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Abstract

There were three experiments in this study. In the first experiment, the effects of various
factors to fresh weight, dry weight, chlorophyll and protein contents. Four factors were two
fertilizer types (chemical fertilizers (100 mg/1) and hydroponics fertilizer (EC 0.5 ms/cm)), three
water depth level (10, 20 and 30 cm.), two oxygen supply (add oxygen and no oxygen) and three
light filter levels (no filter, 50 % of light intensity with 1 layer filter and 50 % of light intensity with
2 layers filter). W. Arrhiza were cultured at beginning rate 100 g/m? in greenhouse and harvested at
20 days after culturing. It was found that fertilizer types and water depth levels had no significant in
all charactors except protein contents was found hydroponics fertilizer gave higher protein contents
than chemical fertilizers. While W. Arrhiza were cultured with the 50 % of light intensity with 1
layer filter had the highest on fresh weight, dry weight and chlorophyll contents (1 kg/m2 , 40 g/m2
and 1.5 mg/100 g/fresh weight respectively). The second experiment, the suitable harvested date of
W.arrhiza production. W. Arrhiza were cultured at beginning rate 100 g/m? with 50 % of light
intensity with 1 layer filter in water depth level at 20 cm and harvested at various date; 5, 10, 15,
20, 25 and 30 days after culturing respectively. The results showed highest on fresh weight, dry
weight and protein contents which were harvested at 20 days after culturing. And the third
experiment, the suitable storage temperature for W. Arrhiza shelf-life that they were storage at 4,

10 and 25 °C respectively, the result showed the storage longest 5 days which was storaged at 4 ° C

Key words: Wolffia arrhiza, hydroponics fertilizers, light intensity, light filter, harvest, shelf life
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3.1.1 glnssinaanslulag

a 4
suignlalasTuiing vua 3.0x 0.3 w.
eNWAIAAN VIAFUAUFHENA1 0.2 1.
1 A o Y v
ANVIENI LA (LFa) 781 M51oIn UL 50%
1 o v 2 1 901

peaned i umzaes T

A 0§ 2 a
AT 09U NANNLOONFIIU

d a

ginsnlnveRNTHIIU
1A50393AQ NI (Thermometer)

A o
199319 (Lux Meter)

A [ o Y
1n3993AA1n1310 19 (EC Meter)
IA3093ANTA-AN (pH Meter)
1A3997ABBAFIIU DO

v J 1 9o’ d a [ = [ [ = A
WU it anguddauas uIaz ML IFNMTINEATIINIAUATIIFTNT (WY

1) BUNDIDI FINIAUATT VTN

L4 v
3.1.2 gilnsallurieanaany

Y <3
Houdu

d’ o so’ v o '
IASOIFAININ 4 AU
1304 spectrophotometer
qouauieu (Hot air oven)
1509808 115U (Digester and Scrubber)
in3eenau1sAu (Distillator)
Digestion tube
Beaker 4419 250, 500 ml
Erlenmeyer flask 250

cylinder flask 10, 25, 50 ml
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- Inseuaas

- 195290399 (Buncher funnel)

- N3TATHNTOL IS I

- 1ARANANDY

- Cuvette
3.1.3 5190 IMITNY

- dlewndl a0 16-16-16 (100 ¥N./a.)

- floleTasTuding (EC 0.5-0.7 mS/em)
3.1.4 M3

- Acetone 80% (v/v)

- CuSO, * SH,0

- K,;SO,

- 40% NaOH

- 0.1 MHCI

- 4% Boric acid

- Mix Indicator solution (Bromocresol green : Methyl red)

3.2 IEMIauHuMsIY
3.2.1 m3naaeaht 1 AnnadefimnzandmumsnanividaeszunlalasTufing
TNUHUNTNABOUUD Split-Split-Split-Split-Plot Design fnuali
Taseil A Ao gasilodmsudisazarengeninsiis 5 2 szdy fle
1) gasilelalasTdfind 2) gasilaaiinldfineluteinan
aseii B Ao seAUAMANVOINTATA1051901MT 3 TTAY fip
1) 10 %3, 2) 20 KU LA 3) 30 HU.
Taseii ¢ Ao mativeendiouluaisazaenigenins i 2 szdu fie
1) M3 hifineendou waz 2) MatineanFiau

Taduii D Ao mInsawas fio

9
1) Tsinsraas 2) Wi”IQLLfTQﬁ)TJEJGB"ILLSH?Tﬁ"I 50% 1 U L 3) WSNLLE‘N@%}’JEJ

9
FUTUAAT 50% 2 W
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gl
o v =2 9 Y a a 9
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¥ o ¥ o a 4
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Jd 1 a o @ o ° [ @
- AUy WA TULAZHAUIDIFNMTNEATIHIAUATTIBAN (ﬁslfﬁ'lu) ﬂ1lﬂﬂlﬁ@\1 PWNIA

UATTIFTN

Y Y ' @ a
ms1eh 1 anadenlugismsmizalgn (Funaw 2559 — unsiaw 2560) luile 2 iia A

= [ o a A o
an 3 52AU 1A 3 52AY LAzl eNFRAUNANNY

1 ti' U
AINATIVIA

amniald

ANMAUD LA
uenlsusou
Tainsraas
W314 50% 1 U
W54 50% 2 41

Temperature (air)

Temperature (medium)

pH

EC

YSunaoondau (1d)

WSunaeangou (lule)

Mean 41,688 lux
Mean 17,226 lux
Mean 6,840 lux
Mean 2,619 lux
19.3-28.2C
242 C
4.0-7.7
0.5-0.7 mS/cm
8.2 — 8.6 mg/l

7.7 - 8.5 mg/l
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ms19h 2 anaden ugismsnzlgn mguniau 2560 — ningiay 2560 ) TuilelaTas 11

' Y
And NTZAVANVEN 20 FU.WTILET 50 % 1 FU

ANANTIIA

VAo Y
mniala

AN UD LA

W59 50% 19
Temperature (medium)
pH
EC

suaeensau (1a)

Mean 3229.16
Mean 29.2 C
Mean 6.25
Mean 0.5 mS/cm

Mean 7.5 mg/1
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1 ' ao) 9°I Y 9°I v :
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a d aa
Nﬁﬂ"li?)!ﬂﬁ"l%‘ﬁ%ﬂﬂﬁﬂ"lﬂﬁﬂﬂ

U

v

d' = (% d' o (% a V"o Y Aa d
N1INAAVIN 1 ﬂnmﬂmmﬂmmzaummumswam"lmmmmzuu"laimiﬂuna

~ a 4 ~ -4 %} LY 2 o dy %} Ad a4
AT NAANUINN 1 HEAANINANITUATIEUIUTYUFUDIUINUNTA ‘ﬂNVHﬂﬁLﬁﬂﬂHUWMJ‘b’uﬂﬂﬂ

[

¥ A I~ [ a J . .
FEAUUT 99NN LagMINT LA ual 20 Tﬂmmiwmmu Split-Split-

Split-Split-Plot Design

Source df Sum of Squares Mean Square F %CV
A 1 73860.675 73860.675 12.450%* 14.278
Error (a) 4 21141.526 5285.382

B 2 369887.421 184943.710 31.174%* 19.389
AB 2 261905.525 130952.762 22.074%%*

Error (b) 8 77979.900 9747.487

C 1 782475.815 782475.815 131.895%*  10.903
AC 1 81816.411 81816.411 13.791%*

BC 2 15583.512 7791.756 1.313"

ABC 2 201900.860 100950.430 17.016%*

Error (c) 12 36985.033 3082.086

D 2 5349797.609 2674898.805 450.885%*  15.292
AD 2 52849.917 26424.959 4.454%

BD 4 28116.512 7029.128 1.185"

CD 2 19894.499 9947.250 1.677"

ABCD 14 259799.494 18557.107 3.128%*

Error (d) 48 291037.523 6063.282

Total 107 7925032.230

GGV

wwwwww



~ a 4 =] 4 901 @ 9 = o dy 901 Aa A +i
ATWNAANUINT 2 HEAAINANITAUATIEHIUTIUFUDIUTIHUNLLTN “N“I/ﬂﬂﬁ!ﬁﬂﬂulﬂﬂu%uﬂﬂﬂ

[

¥ A < @ a P .
IAUUT DONHIIU L!.a%ﬂ']ﬁWﬁNLlﬁQL‘IJUL’Jﬂ'] 20 U Iﬂﬂ’)tﬂﬁW%WLl‘U‘U Split-

Split-Split-Split-Plot Design
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Source df Sum of Squares Mean Square F %CV
A 1 407.090 407.090 84.450** 16.688
Error (a) 4 24.895 6.224

B 2 322.951 161.476 33.498%** 19.758
AB 2 703.470 351.735 72.966**

Error (b) 8 69.802 8.725

C 1 1050.192 1050.192 217.859** 11.191
AC 1 345 0.345 0.071"

BC 2 28.330 14.165 2.938"

ABC 2 297.165 148.582 30.823%*

Error (c) 12 33.584 2.799

D 2 5046.445 2523.222 523.435%* 14.281
AD 2 143.350 71.675 14.869%**

BD 4 61.732 15.433 3.202%*

CD 2 62.542 31.271 6.487**

ABCD 14 278.876 19.920 4.132%%*

Error (d) 48 218.795 4.558

Total 107 8749.564

wwwwww

Wi ns = hjuanaanudda * = uananediihisdinyneadd uag =+ = uanavediiivedAydimeana
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i a ¢ A 5 A 7 & o 2 Y da A+
AT HMAKNUINT 3 LAAINANITAATITH NG oUTVDIRaD I5Waa A G])'\‘WI"Iﬂ']ﬁ!@fNﬂlUU"mﬂJG]fuﬂ‘]Jqu

I8

Split-Split-Plot Design

[

¥ A < o a J . .
U1 99NTRU LagMINTNLauunal 20 Iﬂﬂ’)LﬂiEmmU Split-Split-

Source df Sum of Squares Mean Square F %CV
A 1 0.079 0.079 6.069" 14.755
Error (a) 4 0.058 0.015

B 2 0.362 0.181 13.910%*  9.332
AB 2 0.536 0.268 20.556**

Error (b) 8 0.045 0.006

C 1 0.112 0.112 8.579% 6.599
AC 1 0.073 0.073 5.581%

BC 2 0.241 0.121 9.264**

ABC 2 0.321 0.161 12.339%**

Error (c) 12 0.042 0.003

D 2 0.370 0.185 14.211%*%  13.737
AD 2 0.128 0.064 4.932%

BD 4 0.257 0.064 4.931%*

CD 2 0.084 0.042 3.228%

ABCD 14 0.952 0.068 5.222%*

Error (d) 48 0.625 0.013

Total 107 4.287

Wi ns = hjuananada  * = uananedsiiisdinynwada  uag ** = yanavedniisdAydmeana



~ a 4 =\ 4 = 4 = o dy
ATNNMANUINT 4 LAAINANTAATITH NS oUFYRIAa0 15Naa B F9insiaes 1y

[

AN

Split-Split-Split-Plot Design
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Nriaile

¥ A < @ a P .
U1 DDNHIAU uazmiwammmﬂunm 20 U Iﬂﬂ’)tﬂﬁW%ﬁll‘U‘U Split-

Source df Sum of Squares Mean Square F %CV
A 1 0.003 0.003 1.301" 12.422
Error (a) 4 0.008 0.002

B 2 0.044 0.022 9.339%* 8.784
AB 2 0.083 0.041 17.602*%*

Error (b) 8 0.009 0.001

C 1 0.005 0.005 2.302ns 8.784
AC 1 0.011 0.011 4.873*%

BC 2 0.028 0.014 5.916*

ABC 2 0.043 0.021 9.035%*

Error (¢) 12 0.016 0.001

D 2 0.071 0.035 14.998** 12.422
AD 2 0.034 0.017 7.133%*

BD 4 0.065 0.016 6.907**

CD 2 0.009 0.005 2.016ns

ABCD 14 0.126 0.009 3.831%*

Error (d) 48 0.113 0.002

Total 107 0.668

vineg  ns = liuandunaeda - nanduesniiisdidyneada uag = = uananeduinisdidBimeada
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i a ¢ A 5 A o & 2 Y da a4
AT HMAKNUINT 5 LAAINANITAATIEH NG oUTFVYDIAAD 15Waa AB «mmﬂmamﬁluumu%uﬂﬂﬂ

[

¥ A < @ a P .
IAUUT DONHIIU L!.a%ﬂ']ﬁWﬁNLlﬁQL‘IJUL’Jﬂ'] 20 U Iﬂﬂ’)tﬂﬁW%WLl‘U‘U Split-

Split-Split-Split-Plot Design

Source df Sum of Squares Mean Square F %CV
A 1 0.113 0.113 4.449ns 13.437
Error (a) 4 0.105 0.026

B 2 0.615 0.307 12.064** 9.128
AB 2 1.018 0.509 19.968**

Error (b) 8 0.094 0.012

C 1 0.167 0.167 6.536* 7.453
AC 1 0.143 0.143 5.598%*

BC 2 0.433 0.216 8.496%*

ABC 2 0.596 0.298 11.690%*

Error (c) 12 0.098 0.008

D 2 0.764 0.382 14.990%* 13.176
AD 2 0.289 0.145 5.679%*

BD 4 0.568 0.142 5.572%*

CD 2 0.146 0.073 2.867ns

ABCD 14 1.737 0.124 4.870%*

Error (d) 48 1.223 0.025

Total 107 8.108

Wi ns = hjuananada  * = uananedsiiisdinynwada  uag ** = yanavedniisdAydmeana
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v
1'% a d

A= s A1 = ayro
NMINAABIN 2 ﬁﬂ‘leﬂl’f]'lt!ﬂ'li!ﬂ‘ll!ﬂﬂ?ﬂﬂiﬂ‘]ﬂjgﬂ‘i’l!“r‘i&l]gﬁ?ﬂ‘uﬂ1iwﬁﬂl’!ﬂlu]ﬂiﬂi%ﬂﬂﬂaiﬂiiﬂuﬂﬁ

a a ¢ A ¢ o A R - 2
AT NNIARNUINT 6 mewami’smﬂzmmau«wmumuﬂammzumummﬂmm FININITLAE

3 [ a o
Wunal 20 7 IAeAI1ZH Treatment combination 11U CRD

Source Dependent df Sum of Squares ~ Mean Square F %CV
Treatment Fresh weight 5 659193 131839 16.0** 8.99
Dry weight 5 1032.20 206.439 143** 3.13
GR 5 65.8898 13.1780 15.9%* 9.97
Error Fresh weight 12 99142 8262
Dry weight 12 17.33 1.444
GR 12 9.9192 0.8266
Total Fresh weight 17 758334
Dry weight 17 1049.53
GR 17 75.8090

]
@ a

NUNBING = HANA NP NTUBAIAYIININADA

d' a 4 = 4 a 4 lso} é o
ATNNMARUINT 7 LAAINANITAATIEH NS oUTYRIAa 15Naa A, B llag AB 11!15111!1 HININIT

da/ I @ a o
Reaiunal 20 7 1aeAI12H Treatment combination (1)1 CRD

Source Dependent df Sum of Squares Mean Square F %CV
CHA 5 0.17184 0.03437 3.07ns  12.14
Treatment
CHB 5 0.03789 0.00758 2.74ns  16.47
CHAB 5 0.28544 0.05709 2.52ns  12.57
CHA 12 0.13413 0.01118
Error CHB 12 0.03320 0.00277
CHAB 12 0.27233 0.02269
CHA 17 0.30598
Total CHB 17 0.07109
CHAB 5 0.17184

NBIKE ** = IANAINOI NN BT AN NADA
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~ a 4 =) o = ] 901 = o dy I o
AT NAIANUINN 8 mewamiamiwmmaummma‘lsum FIMN Aol ual 20 Iﬂﬂ

a 4
AUATICH Treatment combination 4ULU CRD

Source Dependent df  Sum of Squares Mean Square F %CV
Treatment L 5 16.0488 3.20977 5.35%* 2.78
A 5 0.89596 0.17919 1.19ns 3.99
B 5 8.1046 1.62091 4.72% 4.33
Error L 12 7.2005 0.60004
A 12 1.81253 0.15104
B 12 4.1210 0.34342
Total L 17 23.2494
A 17 2.70849
B 17  12.2256

1
o a

NINBING = 1ANANBENTBAAYBINIIADA

A a 4 ~ 4 49’ = 1 ?p’ = o dy I
ATNAIANUINN 9 uﬁmwaﬂ1smﬂiwzmmﬂumﬂ’nwuuazT‘}Jmu 1u‘1mu1 R R ETGINbIAY

1387 20 U Tﬂfﬁmﬁzﬁ Treatment combination 411 CRD

Source Dependent df  Sum of Squares Mean Square F %CV
Treatment MC 5 5.64232 1.12846 23.8%* 0.23
Protein 5 96.451 19.2903 9.03%* 3.97
Error MC 12 0.56853 0.04738
Protein 12 25.643 2.1369
Total MC 17 = 621085
Protein 17 122.094

o

NINBING  ** = UANANBENTUBAAYBINIIADA



a =] a v & A Vo A a vy a ¢
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{ a 4 J H o ' ¥ a 4
MINMARNUINT 10 HaAIHaNIAATIZHNGousMIgardoiminaa (%) i Tasinsz

Treatment combination {UU CRD

Source Dependent df  Sum of Squares Mean Square F %CV
Treatment Dayl 2 29546.3 14773.1 538** 19.97
Day2 2 61683.2 30841.6 1031** 11.99
Day3 1 745.29 745.290 26.1 ** 16.19
Day4 1 1214.52 1214.52 42.7%* 12.68
Error Dayl 51 1400.0 27.5
Day?2 51 15254 29.9
Day3 34 969.71 28.521
Day4 51  966.62 28.43
Total Dayl 53 30946.2
Day2 53 63208.7
Day3 35  1715.00
Day4 35  2181.15

NINBING = UANAINDEI

1
A

ydAYBINIEDa
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1381332AUNIMIVIA (International Journal)

1) Tira-umphon A, Chervin, C., El-Kereamy, A., Roustan, J,P., Lamon, J., Latche, A.,



2)

3)

4)

5)

6)
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Kanellis, A., and Bouzayen, M. (2005). Ethylene is required for the ripening of grape.
Acta Horticulturae (689): 251-256.

Tira-umphon A, Roustan, J.P. and Chervin, C. (2007). The stimulation by ethylene of

the UDP glucose-flavonoid 3-O-glucosyltransferase (UFGT) in grape tissues is
independent from the MybA transcription factors. Vitis 46(4): 210-211.

Chervin C, Tira-umphon A., Terrier, N., Zouine, M., Severac, D. and Roustan, J.P. (2008).
Stimulation of the grape berry expansion by ethylene and affects on related gene

transcripts over the ripening phase. Physiol. Plant. (134): 534-546.

Chervin C, Tira-umphon A, Chatelet, P, Jauneau, A, Boss, PK and Tesniere C

(2009) Ethylene and other stimuli affect expression of the UDP glucose-flavonoid
3-O-glucosyltransferase in a non-climacteric fruit. Vitis (48): 11-16.

Sukkaew, P. and Tira-umphon, A. (2013). Effects of Storage Conditions on Allicin
Content in Garlic (Allium sativum). Acta Horticulturae (969): 209-212.

Jiaju, L., Tira-umphon, A., Zhengxue, Z., Shifu, L. and Lan, Y. (2014). Effect of
Bacteriostat (Qianxing No.1) on Open Tissue Culture of Sugarcane. Agricultural Science

& Technology. 15(9): 1478-1481.

n751]53gw&’uwu13w1n155351’111411471;15 (International Conference)

D

2)

3)

Tira-umphon A, C Chervin, N Terrier, Roustan JP. (2006). The ethylene effect on the
berry diameter and related gene expression in grape. /n Europe-Asia symposium on
Quality Management in Postharvest Systems, 3 — 6 December 2007, Bangkok, Thailand.
Tira-umphon A, Chervin C, PK Boss, Chatelet P, Jauneau A, Tesniere C, El-Kereamy
A, Torregrosa L, Thomas MR, Roustan JP, Bouzayen M. (2006). Roles for ethylene in the
expression of the UDP glucose-flavonoid 3-O-glucoslyltransferase in grape tissues. In
XIIIéme Forum des Jeunes Chercheurs,

5 - 8 September 2006, Ciermont-Ferrand, France.

Jaidee S., Wonprasaid S., Wongkeaw, S., Tira-umphon, A. and Boonkerd, N. (2010).

Effects of Ethephon Application on Grape Fruit Quality and Yield. In 16" Asian



4)

5)

6)

7)

8)

9
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Agricultural Symposium and 1" International Symposium on Agricultural Technology
Proceedings “Sufficiency Agriculture”. 25-27 August 2010, Bangkok, Thailand.

Sukkaew, P. and Tira-umphon, A. (2012). Effects of storage conditions on allicin content
in garlic (Allium sativum). In the 6" International Symposium on Edible Alliaceae. 21-24
May 2012, Fukuoka, Japan.

Dedboon, J. and Tira-umphon, A. (2014). Genetic Variation Induction
in Doritaenopsis Hybrid by Gamma Irradiation in vitro. /n the 11" Asia Pacific Orchid
Conference. 2-11 February 2013, Okinawa, Japan.

Tira-umphon A. and Sibponkrung, S. (2014). Generation Mean Analysis of Fruit
Characteristics in Crosses between Thai melon (Cucumis melo L. var. conomon) and
Cantaloupe (Cucumis melo L. var. recticularis). In the 29" International Horticultural
Congress 2014. 17-22 August 2014, Brisbane, Australia.

Tira-umphon A. and Sripongprapai, S. (2015). Gene Effect Evaluation of Fruit Characters
and Their Related to Shelf Life in A Cross between Thai melon and Cantaloupe, /n the V
International Symposium on Cucurbits 2015. 22-26 June 2015, Murcia, Spain.
8).Tongdeenok T. and Tira-Umphon, A. (2016). Intraspecific classification of Cantaloupe
(Cucumis melo L. var. recticularis Naudin.) and Thai Melon (Cucimis melo L. var.
conomon) in molecular variation. In the 3" International Conference Agriculture and
Forestry (ICOAF 2016). 1-3 June 2016, Manila, Philippines.

Jiaju L., Tira-umphon A., Guoqgiong Y., Shifu L., Erqi H., and Chaoyun L. (2016).
Application of CO, Gas Fertilizer in Sugar-free Tissue Culture for Sugarcane. /n the 7"

International Crop Science Congress. 14-19 August 2016. Beijing, China.

2158155¢AUY A (National Journal)

D

2)

3)

Tira-umphon, A. (1998). Vegetable Soybean Variety Trial in Nakhon Ratchasima.
Suranaree Journal Science Technology 7:232-241.

Tira-umphon, A. and Kumthong U. (2001). Soilless Culture System of Melon Testing
between NFT and DWT. Agricultural Science Journal 32 (1-4):77-85.

Tira-umphon, A. and Kumthong U. (2001). Comparison of Melon Cultivars in Greenhouse

and Field in Rainy Season. Agricultural Science Journal



4)

5)

6)

69

32(1-4):147- 50.

Sukkaew, P. and Tira-umphon, A. (2013). Effects of Nitrogen and Sulfur on Allicin
Content in Garlic (Allium sativum L.). Khon Kaen Agri. J. 41 Suppl. 1.:273-277.
Sibponkrung, S. and Tira-umphon, A. (2010). Genetic Variability of Fruit Characteristics
between Thai Melon (Cucumis melo var. conomon), and Cantaloupe (Cucumis melo L.
var. cantalupensis) Hybrids. Agricultural Sci. J.

42 3/1 (Suppl):211-214.

Sripongprapai, S. and Tira-umphon, A. (2015). Genetic variation of fruit of shelf-life in a

cross between Thai melon (Cucumis melo var. conomon) and Cantaloupe (Cucumis melo

L. var. cantaloupensis). Khon Kaen Agr. J. 43(2):353-358.
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