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56920139: MAJOR: MASTER OF SCIENCE; M.Sc. (BIOLOGY EDUCATION)
KEYWORDS: BIO-EXTRACT/ HYDROPONIC CULTURE/ GREEN OAK

SUPAPORN RACHA: EFFECTS OF BIOEXTRACT FROM FISH AND
VEGETABLE RESIDUES ON PHOTOSYNTHETIC PIGMENT AND ASCORBIC ACID
CONTENT IN GREEN OAK (Lactuca sativa var. crispa L.) GROWN IN HYDROPONIC
CULTURE. ADVISORY COMMITTEE: SIRIPAN BANHAN, Ph.D., ANUTHEP PASURA,

Ph.D. 119 P. 2016.

This research was conducted to compare the effects of bio-extract from fish and
vegetable residues, and the mixture bio-extract from fish and vegetable residues on growth and
some physiological characteristics in green oak grown in Nutrient Film Technique (NFT)
hydroponics culture. In this experiment, the ratio of the bio-extract per nutrient solution was
investigated (half strength) from 2 different levels, i.e. 1: 500 and 1: 1000 (ml of bio-extract : ml
of nutrient solution).The growth responses were monitored by measuring height-above-ground,
total dry weight, total leaf area, shoot/root ratio, relative growth rate and specific leaf weight. The
physiological responses were monitored by measuring photosynthetic pigment contents including
chlorophyll, carotenoids, beta-carotene and ascorbic acid. Study recording involved data every 7
days for 42 days after bio-extract treatment. Results of this study revealed that green oak grown in
mixture bio-extract from fish and vegetable at the ratio of 1: 1000 had the tendency of producing
height, total leaf area and total dry weight. It was found that bio- extract from vegetable residues
at the ratio of 1: 500 had the tendency of producing shoot/root ratio and bio-extract from fish
residues at the ratio of 1: 1000 had the tendency of producing relative growth rate and specific
leaf weight. In addition bio-extract from fish and mixture bio- extract from fish and vegetable at
the ratio of 1: 1000 had the tendency of producing photosynthetic pigment contents including
chlorophyll mixture bio-extract from fish and vegetable at the ratio of 1: 1000 increased
carotenoids, beta-carotene and ascorbic acid. The result indicated that, the mixture of bio-extract
from fish and vegetable residues increased growth and photosynthetic pigment contents of green

oak more than other treatments.
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6. ANHUNIINAADI
1 4
6.1 NWAUMINAADINVUFUANLY I (Completely Randomized Design: CRD)
Y
I 7 FANIINAADI A9l
6.1.1 gaia13a01851901%13 Hoagland’s solution (Control)
Y
6.1.2 gasIIMINTINMNINIABAN: §150201951991%13 (19 half strength)
BAI1EIU 1: 500
4
6.1.3 gasiminBInmInen: 81350201951991%13 (19 half strength)
BAI1EIU 1: 1000
F4
6.1.4 gasimindanmnneblat: @1502a1951901115 (19 half strength)
BAI1AIU 1: 500
4
6.1.5 gasiminginminebiat: @15a2a1851901113 (1 half strength)
931U 1: 1000
6.1.6 gATUIMINFIMNHEY 1NHTPFINNAYL AN NAYAD):
1302105190143 (19 half strength) 8a3182U 1: 500
Y Y Y
6.1.7 gasuImungIMNHeay (NnInFIMmela1-iinaInwALHEn):

@130221051901%13 (1 half strength) 8a3162U 1: 1000
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6.2 INMINAAD
6.2.1 wuhmindanmgasaular wwin uazgaswey awdSuaidmua
Tuugazganianaaos
6.2.2 U50A1 pH Wotlszana 5.5-6.5 i1 EC 15zu1at 1.0-1.8 mS/ cm 341

a3 ' A o o o A o an 7
L“]J’Llﬂ?"l]f]\?’(?f1§'ﬁ$EﬂEJ‘V]mlﬂ%ﬁi]ﬂUﬂ1iﬂgﬂﬂﬂﬂ1ﬂ1’iﬂh‘wu‘§ﬂiuiﬂﬂ (num AT LN, 2556)

o v I { ) a J a a
6.2.3 @'Llaiﬂﬂ'ﬁ]uﬂﬁ$ﬂ\uﬂﬂlﬁﬂﬁ Lla$u1vlﬂﬁlﬂﬁTgﬁﬂTiLi]ﬁiUulﬁ‘UIﬁl!ﬁgﬂ'ﬁ

ADUAUBINWATTING

U

unndeyansnaasy

a 4 a a
1 amswwmsmstymuiﬁ
=K 9 a a LY v d A <) [ v A
uﬂﬂﬂl@ylaﬂ'l‘ili]iillumﬂI@ﬂlﬂﬁﬂﬂﬂ'lﬂﬂﬂhwuﬁﬂiuiﬂﬂ NN 73U Auno, 7, 14,

[

v =2 9 dy
21, 28, 35 uaz 42) lagliunnvoyanail

k)

o < @ T @ 1 Ly
1.1 mmqwmmﬁ’u I@EJLﬂ‘]JG]’J’é)Eﬂ\Wg]}uNﬂﬂWﬂWﬂmmawljﬂﬂﬁﬂﬂﬁ@\i AMNUU

Jannugevesdidunndluiiegmile TauduaudalassenvewmazAu tazmaundsa Y

o 1 = 1 I a
qwmmﬁ'mmawﬂmimam MU W UANAT (cm)

¥ v
A A

1.2 Wunlusiusedu Jalaeld 15Ty Image J Version 1.47 uaz14in30q
= [ I a 2
AuAUMN Uszuanavoan N IHuelum s asuauas (cm)
a 4 g @ 1 % 1 ]
1.3 AT Wminui (Dry mass) laogual0d1auaazan1snaasd yans
Y = < 9 % o Y 1 I o 9 o o [ 1
nAavday 3 AU aazinudeyarhviinudanendiueenilusin v uazlinharedasas
1 Y A a = I @ Y o s 3 Y] Y v
daeuuiInguynil 60 eermaFed Wunauy 48 92 Tue ndnhnnsuiminuiedig
4 o a o 1 Y] [ I [
w3095 I fhmaion 4 dumie uaziiuiinwa Inleutlunsy (o)
a o 1 [ % o [ Y4
1.4 JRF1EHEATEIUAUADITIN (Shoot/ root ratio) FIFUIUNNANUTUNUT
1 g % 1 Bol Y
seunanminuiavealuuazdy aerimiinuiasn (Beadle, 1993)
[ a Y o 4 o
1.5 893105 u Iadunns (Relative Growth Rate, RGR) A50AIUIN 181N

' ¥ o ' 1A 2
FATA UM NI TINAD TZZATNUIYU 11T NITYDI Beadle (1993)

InW, —InW, v e
RGR= ———— WU N3/ NN/ U

2 M
¥ Y Y < Y A
W1 Iag W2 = UIUUNUUITINNUATIN 1 LA 2

& ¥ A
t, 182 t, = 5282 IUMINUATIN 1 1ag 2
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% [ Y v 7 1 %’ o
1.6 Specific Leaf Weight (SLW) Hfuisnanudunussennaiminue
3}1 9 1 tﬂy ~ g’J 9 1 < a a o 1 a
Yo lUTIWNIAUABNUN TUTINNIAU (Beadle, 1993) vl UNaaNTUADAT 1UFUANAT
a d i 94 d dAa
2. IanzrSmamsanlylumsaansicrinlouad naziSuamnsaueanesin
a 4 a =\ [ <Y Yy 1
2.1 Anszrmlsuaasalumsdunsieiaenas 1aun Total Chlorophyll
. o Y Y o A <3 o @ o g £ g U
1iag Carotenoids lpa%alurnmarnmarienwugniulon 0.5 n3u dalurndluzwan « lalu
a =) a Aaa a 1 d‘d o
NaDANAAD AN Acetone 80% USunau 5 Haaans Uavasanaasaus1iluniia 24 4174
& o A oY o A v A = A
nnlnhmsazaeiana lauian1sganaulaIaILnIed Spectrophotometer NNWEIATU
663.2, 646.8 1ag 470 w1 luwas i 18 ldfuamilsmnasaiagnnaunisves

Lichtenthaler (1987) Al

Chlorophyll a = 12.25A ;, —2.79A 4
Chlorophyll b = 21.50A ;s —5.10A,,
Total chlorophyll = TASA,, + 18.71A 4
Carotenoids = (1000A ,,, — 1.82C, — 85.02C,)/ 198

as a 4 9 ~ o . . .
2.2 AFMIuATIEHIUA A 15NU (ﬂmﬂmmﬂ Volker, Puspitasari-Nienaber,
Ferruzzi, & Schwartz, 2002)
~ @ 1 o o v A o A d o [ 1
2.2.1 wiasuared N Iasthrnnmaneuiugnau loantudiudiu 1.5 niu laag
14 Falcon tube
2.2.2 W3BUAaNe 1asaAa13 Hexane: Ethanol: Acetone 1/311015 1.5
Haaans: 0.75 Haaans: 0.75 Haaaas la1u Test tube
2.2.3 MAIANAIN Test tube 1aad1u Flacon tube NUFNMArONTU 1.5 N5N
o 9y A a A < o
mnmsnanIaglsniod Vortex 1 U190 1A1UIGITZAU 6
o9 A = < 2 Y 9
2.2.4 AT UATOINYUIKIGI AN 5,000 rpm U1 10 WINLAY 1
1 v
Micropitet gagsa@IUNogFUDUgALSMIAS 0.1 Hadaas Talu Vial ud 1@y Hexane 0.9
Haaaas Mnsiamiganauie
2.3.5 18301 Stock 181 B-carotene 5 Aaan3u azawlu Chloroform 5
fiadans uazdSudSunas1iuanududy 1000 ppm
° 1 Y 9 v )
2.3.6 MUIUAIANVTUIUUDI Standard NaoaN3 laglegas C,V, =C,V,
* AWM TUUD Strandard NGIFAADITAINITANAULAININNIIAIDETI*

v ] H 1 v
2.2.7 AR UATON Spectrophotometer NANUBIIAAU 449 U1 TUNAT A

g 9 {
Blank 910AMANAUVOI B-carotene standard 91 0 (Hexane)
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2.2.8 3aA1 B-carotene standard MINANMTVTUMFAIUDIGIFA LAIVALUUTN
fN B-carotene standard
2.2.9 a1 B-carotene Tu@d9e19laomna1591n Vial 1d Cuvette 11111/ 1alu
d‘ d’ [ 1 A @ =R
1A304 11D IAAIYANAUIAIAZIALIUNN
o 9 = @ v A 7 o I A
2.2.10 awramswawn lsnulusnmaneuiugniulon lagimganau
LE9UDY B-carotene standard M1d3 19N T WNATTILLEZINAIRANA LA WDIAIDE197 TANN
MurneguNUNIIMNIAITIU
ax a < A A [ a A 4
2.3 Msaserdsuiansaueanesin (Aauasern WSAs1 Nauun, 2551)
2.3.1 wsauansal
23.1.1 M3A3ENATaLaeNIATTIUATALEEADSTA ANMTNTY 1,000
o =) %
ppm lagmssInsaueaanasa 0.1000 n5H aza1eluaisaza1gna 0.07 M oxalic acid 11
=Y < @ =y Aa aa [
f13aza1e 0.02 mM EDTA USuauaniles asluwiaiailsuiasvuia 100 Jadans udqilsu
15asdeansazatenay 0.07 M oxalic acid Tuensazaie 0.02 mM EDTA a@13aza18n3a
Ja A Y g A A
HeaAADIUA NANUAINTUDU 9 WOVNAUANUHNIZTY
2.3.1.2 MIMIINEITASAINEY 0.07 M oxalic acid 1Wa15a2a18 0.02 mM
= o o 3 <
EDTA Taag3ouaisazaie 0.02 mM EDTA Iag¥d EDTA 0.0074 n5u azateluiinau uag
@ (o 9 3 a aa [ a g 4 . . o
501051105 1%3lu 1,000 Hadaas Tuvinialsuas 910U oxalic acid 8.8249 NN azaly
Tuensazats 0.02 mM EDTA i1y
2.3.1.3 MIATENANTASAWNEY 3% metaphosphoric acid THA1TAZA1Y 8%
acetic acid 1AgIA3 8N 152218 8% acetic acid 1aglila acetic acid 131195 40 Haaaas aqlu
[ =Y a Aaa d’d %‘ o 1 Yy A 9 % 2
Y3039 TUUIA 500 Haaans NTINaNegNeITIA HAITEINMIBIIIUATUITINAS
500 Haaans 1NUUYI Metaphosphoric acid 15 NN aza1elud15azane 8% acetic acid 1639
9 ' < P y3 A A ~
udnsesrunszaynsosasluvaanuasall inu 13 ludiiunguugil 5 eerusadod
2.3.1.4 MIMTENEITALANY 5% (v/ v) Sulfuric acid 1ae Vila Sulfuric acid
a aa [ =Y A aa A % < 1 A F) %
5.0 Haaans avluvininlSunsvuna 100 Hadans NNUINAUEgNEY LM 1999190811
IUATY 100 Hadans
2.3.1.5 M3 oNEITALAY 5% (w/ v) ammonium molybdate Taegwa
. Y [ 4 o @ = Yy Aa aa
ammonium molybdate #1110 5 N34 azareluinau uazdsudsunasilu 100 Hagaans u

1193A151195
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a ¢ A =Y A
2.3.2 MIUATEHIeSIanTALoanes 1A
9 A =y
2.3.2.1 naasnunninaigiuaensatedasita Tasnistila
=) = [ H
#1592 A1001ATTIUATALBEADS DAA MUY 1,000 ppm U511ATAE 9 MUA13190 3-1 1Ay
Y
A1592a19NEN 0.07 M oxalic acid 1u@1582818 0.02 mM EDTA M0HUANEITAL1ONaN 3%
metaphosphoric acid 11 8% acetic acid, 5% (v/ v) sulfuric acid 148 5% (w/ v) ammonium
Z’, ay 9 3 = 9 Ao ?:' a 9 [ A A
molybdate A3 13iTlunar 15 wiil ldamsazarenlmindudy Taminsganaunaundaves
a [ PPN dg@l ~ A 9 A
HAAAUNINATUNANNIIAAY 727 W TUINAT LAZATNNTINNIATTIUVDINIALOTADITLIA
AUANVVUYY 0-24 ppm AIN1T1IN 3-1
[ A o =~ Y dy
2.3.2.2 MIANANITALDANDSUA TURNNIAKONY IDNTANAAIN
(1) FdrednAnNuaazdeaud UL 1 05y asluvragilruyve
1 a 4 A Aaa a
Aounuagiitiouosd 1 125 Hadans IANEITAZA1ONAY 0.07 M oxalic acid 1
1592219 0.02 mM EDTA 50 Haaans
° [ A [ A o <3 1 =~
) 1 lvedren3eave1a1sNenI 157 200 souad LN Hunal

v
=S A

30 Wi figungires thmsadaunsesdsnszabnses thansii Il inasdae
A15aza18WaN 0.07 M oxalic acid Tuasazas 0.02 mM EDTA 17 1¢151103 50 Tadans thu
asana 1 nnziinfSnunsaeansiin
23.2.3 mymismnansaueanasindlemaiia Molybdanum blue method

(@YU IUIDGY, 2547)

(1) Inlamsasaiingedld 2.5 Taaans asluvainlsunasuuia 25
Hadans

(2) NANTAZAONEY 0.07 M oxalic acid Tua15a2a19 0.02 mM
EDTA U51195 2.5 Uaqans

(3) IANANTAZABNAY 3% metaphosphoric acid Tuesazae 8%
acetic acid 51195 0.5 Yaaans

(4) PUAITALA1Y 5% (v/ v) sulfuric acid 151105 1.0 Jagans

%) PNA1ITAZAY 5% (w/ v) ammonium molybdate 1511915 2.0
Hanans

6) Ys115mas Taomninauldislu 25 Tasans wilidm

9 Y
(%

aane1d 15 uit (luhiie) Ngmugiives

U
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(7) Whasaza1e9ndo (6) 114 lliaamsgandunauudsinnu
g1Inau 727 w1 luwas
= I o I 4
(®) iSuunsanednasin Tasiinmsganauaaunaves

v @ @ Ja
ffﬂiﬁﬂﬂWﬂ!fﬁﬂUﬂUﬂ‘ﬂ"l"hJWlﬁﬂWuﬂlfNﬂiﬂLl’ﬂf;’fﬂﬂi‘ﬂﬂ

~ A 1 AQ Yo o 9 Iia
A1519% 3-1 YSuasazasai 9 VIG];GI)"I?HWTUﬁﬁNﬂiWWNWﬁiﬁWHﬂl@\iﬂimlﬂﬁﬂ’é)i‘l]ﬂ

GEPIHGEL) 0 4 8 12 16 20 24

ppm ppm ppm ppm ppm ppm ppm

1,000 ppm ascorbic acid (Hadan9) 00 01 02 03 04 05 06
0.07 M oxalic acid/ @1582818 0.02 mM 50 49 48 47 46 45 44
EDTA (Naaans)

3% metaphosphoric acid-8%acetic acid 0.5 0.5 0.5 0.5 0.5 05 05
(Naaans)

5% (v/ v) sulfuric acid (Naaan3) 10 10 10 1.0 10 10 1.0

5% (w/ v) ammonium molybdate (Ha@@ns) 2.0 20 20 2.0 20 20 20

9 Y
USuiSinas il 25 adaas TuvaadatSuing asiald 15w udnhldiaa

A a A 4
NN UTATT UAUUN (2551)

a dy
M3AATITHVOYA
o 9 g’/ a 4 aa
hdoyanauanuLNUMINAasd CRD T amsizdanuulssiuneeada
Tag193% One-way Anova tazifSsuieunnutana19vedanas IaolH3s Duncan’s Multiy

A Y A & aa o
Range Test (DMRT) 5z AUANNENUNNTDA 95% TaeldTisunsuduiagy
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m3naaeenseil lagnyinmsaeuausinisdumsas Ayl Taoiamnnugs

A A4 Y o 9 o , ¥ o A A o o ¥ o
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1 o ¥ w v A @ Ay Yo 3 o
1INMINAABINLD ANNFIVBIMIAURNManNNUENTU oA N 1asumain
Y ' H
FImmgasaan iwplan uazimiinamngasianludasaau 1: 500 uag 1: 1000 9
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1 90‘ v Cd U 1
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gaawanludniaIy 1: 1000 HazUIMUNFININGATIABAN IUBATITIU 1: 500 VAINGIVDT

o { a o w : < 3 Y o a
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$ 1 g v A Q 1 o
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1 ao‘ 4 % 1
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o ! a o w X < 3 @ Y a
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v ! o Y w o o A @ Aa ] 1 o aa
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{ o o o J %) a : o 3 Y o 3 Y 1
M3190 4-1 anugevesdauAnmarouiugnIuIon (wuamas) ¥ lasuihmindnmgasiein gaseblal uazihvinTnmgasnansznIg

anuazdarluensazaiesinemsNszauANudNIULAZ 5282a1NUANAISNY (mean + standard error)

YANADD AINGIVBIAAY (IHUAINAT)
0 7MW 14 U 21 W 28 W 35 42 M

FANILIAN 058+0.03  1.18+0.09 185+0.13" 4.67=0.13" 847+049"" 983:049"  1550+189""
qATIFTHAN 1: 500 0.59+0.03  127+0.09 3.10£0.06  543+0.07° 7.67=088" 860+021"  1250+029"
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gaswuilal 1: 500 0.57+0.04 089+0.06 240+025" 453+0.29" 867+044"" 1133+£0.17° 16.50+189"
gasterwilan 1: 1000 059+0.02 1I1+0.12  3.00£0.06° 610021 9.50+040"" 13.67+0.17° 20.33+0.88"
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MINMANUING N-1 I5NTIA38N Stock solution ﬂl@ﬂﬁ?ﬁaﬁaWﬂ‘ﬁWﬁlﬂTﬁﬁﬁ%

&8

Stock solution asndlily S azaelnindunazy3y
Bnasowilu
1 M calcium Chloride CaClL,2H,0 147.03 5N 1803
1 M calcium nitrate Ca(NO,)4H,0 236.10 NFY 1803
1 M magnesium chloride MgCl, 95.23 N5N 1803
1 M magnesium sulfate MgSO,7 H,0 246.5 TN 1803
1 M potassium sulfate KCl 74.56 NN 1803
1 M potassium KH,PO, 136.09 N3 1803
dihydrogen phosphate
1 M potassium nitrate KNO, 101.1 N5U 1403
1 M sodium dihydrogen NaH,PO, 119.97 N3W 1803
phosphate
1 M sodium nitrate NaNO, 84.99 N3 1003
1 M sodium sulfate Na,SO, 142.04 5N 1803
Fe - EDTA EDTA disodium salt 22.4A3Y 227 iaaang
(C,,H,,0,Na,2H,0)
FeCl,6H,0 13.5 N3 728 Naaans
mensazaenIae WA
aztoonazaullidon 9
aunsetauio@eniy
Micronutrient H,BO, 2.86 N3N 1803
CuCl,4H,0 0.05 N3
MnCL4H,0 1.81 TN
ZnCl, 0.11 A5y
Na,MO,2H,0 0.025 N3

(X Y]

a @ 4

{ @ a 14
cI?Ilﬂ: HUNUT INUUN HATHNINT ¥V (2543)
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ATNNMANUING N-2 fNﬂ1J38ﬂfJ‘U‘U’t’Nﬁ']iﬁ%ﬁ']ﬂ‘mﬂf)']ﬁ']ﬁﬁ'mﬁ‘uﬂgﬂgl}ullﬁj (U1 10 aA9)

Stock 32k
solution complete | -Ca -S -Mg -K -N -P -Fe
1 M Ca(NO,) 10 - 10 10 10 - 10 10
1 M KNO, 10 10 10 10 - - 10 10
1 M MgSO, 4 4 - - 4 4 4 4
1 M KH,PO, 2 2 2 2 - 2 - 2
Fe-EDTA 8 4 4 4 4 4 4 -
Micronutrient 2 2 2 2 2 2 2 2
1 M NaNO;, - 10 - - 10 - - -
1 M MgCl, - - 4 - - - - -
1 M Na,SO, - - - 4 - - - -
1 M NaH,PO, - - - - 2 - - -
1 M CaCl, - - - - - 10 - -
1 M KCI - - - - - 10 2 -

@

A WuUNU 09

n

@ 4 a @

4

UUN LASANINT ¥¥IQY (2543)
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FUNINATOUY Han1Inagaay IRE LOD Q‘%Wﬂﬁﬂﬂé}%‘lg\‘l
Total Nitrogen 0.66 g/ 100 g - In-house method TE-
(Total N) CH-211 based on AOAC

(2012) 993.13

Total Phosphate Not Detected g/ 100 g 0.29 In house method TE-
(as P,0,) CH-183 based on AOAC

(2012) 958.01

Potassium 0.32 g/ 100 g - In house method TE-
(Total K,0) CH-191 based on
Official Methods of

Analysis of Fertilizers.

JAPAN (1987)

Aa ¢ 9 a ua o w a @ J
AMMUNIUAIICH Wﬂﬂﬂa'ﬂﬁﬂ’liﬂa%ﬁ (ﬂiglﬂﬁulﬂfl) INANNIINYIUNYATAITAT VUV

NIUNWNNIURANT
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FUNINATOUY Han1Inagaay IRE LOD Q‘%Wﬂﬁﬂﬂé}%‘lg\‘l
Total Nitrogen <0.50 g/ 100 g - In-house method TE-
(Total N) CH-211 based on AOAC

(2012) 993.13

Total Phosphate Not Detected g/ 100 g 0.29 In house method TE-
(as P,0,) CH-183 based on AOAC

(2012) 958.01

Potassium 0.40 g/ 100 g - In house method TE-
(Total K,0) CH-191 based on
Official Methods of

Analysis of Fertilizers.

JAPAN (1987)

Aa ¢ 9 a ua o w a @ J
AMMUNIUAIICH Wﬂﬂﬂa'ﬂﬁﬂ’liﬂa%ﬁ (ﬂiglﬂﬁulﬂfl) INANNIINYIUNYATAITAT VUV

NIUNWNNIURANT
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Y v A (%)
wad voslurnmareuiugniulon

94

luf ANUTNYIUAA T3AY (ppm) Abs. (449 nm)
1 4 0.578
2 5 0.706
3 6 1.184
4 7 2.084
5 8 2.383
6 9 2.882
3.5
3 y = 0.4986x - 1.6047
2.5 R2=0.9668
g
Z 2
<
<
4 1.5
=
=
1
0.5 ¢
0 | | | 1

Yy Y Y a
mmwumummmmuﬂii‘nu (ppm)

A Y £y = a ' =
AINNIANUINT A1-1 ﬂ"liﬁi"l\iﬂ311/‘]llW]ﬁiTL!L']JG]”ILLﬂTﬁVlu‘luﬂ”lifll,ﬂi"lgﬁﬁ”lﬂ5111&!

9 = @ v Jd A 9
wamalsnululudnmeneunugniulon

10
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¢ A <4

1. maminaaswmualsnludpmaneniiugnaulon
o 1 <3 o 1
mm@ﬂﬂﬁuuﬁwm [-carotene standard Wnaeans Lmzmmﬂﬂﬂﬁuuﬁwm
] P Y
#9819 1duAIaNeUR Standard curve FIVUADUNTAIUIN
Y Ay YA
970 Standard curve AN IEUATIN IAAD y =0.498x - 1.604
Tag M y= mmi@ﬂﬂﬁuumﬁ“lﬁ’mﬂ Spectrophotometer
x = MAaNuEdureIas lud0619
A1 x 910 y = 0.498x- 1.604
x =y + 1.604/ 0.498
gNAI0E1 y =2.201  x =2.201+1.604/ 0.498
X =7.641
o 1 Ay ¥ Y} A Aa o v A o
e x 1 dnmSnawdua Isiuailudnmaveuwugniulon
M v
x = 7.641 ppm (Haan3waas, lulnsnsu/ Hadans) Wuaeainiily
Murune 7.641 lulasnsu/ iaaang
hexane 1 Naaans Nudualsiu 7.641 TuTasnuy

= Y

N hexane 3 Haaaas dwawa1siu 7.641 x 3/ 1 =22.923 lulasnsy

9
%

(hexane 3 Haaans Yuaeulumsana)
o o 1w o o o A o
22.923 luTasniu TudedinmanonnugniuToannsu

Y [] 1] 3’, (Y] [ Jd 2 (7] [
a108149 1.5 n54 (uvuaoumsuainmarounuiniu loauaz laly Flacon tube)

Q

@ ] o o J 2] v A = o
Tudedradnmaneuniugnsulon 1.5 n5u TwdwaTsiv 22.923 luTasniu

Hludregrsrnmareunuiniu1on 100 ndu Truda 15y 22.923 x100/ 1.5 = 1528.2

E]
9

o A a o [ o v A Y K A 9 =
luTasnsu (1.528 aansu) Aty AnmarouiugnsuToadelwan Isfiu 1.528

9
AANIN/100 NTUUINUNTR
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ATNNMANUINT A-2 ﬂ')']iJfﬁJ“WLl‘ﬁigﬁ'JNﬂ'NiJlslaljilslsljusUﬂﬂﬂﬁﬂ!!@ﬁ‘ﬂ@ﬁ‘ﬂﬂ U

A o v A %)
{ﬂﬂﬂaul!ﬁ\imﬂ\iﬂl‘ﬂWﬂﬂWﬂW@NWU’ﬁﬂﬁuTﬂﬂ

q

Tuh ANUNTUATALDAADI LA (ppm) Abs. (727 nm)
1 2 0.003
2 3 0.022
3 4 0.039
4 8 0.132
5 12 0.196
6 16 0.269
7 20 0.354
8 24 0.438
0.5 -
y = 0.0196x - 0.036
04 7 R = 0.9987
E 03 -
o~
o
o~
& 02 -
=
0.1 -
0 | | | | | 1

0 5 10 15 20 25 30

Yy v Jda
ANUUYNVHVDINIAUDTADIUN (ppm)

4 da a 4 =
ANNARUINT A-2 ﬂ"liﬁ%)"lﬂﬂi11/1111%55@11!ﬂiﬂlli’)ﬁﬂ’ﬂiﬂﬂiuﬂﬁllﬂﬁgﬁﬁ”ﬂ]iiﬂﬂ!ﬂiﬂ

dAa o v o A [
woanosUn lulunnMIA NN UTAI U oA
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2. msannanfSinansateanesialuinmaneaiugnsulsn
himganauLdvesaITazaBIATTIUNTALEanes daumasans v taziim
gmﬂﬁuuﬁwméﬁ@Einﬁ"lﬁ’mﬁmamgﬁﬂuﬁu Standard curve FVUABUMIAUI
911 Standard curve anﬂm%’umqﬁ"lﬁ'ﬁa y=0.019x - 0.036
Tag M y= mmi@ﬂﬂﬁuumﬁ“lﬁ’mﬂ Spectrophotometer
x = MANMANTUYDIEN5 TUdI9814
A1 x 910 y = 0.019x- 0.036
x =y +0.036/0.019
gNAI081 y = 0.03 x=0.03 +0.036/0.019
x =3.474 ppm
X =3.474 H0ansu/ ans
Tuasana 1000 Jadans HUSansaneanesia 3.474 0dn3u
asana 50 Jadans  NUSuansaueaneitn = (3.474 Uaaniv) (50 Yaaans)/
(1000 JAAANAT)

a o

= 0.174 Yaan35y

wn 105y HlSunansaueanoiin = 0.174 Yaan35y
$1n 100 U NSwNIALRTADI 1A = (0.174 Yaansy) (100 n5Y)/ (1 A5Y)

a o

= 17.40 Yaan5y

Ia a a o 3 o o
ﬂ')'liJHﬁl}‘lJelal}usllf]\?ﬂ‘iﬂLL@ﬁﬂﬂiﬂﬂ = 17.40 ¥aan3y/ W1viuUnda 100 NN
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ﬂ”l'i!ﬂiﬂJuLﬁUIWU@QWﬂﬂ?ﬂﬁﬂuwuﬁﬂiuiﬂﬂ ﬂmuummmqumgﬂyw wylan

FOINANITTHIUABANLAZY DM A1TaZA18519)9 1113 TUBATIEIU 1: 500 1Az 1: 1000



AN 1: 500 AN 1: 1000 1Ja1 1: 500 /a1 1: 1000 Werd 1: 500 Waw 1: 1000
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{ a @ o J [
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A a P o Y Y} v A A
AT NNIANUINT -1 ﬂ153lﬂ51$ﬂﬂ31ullﬂiﬂi'}uﬂ'Nllg\?a']@]u AITUNINNIINY WU‘VIGI:‘U

1 H o (% a a v o ¢ 3 o o
33%@]6@9{1‘1 umuﬂuﬁ}q ’t’JGﬁWﬂ'ﬁlﬁﬂiﬂJm‘UIﬂﬁNWﬂ‘ﬁ Winmiinlusumne

HALDATIAIUVDIEIAUADIIN (FL8zIA1 7 1)

ANOVA
Sum of Squares df Mean Square F Sig.
height Between Groups 476 6 .079 2.105 118
Within Groups 527 14 .038
Total 1.003 20
leafarea Between Groups 190.141 6 31.690 13.170 .000
Within Groups 33.687 14 2.406
Total 223.828 20
dry weight | Between Groups .001 6 .000 6.799 .002
total Within Groups .000 14 .000
Total .001 20
RGR Between Groups .028 6 .005 4.340 .011
Within Groups .015 14 .001
Total .042 20
SLW Between Groups .146 6 .024 1.102 409
Within Groups 309 14 .022
Total 455 20
shoot/root | Between Groups 22.452 6 3.742 3.448 .026
ratio Within Groups 15.192 14 1.085
Total 37.644 20
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A a P o Y Y} v A A
AT NNIANUINT -2 ﬂ153lﬂ51$ﬂﬂ31ullﬂiﬂi'}uﬂ'Nllg\?a']@]u AITUNINNIINY WU‘VIGI:‘U

1 H o (% a a v o ¢ 3 o o
33%@]6@9{1‘1 umuﬂuﬁ}q ’t’JGﬁWﬂ'ﬁlﬁﬂiﬂJm‘UIﬂﬁNWﬂ‘ﬁ Winmiinlusumne

HALEATIAIUUDIAIAUADIIN (FLozIA 14 TU)

ANOVA
Sum of Squares df Mean Square F Sig.
height Between Groups 4.937 6 .823 10.394 .000
Within Groups 1.108 14 .079
Total 6.046 20
leafarea Between Groups 5741.067 6 056.844 11.607 .000
Within Groups 1154.110 14 82.436
Total 6895.176 20
dry weight | Between Groups .030 6 .005 4.363 .011
total Within Groups .016 14 .001
Total .046 20
RGR Between Groups .014 6 .003 3.320 .030
Within Groups .010 14 .001
Total .023 20
SLW Between Groups 209 6 .035 1.615 215
Within Groups 302 14 .022
Total Sl 20
shoot/root | Between Groups 50.876 6 8.479 14.034 .000
ratio Within Groups 8.459 14 .604
Total 59.335 20
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A a P o Y Y} v A A
AT NNIANUINT 9-3 ﬂ1§3lﬂ51$ﬂﬂ31ullﬂiﬂﬁ'}uﬂ'Nllg\?a']@]u AITUNINNIINY WU‘VIG],‘U

1 H o (% a a v o ¢ 3 o o
33%@]6@9{1‘1 umuﬂuﬁ}q emmwmimmﬂﬂﬁuwm Winmiinlusumne

HAZEATIAIUVDIEIAUADIIN (FTozIA1 21 TU)

ANOVA
Sum of Squares df Mean Square F Sig.
height Between Groups 12.092 6 2.015 10.634 .000
Within Groups 2.653 14 .190
Total 14.746 20
leafarea Between Groups 899698.426 6 149949.738 35.943 .000
Within Groups 58406.244 14 4171.875
Total 958104.671 20
dry weight | Between Groups 10.659 6 1.776 33.957 .000
total Within Groups 732 14 .052
Total 11.391 20
RGR Between Groups 172 6 .029 14.729 .000
Within Groups .027 14 .002
Total .199 20
SLW Between Groups 1.615 6 269 4.410 .010
Within Groups .854 14 .061
Total 2.469 20
shoot/root | Between Groups 4.496 6 749 1.006 460
ratio Within Groups 10.431 14 745
Total 14.927 20
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A a P o Y Y} v A A
AT NNANUINT -4 ﬂ1§3lﬂ51$ﬂﬂ31ullﬂiﬂﬁ'}uﬂ'Nllg\?a']@]u AITUNINNIINY WU‘VIG],‘U

1 H o (% a a v o ¢ 3 o o
33%@]6@9{1‘1 umuﬂuﬁ}q emmwmimmﬂﬂﬁuwm Winiinlusumne

HALPATIAIUVDIAIAUADIIN (FL8ZIAT 28 TU)

ANOVA
Sum of Squares df Mean Square F Sig.
height Between Groups 25.140 6 4.190 5.438 .004
Within Groups 10.787 14 770
Total 35.927 20
leafarea Between Groups 578813.273 6 96468.879 62.981 .000
Within Groups 21443.980 14 1531.713
Total 600257.254 20
dry weight | Between Groups 15.752 6 2.625 22.930 .000
total Within Groups 1.603 14 114
Total 17.354 20
RGR Between Groups .068 6 .011 7.598 .001
Within Groups .021 14 .001
Total .089 20
SLW Between Groups 1.909 6 318 1.666 202
Within Groups 2.673 14 191
Total 4.582 20
shoot/root | Between Groups 7.641 6 1.274 1.629 212
ratio Within Groups 10.946 14 182
Total 18.587 20
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1 H o (% a a v o ¢ 3 o o
33%@]6@9{1‘1 umuﬂuﬁ}q emmwmimmﬂﬂﬁuwm Winmiinlusumne

HALDATIAIUVDIAIAUADIIN (FL8Z1IA 35 TU)

ANOVA
Sum of Squares df Mean Square F Sig.
height Between Groups 66.145 6 11.024 18.301 .000
Within Groups 8.433 14 .602
Total 74.578 20
leafarea Between Groups 797925.017 6 132987.503 13.255 .000
Within Groups 140459.966 14 10032.855
Total 938384.984 20
dry weight | Between Groups 27.229 6 4.538 35.031 .000
total Within Groups 1.814 14 130
Total 29.043 20
RGR Between Groups .014 6 .002 3.009 .042
Within Groups 011 14 .001
Total .024 20
SLW Between Groups 1.768 6 295 3.327 .030
Within Groups 1.240 14 .089
Total 3.008 20
shoot/root | Between Groups 9.113 6 1.519 6.619 .002
ratio Within Groups 3.212 14 229
Total 12.326 20
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HALEATIAIUVDIAIAUADIIN (FLozIA 42 TU)

ANOVA
Sum of Squares df Mean Square F Sig.
height Between Groups 176.811 6 29.469 6.927 .001
Within Groups 59.560 14 4.254
Total 236.371 20
leafarea Between Groups 1386122.372 6 231020.395 8.997 .000
Within Groups 359479.013 14 25677.072
Total 1745601.384 20
dry weight | Between Groups 41.657 6 6.943 27.464 .000
total Within Groups 3.539 14 253
Total 45.196 20
RGR Between Groups .023 6 .004 10.251 .000
Within Groups .005 14 .000
Total .028 20
SLW Between Groups .894 6 .149 .674 673
Within Groups 3.099 14 221
Total 3.993 20
shoot/root | Between Groups 6.388 6 1.065 .570 748
ratio Within Groups 26.159 14 1.869
Total 32.548 20
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d' a 4 =Y a 4
ATNMANUINT 9-7 MIaaszraNuulsdsivdsumnas 1sWaasiu (Total chlorophyll)

4
Y3uaunal59iueea (Carotenoids) Usunanudun 159U (B-carotene)

A . . o
wag Ysunaunsauednaidn (Ascorbic acid) (32821301 21 IU)

ANOVA
Sum of Squares df Mean Square F Sig.
Total Between Groups .086 6 .014 8.496 .001
chlorophyll | Within Groups .024 14 .002
Total 110 20
Carotenoids | Between Groups .008 6 .001 8.102 .001
Within Groups .002 14 .000
Total 011 20
[B-carotene | Between Groups 141 6 .023 11.148 .000
Within Groups .029 14 .002
Total 170 20
Ascorbic | Between Groups 5.626 6 938 2.562 .069
acid | Within Groups 5.123 14 366
Total 10.749 20
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d' a 4 =Y = 4
ATNMANUINT 9-8 MIaaT1zrHaNuulsdsivdsuunas 1sWaasiu (Total chlorophyll)

4
Y3uaunal59iueea (Carotenoids) Usunanudun 159U (B-carotene)

A . . o
wag Ysunaunsauednaidn (Ascorbic acid) (32821321 28 IU)

ANOVA
Sum of Squares df Mean F Sig.
Square

Total Between Groups .032 6 .005 5.950 .003
chlorophyll | Within Groups .013 14 .001

Total .045 20
Carotenoids | Between Groups .004 6 .000 6.648 .002

Within Groups .001 14 .000

Total .004 20
[-carotene | Between Groups .067 6 011 2.726 .057

Within Groups .057 14 .004

Total 124 20
Ascorbic Between Groups 21.257 6 3.543 3.390 .028
acid Within Groups 14.633 14 1.045

Total 35.891 20
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d' a 4 =Y = 4
ATNMANUINT 9-9 MIuas1zrHaNuulsdsivdSuunas 1sWaasiu (Total chlorophyll)

4
Y3uaunal59iueea (Carotenoids) Usunanudun 159U (B-carotene)

A . . o
wag Ysunaunsauednaidn (Ascorbic acid) (32821321 35 IU)

ANOVA
Sum of Squares df Mean Sig.
Square
Total Between Groups .051 6 .008 5.103 .006
chlorophyll | Within Groups .023 14 .002
Total .074 20
Carotenoids | Between Groups .004 6 .001 8.757 .000
Within Groups .001 14 .000
Total .005 20
[-carotene | Between Groups .149 6 .025 12.058 .000
Within Groups .029 14 .002
Total 178 20
Ascorbic Between Groups 17.073 6 2.846 2.332 .090
acid Within Groups 17.081 14 1.220
Total 34.155 20
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1 a 4 a 4
ATNMANUINT 9-10 MsBATIzHANNLYSUsULSuaae 15Waasu (Total chlorophyll)

4
Y31naunTs9iueea (Carotenoids) Ysunauudalsiu (B-carotene)

Ja . . o
wag Ysununsauednasitn (Ascorbic acid) (32821301 42 IU)

ANOVA
Sum of Squares df Mean F Sig.
Square

Total Between Groups .031 6 .005 1.698 .194
chlorophyll | Within Groups .042 14 .003

Total .073 20
Carotenoids | Between Groups .001 6 .000 2.062 124

Within Groups .001 14 .000

Total .002 20
[B-carotene | Between Groups .098 6 .016 5.841 .003

Within Groups .039 14 .003

Total 138 20
Ascorbic Between Groups 18.089 6 3.015 2.949 .045
acid Within Groups 14.314 14 1.022

Total 32.403 20




MANHIN

a

MINUAAITOY AU

@



MINMARLINT 2-1 Jeyaguigiimasluszeznanihiminaaes

118

eE IRl Tunaeufil qmﬂ{]ﬁmﬁ'ﬂ CNIE LI

0 20 - 26/ 04/2558 34.6

7 27 -3/ 05/2558 36.1

14 4 - 10/ 05/2558 355

21 11-17/05/2558 355

28 18 - 24/ 05/2558 36.5

35 25-31/05/2558 36.5

42 1 -7/06/2558 36.5
aungiinas 35.88

N1 NINRATININGITINIAYALT (2558).
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