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Temporary immersion bioreactor for micropropagation of Anubias spp.
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Temporary immersion bioreactor for micropropagation of Anubias spp.
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Research Title : Temporary immersion bioreactor for micropropagation of Anubias spp.
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Abstract

Anubias spp. is aquatic plants that are colorful and characterized. Nowadays,
anubias has important economic and highest export value of country, but in the natural
habitat propagated more slowly. As a result, anubias has expensive and insufficient for
export. The study on propagation of two aquatic plants of Anubias barteri “Board leaf”
and Anubias sp. "White” through tissue culture by bioreactor system. These experiments
were conduct to find out the determine the optimum feeding time (3,6,12 time/day) and
phase of rooting compared with traditional tissue culture (culture in semi-solid medium)
After 6 weeks, the result showed that bioreactor system could significantly increase the
shoot number of both anubias than traditional tissue culture. Feeding six times a day
showed the both anubias were increase of shoot was 1.92+0.43 and 3.00+0.54
respectively. The compare phase of rooting between two culture system, showed that
the roots number of Anubias barteri “Board leaf" (8.53+0.84) and Anubias sp. “White"
(7.60£0.93) in bioreactor system were fewer than both anubias on semi-solid medium
(9.85+0.48). Plant tissue culture used by bioreactor system was another alternative for
increasing productivity in commercial aquatic plants due to rapid growth and number
greater in less time than fraditional tissue culture. Bioreactor system was highly

beneficial to the economy propagated aquatic plant for export.
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Solid culture

Liguid culture Tetmporary irmersion culture

Cultivation system
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naRstUEUTA 999 L. frutescens MaIANMNzIAaslE 6 §iland

Culture No. of Shoot Fresh weight Dry weight Hyperhydricity
type® shoots per length per explant  per explant

explant {mm) {mg) {mg)
Solid colture 7.8 bY 247 b 1042¢ 03¢ Oc

Bioreactor
culture

Temporary 129a 362a 31090a
immersion

Contimeous 90 b 200b 164880b
immersion

351818 50 b

1462 b &0 a

3: Shaik et al. (2010)

Shaik et al. (2010) ANEITTULNNIWNEIAEEREaNT solid culture in box,

temporary immersion bioreactor, continuous immersion bioreactor fdanasanis

i
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Zobayed et al (2004) 1@Wqﬂq?ﬁﬂHqT3UUﬂq?LWq$LﬂﬂqLu'ﬂLﬂ'ﬂ‘Wﬁlu?x‘UU
temporary immersion bioreactor, Erlenmeyer flask hdsmasannasyRLln 189
Hypericum perforatum AINNIFANEINLTINTIN LA Tus T UL temporary immersion

bioreactor dwin RN MInan ezt msinuiaINTgA (MW 2)
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£ 20 FE a0l
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AN 2 LAASTINIATBIFUEY Hypericum perforatum L. (St. John’s wort) A7NN17
waryiuTalusruuRuansnei

N Zobayed et al. (2004)
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He et al. (2007) AN®n sruuNITmNziaelaEiafnT solid culture in box, paper —
support liquid culture, liquid culture in flask, temporary immersion bioreactor NAHAFS
ﬂﬂﬁ‘L@?‘tgLaUTm U8 Hydrastis. canadensis AINATANENLIINITIN R Tz liquid
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g Solid culture Paper-support  Liquid culture Temporary imumersion

in box liquid culture in flask bicreactor
Cultivation methods

MAA 3 LARSIENTIIRENTdNasaN TaTUBUTR WAz nRNAIuIuAugaY  H.
canadensis L.

f3: He et al. (2007)

v
a.nsiEsAula(ANgFuEeun warAaruIubiuaay) Tun1sWnsIREesTILLANGNY
Auluie liansiulfau
Murch et al. (2004) RINNITANEN TEULNNTINNZIAERLE@NT solid culture, liquid
culture, temporary immersion bioreactor NASHARANITATUFLIRA 989 Crescentia cujete
¥ v
AINNFANENLIINITIN L Asa Tz temporary immersion bioreactor W 195
v P al P} o e da
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Shoot height per plantlet (cm)

Salid culture reuicd culture TERMPOrary EvHmersion: Gl fure

Cultivation system

) 2/ 1
AN 4 LAAHANNSTTLLNSIN TR UAN A Tudnasanisasaduln  (Avugesiv

803, 911U 1L) WAZNITWRUNTR4 C. cujete

‘ﬁ&l’l: Murch et al. (2004)

2 W 1 1 U 5
AN 2 HA1A9TNAT895 LU IUANTINIZIALS NAINAAE ANUILABEANTIIANNNINTY LAY

naasUALTR 999 L. frutescens waIANNIWNLLALNLE 6 dLanif

Culture No. of Shoot Fresh weight Dry weight Hyperhydricity
type® shoots per length per explant  per explant
explant  {(mm) (mg) (mg)
Solid culture 7.8 b° 247b 1042¢c 03¢ Oc
Bioreactor
culture

Temporary 129a 362a 31090a 3518a 50b
immersion

Continuous 90 b 200b 16488b 1462 b 80 a
immersion

£

fi31: Shaik et al. (2010)

Shaik ef al. (2010) $AN1SANEY sLULNIBMAZIRE T 0IE 0 R solid culture,
temporary Immersion bioreactor, continuous immersion bioreactor ﬁmwaﬁiﬂﬂ’l?
\wstytduln 194 essertia (Sutherlandia) frutescens L . annsAnENLdIN TN Bee
UL temporary immersion bioreactor ﬁﬂﬁﬁiﬁmmrﬂmugqﬁuﬁﬂu LAZATUIUAUE DY

d d
HINNGA (A19199 2)



anmaastyiuin(Angeiugel wardanuuAuga) unamsidaessuuLAne

2

o = a o PPN
AulunrriaNanAulERAY

= 1 { < . . 1
AN919N 3 HATRINTALN A8 TN LA 92U temporary immersion ( T.1.S.) Aanns

wiyiAuInaessiudaunes S. tuberosum L. 2 436

oy, Dasires ov. Atlantie
Solid culture TIS. Sobd culture TIS.
(1SE) (i1E) (xz8E) (utSE)
Shoot length {om) 85201 D3t04a 66201b 1932024
No. of mfemodes 45202h 1152024 455020 031014

< .
NN Jiménez ef al. (1999)
- o R R .

Jiménez et al. (1999) NINTANET TEULNITINIZIALLLaLE a i solid culture,
temporary immersion bioreactoridsnafanisiasyAula 989 Solanum tuberosum 2 A

4
AINNIFANEINLIINITNI A sy temporary immersion bioreactor 119 HlFunoy
AHAIFIUERN WAZATUINAUEAUNINTAA (F1N5197 3)

o = P G . ;

Roels ef al. (2005) NINITANEI FEUUNTTIWILANLUA LD WT semi-solid culture,
temporary immersion bioreactor NAINaRAN9ATULRLTA 289 Musa spp. AINN13ANEA
NudInIsmnziaeslusEuL semi — solid culture WM THHIBNNMA g TRsiuEaUNAN

1 1 1 @
nan widnsnsiasyAuTnaasdiuseuniinauluszuL temporary immersion bioreactor
gdv q'dy c.l' v @ 1 dlo 9 & vrqal dy v all =
Wulldnsni1sisauninian uaaalifiiiudy scuuin lffuiuginauliugane ssuy
temporary immersion bioreactor(mwf"l 5) FelunnmaaesreINTLAa IR @:ﬁqmmm?

& o & ; a i o 2 o gud = \
NLRHICANNLUNTUA RS TUALRAN quﬂu‘l'ﬂ quqluwsﬂﬂﬂqﬁmﬂu‘ﬁu@‘ﬂﬁ’ﬂﬂqﬁ‘ﬂquﬂﬁ-lﬂ']ﬁ'

WsnALTaLANANAY wazenadsnasaANg1aaasiglfanfon



m TIB a
T Semi-solid

:

Multiplication Shoot Number of Number of Shoot
rate height leaves roots diameter
{cm) {mm)

¥ 1 3 [] = o a g
NINA 5 LARISATINITHANTN WAL TTANAINUARNHULNINNIEIAIA TBINIFINIZLAL
fiuaau Musa spp.lu temporary immersion bioreactor (TIB) wazlua1misnauds

ﬁm: Roels et af. (2005)

1=' 14 A ] ] - - A“ J q' =
AMNTIUNIT IR IUITNAINAFABNITATULAUTALUNTTINNS ARSI T aLEa N T LY
) &
szuvlulaswannad antaAsn

o = -] :; 2 = &

Zhao et al. (2012) NN1gANET anuuATalnfT e s lusruululasuanlnas

WULANTIASI 3/60, 3/180, 3/300,3/420, 3/540 min/min NAYNARD Rhodiola crenulata
oA 7S . . o gy a o vy = = =

Wud1 Anslianmas 3/300 min/min MlAAAIUIUAUERUNNNTGA (NWT 6) Wasanly

wawsazadaiuadudiaslfiuiBuinaisannisiuansieiueantl a1 lAluEununiies

nulianagdenalufiunig Aeananliilinisasydula lalddiniunnin



25 60

222 Dry weight
Bl Shoot multiplicate ratio
20 a 4 50
’ | .
= o =
= " @
2 45 =
= 2
R - 30 =0
D =
= 5 =5
Z. 10 B
&
B I 410
O O
L
)
q}fb

Temporary immersion cycle {min/min)
= q" 2 =l [ o - 1
MAN 6 waANaTe9AnND luNT e s luszuululasueamadandanse  Ndsaasia
gRsnTNTIuLRsRU Rhodiola crenulata

fxn: Zhao et al. (2012)

Georgiev et al. (2006) LERIN1sANET a1uauaselunisifermisluszunluTesuen
Was wuuaNdaasIg 15/65, 15/105, 15/165 min/min NAINAsS Datura stramonium WU97
o o . LA & e A P o
#n1slie111s 15/105 min/min HFNIMEMENUTRGINGR (NN 7) ANEUTNITABLANEY

] ] =) o o 3 F :; ] ar =4 ] = nh:ly
ﬂ]'ﬂﬂW‘ﬂLLﬁ]@t“ﬁuﬂﬂ“l.l@ﬂuﬂluﬂﬁ‘ﬁluﬂWﬁiﬂﬂqﬂqi‘uu@mlﬁlﬂﬁ]qﬁﬂulﬂ’LUW“ﬁLLL‘lﬂzﬁufﬂ Tunsoin

2
k2 SL!/Q o o
Bl

= d‘d o 1= o = = 10
Nondaneuzldianfuléing Lwmmzuuam&mzmqmi‘mwminmLﬂulumﬁ‘amu

=3

anserngliluanfuldauiainnsn wigdulaléa acddandunazfaslifuainisdaiuau

Y

u
ASaunidn AdnunsawesuFuinlés

@
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e 1BIBE
- 15/108 )

_ 2.0 —e 1sm88
: A
= 15 ;
e
o 1.0 -
=

0.5 y

Vdf"‘“”‘ij - :

0.0 fow* ‘ -

¥ o 8 12 16

Time, days

il —

B
. S
Py
? .
- g *
g
20 24

& = 3 = o a \
AMAN 7 LL@ﬂ\‘]ﬂ@’ﬂﬂ\‘]ﬂqf]ﬂﬂlun']?Iﬁ’ﬂqﬂqiiuﬁ‘zuu‘luiﬂﬂmﬁLW’E?@N?Qﬂﬁ‘qQ NAINAFID

TUNMUNWYS 989 Datura stramonium

ﬁm: Georgiev et al. (2006)

= o n!: g 4=: ] = =
A157199 4 HaradauNAflunslia I shasnasant SRy lAL B89 Chiorophytum

borivilianum luszuu temporary immersion bioreactor

imenionfegeny  Mesnmoolmootbens=SP Meanlenghhofmirotubes Mean growth * yperyricy
i} inder:

3minevery o min S0 f:1% 10071 ]

mneerfimn 1205 :0% 154071 l

mneeryon 3403 X 305 pl

ﬁm: Ashraf et al. (2013)

v
Ashraf et al. (2013) 1IN13ANET A uuasalunslfiaunsluszunluldiuanmas

WULANEaAs19 15/45, 15/60, 15/75 min/min WuU41 1nn518a11s 15/60 min/min fn1g

s = o =
Wwityiiuingangn (m91eh 4)

[

d' 14 A=l| ] a = = = =ild 9 v a 14
3.AnND luns e shdeanasanisiasauianaasn s iantansulnnulusiu

NFRTEYLRALLA
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= ° 3 ] 1 = = i
M3 5 nagesRnuIuAslunisliavnsiasnasanisiasyAuin 1as Beta vulgaris L.

Tugzuy temporary immersion bioreactor

Cultivation system, immersion frequency (flooding/stand-by) Growth index*
RITA", 15/45 147
RITA®, 15/60 143
RITAY, 15775 16.6
RITA®, 15/90 90
Flasks, continuously immersion (Pavlov et al. [§]) 118

* Growth Index is calculated on a base of inoculums and final dry weights.
17"13-1'1: Pavlov et al. (2005)

W
Pavlov et al. (2005) nInN1sANE anauAsalunisliianwslussuululesuenmas
ul, i e 1 ﬁ!l £ i % =
WULANEIASIY 15/45, 15/60, 15/75, 15/90 min/minWu91 ANTTHaNe 15/75 min/min &

] a

1 1 ¥
nsastyAuingangn (A919% 5) ANEuTNIIRaLALeTsN TS azTiANUA WA uAT Y

& ]
4 aa o =

anslfarnsiuazuansratuldlunsusdazaia lunsdinNenaansruzlafdulfinw

3 ar = r—Y o L% Q £ I n’f/

WFzarTuANHoEnadrrEAnana il lun1sdazana17a 7 A luan AulFRY s zasiiu
o =1' N v ar ° 3 1 oAl a dl' =3 = = vl
uilunazfaslafuamnsaruaueiannndirrinaw asaunsaasfuinlas

o 3 b2 =i 'S

Zhao et al. (2012) AnNN15ANET A1uuATelunslatvisluszunlulasuanimas

WULANE2As19 3/60, 3/180, 3/300, 3/420, 3/540 min/min NEIMAR® Rhodiola crenulata

Wudn In1sliiennns 3/60 min/min HFunns Bminudiegeiige (nndi s)

12



Dry weight
B Shoot multiplicate ratio
a - 50
20 + &
o =
=5 440 3
2 15 -§
S 130 =&
= 10t =
s {20 3
S
75
] 410
0 0

Temporary immersion cycle (min/min)

NN 8 LAAINAT89AN T lN1s e TuN ANNZIRLN AR LY temporary immersion
1 o
bioreactor Ndesatinuinuieaasdin Rhodiola crenulata

ﬁ:ﬂ: Zhao et al. (2012)
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Unn 3

L4 ol
aUnsaluazianns

3.1 ansal

9 1
3.1 wruNEieEe white Anubias ARUANININITNARD

3.1.1 MAlReaEeEenssliin

3.1.2 NTLUANANIUIA 1000 ml, 500 mi
31.3 1Asaeta 2 A

3.1.4 dnwnesauia 500 ml, 100 mi

3.1.5 unalfoauans

3.1.6 “aAANLAANT

3.1.7 Fausnans

3.1.8 lulmstlilmauna 1000 pl

al =l a
2. Llf‘lﬁ‘EINﬁ‘z‘Ll‘LluL‘]_II’ﬂﬁ‘LL@ﬂLlﬁlﬂ?

2.1 MAnzRsTaEans ot
2.2 thunay

2.3 #neTalAu

2.4 fasanszantau

2.5 TAlAY
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3.2 WHUNTTNAADY
¥
1NquEUNIsAsesLLugduanysal (CRD) Tnadarusuasalunisliiainisaas

=l a os = 1
5‘5UU1UI@TE%®F"’]LW@? Lﬂuﬁ@@ﬂiﬁﬂ'ﬁﬁﬂ‘]ﬂ’] uienisnaaaaily s TANITNARADY TANITNARD

Az 3 41
TANITNARBIT 1 FTUUB NN (FRALAN)
o = S & 4 e o =i
FANINARBIN 2 sruvlulasuanmad Wiawms 3 afesadu wiuaseas 5 widl
Jdr = o 6 v 3 1 as :: =
LAANINARDITN 3 srunlulgsuanimed Wiawns 6 afsradu wiuaseas 5 wndl
H L &
ANTNANDIN 4 szuvlulasuenned Maimis 12 afesiadu wiuafeay

5 1417

3.3 aMTNAARY
o 9 [V 4 9 09‘ =l =] nly dly dll |
1. Mnsgenefiuiugnesaliinianaeylealaedinanizideaiiatianiuis
2RINNTE (2540)
o g A dvy & A A = 4 &
1.1 fueydeanlFainnismizidasieiie smiz@asluszuuanmisiauds
WAZEIMNTNRT 4T MS TANTIAaTlATa 30 niuFeans sausanaeiiuu BA 1 Radnsusa
ams uaz Adenine sulfate 50 HaANFNAaAMT IALNNINNTINIZIRNAUEAUANUIY 5 Hu Tu
1 ¥
szuuaImsnaudaiunms 150 Hadans aauszuvluldsunamaiineafiuiuganuiu 10 Au
luausiuadiunms 300 HafAmS

2
o ©

1.2 aniuinlifesluiaunizi@asninisliiuas 2,500 and daanasliuasdu
az 12 Falussiadu Ngaumniiies 25+2 asaaadas usrazionn 8 filad

1.3 thuinnslasuwlasaesiiaiiianng dUanfluusiazganismeaaas Iagdy
hd ke 1 n’l ° kA J A=l| = [} n!, o ] n” o 74
ANuINsiudeTudu Auusiuteuniinudsdetudou Ausnlusedudou danaugesiv

AHNE9 1L ANNA1 1L AINEN99IN TIRIMNNER AT

2. WhsuWeunissseyidiulaluszaznisaansinaassivayadsendnessuuanmnsig

wienunisldsruululasuaminas
=5 = =
2.1 PNUNUNNTNARBILLL One sample T-test IaaAnsnisiadeyiuinly

1 ¥ 1
sreznieensINIadiuewtsamizidssluawsnaudisuassuululasue imad
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2.2 WiduRufayiaaa N9 AU luNMAaeh 1 N wIzIReesaE
e dgl =] A d’l dJ [ = (3
FEnsmnziaLe 2 38 Ae nnsmnzideeluensnauduassruululesueames lwamnsges
MS (Murashige and Skoog, 1962) 1 ld#in1siBuatsAruAnnisadyAula Taavianns
dy 4 = o b7 d‘ [~ a aa
wrztasssivadoadiuou 5 6w lwssuuanmsnawdazunmg 150 Radans douszuulule

= o‘d” 2/ o g0 2 o aa
THBAALRATIAENAUNUTATUIN 10 FIU Tuanuiawmantsunmg 300 HRRQAMT

L4 4 2 1
e ©

2.3 Al desludisanizideandinigiuas 2,500 and 42an1s1#uas
Fuaz 12 dalueriadu Ngmngiifies 25+2 asraadua Wiszazioan 8 dilanif
2.4 Tuiinmsaasuudasasaiiaitiann dlailuusasganimaaas Tne
o 9 & ] ay ° ! ny ar 4 1%
WuauINAusaTudou Auaulusedudau danNgeAu Avxenqlu Acungnelu Aw
819970 Fatimings wazitinuiie
=l a = v =l dl ¥ ﬂil 2
3. uhauisunissgiiularessiveydsaneantgnluaninwandaunauanily
= = o = o =i -
anmswziaes luamsiada Fauvauiussuvluldsuanimes
3.1 0NMUHUNITNARDILLY (Completely Randomized Design, CRD) lag
= o o N dyy P G £ = =
Anmanwnzsiuaylisanlfainnismiziasaiiatiafoassuuaimsieudauasssuulules
s d{ o =4 e
waanad Iaeantgnlussuunisgniva (55
= = va .
3.2 Lmﬂmzuuﬂ@jﬂwﬂmmmu DFT (Deep Flow Technique)
5 o oany PO G £ o
3.3 quiiuaydaanldanniswizideaiiaidiefoaszuuainisnaunds uaz
seuvlulasuealned gan1smasesas 150 fu Aasnuasluaanuisdawiiaasiunisuin
184570 WuFelehiu (rock wool) ldasdiantlgn thllauunalunszusiaquiaewanaiinla
1=ﬂl n!ly o 3 = dll 9 ny CY = 9
iaALANAINTY NatNulananafinaguaanianssadlinaunsawsiuln gl
annazhilanuaung Wuszazinan 4 diland
3.4 Andensueydaaniizuialndiresiu unldnaaasluszun DFT Afl
a19avaN8 51081917 taalfuaisazanaBusiunszauaiuiindu .75 Jaddwusse
iuRAs uazyn flad innisAnansazanasigeInisuaz e diussauadinguy
AUDNTTAL 1.5 ARTUUARELTURINAS

ar o &K = a b4 1o 9 1 o ¥
3.5 ZNLﬂﬂLL@xUHWﬂﬂW?L@?ﬂ;{LﬂUIﬂ lJL@]LLﬂ FMUIUAUEAN AUIULL AINNTI9

o manenaly maumunly wazAngesiv ussazinauiu 16 dilasi

16



unvodianan NITvUINAIAIANTSIE

= o
N53ASIERIRYA
1. Wdayaninasydiuin nnswemzisineisluie undnezdaonuulsilsay
(Analysis of Variance, ANOVA) WaZiFEUIELANUANANIEIANRRLIBTANTNARE

o

NeadRRsrFLAMNE e 95% Haeid% Duncan's new multiple range test annludsunsy
4115231 SPSS v.16.0 for windows

3. 8y An15IATIZTANI AN ABATE NNTLAIZITAI L sUFIRILLIALUN
MANEMNY (Factorial design) waziREufiEnANULANATT84ANARHIBITANSNAGEINTS
ADATTTAUAIINIE BT 95% KaeA% Duncan's new multiple range test annlusunsu

@523l SPSS v.16.0 for windows

< o
AATUNNINITNARRS
2 2 e t=lg, dly di 2 ug’ & a e a
e JiRnawnzinailaidienssaldivn deadfiRntsinauinis uazlsEauilgn
% Oy = = a =i o =l
W?S‘MIN‘H’W n1ATAveatanin1slszie ansmalulagniaineng anitdwmalulatinse

RANNANANAUNIIFAIANTA

FTALLIR PUNITNARDY

PAUTUIE 2558 - LABUAINIAN 2559
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=
Unn 4
= o

NANITVIAABILLATINITEU

a a o & a = A o 9
4.1 ANENATBIRNUIUATIURINIFT BHAIUITIUNZEN LUNT AN TN A uns T lal
wanaayiias Tussuvlulasuaninas

AINNNTANHIBNENATBIATUIUATITBINTT LR M TN T BuNs usiuns sy
WHinanaeydes Mwunzanluszuululdruaamed Inafinvuaduanaislunisliianns
3, 6 uaz 12 AFFedN sreziaan 6 Ui wuda luganimesasfcaszunlulasuenmad #
= o ue,/ o :/l 1 e A 1 1 = o © o =a
faruauafalunisliianuns 6 afwsaduilannuunnssatnaiiedAyn1eadin (P<0.05)
o al - P . : o s o o
WeuReuWeuiuganismaaedaus Ine Anubias barteri var. ‘broad leaf WiAWI UG

H 1 1 & k2 1
\aRe NINNgAWinAL 1.92+0.43 douaringuaas awanlu twings uazuminuiseds
nigalugarIuAN WL 17.6740.87, 4.25£0.46, 1.17+0.12 waz 0.11£0.01 AMNAIAL
Hiununnndn lugantsmaaesiivinnimaaeshaeszuululasuaamas (115199 6, N
9) WAY Anubias sp. “ White” Wul a1uausu, anuauly inminanuaztinniinudiaaas J
WBuruuniganaiy 3.0040.54, 2.50+0.58, 0.29+0.04 Uaz 0.06+0.01ANNAAL A9
PBurnanuguadsuinigaluganiugn Wiy 17.67£0.87 (An919% 7, nand 10)
= =l c o = = o o g
Wasannszuululesuaameiiiu WussuuninismyunauainiAanig lunausi Emizi@e

8s o [ 1 (3

funugasauisatinftaisslanindnl lussou T lunaatyiuinlfesdafiud way

9

o e Y [

TudaszuutiuazanAunisinauresfuiansue wnsaulyl dudatufiuiuginlifudug
Mfuuauansermisliedraiinnandos lunismnzidesdaaszuululaiuanmaii
o 3 qi ] = a L | o [ 1 al %4 o

AuuATImNIzaNsanisasAuinresi gl A udr Ay eeedeinliiuBunneamng

wanluszuunimasesnniiullaftafaainisantinvessiuiug uaenn 1fsuiugdawne

.
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= o 3 o = v = - =
A15199 6 HaTasaIuAFlunfs a1 sannnamnziaesfaszun luTasuaamas 7

ANARANAsRLTAY89 Anubias barteri var. ‘broad leaf

TANNTNAREY AN MuImAY  nuuly Wwminan  wvinwiis

TARILAN 17.67£0.87° 1.13%0.21°  4.25+0.46°  1.17£0.12°  0.11%0.01°
3 ATAATYW  10.4620.60° 0.29+0.19°  1.42+0.38°  0.30£0.02°°  0.04+0.00™

6 AFIARSW  17.0121.16™ 1.92+40.43° 3.58+0.36°  0.49+0.06°  0.05+0.00°

12 A59Fadw  14.31+1.11°  0.83+0.28°  1.75+0.35° 0.19+0.02° 0.02+0.00°

o

nsnwsnssengeAuansiuluwwsuantauuanssiuetn e d Ay n1eatf

(P<0.05)
4 ° et 5 & g = e a
M1T19N 7 NﬂT'ﬂﬁ”ﬂququﬂﬁ‘ﬁELuﬂ’]ﬁ'iﬁ@qﬂqﬂ‘@’mﬂqﬁ‘l,qul,ﬂﬂqI?]QEITZUUIUI'EI?LL'EF’]Lﬂ’l’]ﬁ‘ N

AsuAaRanITRsRLIAY8Y Anubias sp. “ White”

FANITNAAEY AN ANUIUAY uanly  dwdnas  dminudia

TARAILIAL 9.85+0.48°  1.50+0.30°  0.50+0.18° 0.29+0.05° 0.05+0.01°
3 pSapady  7.60£0.93°  2.00£0.49%  1.17:0.56° 0.20+0.03° 0.05+0.01°
6 ﬂ.}"m@a’u 8.53+0.84°°  3.00%0.54° 2.50+0.58° 0.29+0.04° 0.06+0.01°

12 avapedy  3.360.38°  0.67:0.22°  0.44x022° 0.16:0.01° 0.02:0.00°

k4
o o ar = o

adnwsn mdangeiuanseiuluuiiuanivauuAnsnaiued 9 ilfa a1 Ay neaif

(P<0.05)
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2 £ kg ny ar ;2]
TAALAN 3 ATNARNN 6 ATWARNL 12 ATeedl =k=UIMUNUR

FUUATILUNIT IR IUS (FU)

=i ° ot £ o | = a =
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) k3 Il 1
A 11 uansanenizwesodlfiti Anubias barteri var. ‘broad leaf ilaGufiun1mvases
9 o’l 9 ny = a-dl 74
A. westuliitnimeassgaauas B. wesasliith lussuluTesuanuma i
3 [ o oy = r:dl 9 3 1 e
211 3 ATasiedu C. wesauliithlusruululeiuemmainliiamis 6 afisadu

9 1 L7
D. wesauldiinlusruululesuammainliianuns 12 afesiadu
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[ 2 1 o
w12 uasadneuzwesadliitn Anubias barteri var. ‘broad leaf’ 1Ha&ugannImaaes
A wssnulfithnimeassganaunn B. wesauldivnluszuululeduammasali
2 k2 1 @
217 3 AfvAedu C. wesndldmluszuululesuemmasinlianins 6 afssady

D.wrsaulditinluszuululasuannainliianing 12 pfasady
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AW 13 LansanEaiengseliinn Anubias sp. * White” \laBufiun1Inaans A, wesoulsl
og’ 9 e’l = e-'dl £ :; 1
Wnimasesgancuan B. wrsuliitnluszuvlulatuepmesiniianuis 3 afssie
9 1 23 9
Ju C. wasruldiuinluszuululesuaawainliianuns 6 asasadu D. wesadldivinluy

sruvlulasuaatnasnlianing 12 afarasy
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MW 14 uansansnienesaliii Anubias sp. © White” iladuganimmaaas A. wesnuldl

0” 9 :‘ = e“ﬂl 9 3 1

Wnmesesganauan B. wesnsldiinluszuululasuenmeinliianms 3 afusie
2 1 L 73 £

Ju . wesnuldinlusruuluTasuapmasiliianing 6 aserasu D. weenslsivinlu

1 @
sruvlularuaamainliianuns 12 afesiadu
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42 WFauigunisiasiiulaluszaznisaansinuasnuayLigdsEninessuy
= [ 2/ =l 4
anvsnanteanunsbszuutulaswaninas
= = = = 2 = 1
annsAnenfauiauniswsgauialussaznireansnesfiueyioaszwineszuy
4 & o 5 =l - ' P £ & o~
amsnandsiunsszuululaiuaamed wudn Tuganimaaasiaaszuuanwisnauded
ANLANFA1aL TR 1ATYNINATA (P<0.05) WanFaumauiuganisnaaasdaszuy
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Anubias sp. " Anubias barteri var.
treatment :
White" ‘broad leaf'
control 0.85+0.48° 9.85+0.48°
bioreactor 7.60+0.93° 8.53+0.84°
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L2
98461 Anubias barteri var. ‘broad leaf’ TUsz8£19a10151884 6 Uan1

3 ATFATU

6 ATIFIRI

12 ATIABAY

FAAILAN
Alannt
0 0.00£0.00° 0.00£0.00° 0.00£0.00° 0.00£0.00°
1 0.08+0.08" 0.08+0.08° 0.00+0.00% 0.04+0.04°
7 0.92+0.16° 0.29+0.15° 0.46+0.15° 0.21+0.08°
3 1.00+0.17° 0.29+0.15° 0.71£0.19% 0.58+0.19%
4 1.00+0.17° 0.29+0.15° 1.04+0.19% 0.83+0.22°
5 1.1320.16™ 0.29+0.15° 1.42+0.20° 0.83+0.22"
6 1.13+0.16° 0.29+0.15° 1.92+0.34° 0.83+0.22"
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6114 Anubias sp. “ White” luszaizinannisiaen 6 d1lant

3 AFIFRIU

6 AFIBIDTL
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TAAILAN
Auast
0 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00£0.00°
1 0.00+0.00° 0.06+0.06° 0.06+0.06° 0.0620.06°
2 0.06+0.06" 0.50+0.23% 0.61+0.16° 0.28+0.11%
3 0.61+0.23° 1.06£0.29° 1.2240.26° 0.50+0.19°
4 0.72+0.24° 1.560.37° 1.89+0.30° 0.67+0.20°
5 1.3940.30%° 1.61+0.40%° 2.33+0.44° 0.67+0.20°
6 1.5040.27" 2.00+0.45% 3.00+0.49° 0.67+0.20°
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WenFauweuiugaaiuanndinasaduinluaesivanubias barterivar.
‘broad leaf’

Tuszaizinaniaaes 6 dUmnii

TAATLIAN 3 pfariadu 6 Axasiatu 12 pRasiadu
duandt

0 0.00+0.00° 0.00+0.00° 0.00£0.00° 0.0020.00°
1 0.71£0.19° 0.380.13° 0.17+0.08° 0.83+0.41°
2 1.96+0.24° 0.750.18" 0.92+0.13° 0.79£0.13°
3 2.79+0.35° 0.83+0.20° 1.71£0.19° 1.4240.24"
4 3.38+0.35° 1.25+0.26° 2.42+0.19° 1.79+0.27%
5 3.50£0.35° 1.3840.29° 3.04£0.18° 1.7520.28°
6 4,25+0.37° 1.42+0.30° 3.58+0.29° 1.75+0.28°
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A0 (P<0.05)

= 3 24 % & w = -
A15719% 12 LaAIEaTa9a I uAT Nl Tun1smnzaaednassun lulasuanmnes
WanFaumauiugaauAndsnanaauInluaassiu Anubias sp. * White” Tuszaizinan

ANgvaE 6 AU

TAATLAN 3 pRaedu 6 ASaray 12 AFasiRdY
fUpk

0 0.00£0.00° 0.000.00° 0.00%0.00° 0.00+0.00°
1 0.00£0.00 0.00£0.00° 0.00%0.00° 0.000.00°
2 0.06+0.06" 0.00£0.00° 0.61+0.16% 0.00+0.00°
3 0.22+0.10° 0.06+0.06° 0.44+0.15° 0.17+0.09°
4 0.39+0.12° 0.2240.10° 1.000.23 0.22+0.10°
5 0.50+0.15" 0.50+0.23° 1.22+0.31° 0.39+0.18°
6 0.50+0.17° 1.17+0.51° 2.50+0.53° 0.44+0.20°
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di = o dl ] 2 P §
LN@L‘LE‘EIUL‘V]ﬂ‘].lﬂ‘i_i‘l!ﬂﬂQUﬂNﬂﬁQNﬂﬂ’ﬂﬂQWN@l\?“ﬂ@Qﬂu Anubias barteri var.

‘broad leaf TuszazinaIn1sIaLs 6 dlant

3 ATIABAY

6 ATIFRIN

12 ATIFBT

TAAILIAN
fland
0 7.84+0.13° 7.87+0.30° 7.86+0.10° 7.76£0.17°
1 14.19+0.64° 11.82+0.60° 11.94+0.52° 12.11£0.52°
g 19.03£0.90° 15.14£0.60° 15.3620.86" 15.22+0.81°
3 22.04+0.88" 16.70+0.67° 19.44+1.07° 19.53+0.88°
4 23.0620.89° 17.63+0.66° 21.6120.97° 21.38+0.93°
5 24.26x0.87° 18.29+0.67° 23.54+0.98° 21.93+1.04°
6 25.50%0.88° 18.34+0.67° 24.87£1.15° 22.07+1.04°

FEnwsnIaInguiuansaiuluwwInenuantsauuan et ilded 1 Aoynig

A0F (P<0.05)
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WanfauieuiugaaIuANdatasinnNgaeaiu Anubias sp. * White” lu

SLALIIATNNTIALN 6 Flmdd

3 ATIFIAI

6 ATIFRIN

17
12 AFIFRTY

TAAILAN
e
0 8.99+0.16° 8.87+0.69° 10.36+0.69° 9.11£0.38"
1 9.53+0.21° 9.66+0.88" 11.71+0.83° 10.48+0.43%
2 10.51£0.37° 11.97£1.02° 12.28+0.84° 11.25+0.48°
3 11.93+0.54° 12.34+1.05° 13.13+£0.91° 11.59+0.52°
4 15.90+0.55° 13.84%+1.27%° 14.35+0.95% 12.05+0.57°
5 17.1140.49° 15.43+1.41° 16.5541.13° 12.39+0.57°
6 18.84+0.47° 16.47+1.46° 18.89+1.34° 12.47+0.58°

o  ar

AR (P<0.05)
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