnslivevesiivi uaziinnisazay
109519 UNTHnganlufy wu weaneda uaslnunadeu Wusu
nnsladelngiinmslimsdurennunsnsiiiuidnisuuudafuasissansnm
nsldes wardsnaronmnmmann Juhlidinmeasdlitelussuuiilunisugnedu
wardissruinslalelussuuimenivssansnm wagUszudalounninislinisiu
Taonnslidegns 44-30-43 azdinasonisazaulnunaidouiifusiniign arunsadnila
nsazaueslulainsalagslutiafufomandn uazldinanandedugeqn (vana naua
LAzANE, 25059) TaA0AAABITUNITNAADIVES UNNT qILUR, aiﬁﬂé Tauuyl, an nIgm7
U, ELNW VDN waz 938 Winiiving (2546) Tn1sTideluse Uumam 28-23-54 uay

34-36-32 9951 200 nSuseny JuwlduyiliusunuNandn vuInTe wag ‘Ll'Wi‘LlﬂNaLWlIGU“L!
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ninsladenisduiifigns uazdnsoifeatu dufunislitelussuudmeniadusn
Brsfassilildnandedigedu wilunismdneduinumsnsdeduanaduindusiosdianmg
wazanuitladuegned Rfunnugemanysalvesiu mudesnssmeisyesity in
9951131 AavautRvesley LLazmﬂﬁ’{jﬂiuizwﬁmm paonLIBNsTANSTiIzay ilo
nsuAnogulWlA UM uazamn il Rsy

2.4 N1531ARLN5VINTINDIMNTIUR{UY

N153199881N1159195190 M7 karANUARIN1TYevasiraInIsansiulanig 3
35015 (Imed, n.d.) A

2.4.1 NM33UATHIINTVRINY AIBNITHUNASNYMZALUBN

LfJumﬁ@mmiﬁﬁmamaaﬂuuﬁaumq 9 YOI wazazasaudN v TiiaUnd
iﬁ%’mwuﬁqmmﬂmmiﬁLﬁmﬂ‘z’gfwu‘lu g5 wnsiaryilnazianudAysanisasyiule
funndnefiu feduennisfiaundduidosnainsneimsisdianuuanssiulumuvianes
suiazs farteluil (dumns ygfin, 2506)

Tulasiau (N): 1Wusmildudnusznevves Wsiu nsnezdlu sofluuily
n3ndiAddn wazansdu 9 Tufty dawensvialulasiouluegu vea waziuluazideenvuy
Tufvwadin v wazlidindes ajudesnislulasiauluyiuiugs Ae 12 Wesidudves
thwiingiu

wWaanasa (P): aquilanudasnisveanaalinin uaddusuialdiisane
Tu wagsonazdvuindn wsednsasgdulalad wagluasiddendy uwithiveanesaey
Tufugeiivaziinennisviawmin uazdinzd

Twunaey (K): 94ulAMUAINITINENa@uNNIN kagAoINITLANAIINY
paneiug ennsmasfiuiTluluuiddnuasveululvg wazananufadely uimduluds
Wedey witnlufuiiuTinalnuma@euannifuluivasianionsuinuiniides

waaLdeu (Ca): o1nsvnuAaLdauaziAnluiiuiiugniid pH i uasfufu
y5e Tngasfiuimeuludidnuuyniudgnanudngidloly uwidlufuiiviinadueaidogs
gy liniguanto M sNAlNLaLTeY Laghkuniligey

wuntiden (Mg): mmimmmﬁmiuﬁuﬁﬂgﬂﬁﬁ pH ¢ Tnpaziiuinluila
widesserhadulu vnsuusasiionnslulngd

Muzdu (S): diulngjeuliirssuaniainisvin winivinlulsiidamaes
wilaufuanNsuinegtulasiau

wian (Fe): auiinannisueluuiiidusmavied pH g 7.2 Inglugeuay
famdesmssiiufiseviaduly mnflonsguusdludeuasnnios uasvaasisas

dangd (zn): oquiiviedangd Tuasdaumdn aynlunts Tudealdwify
voulundnedeluides luidwdeshiathiavenssiufissvhaduly duinnisunludisia
HadgyIlinadvualiingu
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waanfia (Mn): aziine1nsvntupuidufiusig luaeazdddn auialy
wan fyaUszdmdaaszninaduly
NaeAY (Cu): 0IN15VIMRzIiisInejusaule Tuasuauldn Joudosduad

'
! =

Tusau (B): aquitinisvialuseudzuansaIn1sfisunss nusnlufuiidy
nsadn flontsaanedulsadifieduludiusen seuiedaiinduluyudider Tuilddima
Ushaserinduly denenuiia witvniiluseusnniiuly veuluaglvgd Tulindn Jarely
fuad
Tugudtu (Mo): Undeduazliuanatanisuin

nsdanneInsinUnAiAnaInnsuees fdanndndudesdanaundeiny uagd
anuisiuglunsisiindnunsiiiuduonisesneimsviala szn1snnsavas
yiauantenIznaeiu viefinisuanienisviasiguaredisiududie fdudimnnis
Wadumeaenlifinnuwiugiagdamanan1sInnissinemisisfidanain wazliaiunse
whdeymnisuiasinemnstuiala

2.4.2 NM1TAATILHAY

JuBmslinnssiviinasinemsfiegluguiiiuusslevd fivanunsahuildliineg
dnllvguddelismalieseilaenisidansialiadinsiglieenueglusuvesaisazaigu
frunanduamududuressnemsdediniindu Saduitnistudussduanugauanysal
vosiuneunsUgnity uaziileltidudeyadniunisuiuuss uagthssiuliiinnuvzas
fumsugniivusiazaiin uinsiesgiauiidediauisussmsiviliauesnslaidesnifiuan
Anseife dosdsinegnsmlvididsngluinsieneyt inwnsnsldanansaiuedls fesd
nawneadiegns Inanisuanaiinanssia vsslniarusunsededlias wazdunon
NMTiAsEviiaugsen feslddnuiudiegisusunamin Tdnailunisinsigiuiu wind
fhogadununagliannsninseildlundafety wiodle gunsal arsied fsraune
wazlsianunsaudsnaildannsiinszsiauls

2.4.3 myweneiidade

msleseiiadefia uARmandsiviilimauiafinuemududuressineims
fioldl uaziduidnissaudniifdenthunldvsziuanudosnissinerisvessudivle n1s
AnsgifiadeBmaniiiunsinUinusne swassmidnanuaiounsduiiatnld
Mniedeiiy o svernimesmsasyiulanieidiefosmnaaey WeUssdusyduay
LEINBYDITINFBNITLATEYLAULAYBINY (Grapevine nutrition, 2006 and Bunch Grape
Nutrition Management, 2012) Tnsuwafnueansiasesislogin fivfiugnlufudisiniugay
auysaigesengnsmosuiazsnldun vliaududuressadinariludodofivgeds
sedufivnyay lifiasaduled NHaNERga LLazTumNmﬁuﬁé’imﬁﬂjﬁﬂgﬂiuauﬁﬁmm
gauawysain sUidulsslenivesunsnuissndiegios Rvdeugasmemstulétion sh
Traududuressndinariludedefivinseduiivanzan Wumelifisdinimnady uas
fimuntos malesgifivseEmaeiiidenluvatesu 1wy ldteyaiduuimasmemsi
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wiuey wiug T9n193lade (diagnosis) Auviaunau Anuduiiy wazanuliaunaves
smonsluiiy 1 inuUunusinemsudagsniiiivgaluld uazgniheenlandu 1Ju3s
vilwosnsUszidiunnugauanysaivesiu 1Usefiuuszansawnsldde uagltifudeya
lunsUssiliunandnity (Begms loanani, 2555) d1tednnnveinITiasIz 1 fewilay
fidemaluiesu fiRnnaindu inwmsnslianunsnriiedld Fesfininadoudaedng dnns
wisuaseivasaiin Visinimusunseredldas uastureuntsinsgdaugeen
pasldInuiudegialsuiamnn Mnalun1simsigiuiu indidregresdruiuuinasly
anunsoiaszildlundufieondu wisslle gunsal uazansiadl fsaums (Hus
n1sfneUiuna wazanududuressinemstuiivdrulvglaldauveddudu
funurestuduie udlusduaiuisalddiuvesiiuly (petiole) ilufuny insed
FgNUMTIATIERUsTIusgemsiuluilssuiisuiuiuluindanuwansieiu Aol
flvazdanaunduturessinemsganituly Faanslsiniuluduuinaninisazay
519979113 (Funns yauin,§ma3se qusnse wae 1y Tude, 2544) meszsiiuluiduds
Alunsusaiusinusmomnsanglusiuvinduy annsohldlunnengnsivie eld
Mvuanslddelvivunzan wastiivanasoanudein1svasiuedu waraunsaldidadeaniy
Anunfuanseniseeninldlasiisuiiisuiudnvaureiuiiiruund Tneseduanududy
vossmpnsiimnzauluily uarhiluequuanslunad 2.2 uay 2.3

2.5 WAllAN151309598Lend (X-ray Fluorescence, XRF)
uneiiafiliiinnziesduszneuvessinmelusiogng nsiiessadiendiinainnisi
Bidnasoutunendluumuiididnaseutuluiivareentu nsvaresnluvesdinaseuduly
\innnsiiesnongnnszdusendsusiingis o 19U synandanugs Sedunuan viesed
0nd Fandarusinanezdesdisuinnimdsudamile) (binding energy) voedi8nnTou
Tuduiy 9 iledidnnseunareonaindundssuiy vinlfiAaduide Bidnnseuludy
wé’wuﬁqmdﬁ%mﬂaamLmuﬁ wagaendanueenulugUrefediand Wi uiioznou
ArgpenuNaEiALIIAUALLANA1 e T UN S uTeeBIEnnseuL AL AUTUNE 11U
sidnnseudiluunud Wesnernenviassiufsiinsdntsmestundrmunndieiy
Fliamdsnuiinnuuanssiumueiinvetesnou S1a1u1sans1aundsIufinieesnu
mnawauiéfﬁamWiaﬂwaﬂﬁaﬁmmawamﬁasﬂu@ffgaemlé’wiuﬁu
wialan1sdesssdienddildmnuasdulasnsou o aoduisouasdulasaseu (936013
uvnan) Ifanniseassoymadidnaseuning 1.2 GeV dlvuadulasnsouiifianuiduas
wnniuates XRF Aifeglurfesufifinisialundi 10,000 wh uasindsnuderiowiounsed
unssmauiesediond Fearunsalidavuiadnasendisdlriauiadnlusgdu 100
TulAsiuns (micro-XRF) Tnedadiarmnudunassivhluldls wasfidawadnviildaunse
yhmsAnwnsnszeivessnuuiiogld uasbsdvunadniasdslimiuaziBonueanm
nsnsvaeinldasdenuitu Sudunidudeliiuisureuadulasnseuseirseiiing d
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londiily uenantundaneiatsadumadadilivhaiesetn (non-destructive method)
wazdidunsumsinisusosnsiilieeenn annsnieseiieglfite vy (ave ke
w5 0ng 819 Waadn veanal Uiy vewila wiefetaliTin 1wy Judiuity 1udu)
othdlsfimumedaifsidodiaunssenns Ae liasalinszsisaiifiavoznou
lalasiau msuau pandiau wiselulasiaula

dusuinaiia micro-XRF a1 esuftinsuasasalfiFulinuiusifoudmey 2554
Tnelduasdulasnsoulugrudsdiondaniasosiiiauasdulasnsou Inofvundrsdiond
fiuszanar 100 Tulasuns TWaTauuy Si-PIN 393 energy resolution 7 160 eV findssu

YDULINUE Ko (Tancharakom et al., 2012) uagannnisauaudeyanuitlaiifieg1snuidy
MtmeamsFesssdiend wu msfinwauenifvens uazmsuaus ielinTzimesdUszney
Maeilvowsianalts wazanansnsiany 3an nndeulaeenled ezafiun we3neenlun
winiligeueanles wealouesnlys ludsusenlyn uazluina@eusonlen (Ugawa aen, 2551)
msfnswvan warsmemaesalufuiiaunaniuuzeead luniany Jusenidsanile
YosUszmAlng feiades XRF LagnunnInsz1eiivessty exgiillon Fanou uag mn
(ARaN suzdnd, swd qnSusenis, 1By Wendusual uag Gilkes, 2549) daunnsidelu
08193951730 1u TuiiedslddnisAnwiisafunsussendlidulasaseu XRF Lile
MIIVADUNIINTENLFIVB I A 9 vesinlvnlulsaSeunsean Tagldlu ddu
wazsInan afmuagaluszezinemn 0.5 wudues Wediluiaanumuiuiuyessig 910
nsnsianuienududuresglusindaindilulu wagdwiu Usunasmuinalausind
unfignudanasauisUatosn luddunnavesnumadou uaaioy wan Snifa waz
dangdazdunuinalawiu wagluludilngasiimsarausineguinuiiiuseuidunandly
wazdaunasly (Xin et al, 2009) Tuda.a. 2001 Fnsneassliinaiia XRF asraaeus197
Bulavgniinluviodudesvesfisitusglusrafivi Wisuifisusunisldiedos atomic
absorption spectroscopy (AAS) AuAansaain nuiwansinssinewns warlauoad
e XRF Auaenndadiu AAS usiaglansdeiudmiunan1sinseisndinsd uasliniia
(Kipriyanova, Dvurechenskaya, Sokolovskaya, Trunova and Anoshin, 2001)

MnemAdetreuaziiui Bufimslimadanisdesfidlondmeuasdulasmseuiio
AnwuTinusmludusznouvesiiy Jslluuilindniastdunldlunisnsiaindsunm ns
nszAnei uarnsazautessmemnIRvusialuiodoivly



unil 3
A5 UNI5IVY

3.1 navaaesii 1 navasntsliin uasdlslussuutmeadeninadyidule way
NANAATDID{UY
yhmsveaesUgnauedu lunszmeawanaiin fefsmeudnmoduiiug insg Faaa lu
lsaSeunuuln angldvdsmwanainla s virsuuvingdewmalulaggsuns
1. WHUNITNIAADY
MURUNITNABDY wuuguanysalatgluvdien (Randomized Complete Block
Design, RCBD) $1uau 7 vidawius 3 91 fsielud
T1. gnmuaa Wivneiaiu waglallie
T2. Whivnsiiafu uaglslonsiu gns 12-24-12
73 Whdheszuutimen uadlsilonaiu gns 12-20-12
Ta. naldelussuntimen gns 12-24-12
75. nslidelussuntimen gns 10.2-4.2-17.9
T6. nslidelussuntiimen gns 10.2-4.2-17.9+51901915509
77, nslielussuutiamen qus 10.24.2-17.9+519 e WN5508-51Ae NI

X YUENG)

- o 1-2 Widn 3 Yu Tnemsliusagesaasliaunseiadiihlvasenandu
n3za1eTaneali

- vEnusi 3-7 auaumsliin auanudosnsthesiia ETc = ETpxKe

- v 2 uag 3 Jumslilonugnivennunsng 12-24-12 (sama Hawa uas
AUz, 2545n) 091 83 N3/ uusldvavan 4 A (yn 30 )

- vEnunsi 4 Gunslidenugesvannunng 12-24-12 lussuuimen $as 83
nu/du wdsdldvinun 8 ads (n 15 $u)

- VEAUGT 5, 6 way 7 gnsdenuan total nutrient uptake 10.2-4.2-17.9 (IFA,
1992) Tuszuuthwien 8ns1 83 n¥u/du uusldvianun 8 ads (nn 15 )

- Vi3 6 ldsmemasesiiuszneusie CaNO, 22 n3u/fiu MgSO, 7.5 n3u/fu
Tnglandousmomandn widldviamua 8 ads (un 15 $u)

- v3miusinl 7 lddemilounInudi 6 uaglddesmsinemmsiaiuiiusenousig
Fe 1.90%, Mn 1.94%, Cu 2.08%, Zn 1.90%, B 2.17% wag Mo 0.024% 371U 0.16 N3y
fod wauth 100 faddns Snviuvienun 8 ass (yn 15 Tu)
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2. 3IN1INAADY

2.1 wanTaguan lneldau Yeugning wazledunid dnsdiu 3:1:1 waulmdniu
wduudlanszanawanainuuinduriuaudnana 30 12 $1uau 35 Alandu/nazans

2.2 ¥amsmesruutimen Tagldvie PE (polyethylene) wwin 16 fiaduns 14%nimen
Snsnnslua 2 Ans/Alus $au 2 shdenszans waginslihnuusunisliinluegu
(5197 3.1 Uaz 3.2)

2.3 vmsugnogu TneldAsmeuiug 1617 Aamdeius ung daiaa 1 fusienszans
wazFlvemamInmmd Weeny 15 Fundaugn

M19199 3.1 USunaunnudeanisiivesedulugesivitnisnaaes (ETc = ETp x Ko)

Foun _ ULG’IE]‘L! _
v AANAN  WOFRANNEY  SUMAN  UNTIAN  NUATWUS
ETp 4.1 4.05 3.62 3.86 4.96
Kc 0.85 0.85 0.85 0.85 0.85
ETc (1u./7u) 3.49 3.44 3.08 3.28 4.22
aaEnslsii () 3 3 3 3 3
el (wnit/ads) 20 19 17 18 24

M19199 3.2 AUDN1SYLY wasUTinansidsanveseulugeviinmeaes

., AU
Y& N o v ¢ 234
Y @mml Wi]ﬂ'ﬁ]ﬂ'] gy B‘UIAU  UNIIAU f!llﬂqW'Lﬁ
auansli (asa) 10 10 11 10 9 50
AL Gas/d) 20 20 20 20 225 1025
ssuutmen Gas/iy) 134 12.6 12.54 12 144  64.94

3. maiudaya

3.1, Angiviinasgensluulgneduiounimeasslneiinislinszsidonu
AEIBNSENSE (Thien, 1979) AnsneriUSunadun3eingaieds Welkley and Black (Black,
1965) Bpszaudunsa-ing (oH) vesaulagldfusern sasdu 11 wdrindleises
oH meter inszianisihlniivesiu (EC) Tneldfudet Sasrdn 1:5 JndeaTes
Electrical Conductivity Meter Atasnzvineanasa a1e7s Bray Il (Bray and Kurtz, 1945)
34A51294 exchangeable K, Ca, Na uaz Mg lngafndieans NHOAC 1.0 M udrindewnias
atomic absorption spectrophotometer; AAS (Jones, 2001) 3tA51%%4 Fe Wag Mn @ineg
a13 DTPA udrindneiniad AAS (Lindsay and Norvell, 1978) wansiiasgvinaianiRvesiu
Ugnneunismaaosiandlunsed 3.3
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3.2 Tansasadulavesdueiunountsvide wasrdanishidenn 30 Ju (3 120 )

1. Tndsununaslsiadlulugen Tunans wazluats Tnenisuusdiuvesly
oonidu 3 du (wandluzuil 1) sheiriesinnaslsilad Konica Minolta u SPAD 502 plus

2. Savunmdurnugudnansdiduesisiinasneeiuiiug ang Faiaa Taoin
ﬁﬂ’mqq 20 WURUATIINTEAURIAY Mslasidesaauiles

3. SaAnuevesis arnlaudeUaneis

4. Yusualuanlausuaudslusenfiudvenoiud

5. Aasgidsunalulasiaululy vasnisneass A5 Kieldahl Jwas1ev
USuaululmsiaumeds Steam Distillation (Bremner, 1996)

M15197 3.3 anauURAveRuUgnnoun1sMaaes uazAvizatvesRudmiuUgnedu

AMENUAYBIAU MAesei  msulana  Aiunza (Paul, n.d)
ey N3¢ - -
Ansilvidn (ds/m) 0.14 TaliA -
ANuLdunsn-ane (pH) 6.5 ATAUIUNAIS 55-6.5
dunseing (OM, %) 0.16 AN 2-3%
woawasa (P, mgkg’l) 24.5 J1unang 20 - 50
Tnuvaides (K, mekg ) 35.3 e 125 - 150
wAaLdey (Ca, meke ) 49.6 e -
Tewden (Na, meke ) 9.0 T -
wundes (Mg, mgkg ) 47.5 i 100 - 125
\Wian (Fe, mgkg ) 1.4 i -

wuen i (Mn, mgkg ) 32.8 a9 -

Y
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M19197 3.4 Aasautivededunsd

AMENUR A1ATIZ
ANuLdunsn-ane (pH) 7.84
Tulasiau (N, %) 2.78
Waawasa (P, %) 7.65
Tnunaien (K, %) 0.78
uaaLgew (Ca, %) 2.65
uuniiges (Mg, %) 0.29
\widn (Fe, mekg ) 43.80
wuan gl (Mn, mgkg ) 9.73
&anzd (Zn, makg ) 2.80

N8auA (Cu, meke ) 0.62

4. NMFIATIZANANITNAAD

ATIERANULUTUTIUNNEDAR8lUSUATU SPSS for Windows V.14 1U3auLiisu
auuAnsseLedsresUsinanaslsilad YUIPLFUNIUAUINA1IT AU ANLE1IVOINY
Twauly Ysunalulasiaululu @2e738 Duncan ‘New Multiple Range Test (DMRT)
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3.2 snAResdl 2 N15AtAszintsazan Weareda Tnunadoy uazuaaldey
luluagu lag3Bn1sisesdedianditsuasdulasnsou NUITNwAL
1. WHUNITNIAADY
Juns@inwueuiisuinisiesizisinemistuluity sewinedsnismeiuildnd
AuBsnsmesuedl Tasldieensluaquainnismaassil 1 §909UKUN1TMAADS LUUFY
auysainigluuden (Randomized Complete Block Design, RCBD) S1uau 7 n3mius 3 41
Fasteluil
T1. gamuau Widufinmainiu uazlilide
T2. Wifufinafiiu waglitensiu gns 12-24-12
73 Whhdheszuutimen uadlsilonaiu gas 12-20-12
Ta. nslelussuntimen gns 12-24-12
75 nsldelussuntimen gns 10.2-4.2-17.9
T6. nslidelussuntiimen gns 10.2-4.2-17.9+51901915509
T7. nslielussuutiomen qus 10.2-4.2-17.9+519 e WMN5308-51A 8N ILAA

2. 3N1NAABY

2.1 \iivluaguiteny 30 Fundanslite virnmsfvlulugaadneunan 9.00 uing
\esniiutsnanfifsdinmaiedeudosnemnslulutiesiian udnfususnildganszans
Tnenfuluvia 3 dauusnldauazgs Usznaudae lusen Tunans warluans (U 1) uazuish
ogsluaiuitrusuildeanidu 2 dawi q fu

2.2 frogndluaguarndl 1 thanuenly wegdmilusenanitu udsuudoudifnundy
Tushethusmnloasu (deionized water) 9ntunnlueiuiigungivesaunitiiidneg
luwsiaas udailueulugeu (hot air oven) figamail 70 ssruwadoa ut 24 Falus
n&rnduihluequusiaslufiuiudmndneenidu 2 dw Usznoufedelududrsvondu
naslu wazidleluduuuvesly (U 2) valuuddulfasBondelndsungn udatim
AATILNNIINTEAUAIVE P, K uaz Ca meIsiad

2.3 dlueguitléande 2.1 Wusedslueiudrui 2 1lusjuandmiviinse P,
K uag Ca mginalinn1sisesssdiendiisnasdulasnsou (XRF) newenlu wazdulusen
ity udrddsuutiousethunannlessu (deionized water) uazldinseauiivgduii
finnuuluodulius ntufesiedslueiuililinseivuukunioudiegns (sample
holder) udathluBahefadiondaniedosiuinuasdulasmsou lnsvhnismaassuudiumis
delusutnemeadunanly uasilieluduuumedly Uil 2) Wudsaiunslinsesisg s
A3 ANUAIALUNITIATIERLAAL ATUUUAIRE1NTIUIN 7 WaD 9 88 7 90 591 49 9 &
JrEEn1ITENINNga 0.5 dadwns ldnarnsigviasay 30 Iuiikeqn TuseueIa1lunis
Ansevidenisfiognainiu 24 unit 5 3und Fuandlugud 3.1
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.
3 ’ ‘é.*
UM 3.1 nsivusgadmsunsinseiaiemeia XRF vusegdluagu

3. BMINATIZNSINBMS

3.1 Awsgndsuiusigervistulueiuaisianiaai laeiinisgessiense
HNOs+HClO, 8%51d7U 5:3 AsIziUIuad P Aae3s Vanadomolybdate (Hesse, 1971)
WagIlATIERUSING K ua Ca @e1a3es AAS (Jones, 2001)

lueaen

lunaia

UM 3.2 nsudsdvasludmsuldnsiainsnens
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1A
aIun 1

1A
aIUN 2

3UN 3.3 dwiuivedly fldlunisnsiniasnemsmeisiall uazinaila XRF

3.2 ATNRNINTELAITRY P, K way Ca Tuluaiusiawmata XRF Tuaniineaes
BL6b: micro-XRF a4 @ UuIeuasdulaTasoy (894ANISUNNYY) LUARAN1SILATILHAE
1Usunsu pyMCA (Sole, 2007)

4. NMFIATIZANANITNAAD

ATIERANULUTUTIUNNE@RAR8TUTUATH SPSS for Window V.14 1U3aulisu
AULANATIARABvesUSinaeanesa Tnunadoy wasiaaidoy #2833 Duncan
‘New Multiple Range Test (DMRT)

FINFIATIE RN (regression) wazamnduwus (correlation) s¥wineddnaail
Auwmadanisisessdendmenasdulasnsou



unil 4
wamﬁmsﬂzﬁ%’aga azn15aAusIena

4.1 naveaesii 1 wavasn1slide uazihluszuudveadenisiaiydulnves
aju

4.1.1 AugIINITBIBUY

armmamﬁmwzﬁmaaaammmmmﬁ'aaqjuﬁ'mq 0,30, 60, 90 uag 120
mevidanslile (1397 4.1 uazgud 4.1) wuiiiony 0, 30 way 60 Ju NAnIaudAfsing
Tdedanueivesidhiwandneiuniaadn uinsliesianueniwnnnii Wevinis
Wisuisuiuviawudd 1 Aen1slildi dauilony 90 uag 120 Yu wuiusazninuudd
AmeAsuanAsusesiidodWamnaada Inefieny 90 Yu nslitogas 12-24-12 msiin
Fusamtumsliimen uazmsliftenisssuuihgeaieatu fenusnvesianiign (150
wudns) uaglundnuudililédofinnuenisdesiigafe 109 wufins dauilony 120
Fuvanslils wuimslieluszuuimen gns 10.2-6.2-17.9 uazgns 12-24-12 liaw
B11vesRsequINTIanAe 187 uay 186 Leufluns muddy duvdamudiilildesdenuen
Aetloufignfie 142 iwufiins

4.1.2 Fruuluvasagu

NNHaMTAIATEIvnaRRvesdnulueu (13197 4.2 warguil 4.2) nuindieny o,
30, 60 wag 90 Fumdsnslie yanInudiisiuuvesluliunndreiu udfieny 90 fu as
Wiuiwauudatinsladefunliuiiidndluinnniminuudilildde dmileny 120
Fu wud nslieluszuuimennnvdauns Tnansmaassunndsiunsedfidelisuiy
nslalldts uaznslidensiu Tnen1slidegns 10.2-4.2-17.9 wassuutimes fswauly
unitga (50 Tu) uazvdnuddlillateddludosiian (34 lu)
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ANNY1INY (LYURALUAT)

TNSALUUA " " " " -
09 307U 607U 90U 120 2
T1, Control (lldde) 52 56 81 109" 142b
T2, Surface Irrigation+12-24-12 (M19A11) 56 76 91 131ab 155ab
T3, Drip Irrigation+12-24-12 (n1961) 52 7 94  150a 176ab
T4, Fertigation+12-24-12 55 75 103 150a 186a
T5, Fertigation+10.2-4.2-17.9 55 76 97 147ab 187a
T6, Fertigation+10.2—4.2—17.9+51{?16W%1iiaﬂ 64 81 102 138ab 168ab
T7, Fertigation+10.2-4.2-17.9+3761811119984
- ! 59 78 100 130ab 166ab
+ﬁ']{{]a'TVi'ﬁLﬁill
CV (%) 20.2 243 204 14.6 11.0
" Anadslupeduiifoafuniusiesnusiitoutu lluandratunisadanssduanudesiu 95% lngda
DMRT
200
——T1
_ 150 -T2
=
3
:—; / =13
S 100
o =T
=1
g
« 50 = T5
T6
0 o T7
0 30 60 90 120
21y ()

UM 4.1 wavesn1sliide wazthlussuviveasennuenifededy



M13197 4.2 Havainside waztilussuuimeasediuiuluveeiu
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o . iy
VNIALUUA - - » - -
09 307U 607U 907U 120 U
T1, Control lafld{e 14 22 28 31  34c
T2, Surface Irrigation+12-24-12 (n1196114) 15 23 29 33 36c¢
T3, Drip Irrigation+12-24-12 (n19Aw) 14 21 28 34 38c
T4, Fertigation+12-24-12 16 22 29 33 43b
T5, Fertigation+10.2-4.2-17.9 15 22 29 36 50a
T6, Fertigation+10.2—4.2—17.9+ﬁ’11>3@’ﬁ/i’1'§’§@& 16 23 31 34 44b
T7, Fertigation+10.2-4.2-17.9+3761811119984
- ! 16 22 29 32 44b
+ﬁ’]i§!€]'ﬁ/i']'il;ﬁ'§ll
CV (%) 6.5 6.9 6.1 4.3 2.7
" Anadslupeduiifoafunusissnusiuiloutu llunndratunisadansyduanudesiu 95% lngda
DMRT
60 ——T1
50 / -T2
5 a0 > ——T3
=
g 30 =T
® 20 —HeT5
10 T6
0 b T7
0 30 60 90 120
21g (1)

5UN 4.2 wavesnslide uasthlussuvdmensediuiluvesedy

4.1.3 vuadurugudnateaiuYasaduy

naNFAATIEiMNsaiRvosvALdusuguinatsddy (As197l 4.3 wazguil 4.3)
wuilutsnounslade (91 0 w) yavisawudivmnadusiugudnansdduadslsiunneig
fu uifleuuanssfusehadidedfmeaifvesvunadurugudnatsiiony 30 waz 60 u
Tneluvdnunei 7 fenslslelussuutmen gns10.2-4.2-17.9+579919119503+5719 913

SuiiyunaduuaudnasdruLInian wagnIawudi 1 Asnislllddeivuiniduriy
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gudnarsadutiosiian daufleny 90 war 120 Yu aznuirlunn nimwudinnsldde
Tinaunnsafueesiifoddnmsadfdeioudouiunislilads TnovEawudililals
fvumdusinugudnarsdisundetiosdign drmunisladeninumdi 6 Aenistiteluszuy
thvign gns 10.2-0.2-17.9+57991919309 flong 90 Yu fvurmdusinugudnarsdifuiade
unfign (7.16 Tadung) uiliwnndeiunnsadatunnnIawudiinisléds uasiieny 120
Fu e 5 denstiteluszuutimen gus10.2-4.2-17.9 Svunadushugudnansdndu
WABnTign (7.61 fadwng) udliunnsstunsadadunnyEamudninisladeduiu

M19199 4.3 Haveen1svide wavihlussuuimeasovinduruaugnaa ey

Y ] 4 o Y a a
EuNUAUEnaNaInud (UaaLunsg)

NIALUUA - - > - >
094 307U 6079 901U 120 U
T1, Control (lildds) 351 369¢ 399 454b 581b
T2, Surface Irrigation+12-24-12 (n1196114) 371 3.99bc 4.41ab 6.57a 7.10a
T3, Drip Irrigation+12-24-12 (N19AL) 4.20 4.26abc 4.72ab 6.81a 7.23a
T4, Fertigation+12-24-12 437 523ab 5.48a 6.77a 7.23a
T5, Fertigation+10.2-4.2-17.9 468 5.12ab 5.35ab 6.67a 7.6la

T6, Fertigation+10.2-4.2-17.9+516)91%117303 4.48 4.83abc 5.18ab 7.16a 7.55a
T7, Fertigation+10.2—4.2—17.9+ﬁ’1¢3€]’1‘1}i’1’§'§@ﬂ
+51991IMNTLE

CV (%) 155 14.0 14.3 8.2 7.1

482 5.28a 5.73a 6.97a 7.3%9a

n
= @ =

1 . a v ¢ a o v o N o ' W aa o aal
F"ﬂLQﬁEJI‘U?’I'E]all‘UL@ﬂﬁﬂumqﬂﬂﬁﬂ@ﬂwiLWN@‘Uﬂu lﬂJLLmﬂmqﬂﬂu%WﬂaﬂmWﬁ%@UﬂﬁqﬂJLsﬁﬁﬂJu 95% laeis
DMRT

~ 80

]

=

2 60 ——T!

°G T2

A4

[ —

& 40 - -3

& —>¢T4

= 20

£ —H=T5

G

% 0 T6
e TT7

0 30 60 90 120
27 (W)

JUN 4.3 navaen1slide uastlussuuimenadevuinduruaugnasafuady



26

4.1.4 Ysururaalsiadvasluadu

lun1sneaes loviinsiausunuaaslsiladluluequ 3 @ Ysenaumie luans Tu
nans warlusen d9ldkanisnaassdsil

Ysuraumaalsiadluluans nanisinsigvineadanuinlugisneunisldde (eny 0
u) drwvesluaniviinueaelsiladiedsliunnineiunsada dauiieny 30, 60, 90 uay
120 u TuynvEmandidnislatefituuiinuaaelsiadinfounndstuogiaiidodfgmg
adfidersFoudieusunslalals (T1) Tnenslilddedviinueaslsiiadeinfian (227, 22.5,
22.1 uaz 21.6 uEIRL) uenandagifiuinnslailddeysumnaelsiladiuulduansag
Sow 9 TuvuzinnnIamudfiinsldledusuunaslsfiadgendininuuddlildads 9
Fnnslite (mehu wasnassuuth) fugesteflls (12-24-12 wag 10.2-6.2-17.9) laisilsily
oduauluansiiuiinunaslsiladiunndradu dlunnnisuudifniglddeazduiuna
raelsfladifiutudnden warenafiviadedifiuiunmanas dserainainnistadediu
dundeufidnadonisindoudrosinemnsluluawld udegrelsfniu nslddeanunsn
yhlriequivinanaslsiiadluludneganiinislalade Tnsanznislidelussuuimen
a0 10.2-4.2-17.9 $3ufun15Is1nem1IIes warsInemIsiasy aunsavinlviinnsavay
aaolsTladludiuansgsgaiiony 120 Fu wirdu 39.7 (51971 4.4 wazguil 4.0)

M3199 4.4 waveanside uasthlussuudmeasieyinunaslsiladvedluadudiuludns

Usunumraalsiaa (SPAD - unit)

B 03U 309U 609U 903U 120 U
T1, Control (bildde) 267 227b° 225b 221e 21.6C
T2, Surface Irrigation+12-24-12 (n1196114) 247  29.9a 30.0a 30.9bcd 34.6b
T3, Drip Irrigation+12-24-12 (N19AL) 26.6 289a 26.5ab 289cd 34.5b
T4, Fertigation+12-24-12 25.4  29.2a 27.7ab 32.5abc 34.5b
T5, Fertigation+10.2-4.2-17.9 24.8 26.6ab 25.5ab 27.5d 33.5b

Té, Fertigation+10.2-4.2-17.9+516191%119583 257 269a 30.4a 357a 35.1b
T7, Fertigation+10.2-4.2-17.9+516191%119583

- 24.8  28.2a 29.6a 33.3ab 39.7a
+51RBIANTLE TN

CV (%) 10.0 8.2 12.5 7.1 5.0

v
A o =

1 . a v ¢ a o v o N o ! v aa o aal
F"IWLQ@EJI‘UF"I'E]all‘lJW]EJ'Jﬂ‘lJ@nN@'JEJ@ﬂUﬁLWﬂJ@UﬂU 1§JLL(ﬂﬂ(ﬂqﬂﬂumqﬂaammigﬂUﬂﬁqmL‘U'E]llu 95% laeis
DMRT
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a5
)
‘c -—T1
3>
1
5 -T2
@2 T3
5 S
<
g 15
2 —H=T5
o 10
e

0 —+=T7

0 30 60 90 120
81g ()

UM 4.4 navesn1sliide wazthlussuvimeaseUsunamaslsiladvedluaiudiuludng

Ysuraumaalsiadlulunans nan1siinsiginisadfvesusuiamaslsiladlulua gy
dalunans nudifeng 0 3u uag 30 Ju yavIawudiiuTinueaslsiiadiadsliuansaiu
n19adid witieny 60, 90 waz 120 Ju wudmisladeluyaninuudlinaunnsisiunig
aamuamsaumwﬂummLuummim’laﬂa (T1) muﬂ‘;mmmahﬂaauaamﬁm (325,325
uag 31.7 nuddu) Fawanisnnassiedrefunavesuiununaslsiadluluequdiuly
819 ngvdamudnlilddeasiunliuvesiinunaslsiladanadlunndreeny luvme
fnnvinaudfiinislateiviinunaelsitadaeiu lnsnanismeasssnringisnislidenedu
(T2-T3) AuBmslilenaszuutinnen (T4-17) lifinasensazauvesufinanaslsiladiade
fuansnaiu wufefunslddegns 12-24-12 (T2-Td) fugas 10.2-4.2-17.9 (T5-T7) i3
Usinunaslsiladiedsliunndaiu snundammdi 5 Aen1sldogns 10.2-4.2-17.9 Tu
spuudwesiiiinunsavaneaelsfladileny 120 Yugsaawiiu 43.9 (1191971 4.5 wargUi
4.5)
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M37199 4.5 navesmsbide waziilussuudmensdeusuanaslsiladveduaiudnlunay
Usunaumaalsilad (SPAD-unit)

NIALUUA " ” - » "
094 307U 601U 90U 120 W

T1, Control (lild{s) 286 345 325¢ 325b 31.7d
T2, Surface Irrigation+12-24-12 (n1196114) 24.9 34.8 38.1ab 40.3a 41.4ab
T3, Drip Irrigation+12-24-12 (N19AL) 27.0 37.7 41.9a 41.4a 41.6ab
T4, Fertigation+12-24-12 26.1 33.8 35.4bc 38.3a 36.1cd
T5, Fertigation+10.2-4.2-17.9 25,6 334 37.8ab 39.6a 43.9a

T6, Fertigation+10.2-4.2-17.9+516)91%117503 263 330 35.7bc 39.7a 38.6bc
T7, Fertigation+10.2—4.2—17.9+ﬁ’1¢3€]’1'1/i’1ii@ﬂ

+51991IMNTLEI
Vv (%) 9.9 8.0 6.7 54 64

1 . a v ¢ a o v o N o ' W aaa o o o aal
ﬂWLQﬁEﬂ‘Uﬂ'E]all‘ULﬂﬂﬁﬂumqﬂﬂﬁﬂ@ﬂwiLWNQUﬂu lﬂJLLmﬂmqﬂﬂquﬂaﬂ(ﬂW33 UAULGRNY 95% lneds
DMRT

24.3 32.2  36.2bc 39.0a 37.6bc

50
= ——T1
L 45
5
T 40 ==T2
A /
E 35 - T3
v ’ —
= 0 —>¢=T4
3, ) /
£ 25
g —H=T5
_é 20
G 15 6

10 b—T7

0 30 60 90 120
81g ()

UM 4.5 navasn1slvide wasthlussuuimenseUSunumaslsiladvedluagudiluna

Ysuruaaalsiaaluluven nanisiasivsiniadanudn neunsldde (8140 Ju)
nanIeaudlinaliunnatunieadd daudienyg 30, 60 uaz 90 Fu wuliUTuna
aaslsiadnnyninuudfisinislddelinanisaassunnsiisiunsadfilensouiiouiuns
Lildte Tnennslilédoaziviununaslsiladiadomian (23.7, 22.7 uag 21.9 auddiv)
wagynvIaudifinislddeiviinunaslsiladieasludlusenliuandaiu uinslide
Tussvuihmengns 10.2-4.2-17.9 Saufunslisnnemisses kazsIneWNTLA3HAILNT0
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ylsiinnsazandiununaslsiladfiony 60 Juldasaavindy 31.4 dwiuileny 120 fu
wulunn ninwudlinaunnssiunieada laonsldlédefiviununaslsiladiade s
flgm (15.9) dauvidaundd 3 TUSinueaslsiladgsiign (20.9) wilsiuansefunIawmsn 5
uay 7 AUTunaelsiiadiodowiniu 18.7 uag 19.7 mudfu (15197 4.6 uayui 4.6)

M19199 4.6 naves ity waziluszuuiveaUSunueaslsiladvesusiudlugen

Usuraumaalsilaa (SPAD - unit)

B 03U 309U 609U 90 Tu 120 Fu
T1, Control (lalldde) 21.0 2370 227b 219 159c¢
T2, Surface Irrigation+12-24-12 (n1196114) 235 284a 29.8a 28.8a 17.2bc
T3, Drip Irrigation+12-24-12 (N19AL) 227  27.5a 29.8a 28.7a 20.9a
T4, Fertigation+12-24-12 229 273a  29.2a 285a 16.6bc
T5, Fertigation+10.2-4.2-17.9 22.7  30.4a 30.6a 29.6a 18.7abc

T6, Fertigation+10.2-4.2-17.9+57M91%13%9¢  21.4  29.0a  31.0a 29.4a 17.2bc
T7, Fertigation+10.2-4.2-17.9+516191%119583

- 221  286a 3l.4a 30.3a 19.7ab
+ S9N

CV (%) 6.4 57 5.1 4.8 9.2

1 . a v ¢ a o v o N o ' W aada o o o aal
ﬂWLQﬁEﬂ‘Uﬂ'E]all‘ULﬂﬂﬁﬂumqﬂﬂﬁﬂ@ﬂwiLWNQUﬂu lﬂJLLmﬂmqﬂﬂquﬂaﬂ(ﬂW33 UAULGRLY 95% lneds
DMRT

50 ——T1
2 45
c =72
2 40
@) =—T3
< 35
(%)
T —¢Tq
2 2
g ==T5
< 20
e
U 15 16

10 —T7

0 30 60 90 120
81g ()

UM 4.6 navesnslile uasthlussuvdmeaseUSununaslsiladvedluaduanlugen
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4.1.5 Ysuusiglulasiaululuagu

MnEansieTginsadfvesuinasmlulasiauadslulueguiieny 120 fu
wululuansusasvsauudlinanisnaaesuanstiuegaived Aynieada Ine 337 lild
Jefuinalulasioundian (1.48 %) uagviamud 7 TUsunailulasiaugedian (1.97 %)
drunan1sATzrlunans waglugen wuinislidelunnnInmudlinauanssiuiunis
Lildts Ao nslaldadeiviunalulsiauadomilan (2.11 % waz 1.54 %) uazlulugen
nslidelumiammi 2 uaz 4 SUsunailulasiauadogeiign (2.33 %) uslvualsiwansg
nnslidenIamuddu q (39l 4.7)

M99 4.7 Havesmslily wavinlussuudmeaseUSunalulasiaululuaquiiony 120 Tu
Ysuausialulasiau (%)

AR Tuans  Tunans  Tueea
T1, Control (ls/l&t)e) 148 211b  15db
T2, Surface Irrigation+12-24-12 (11974) 1.67bc 2.71a 2.333
T3, Drip Irrigation+12-24-12 (n14#w) 1.66bc  2.77a 2.20a
T4, Fertigation+12-24-12 1.89ab 2.84a 2.333
T5, Fertigation+10.2-4.2-17.9 1.75bc 2.493 2.243
Té, Fertigation+10.2-4.2-17.9+516191%1195813 1.82ab 2.453 2.19a
T7, Fertigation+10.2—4.2—17.9+ﬁ’19}@’1‘1ﬁ’15i@@
R 1.97a 2.66a 2.31a
CV (%) 6.8 12.7 6.4

o A

1 . a v ¢ a o v o N o ' W aada o ax
F"IWLQ@EJI‘UF"I'E]all‘lJW]EJ'Jﬂ‘lJ@nN@'JEJ@ﬂUﬁLWﬂJ@UﬂU lﬂJLLmﬂ@]Wﬁﬂquﬂaﬂ(ﬂWﬁ&’@Uﬂ'}qﬂJLsﬁ@ﬂJu 95% laeis
DMRT

130INAN1TNAGDY

mimaaqﬁiﬁﬁﬂmwmaaﬂuauﬂqﬂﬁﬁmmqmmauyaaﬁﬁﬂ wazdn1smuAuUIUIu
nslvith laligapdeeangnisuannszans iunisdnwnavesnislide uasdilussuui
ven feszeznssiulanaduadu e warlu (vegetative growth) VBIRUBIU waziiie
Jumswseusuequlitinuauysalneuenanisdausdiesnnandnlalulsely

Mnmsneaesaziuldinnsisimionu waznnsiidmeniinasenisiasyivle
vosdusiuuansnaiu Taonsldmeaduulihnilfsuesjuiimassydulaldfindinislsi
My uanrimsifdluszuuimeamuusinanisldiweiia (ETp x Ko Wunisns
wnunslsiluuSunaiifsamesomatiidvesiueiu wasmnzausvanmadonieluus
ALLABY (NSUBAUTENY, 2550 WAy Ministry of Agriculture, Food and Fisheries, 2001) a7
nslysiafumuininnsAuddenit (Fudl auandswes, 2555) snndnslimen
wiszuenIINMIgAlitivessneduuds Suinnisgadethannisssmediiafiu tuisdou
Inaadludnninszuusn Taglumsnaassinuiiisnslidmisiadudnnslddunnyszun
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1.5 whwaanslsinluszuutven (1151971 3.2) 9INTIBIUTE ALan NBIDIW LazALY
(2585) nanlih mslsbudfisuuinfuasdussansnmnslihegsswing 40-80 Wesifud
failazduegiunsdanis uenandainnisdananuin nsliivufafussinlfaanisdn
winvesthAuldde demaldiudgniidnuusuiuiiuniduilfdmen Ssenafinadonis
uNINTEBTOITINOGU AT LYY uazderianglulassadaiuld Sniiludisusnvesnis
T asfinissadluuTinan utsifuasdinisgaduihliae feensdsmasrionsmelaves
10 inszsnutegluuiiiimstugadunaumld
uamsnanasiitemsautumsiielussuutmen nuinslielussuuimend
wnlthnhliduequiinmsaiydulaldfninislidensiu Taovdauweda 4 Sadunslie
ans 12-24-12 luszuudmeadnisadgivlnfiniminmmed 3 uay 2 Adunislileges
Wenfuusllsinisiaiu mslilensszuuimesanansodssatenisiaiayiiulaniedudidu
Tngawgnsiiivtuvesdunuluequiniimslini uasdensinfiu oradunsedeiiliey
TugUresansazans Wesnimagelitfaeldmmemnsiunfeudu fvannsatiluldlunis
funsgansonnaiionnatgiulaldognemmi dumslifls weiwsfifuiinadenis
wigdulmesiuaduiosni onadunsenislidevioga uasiinislviihuufiadull
awsaazatedelaviun nsaaldsineimsiaialad wazsiuierie tusinlulasiay
1ndegiie ieldsuaruduainids Jeursdiuenadinisazatsoenuiegluguiiiiy
Uszlewd wazgnaalilaesnily uvisdueiaiinisgaydediinanianssuvesqdunidlumu
fiudsusiglulnsaulveglusuresuiadiaiuisossmedugusseniald 1y lunda
ganlas (N,0) lun3neanles (NO) waylulasiau (N,) Sennsidsunlasiinnszuiuniss
lup3Thatu (denitrification) Tnensruaumsiasiintuluaniaglfornia wiediusinaeinie
i Adlunsmnaesiinsli wardemainfuashliAuuiuiiu dealivesienelufud
og meaﬁﬂﬁmmm‘fiasﬂmim’jwwaﬁuamﬁ’mé’w ezi’mmiqigt,ﬁsiuimwu%ﬂwaﬁq
ssiinannnisaanedivesweuluifienleoau (NH, ) wareiie (s9avs lodanant uasaus,
2554) dmsunisIsuiisunislddeniugnsvesnunsns 12-24-12 waznstddeny
USuaunsanldsinemisuededu (total nutrients uptake) @ns 10.2-4.2-17.9 wu3INs
Tatjelundmandil 5 @ns 10.2-4.2-17.9 Wlussuuthmen) fuulturilifueiuiiniagald
513 wardinnataiulaldfinivEnunei 4 Qoges 12-24-12 Wlussuudinen) uas
nslsienun total nutrients uptake luvdaiudi 5-7 ansnduaiilequidnlule
unnmsTRdomugasyeanuasng (MInudn 2-4) Ssanuuananavesdmanluiildain
nslierisanagmsiinanonisdunsesinas uagmsavauoIvesiuedu e 1alisiuy
Tuann agslsifuiluildlumssusaniensdanseiuas uandsuduasemsazanl’
Tudduléunn WedinsdaussRsiuedulfuananldluuimamn uenaininislidoniudn
total nutrients uptake WunslidomuUiinasinevsiivgald uazgaydeeenliuns
dnusieRsSonananueafiy Tanuminzaudeszoznisiaiyiulalafniinslilonmgns
vounwning taenslileludnuasd vsns Toanant wagame (2559) Téasunelii ns
Ugnfimasiinsgapdesnemnseenniulutiinasnnuietesunndsiutuegfuduiliiy
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=

WNgeanil MsvaeUTinusmemiswiniunsenninUsunuiagdeeenluasyiliaud

o

SWMeMNALENaRANURRIN1SVRINY FalunisveassillaviTlufunlaugauauy el

aetunisladeans 10.24.2-17.9 Fudunisiiudiuasigeimisigliisanesneanis

a

WwingAulan g IFA (1992) Telviduugihlidmiunisgnedu (1519l 2.9) Fsaonndos
fun1snaaesues amen dauuyi wagamy (2548) Aldinis@nwviAsafunavesdndiusg
mmﬂuiwuﬁmsmﬁﬂszLﬁumm%mmﬁmmmsﬁq@Lﬁafﬂ'amamém UALAMNINYDIBIY
g Perlette Fanudinsgadosinervsanidudndruves N-P,0s-K,0 Wiy 30-12-30
n3u/du dwnsldtogns 12-24-12 Afinsaigdvlatesndituy WeRansundndiunessg
onsaziiiuhiisarearesalutiinugs dslutsszezusnvesnsiaianivln dusjuenalsl
foamssnilutiinasnn Tasmsldsurearedalutiinageenaiinasomsindeudiosng
9 9 Tugluls 1wy mdn uazdangd Mlitinmsiaumaesudisuladn Weiduandliidiuinnis
Téemugnsvennunsns dusfuannsatismemnsfivilesululdlunisiasyfvialides
vioorananlasnediein Usnasmemsilildslifiermaunarenudosnisvesity G
Tuszaronduiivennazuansoinsnnrseonsiiuiivilinansinomnsuisile
nsnaaasliielussuuimendemsiasydulavesiuedu luvdnaudd 6 [Fidusg
911330971UsEN0UMe Jounai@onlulnsm (CalNOs))  wazdsuunii@ondainn
(MgSO4. 7TH,0) dhumInuusd®l 7 IHfins e mnsses uags1momaiaiusanse annanis
yAABY NUNINSITINE e MITes Wags e siaiuliilsiduequiinsiasquanssiunie
wnniudlenisuifisuunsnsladeluninandd 5 dlnanesmemnmdnsingu d1o1e
JumszAulgnililumavasesiifisineimsses uagsmemanaiuegudlussiufifiveme
sty fausiasdiniafusmemamaniadluisdldinadenisgaldvaasniia
ogtlsfmuluniamanesil v 1-5 envvenuiiyminisniasInemTes uaysy
91MsLa3L dumFaludT 6 19aznudgminisviasine msiaiule Tunismnzdgnly
gamasie 9 U esnidunsnaasslunszans nfiniinsgaldsinensegmasaiian 1u
ualiUTinsmensluRugnanasegwseiiios detunmsliievinuudd 7 enaifunadse
nssapiulivesiuequluszezemldfnimInmuddu
n13n5inUsunanaelsiladduduiiianiugauauysaiveduiiy wasiluns
UszililuseAuauiieame v3enuIawaauYedstglulasiauluiiy (Tumer and Jund,
1991) osansglulasauiirmddysenisisaivln Wusgidussduszneundnves
prelsfiad sudussaimgiiAanssuiunisduaneiseuadui dwiumsmaassivihnista
Usinuaaslsiladhiluequineindenaslsiladines (SPAD-502) lnefindnnsvieuves
\n3esfe annsniauadlutianugnaauiisunss aunsodesinuusulufiglédi 400-500
ululums uag 600-700 wiluias sadudreuasiinaslsiiadgaduliffian Ardieulsan
inseafudaiay wsiumuenandsivedly uazilauduiusiuuiununaslsilad e
\Ju SPAD-unit (Loh, Grabosky and Bassuk, 2002) warATnleanu1savenaeUsuna
lulastauludalamszUsualulasiaululuduiusiuusuunaslsiadlulude
(Champman and Barreto, 1997) duunanisnaaesinyiuaeaslsiladlulueduiaan
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daunui fmnorgnsiaiaiule anendsnisldade (18 30, 60, 90 waz 120 ) Tunanadl
Uinaunaslsiladgeiian sesasnoluans uazludiusen dwluvdawudililddefiusua
paelsfladluluaquisaudutosnimoninuudiiiniglade uasilunlduanaaies q lu
yne1ynIINTAaes AmuATwensITesUsinmeaelsiladfinululusquiiaiudaues
Aaldiiesanluequusazdruiiongliviniu Ingluduasazionginnni wazludiusenas
fionytosiian falulutsiduiivdinmadyivlnsfanszunmdaieni maedeudlsues
57991113 (nutrients translocation) LfJum'ﬁLﬂ?{auﬁ%aﬂﬁmmﬂafﬂ’gwﬁﬂﬂQiaﬁfmz‘wﬁ!a R
unalnmsvudeulismemmsdmiunmnaiyivlnvesiis Insnnglulasiaudaduni
Tusiaflanssaindoudiléd (mobile elements) fifirnianisiadeuiiainlundlugluiiseu
N wazasinnisindoudiedeuiiluudaznanie (ssens Teanann, 2552) fewnil e
yhmsinTinunaelsiladdmuinluequarnilunansiumumsaraugsninddu q ez
Anmaedeudrelulpsiaunludanazaslulunanainiu fansazaululasiaululuay
dsmarennudeavedlufiviie uenansnlulpsiaunddlsnuiaduifinadeusuna
naolsilad Ao snuunilden wagsmmaniiiinadenisdunginaslsiladluiy lngnid
vosuuniidoudusiniidussdusznovvesaaslsilad fiuvtognssnaraluianaes
raelsfladio wavansaduareidunaelsitadtldfe uananilunszuiunsdaased
paelsfadenaiiouluivssdniidesnssamdnundulauineed fudurssauuniiden
wazsmmanIsiunumddyRenisdunsizinaslsiladeae Jifon, Syvertsen and whaley
(2005) I8lsmapaifeaiuaruduiusvesenudeavedly uarUiinueaslsiladliintuey
fundiaesity anmuwinden UTunusigemslésu enguesly anuvuvestu wagdisan
fvhnsin

druran1siasenUsialulasusluluejunendinisvaas (a1y 120 Ju)
wuidnanmsnaassaenadesiuliinunaslsiiad fe yanIaumdidnslddeasivinm
lulpsiauganimidawuinlildds waginsavaululnsiouinniigaluduveslunans uaziile
thuansasssnfisuiussiuauduturessinemisiuluequ (msad 2.3) wuithily
aaanImudiuiinailulasiauegluszduimn dnlunans yovdmmudifingldaded
Umnadlulasiaueglussdufimnzauisszdugs uazluseniviunailulasiausglusedum
MnuannaesuandlitiAnnisadoudresglulasaunnlusisiuglunans vinldlunansd
Uinnuanududuressiglulasiauuinndidudu waznslideviansgnsfiduiua
Tulasausieiu Jiivsunamnududuveslulasiaululuequiinnuuansieiu e1adu
wszUTinaelulasauilieglussiuiifianosonnusioinisvesedu
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4.2 M3NAaasil 2 N153ATIEYNTazaN Waanada Tnunaidey wazuaaidey
Tuluagu lag3sn1sisassediondieuasdulasasaunuisniawad Tun1sli
Jeluszuuidvenvasagu

4.2.1 myaTeimsazan waanada Inuna@eu uazuaaden Tuluauisnig
wiilunslieluszsuuihmen

IINWANITIATIBINERRVRIUTUINE P, K uag Ca Tuluadumiedniaall wui
yviamuAsinsldinamsmaassiunnsatus iioddameadia TnovEawudd 1 (sl
Tate) Ui P, K uay Ca Ledvazaululutiosiian (0.196 %, 1.431 % uaz 0.113 %
pudiv) Tuvaseisnn P aziuTinasadegaaeluninamdi 3 (0.525 %) dmiusig K Susuna
WAvgsaaluvSALILAR 3, 6 WAy 7 (1.737 %, 1.715 % uaz 1.790 % suddu) dauuiinanis
avaus Ca fvSinauadelulusnniigeluviaumed 6 uay 7 (0.266 % uag 0.260)

HANTIATIEVNITAZANTN P, K kg Ca Tusduntenne  vadlu wudidunisedly
Tnaumnsnsiuegsiitioddyneadn lnensazansis P axdiusunaadomniigniidum
Tunans (0.398 %) seasnAasuwisluben (0.355 %) uaziasiignresumiduans (0.321
%) dWiunanFIATIIUTINM K ldgazauuniigaiidiwislunans (1.672 %) 598941
Aodumisluana (1.617 %) wagtdosfiaaidumislugen (1.518 %) uavdwuiunm Ca g
azanuniigaluiuviislugen lunans wazluans mud1fu (0.204 %, 0.176 % way 0.132
%)

maﬂwﬁmswﬁmqaﬁamimzmw“’waw%‘mmﬁmmmﬂu%udamaﬂuaiu
wuiituiludiudng wagiuiluduuudinianszaisdvessig P, K uaz Ca ludumnensiy
n19adA nnsUTeufisunisazanuiinusnemsilaainnisiinsidie iniaad
fudiinasige i siiminzanvesluedu wuimnnIamudiuiim P egluszaud
winzay onviundmsudi 1 (ldde) AfuSinamnissduiimungan daudTunass K
ymIaLAnsarauAumAvanrauvosUTIuiiimun uazdmiunsaranvessin Ca
TunnvEamudiinstinsazaueglusefufisnisefuiivmnza onuninmudi 6 ua 7 3
nsazavegluszAuiianzan (1319 4.8)
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AN5199 4.8 NaN15HATITIUSUNN Noawasa Inunadey kaskAastey Ae35n19Adl

Percentage (%)

NIALUUA

P K Ca
T1, Control (laild{e) 0.196f ' 1.431c 0.113¢
T2, Surface Irrigation+12-24-12 (n1196114) 0.450b 1.480c 0.116¢
T3, Drip Irrigation+12-24-12 (n1961) 0.525a 1.737a 0.133c
T4, Fertigation+12-24-12 0.403c 1.572b 0.133c
T5, Fertigation+10.2-4.2-17.9 0.271e 1.493c 0.172b
Té, Fertigation+10.2-4.2-17.9+516191%119583 0.350d 1.715a 0.266a

T7, Fertigation+10.2-4.2-17.9+3761811119984
TSI “ 0.312d 1.790a 0.260a
ANLLVUSVBILU
Tugen 0.355b 1.518¢ 0.204a
Tunans 0.398a 1.672a 0.176b
Tuans 0.321c 1.617b 0.132¢
FudluilBiasnzt

Nuiludutng 0.355 1.584 0.166
Nuiluduuu 0.361 1.621 0.175
CV (%) 9.3 7.1 13.6

Vnusigevnsivangasluluadu’ 0.210-0.240  1.210-1.400 0.250-0.350

1 . N v a Y Y = Y ' v aad Y o o ax
Auadgluneduiifediunuiigdnysmilouiu lluandiunsaiifseduanuiedu 95% laeg3s
DMRT
2 o o a
ARLUANDIN UUNNT Yeyine, 2546

4.2.2 P15ATIEANTazaN Woawasa Inunadeu wazuaaideu Tuluajudie
Bn1aiFesdedionddasuadulasnseu lumsldslussuuimen

HANMTIATIAUTUIUNTAZaNT9 P, K wag Ca Tuluadu medsnissesssdiondy
uastulasnsou (XRF) Tdnvamduduadnafivousaysig (Uil 4.7) rfieulsiduaivin
(count) vas¥sdiond lneAandudeyaiananin (qualitative data) liannsnvendudoya
\39U33n0 (quantitative data) 1 uidlAuusiumuUFnasninuluiaegns uaglunismaaes
ilgvhmsteseisgdumaaiuil (square area scan) viluedu F8uueiliiaszs
s 49 9 FeiuildSadunasiuvesruiazan uasdandunasuaiiuia (net count)
dmfunanisiiasginnsadivaamvanosinuiflunaviauudlinanimeassuansaiy
ogailfuddmneada lasnsiiasginisazay P SUSinaededosfigaluviaumdi 1
(1,050) wagslUTanauadenniigaluvEnuni 3 (1,547) luvaiefimsiinsizsinsagansn K 3
USinanadetfosiigeluv3aumdd 5 (121,105) udliuandnaannninmusdi 1, 2 way 4 Failn
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Wity (123,892, 121,905 uag 124,719 audiu) wazdivunauadeunnianlunsamuan 7
(157,438 dwnsaseinsagansis Ca IUsunanadetssiantuninmuai 1 Aenslilddey
(138,525) hazdlUsunauanuasianlunInuudi 6 (182,721)

30000 . . . .
K = spectrum
— ﬁ? ntimuum

25000
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15000

Counts
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Energy (KeV)

JUN 4.7 alnnSuveansiasesisnn P, K uag Ca luluagueieds XRF

IINWANITIATILYINTAZANTW) P, K ez Ca vusiwisvadly nudnnisagausig P
lusunislunans wagluadvinaunndeiunisadanudunudlugen Aodunuslugond
Usinaunsaganindotiesiian (1,083) dnsiumislunan wagluasiifiuTununisazaade
Ladunneinaiu (1,395 wag 1,394 auaiu) dmsunan1sinsisinsaifivesusunanisasay
50 K wudlwsiuviddlugen Tunans wagluardlinaldunnsinaiunieada waduwildudnly
dunislunansaziinisazanyinusin K wasuniign WeiuTeuiiisuiudumisludug
LagdLHanITIATIgineaiAvesUiinunisazausn Ca adgluly wuidumislugen
waglunansbinausnasiunadanudtumialuans lagludumisluasfivsununisasay
\depsiian fo 119,329 wagludwnidlugeniuiinaunsasauindouniign 174,773 Fald
uanssfufusuvsluaefifiuTnunsazauadewintu 170,651 uag /N1TATIZANEDR
yosUTinansarausg P, K uay Ca vududwluiléiieseyt wuiifiufidiudng wagiiui
dnuilinaliuaniaiunieada (115197 4.9)
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AN5199 4.9 NaN1SHATIEIUSUN Woawasd Inuvadey washAawtey Ae3s XRF

. , Net count
NIALUUA
P K Ca

T1, Control (lalldde) 1,050d " 123,892b 138,525¢
T2, Surface Irrigation+12-24-12 (n1196114) 1,469ab 121,905b 141,651c
T3, Drip Irrigation+12-24-12 (N19AL) 1,547a 141,522ab 150,039bc
T4, Fertigation+12-24-12 1,363b 124, 719b 148,939bc
T5, Fertigation+10.2-4.2-17.9 1,121d  121,105b 150,460bc
T6, Fertigation+10.2—4.2—17.9+ﬁ’11§3@’1‘1ﬁ’1ii@@ 1,327bc 140,054ab 182,721a
T7, Fertigation+10.2-4.2-17.9+3761811119984

- ) 1,159cd  157,434a 172,089ab

+51901NTLESY
ANUeUaelu

Tuzen 1,083b 136,978 174,773a
Tunans 1,395a 137,692 170,651a
Tuang 1,394a 124,172  119,329b

Fudrulunlddnsiei

1

fuludiudng 1,293 130,807 150,857
il 1288 135,087 158,978
CV (%) 10.0 12.6 11.4

1 . a v ¢ a o v o N o ' W a o o aal
F"IWLQ@EJI‘UF"I'E]all‘lJW]EJ'Jﬂ‘lJ@nN@'JEJ@ﬂUﬁLWﬂJ@UﬂU lﬂJLLmﬂmqﬂﬂu‘Wqﬂaﬂ(ﬂ TEAUANULAIDIY 95% Laeid
DMRT

4.2.3 myleseisinsetu wazanduiusveslunusigweanais Tnunadey
LATLARLTYA FTUINNITAATILININAT LAz XRF

nMsSsuiiguIsn1sieseiusunasigneanesa Inunaley wazuaaidenluly
04U 5¥WIeIBIAdl WardB XRF (U7 4.8, 4.9 waz 4.10) Idiasgsianduiius uagdinsady
TaeUasAn net count sgaan3fiusTsud (natural logarithm) Suduaeni3fudiiigiu
Wiy e (e = 2.71828) wudinisulasr1sigasn13idsssuv IRzt ideyaiininuduius
wudunsannian wagnan1Tiasgienaurin nudenuduiusuuudunss lnesa
nsiesEiUIunausarleanesa Taraunisiinsedudsuanduaunisi 1 danwauz
awduiudiuuan (R = 0.764) daunansangivinasialwuaiden Taunssinsadu
fauandluaunisi 2 fdnvaranudusiudiduuin ;R = 0.774) wazdmiunanisinse
Uinassmueaiden favaunisiinsedudanansluannisi 3 fdnuvazanuduiusiduuan
(R = 0.898)
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In net count = 1.556 X P (%) + 6.453 oo AN 1
In net count = 1.151 x K (%) + 9.937 e, aunsN 2
In net count = 20.115 x Ca (%) + 9.452 oo, aunsn 3
7.40 .
(N net count = 1.556 x P (%) + 6.453 . ¥
720 - R?2 = 0.764
+
5 7.00
o] : B
(U]
-
Y 680 -
S .
6.60 - o *
640 T T T T T 1

0.00 0.10 0.20 0.30 0.40 0.50 0.60
P (%)

JUN 4.8 Han1sliaTevisinTedu uavanduiusvessmeanlotasenindisniuail waz s XRF

12.60 -

(n net count = 1.151 x K (%) + 9.937
12.40 - .

Rz = 0.774
1220
1200 -

11.80 -

ln net count

11.60 -

11.40 -

11.20 , , ,

0.00 0.50 1.00 1.50 2.00 2.50
K (%)

JUN 4.9 ansIATensinsadiy uavavduiusvessninwmadeuseniiomaall wagds XRF
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18.00
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12.00
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8.00
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4.00
2.00
0.00 | | | |

n net count = 20.115x + 9.452
Rz = 0.898 ® o

ln net count

0.00 0.10 0.20 0.30 0.40

Ca (%)

U 4.10 mansAlaseyiEinse i uasavdiiusvessinuaaiBosseringismand uazds XrF
130INAN1TNAGDY
NaN1TNARDIEANANITOLNEATNT warmLAIAINAINITVRRY T9TBN1S
Tuuiiniu uarlileluszuvimen Wednansiaseiviinusinomsluluadudie
Fadlunuisuifisuiuszfuuuusigemisivuizanluluedu (15159 3) wuiign
vinudinisazausigneanesa waglnunadouogluanududuiitmnzausionts
wigAulnvessueiu snviusiquaaideudiawngluninuudi 6 uag 7 Afanududy
yes5190 N slulusglussfuiivmnzay mnuuand1sresEAua TN TuYeI5170 NS
Tuvmndsng o oraiAaldanmanetadofidamarensgaldsinovnsvesiis 1wy 1) engity
wmszdueiuilimaasadusiueiuignlval suusn waznaiAasn o1edsdiliannwesenis
99 WagnsazaNs e JeduTinadlduueuls 2) Usinunuduusslevivestese
nsgeld iesnndinslidenisindu uagnslidelussuutmen nslstonnshuasd
Auansalunisazangvesdelmleenindwalvivgaldlelaldsvindunislidenisssuy
thwen 3) anwwanden 1wy guvgl ATy Usinuuas genia (fsau wnveasdiaties,
1.4.4) enafinadensazausigemsiuluegu inswilutisivihnismaassmseiudiegg
wum Fusfuroudeiionnisezinnisaigiivle esanejuivgnludszinalnees
3aAvlavedudidu A warluldfludiiifianwenniafoutiu mnldsugmnis fu
ajuaragluszesiindy ansmeslates warlin1siasynianudaisuladt 4) Ussansam
n3gn uazmsazansine g dudunalnvesfivlunisirdauiinunisgalivessin laedl
pefUsEnaUUUTEAsILALITR U Tun1slidy wastmiefiniu envdwalviiuugn
Auutiniiy wagshlisndinisnszanedaldtos uazgasinemislaldd (Judu ey
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R v a

fawifrequariviinasinemnsegluluifisme udlunavdmuudfdsiinsiasapaulag
uanssiuls lunanisaassanmsmeaesit 1 Aldnauudiineiu azdiulginnisli
{Jogmseineiu Bnslisnetu nadonsasydulaiiunnssiuse

nMsATinsagausmo e Itiadl 1IuiBnstagUuildlunsiesz
Uhinasmewnsludobedia uidulsnslinseiidosilaediBormaluiosu o
whify inwasnslianansaviiedls fosdinandsudedisiidudeu Snsnievarsaiinany
¥ia vnwdadinnudunsiededlias uagdunounisiinseiiaugsenn fedldduoy
fog1aUsuaNn Manlunsiwsgiuiy wniifmeginuiuuinasliaunsainseils
Tunfuferiu infesile gunsal uazanaiadl Sreums LHudu warludagudBmsnsed
sniEnnilafiannsaiiesesiviinusielutanléde made xrRF Taswadadideddel
yhaneiegns (non-destructive method) uaziiduneumainisusogneiiliigaenn awnse
AnseRineteiiTinld 1wy Tudie Wudu edrslsfmumadaiitesisauisuszans fe
Liaansoiessisgifiavernoud 1wy lelasiau arsueu eondiau vielulasiauls
dusvlumnanssivhmaieudisunansiesesivinusereanasa nunade uas
uaaduszrivisiadifumaia XRF wuiwamsvaassisaesianislinalulufianafei
Tnedaavduiug () sewindddnsiaseiiisedu 0.764, 0.774 uay 0.898 muddu
Kipriyanova et al. (2001)lgvinn1snaassldivneila synchrotron XRF maaaaumaﬁﬁmam
minluviedndesvesiiviituoglus vt Wisuiflsunanisiinsizsideinies atomic
absorption spectroscopy (AAS) WUIMHANITIATIZINBILAY LazlAueannle synchrotron
XRF fanuaonndasiuiaios AAS wenanifinismaassiiatuayuaudns Sululs
dwsunisdunata XRF - u1ld3iAT1190951001M15 WY LYUNITNAABITLATIETIANY
waInvane (speciation) vessglusiegenu lnensannsmermisivedlusvesansazane
Aapa1TweululunosdinTy LaIUINIILATIEYAI8TT XRF NANITILATIERNUTY N3
Useynald XRF - fiauaiuisalun1sinsizviesAusenauvessinlanatesila (multi-
elements) 8819390157 wazdianudululdlunisihunldnsiaaevesdussneusinluglves
lovoudasy uarjUvedIn1suBLUm WU Mg, Ca, Mn, Zn, Pb, Rb Uag Sr (Baranowski, Rybak
and Baranowska, 2002) 91NN130Aa801GUaZiuLLILENTIENS ATz iU HNME
ownsluilawefiafes XRF annsafudniinmandsfiomiuldlunsiesesiseiures
sweslutuduvesiigld
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a3U uazdalauauue

MnnsAnsnaresnIsinnissnemis n1slid uastelussuutmeadenis
Wiydulaesequ laensmeasduaaildddunmsiufuoiuugnlmailifinisnasyivied
auysal teidunsedsumnumiondmsunsdaussistilinananluggniadalu uagliting
AATIERNITaraNsIne IS IE IS oS dlendaiguasdulansey awsoasunale
Fasteluil

1. nslilussuutimeadunlihilinanisaiadulnveseduiniinisliimeio
fu warnslihlussuudmeaannsaussvdadildunnndinislvidmeiaiu 1.5 i

2. mslienniElinanisiasyiiulnveseduiniinislalis wagnslielussuuh
seaduuliniliimassydulainimslilenisiu uesdlefinslielussuudmeanma
A1 total nutrient uptake fuwilduiduaguarunsaasaulaniedidu wazlulanniinis
Tidennuansvotnuning

3. MIAnw I wan1snsEAefvessInesiulueiu nuinislddeasyinlud
nsazausinvleaneda uazlnunaden llunansunniian dusmueaidoyazasangeandily

1% '
Iy ¢

gam uaznsazansnesuutudnluldienuuandstuisiuifludiudng uasiiuifly
GRINDY

4. MsTeuiisuRg wazUsednsainnsiiesieisinemsiulueiusigiznis
Fosfediondouasdulasaseuiuitmandl wuilinansmaassiiaenndes uazluly
frmaisiiulaedidanduiug ]) seninedsnisiinegsismeanasa Inunadoy was
wAaLdeN TisEsU 0.764, 0.774 wag 0.898 muddy dailuanlihiiiBnsiinsgsiuianasg
pnsluiofofivdeds XRF enaududniBnisuilsiiiunldlunsiinseiszduresss
pnsluiloibodiald

5. mstnuATefiufufeusaveanisli LLazﬂaiuizUUﬁmm RMEHRIETGE
AuMTHANARYEIBqU drumTITaifeIfuMTIdadesinesfiuseisnsFesssdiondse
wasdulasnseu lngldlufiiniseuuieuds uazimsveaosluiivaiindusie e idunns
Buifunanisvanes wazanunsmulifuiimsinseismemsludodefivlfsniauds
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