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NISARAT KAINOK : NITRATE LEACHING AND ACCUMULATION IN
PLANT GROWN UNDER SOILLESS CULTURE SYSTEM AND
MEASUREMENT BY NITRATE SENSOR : ASST. PROF. SODCHOL

WONPRASAID, Ph.D., 89 PP.
LETTUCE/NITRATE/NUTRIENT/LEACHING/SENSOR/NITRATE SENSOR

Nitrate is an anion of nitrogen that plants need and absorb most for growth.It is
easily lost fromleaching whichcan pollute the environment and groundwater. Four
experiments were conducted to study the effects of nutrient formulas, substrates, levels of
water supply on nitrate leaching and accumulation in crop product, and to comparte the
methods of nitrate measurement between chemical and nitrate sensor, The first experiment
studied the effects of different nutrient formulas on nitrate leaching in strawberries using

CRD with 3 replications and 4 treatments: 1)liquid fertilizer formula { dow N); 2)liquid
fertilizer formula 2 chigh Ny; 3ysolid fertilizer formula 1 dow Ny;and 4solid fertilizer
formula 2 thigh Ny, The results showed that each nutrient formulas affected nitrate leaching

differently. Using liquid fertilizer resulted in higher nifrate leaching than applying solid
fertilizer. The second experiment aimed to study the effects of nutrient formulas,
substrates and levelsof water supply on nitrate leaching and nitrate accumulation in
lettuce. The experimental design was split plot in CRD with 3 replications, The main plots

included 2 nutrient formulas: 1) formula 1 dow N) and 2) formula 2 thigh N). The subplots
consisted of 4 culture substrates: 1)coir dust: sand¢1:1); 2)coir dust: sand (3:1); 3) coir dust:
sand (5:1) and 4) pot soil. There were two water application levels of 10% and 30% over the

substrate water holding capacity. The results showed that the effects of nutrient formulas



on nitrate leaching were not significantly different in weeks 1 and 2, but in weeks 3 and 4,
fertilizer formula 2 resulted in higher nitrate leaching than formula 1. Moreover, fertilizer
formula 2 had greater nitrogen accumulation in leaves when compared with formula 1, but
nitrate accumulation were not significantly different between the fertilizer formulas. The

results also indicated that the substrate coir dust:sand (1:1ycaused the highest nitrate

leaching while the pot soil had the lowest nitrogen accumulation, but had the highest
nitrate accumulation. In the third experiment, the effects of the nutrient formulas and their
concentrations on nitrate accumulation in lettuce under the DFT system were studied. The
experimental design was factorial in RCBD with 3 replications. Factor 1 included 2

nutrient formulas; 1) formula 1 dow Nyand 2)formula 2 chigh N). Factor 2 consisted of 2
levels of fertilizer concentration: DHEC 1.5 mS/em and 2EC 2.0 mS/cm. The resuilt

showed that there was no significant effect from nutrient formulas and fertilizer
concentrations on nitrogen and nitrate accumulation. However leaf nitrate accumulation

under the DFT system was more than those under the substrate system.The fourth

expetiment aimed to study the relationship between nitrate measurement by the chemical
method and nitrate sensor. The results found that nitrate measurement by sensor with few
samples produced the precise values with the chemical method throughout the 7-week
period. However, when there were many samples the sensor was able to give the precise

results with the chemical method only at the beginning of the measurement (less than 10
samples). When the sensor was used to measure many samples (more than 10 samples) the

precision decreased.
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winilaeu activity 384 ion faulaldidudna lvih (electrical potential) transducer #1130
) o 1 . . . A
w181l 2 Y A0 Field-effect transistors (FETs) 40¢ Solid-state transducer 2) Polymeric
t = 4 o Ao s
membrane ion-selective ILUATIUDGUUAIMIIVDN transducer tHBVIMIITITU receptor #3293

ion figu e luensazaieudaadariiu 1183 tansducer (Faridbod ef al., 2008)
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1. Renssusuamaindeimsinedudumisnzaadadumlizneufedoures
fmsesumiinuensall

2. dawadr i dymadidyanaiuandsduoonin (ausne ufafade, 2556)

msnsaviatsunaluasnaansevi a1t wu Spectrophotometrics (Biswas and
Chowdhury, 2004; Lopez et al., 2007, Lopez et al., 2010) Mid-infrared Fourier transform
spectroscopy (Jahn ef af., 2006; Linker ef al.,2004; Linker et al.,2005) 28193 ﬁmmmﬁﬂms
as1v e luasndandniituaoulunss sudessdudou Taldswgetunieds
uazYagldszeznarlumsasniauuy upedaiidgmieaduiunaden Wevhldmansieda
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ﬁug 1A 1w Tad Ton-selective field effect transistor (ISFET) Tnsead Nﬁug 114498 ISFET
FWAIIU1910 Metal oxide semiconductor field effect transistor 1A#@ABN metal gate sanldmie
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contact gﬂtmuﬁﬁ’w external reference electrode hﬁﬂi%}fﬂ output signal waziinigih ISFET 1y
T ruvatedu 1w biological analyses, chemical analyses, medical detection 2 latnswann
sensing membrane 310 metal oxide naneyila 1w Si,N,, Ta,0,, ALO, Hag TiO, (Matsuo et al.,
1079; Mikolajick et al., 1997; Chou and Hsiao, 2000; Jung-Chuan and Chen-Yu, 2001; Bunjongpru
et al.,2013)
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1. 1SFET vhmihifludausasdeya st (ransducer) 11/a4 activity vos lovaunideans




16

]
= o

Y o ar [ & @ o o
asreialdifudnd Il sreT AluasisdahigniannnenTasodusawsama sila
< A g v : ¥ oo & A g9
BN UL L‘Wﬂclﬁﬁ'lll']iﬂﬂﬂﬂﬁuaﬂﬁ@qﬂ@@u\lﬂﬂgﬁﬂ']ﬂ’ﬁﬁ'ﬂﬂ"]ﬁ«lLﬂﬂiﬁﬂ%ﬂ@ﬂﬁ‘lﬂi'ﬂ“ﬁﬁiﬂﬁ
78 o @ or o ar [ =
ﬂ@ﬂqmﬂ“ﬁﬁlﬂUQuquﬁNWﬁﬂUﬂ'ﬁﬂ:ajﬂiﬂﬂﬁﬁﬁﬂﬂﬁlﬁﬂﬂiuﬂq"ﬂﬂ 1

. . N 3| %,J { ‘:'Q L] E=) f
2. Polymeric ion-selective membrane WS UMUUTURTTW U I AAS IDGUURMT VB

a q L1l au

o Y A o as o oo 1 | as a & g} I
ESFET%"!‘HU'ML‘IJHWN\‘E'Jﬁ}%‘ljifliljﬂ’aﬂﬂ\l’aﬂﬂvl’maﬂ'l‘mifl%%Hiﬂﬂﬂuﬂﬁuﬁlﬂmﬂﬂ§$ﬂ‘BUﬂ’Jﬁlﬁ’Ju

]
a 1

fidiy 3 au fo
. . 3 . . o =
2.1 Polymeric matrix vz 14 Polyviny! chloride (PVC) W polymer IHUISTUIL
o Y o . & [ o s ] ¥ A g ar
i1 @ polymer matrix Wlasnnilutraliguguiio i loseuidesmsnsiadaaunie
mavuineadaszenangouns iy sy Lld 1SFET 14 waz hill ion site InBUAUDIAO ion
fdeamiasivia
o 9 - s ) -~ = o uy)
2.2 Tonophore ¥mihiiluaanstetuleoounauls uozmfamsuwiniuainay
LlllJL‘iJ‘juulﬂfTﬂ transducer
.. ] - = A 2 . & .
2.3 Plasticizer 14 additive Mfnaa 1oAY plasticity 1159 fluidity Y09 polymer
|

| Metal Oxide Semicanductor Field Effeet Transisto

D =Yaunhidhaauqunsy

vel. elecriwife
passivarion

4 anhdhuinawuna

izm= Bidninilad /

1 | }‘—“'
L=
RN

m!:;(mlr.b
Fon Selective Field Effect Transistor

USFET) = 1a naduduwns B niunumssng

i 1 Inseadavesgingel ISFET

o o w ar
mslflumsndwaeslunmsaita TadBnumshuasn Gsiug leeebSauga nazaus,
2559)

“ = o Y ] Y

1 afoua15aza1e KNO, N3z una1udud i 5 ppm, 20 ppm 4as 60 ppm Lo 1%
calibration Y831 TAUAGL A

2. wissuasaied R g alsuiaas hunsnldoglugdvasveanag Taolia

15unaansalesalszum 30 Uanons
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3. calibration ¥3a lav1dmsazans KNO, Sudatiszduanududud ldge S 2

¥
A5 UAZO1UAT R® U99n15 calibration IﬂUﬂ'Ji%%ﬂJﬂTfJg‘i%W’JN 0.95-0.99

1 o

4. Juirinasluasdetie nasual sodszunal 5 Wi seiimsuaaanadIunaens

L]

[l
= LY

Tumsniiansoda’ld lastimiensda du ppm
o ° A g d 2w
msnann wazmarhumalulagiduve faindszynald
o o d LY 4 o ] 2
Tudagumsiiduaeiuwanieylssgnd 19 lunsasniSnaasaes Suflann
3 s . A’
Y TaY Chaisriratanakul et af. (2016) vimu Iuesniduiwes Nitrate-sensitive FET VUWUFIU
A 1u1a8 Ton-selective field effect transistor (ISFET) i@ Alahi ef al. (2016) BOALUY UDY
a =} o = a g ) dy s o
WanGumediuuwnn e sonredudi v luesnwnnlni1ldau weneinil 25nd
Y o A a as ) 1
funfgassa 2557) Hnseenunuduaei munfidmivaiialossudsendaeaular
A Y] | o ] Y ] ] = &
meldinmsarieialdie vazrada ldedldingesde aldielumsiimsiedan uae
Qs 9f o d @ =y
ansalszgndldasiafalumamny tazdsiimstidumadnlflumsesiatailSum
Tnsn v3om3d19u 1ag Nasser ef al. (2018) NAAOUMS 1Y Nitrate fon selective TUA1IIA
=5 ¥ a A As s 9 & A T w T 3
P lwasnlu au vazde AUSvwanududu luesniuanareny wums 19
Nitrate ion selective @14130°7AA1 A 0E19UNUTT 1AL Parab ef dl. (2013) MnsnaasdIndiuim
¥ o]
Twwsnluasazaieriilaslddd lon- Chromatography (IC) 1A% Ton Selective Electrode (ISE)
o | ar  w o = Vw & o s e d
udnhmnmainnuduRu iU nuhia R mify 0.99 mhaReanuny sielud gow oz
o o o qQ o B & qt = o %’ =
ga9u1 2eATegdant (2557) Tdmuwes lumsdadSuueendauiazaieluiuu@aies
= w = o ==l =1 qs 9} =
WieuReudumsmyiniseendinudodims Inmsa wunasmsia leeldeuisaimanas

Tramsianlinnuuin waziadssnnnga

2.12 APMATON
CY LY A w A A 4 N Py = o
Anadaviornmanentlufiuheglued Asteraceae (Compositae) HFONI9TNIMINS
! . @ a A a = o Ta % =
T Lactuca sativa L \UuRyiuioswonhlyTsal uaziode dlgniuuiumliding 2,500 3

fionlgndunnluszuinlgouuu lylddu Wiesnndnadanldvinszuuilgniiy laildauas

¥ 1 »
azon wennintidnadada idsuanufionnndid TnadldleluGesguam uavdnadadadly

1 b
1w e

1 = o El ] ' 9 =1 = - 9 &
RPNV F 1T IV ITNUAUATNIIATUYU URTLINADUT LBU L‘]Jﬁ'lﬂTIﬁWH FATNUH anm U R

4

Aus Innfloudursznuiludnas nazldsaudsormsIniiaduaisay arwdesnisves

=

a 4 1 ' Y i = 2
{13 Tnafinasansd Teeimwiz lugiunsnianien uazdiivun Tdufezmugdiuluewnnis

ar

Voo @ o e ee o a = = & ar £ A w w o
wildndnadadludniinnuddymansugRosiianils (Fugns Hoadund, 2538; oyiny

%i:mwa, 2542, ﬂiﬂlﬁ'ﬂlﬂ?uﬂﬁm‘ﬂﬁi, 2550)
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o w da g A @ = 4 d
Anadanilouidgn uazifuhdesnisvewainludegiullegiszina 6 vila duilume
o o 1 ' yel
Wufona1adszims 18U butterhead, cos, frillice, green oak, red oak 1A% red coral WOATINTIEY
T herb 87 2 AR rocket UAL mizuna AnadavzdgdTaldaluggruiilddndu
s [ b =Y =Y = 3 ar o
aaa matlgninadaluggiou uazegiuezisiyiuTalud dwaldidnadavianainlung

AINANI (BNFGUNT WUNAY, 2550)

d dry
2,13 aA59NUDFT

ok o
ansoliuess (strawberry : Fragaria x ananassa Duch.) Lﬂuﬁ%mwmﬂ‘ﬂ (herbaceous
. 1 . o o < .
perennial) ag‘lmqﬁqﬂmu (Rosaceae) @ f}ﬁ"lfi’ﬂﬂﬂ (Fragaria) saudlulimavuiadn (small fruit)
a 3‘; 8 = = 3 = = 1
fduduilszang 2.5 Hufes Tanuganniuau 1020 Wudmas anundransegy 2030
dudwas Tudluludsznen udazludsynoudie 3 ludes Tventumdnadiediudos anw
9 8 =1 =2 = d m = ' = & =
g1ty 15-30 huRuas Tszuusintinmay 10-30 thudiuns Jaog 3 ¥ila Ao 1 ndusiey
o & = ! = o 3 T @
Thidheddu 2. andansa il lva wag 3. masialudunen eonaoniiuge nalidnyue
< = @ 4
WUHAST (W INNUNEATITAT, 2558)
a o ot o ' -~ 1 )
meiufvesaasofuessauIzeswuAMUMIABUTH BB MV uazeIe Ty
) [ ' ¥ . o 1 w oA
dmfvmsadreanen 18 3 dszanlvg q 18un 1) June bearing cultivar 1TunguaIeWnga
q:) o c%.; T @ Aé i 1w
Feamsgaingiidh Anwenvesiudunth 11 92 Tus deludszimanognuuiige 1dun wug
o o o o &
WILTWNIUIET 16 WHENIES1mIMILes 70 Wugwszsumiaied 35 Wugnsss1mu 80
o & o . R o ! @ dd g ' w
Lmzwugmm‘[a (Neyho) 2) Ever bearing cultivar lﬂuﬂQl!’d’lEIW‘L!I}Viﬂﬂﬂﬂ'}i“ﬁ’amiﬁ\isliﬂﬁ’mﬂﬂ
a o 2 [ 1 '\ w o 4 d
@ 12 2 Tusdiulal aaulnajignuengg Tdun Wuguiin Teana 97 iWidu uag 3) Day -
o3| ' o § ¥ L 4 o 1ed !
neutral cultivar 1Hungueeiugnoonaen lavisaniwindu tazdnmiuer ualdgmie
= Foa oo = =1 o T = w A
aswaalna’ldios Tdun Wugiean uasniaad dudy (gudduay vagdannedv

ﬂ?i&ﬂ‘ﬂﬂik%ﬂ@ﬂﬂ, 2554)




A
Unn 3

o J ol o oo o s
Yaq gunsat uazisdutivanIde

3.1 MmInaaedil 1 HavesgassIeImITinanmetudemsrzahunsniidgn

anseNue33luTagilgn

1. UHUNIINATDY

smsnaaewBondfivugasmgensma waensdn Taonaumsumnaassuuy
Complete Randomize Design (CRD) $142u 3 41 1lszneudan 2 FmsTiile Ae 1. ms o1y
sUnpvmIsazae I 2 grs Av 1) M5AZAEE19IMS Yamazaki-strawberry (mﬁ;mmsmq&}
gmﬁ 1) 48 2) @15001951901M19 Yamazaki-adjusted (ﬂ%’mﬁmmmmﬁ’mﬁ’wm NO,) (519
snmsmaiigasii 2) thinavessiqemistianslumsnsd 2 uaz 2. malilfoTugiunmda §
2 gas Ao 1) fJeduritdiail 1 (FIme IS MeAugAsh 1) uag 2) Joduriided 2 (Mgemsms

Augasi 2) 1Fnavesmgomsuaas luas e 3

! o o a okt o
MmN 2 gesasavaesigemdviinlgnansediuesiluiagilyn

oy
¥HASIABIMIS (ppm)

gaImEazmy
$1001113 NOo, NH,’ PO,P K Ca Mg SO-S Fe Mn
Yamazaki-strawberry 70 7 15 117 40 12 16 0.30 0.27
Yamazaki-adjusted 105 7 15 117 65 12 16 0.30 0.27

nl{ + = e o
MmN 3 gasilnusigeimsvesieaunsdni

Jedunidind N(%) P,0,(%) K,0(%)
odunidiadi 1 8 3 4

opurizdmil 2 10 3 5
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2. FEmaneaes
2.1 ¥imsneass a vy inndonaluTadgsuid Samdauasnsi
o o o o\
Tuil 2558 ihdurufansediueituinaamile uazdgnnaansluanimlsuiou
(Evaporative cooling system) figaimaiimavdszana 25 °C iinswauSaqugn Taoldysuenin
. 2y 4
wenselusn 2:1 TavtSmins vssgaslunszonilgnuue sxe 112 1niuiinTennsiiugg
I gy o
vusutlgn AarsszuumsIhiuuimvon (emiter) 1 Hadensyone udaferigndulva 1 du
ABNITAY
= ' ) ¢ @
22 Guldsmennsawnsritlugae 2 danindedwdgn Tasldmsme
¥ A w ) T w ¢ @ g
LALHINDIMNINI 2 gAshizdunu Uy EC 1.0 mSem lugiaeng 2 et wezilfuidly
] &
1.2 mSfem ¥y 4 Flarvindedronlgn uozlvsgennameduns 2 vila Tudasi 10 niune
[ o T = ' H 1 £
nrzaanng 10 1 Ufuamanuidlunsa-aaveni uazmsoraungemseyluszn e 6.5-
6.8 uar Wi ag 1 n3a TavldiBunnuaansavesmsduivasiaqign 30% Funnan
a5 lwasendunszansign)
3. maiviiufindoye
= < Y [ 1 o A
SeszvunfFina e Tumsazasinmsszdienigons Tasmmsgunuii
IRnnnsvzdienigamsnsanitay 3 Mot Tanhgawaiafinsesindunszans ndsnnd
o ] ¥¥ ryoa g g e g o % o
mslsgemmeszuini saslihunduineSsfszhnsinudedian U fnfEunerly-
e = d .
wsnluasazats InelE75maall (colorimetric method) (Catado ef al., 1975)

y L] =y =y ~ =y =S
aada061911 0.5 Tadans (AN 5% salicylic acid T 1,80, iudy 1 Taddas wauld

a

Y o ﬂg

i 71913 20 WA wdudy Naot asle 20 Tadaas weniden wd S Sines Idasu 50
o aa J 9 = A =Y a a1 & P & ¥ !
fodaes naldidungangines JamnsganiuafiuneainueIaau 413 om A0i309

Spectrophotometer TASFUIMAWALNIITN 1

Nitrate = ((axb)}/c)/1,000. ...l (ﬁiJﬂTi‘ﬁ D

a = slope x absorbance
b = fSmasaisazany

o ¥4
c = ﬂ?mmmamaumg}ﬂm
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=, d 3/
4, MIIRNzRYLYA
=y o aa y . .
Anszranuudsdsiunegtaale ldsunsy SPSS for Window (Version 16.0)

nBsuRsuanuuand1swen 1ned183% Duncan’s New Multiple Range Test (DMRT)

3.2 MINARBIH 2 WarRsgAsEIReIMIsIY JaqUgn uazszdumsliihdens

pzde nazmyazanlunanludnnmareu
wiailis 2 psnaaesdon fe 2.1 msldhdunnumunselumsdinh 10% uez 2.2
msTifiAunumnselumsgurh 30% W2 nsmaasadinisnan uazifudeya
imileunuy
1. UHUDIINADDY
yimsnaaeafSeuifsugasmgemis 2 gas Jaeilgn 4 viia Aemsyedie uazms
azauluminludnnianousiug grand rapid Tag219umLNITNADBMBY split-plot 1u
Completely Randomize Design (CRD) PIUIU 3 é? Taodings u%%ﬁ’ﬁﬁﬂ"lﬂ‘ﬁ
main-plot ABYAT5 1913 TugUunvmsazae 2 gas
1.1 qmmﬁasmﬂm@;mm5&1w%’un15ﬂqaﬁﬂ (ﬁmt‘nmsqmﬁ 1)
12 gasmsazmesgemsdimivmslgnin e msvsumuandudy
184 NO, (ﬁmmmigmﬁ 2) ﬂ?mmﬂlmmﬁ}m'ﬁﬁuﬁﬂﬂumﬂaﬁ 4
sub-plot finiagilan 4 wila Ysznousoy
11 qeuzwindunseluss 11
12 yougnirwaunswiugas 3:1
1.3 youznimaumsieludes 5

14 Auilgn (Mandenses: unavd: oaen: Aumivaludasidiu 1:1:1:1)
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M4 gasmsazalsigemsdmsumsigndin

1199113 (ppm) gmmﬁ;amﬁﬁ 1 gmmq}amﬁﬁ 2
NO, 85 127
NH,’ 9 9

PO P 41 41
K 184 264
Ca 40 60
Mg 23 23

SO,-8 31 31
Fe 2.1 2.1
Mn 0.39 0.39
Zn 0.03 0.03
Cu 0.04 0.04
B 0.17 0.17

w1 geaa Jualsuiaiy, 2555

ey
2. FBMINARLY
a d “ ar = o @ a
2.1 Wnsnaaes e Wisuwmanedoma Tuladgsuts Samdauasswdun
T3 2559 Tﬂﬂﬂgnma@ﬂuﬁmwiiaﬁau (Evaporative cooling system) ﬁqmwgﬁm'ﬁﬂ
o $ | £ KA1 @ 4
Uszanm 27 ¢ euzwinies IdluSaglgounhieflsznm 2 0 WeanSuaans
= a a9 g ¥ 3 Y Y o Y as g
unuily wazdnily Aeesiazoaudininuas 1HuRe mmswauiagilgnawnssuituds
: e£))=c F Y - 2 g
TaasTunszansunn 6x6 17 anmimihnsgonsdiunsuusuilgn dadeszuuns I
o (emitter) 1 Hanonsza1s udrdhelgndnniavieniuy Grand Rapid 1 Ausonszens
= ' w ¢
22 Guldsigomsmunisyiiluda 1 dlanindadelgn Tasldmsae
4 { ar w3 I '
AEATINOIMITN 2 gasseduaNuduty EC 1.1-1.6 mS/em USunnuiunsa-arsves
¥ | ar 3’; =y
W1 Lagnsasmes19emsi 6.0 uasliyniu ) az 1 ase Taelhifuanuaisoveanmsgy
¥ o { a i W ¥ A
wwedTagigni 10% Tumsnanesd 2.1 uag 30% lumsnanssd 2.2 (alfFuanhilva

¥
ponNUNIEINlgN)
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3. mufuifindeya
3.1 ﬂ'u‘ﬁﬂmam?tgnﬁuTﬂmmﬁnmﬂmmﬁamqﬂsu 1,2,3 sz 4 dlanrind
telgnsuu 4 dusedn Tay
- ndevemsey Sanndaudindufigavoms ey
- Anugeveansan Yavin Iauduautiegagagavomssu
- Sty Wuenlufituinalvaind 1 e,

2 o 4 v o ;
- Huily deogasy 45 Yu ¥inistala]d1n309 Leaf Arca Meter

g o ¢y LY

hminaadeduvesinmarey Tasvimanudlesigasy 45 i

¥ e w ooy ' @ R

1 1:‘ %’ w
- HIHHDUHINDAHIBIHNNIATTOU TﬂEm'tmm;mé’fuﬁwwmmsuuﬂﬂmﬂuﬂﬁﬂ

1

udnnevludfanmail 70 °C iWuman 48 9219

u 9 a

b

o
32 JnswvnnfFneluesnlumsazaennmssedengems

2.

g 3

[ o Fact Qr 9 =
guitnhf ldnamavedumgems Tnefunssuitay 4 et Tashdwwasdn
el W @ = o 2 v ¥ 19 A g o
saeI3AdunIzo ndannims Idmgemisnisszunh gaz mbhunauisesneeiing
S w ' ¥ o w 4 . R
EuaadiainlysaSma luesnluasazaedilaniay 1 a5 laglditnraunll (colorimetric
method) {Catado et al., 1975)
¥ ' o e = Y a me
am 192001937 0.5 Tadans AN 5% salicylic acid 1 H,50, Wiudu 1 Taddns weruld
¥
e 71918 20 11F ud Ry NaoH a4y 20 Taddas warlddhnundlfudsnasidasy so
a aa zy o o - o 9 w0 & A = A 9 &
findans nalfiuliguugiiftes JasnsganiunauudinAILeINIY 413 nm AILATDY
Spectrophotometer Tngsuaamf5una lumsnauaunsi 1
= s H
33 SmsermSusens luesniazan Tuduily
o o ) 2 d’ =1 < 3 o o ] 1
ihdreduitaalleniigamgl 70 *C sundwdnivlluaiuazunsesonauia 1
o e & ar Y 2 Y] ) - ¥ & A Me ° 1A 1 g
Saswas FaeIesaiwite 0.1 pu @ninau 25 Hadans ¥ e 180 seuaouh iy
d ° = & Y o 1 = o 4
a1 %21 i lmdsuisusnaznousen udnhesazatsa el Anszd (e e
wsilsea, 2550) n1Sunaens lumsnd w35 (colorimetric method) (Catado et al., 1975)
= & - sl @ 3
3.4 Anstzvmidiualulaneulufisd 1095 Kjeldahl (In7an1sinag
Lﬂ'”smhs'ﬁaqﬂg‘ju"'ﬁmﬁmﬁmﬂzﬁﬁu uazias, 2546)
o~ d o
4. m3mNzHdteya
o & aa y . .
SasevanuudsdimaeataaieTalsunsy SPSS for Window (Version 16.0)

st

1R euHeunHuenA19YeIR R R8A 7T Duncan’s New Multiple Range Test (DMRT)
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3.3 MINARLITA 3 HaveagAImIReINs azANITTuRemsazanlwa Ty

o =t
Nﬂﬂ‘lﬂ‘l’i@ﬂl‘i’lﬂgﬂ1ﬂ‘i%ﬂﬂ Deep Elow Technique (DFT)
1. UHUNINADDY
[3 = o s g = 1
WMnIneaod5 ooy gas 51901117 HazTEALANNITIINYDIE IR IS IUANAT
fuluszuvaalgaRsuuylildauluszon DET Tnenaununsnaasauuy factorial 1u
4 ot o’ ) g
RCBD $1uau 3 41 2 Jady TaelinssuiBaane 1/l
flateh 1 fegarmmemis lugluuumsazaio 2 gas
1. geavensazawsgemsdmiumsdgern (swmemnsgasi 1)
] af LY é = ar a
2. gasmnsazmenigetnsdmiunsdgndn Salimsimiuenududy
- :i kY =l @ o -
489 NO, (519emsgash 2) Tavldgassgerismoitiudumsnansh 2 WSwiawnesg-
oI sHead a5 199 4
Taseii 2 Aommnnduduvossigomis 2 sedu Tavlda BC Wudaimua
1. MAnududi EC 1.5 mS/cm
2. Ayt EC 2.0 mSiem
2. FEminanes

o (4 = o =] = @ a ol
2.1 N1Inaney o ‘V\I”IESJMW"I’J‘t‘lﬁl'lﬁﬂmﬂiuiﬁﬂ’q’ﬁu’l‘i TIHIAUATINIBIUN

[

Wil 2559 Taeilgnnaassluanmlsadou (Bvaporative cooling system) Agmngiimie

al

lszanm 27 °C
d w w o N o ¢ A g 9
22 wzmdarinnaneuius Grand Rapid Twwed lavi dlodundroigas 2
Slonidendundiifivinalndifesiu fvaal@zilanluszuy DET $1uau 16 Audesiailgn

@ 1 a ] o ¥ 4 |
ﬂiummmmﬁsﬁu EC smzﬂsumﬂamnﬂuﬂsm—mwmm Az IaEag6 ’E]'m’liﬁ 6.0MN 2
q

o/

T

3

3. msiuTuindoya

a

= = =)

r LY 4 @ ¢ a
31 ’]J'lé‘l’lﬂﬂ']‘il‘l‘i'iiUquUIW%@QWﬂﬂTﬂﬂ'ﬂNLﬁ@ﬂWﬂqﬂiﬁ 1,2,3U0% 4 Alavnas
¥

thetlgn 113w 4 Ausiad Tay

8 1

- anwnsveansay danndaunnheiigaveamsem

9 3

=

T [ 9 1
- ANHGIVDINTINY ’)ﬂ“i]'lﬂiﬂuﬁu%uﬂﬂﬁlﬂﬂﬂﬁﬂéﬂﬂﬂﬂiﬂﬂu

q a 9

L

- Sauly duenluftivwa Tnanan 1oy,

e

[
=L

- wuily Weoigasy 45 u ¥iinsTalaldin509 Leaf Area Meter

L3

C a [}

o a o ) o
ihminsadeduveadnnaren Taevhmainudioaigasy 45 Ju

¥ a 9

T { ' a g s
- umummamea’fuﬂmwﬂmﬂmn Iﬂﬂu']ﬁ')ﬂﬂ]@ﬂﬁuﬁ%ﬁN’]uﬂ’liﬂuﬁﬂuﬁ’iuﬂﬁﬁ !.Lfg{’lil’!
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yd' =y o = ar
wevlugngumngil 70 *C Aun 48 43 Tue

Y]

= o dl.
32 AmseinilSnaes lumsnias aulududies

o gl 1 =]

idaegeisaa lleufigungd 70 'C wwndwdaih Il uarmiunazinsssouvung 1

]
ol Qs ]

a8 o o a ¥ 4 a aa ° Voo ] A d
ot Fedtedrehyurs 0.1 nfu @uinay 25 Jaddns i e 180 seuneund il

& a 3 4 o 1 o & -4
nan 1 Frlus i ldmlesousnaznousen udnhasazaedndalimszd (gen 296
W‘iﬂixﬁﬂ, 2550) mSuaens lumsndedsmi) {colorimetric method) (Catado et al., 1975)

¥
33 Siarevmiifimalulasnululy 41693 Kjeldanl  (Iasanisians
- ] o A s - L=y =
wsoUeeUlfIRNINITUASIZAAY LAWY, 2546)
=) d 8/

4. MIUATIZRVDYD

a o S . -

AarzhanuudsUsiumsadaaioldsunsy SPSS for Window (Version 16.0)

isufounnuuana19veen N asa835 Duncan’s New Multiple Range Test (DMRT)

3.4 MInaasai 4 AnanuEuRHSsSEnOIMSIA TR lasnluasazas

=5y =4 & d
Taesmsmani uazliunsmd s
Mmsaneianuduu e Emsim e luasn luasagawanmserd1eng
a3 laedsmsmandl uas luasmdures vinnsvaaeddl 1 uay 2

2l
1. IBMNITNATI

]
g at ' e

1.1 snhdegisiiilina lumanluasazaei ldnnnssedralumsdgn
o oy @ o o 3 n:i o

ansoiedi lutamlgniun 12dwtis (Maneasd 1) winfiuialwasnlumsazaw
et = =] o as d o ar 3’; 1 qQs 2 =
Taeasmandl vaz luwsnmduemes luszoznar 7 dilant vnmsia 1 asee 1 ddam Taodl

9 o LN | w o w Ed

ms Iueresaufatnulunis Tanasaszezinan 7 dilaw

F'd i ¥ ]

1.2 nhdesififinelussnlussazawi ldnnmsszdralumsilgn
inmarenlutagilgniuau 48 dree1e (Mmanaased 2) adalinaluesnlumsazaie
Taeafmanil uaz luwsnifumes wilsemaunsiadist1ai 1-10, 11-20, 21-30, 31-40

o ) 3’; ] ar o =] a qs t & o @ & °
Haz 41-48 ¥n15da 1 asene 1 dla Taeldifumeidufoituansareiidunisda G
at a
AanaaedluTzozing 4 ey
7] e &R W
2. manuiunndeya
= '3 = St 4 . -

2.1 Amsznnifuialuesnluasazane Taedsniaall colorimetric A28

salicylic (Catado et al., 1975)

!

4 I o aa = a0 Aaey
qaIAIed 190 0.5 Taddns AN 5% salicylic acid 11 H,80, ifudu 1 Taddns neruld

1 =1 e o e 4 4 o = o )
wWanu 1913 20w ududn Naom asld 20 fadfas nealiounguugiides Jamimaganau

Ql
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ﬂ?'i'uuﬁaﬁmmmaﬂﬁ"u 413 nm ﬁf’sﬂlﬂ%@\‘l Spectrophotometer TasmuavidT s lu-msn
AN 1
22 Famataniua luesnluasazaie Taold lumsnidumed

wsguasazasnIgIu Inimeadoy luwin (KNO,) Rszduanundudi 5 ppm, 20
ppm LA 60 ppm 1A7 calibration #adn Iaeldesasaieinasgiu KNojiﬂﬂGnﬁ’ﬂﬁssﬁumm
L%’u%’uﬁﬂﬂgq $1uan 2 afs uazdrum R 499m15 calibration Tavaaseeiiniogsznane 0.95-
0.99 TARIDENNA T LAY Tﬂﬂﬁuﬁ:}'ﬁ'ﬂaﬂuﬁmtiwmiaxﬁw pReuAITeLTEIIN 5 1 9zl
makaanalinuas umsnfiansotals Tnstndasmsda W ppm (sWuf love
NG UAzANY, 2559)

3. msImnzideya

SinszianulslsumaadadaeTasunsy SPSS for Window (Version 16.0) 1ag

= ' o w o . 1 o o ac =1 <t o
WATIEHANTUNUS (regression) sEneIEmIie lagdtmandl uas huasnduod



1

UN 4

NansNAan Hazmae s

41 MINARBIR 1 NavesgAITTIREIMsNEANmaiudemsrziehuasniidgn

d gy o
anseuuaa liaagn
4.1.1 Banalumsnivensazans
= 1 9t a < oot

mnmmﬁwmﬂuwammqmmqmmwams%mﬂmmwﬂgﬂa‘mmmmﬂu
ar Yo o o a0 9 W gt oy =
Yagilgn Taoldis sz lasnluansaganeirmumssedranninglgnaiuazmaunil

9

wumBue bussnlumsagaenniining 1¥sgermisaany Sanmuuandieiusgie

=

” o w A e Y el ot b4 e =
deddadeneaddludlania 1-7 Taonssudsaiins Idsgemmaheziitlzue huasy
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CV (%) 10,87 11.48 6.68
F-test
TJagy A" ns ns ns
lade B ns ns ns
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" s = Tl ruand meaan, = uandumeada lugedl 0.05, ** = uandunsadalussdu .01
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gmm@mmiﬁ 1 2,781 161 7.0
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CV (%) 22.80 36.23 21.39
F-test
998 Ali ns ns ns
1998 B ns ns ns
{lat0 A x 1998 B ns ns ns
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F-test
oy A" ns ns
298 B ns ns
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" s = TEIAMBIANA 1IN IEEE, *= IARRKEMISTRA TUTZRI 0,05, ** = UANAINNEDA TUTZAY 0.0
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m319d 9 uSsuifeumseiaiula Yinalulasmu vaz luesnluluvesdnnaneui
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nN35UIB ol — T
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gAIsIge M 2
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