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Abstract: The application of bioreactor culture techniques for plant micropropagation is regarded as one of the ways
to reduce production cost by scaling-up and automation. In an attempt to optimize mass proliferation systems in
Eucalyptus pellita, four types of bioreator systems including temporary immersion system with or without net were
tested. Highest growth was achieved with 30-min flushes of medium at every 4-h intervals in TIN (temporary
immersion with net) system. Results indicate over three-fold increase in shoot growth with the TIN system when
compared with TIX (control: temporary immersion without net) system which is without net in bioreactor.
Furthermore, plants produced from the TIN system increased total chlorophyll content, chlorophyll a/b and dry
matter, giving higher yields of acclimatized plants. Our findings suggest that plantlet growth increases with
appropriate exposure to media at correct intervals, as well as use of net for maintaining aerobic condition in the
vessels. The TIN system thus has great potential for in vitro mass production of Fucalyptus clones commercially.
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S B2 el Eucalyptus pellitay= =2 %ZH(Myrtaceae)
3}, FZ )4 (Eucalyptus)e] T2 F2247 1 m, =]
40 m BE7HA] Ak Vol o] &9 vpEo] 1%
o] o] T A%o] M=, 53] Hxol A ddix
UL 28 Acacia mangium=}t 7 APFHOE F 3 5

Z07 oJAZX T (Harwood 5, 1997; Merchant 5, 2006).
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ALt U] F7F Fol7kA] 2A At &2
o= 71X 7 B2 8-S A4St} ‘Daintree stringy
bark’, ‘red mahogany’, ‘red stringy bark’ 5% &2,
53] A F-GoM = & Qo FH-LS vhE 7 (large-fruited
red mahogany)’ & ¢ St}

FH 2 71 5Hstel met gauEds gHeEa
EA S FHELEIA EvA ke T L
AfxHe] oAl F7ketal Utk 2 Yo =
T AL 7R A AR SE8F2 e &
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g FAES 7R AEY S48 Bl Yake dEE Ut
A INAE SHskE AL FasTH(Yang 5, 1995;
Delaporte®} Sedgley, 2004). L2} AJ4E-0] Z2]2 A2
A, §704 540] o8] 2t §ola) ErhMcComb
5, 1996). meb] AF7HA B3 ie] 53 #
4 A7AHE 7N PFE fEsA A 5, 1997;
Laine3} David, A. 1994; Tibok 5, 1995; Warrang %,
1991; Nugent 5, 2001; Kim3Z} Moon, 2004; Kim %,
2005; Schwambach %, 2005; Hajari 5, 2006) S A A
8] -+ (Bandyophdhyay 5, 1999)0l ZF o] w3=0]#]
sit}. @Ak ardol = 2003 71V PIAIEE(in vitro
micrografting)S &3l 1=u|AJolollA Avk F fZ42y
5] 7SS 438 vk itk Moon 5, 2003).
ol FEHOE FTHsLA 20063 FE =Nk
£ 0] 8- v g Fe A =33 th(Park -, 2008).

AERRET|E o] &8 AL 712 Al H
3 Mt RE A 5 T Ut(scale-up)= HollA F
gt 7Fs A3 7HAI AL ok 2 AEWETIE o) 8El 7
W 7o) -t ARAE Aol vl et Bl Al
(large-scale culture system)©] X 3% % TtH(Hahn¥} Paek,
2005; Piao 5, 2003; Shohael %, 2005). ©]& 3 A] 28>
718 AR el vlal] LTl o gl Fom A uj
Eol7ke AAHE AA] ¥ o AL 719 =3t A
&S TN G S Tt A F ke A
oA wjEZ o & AR YrHKozai 5, 2000; Zobayed 5,
2001; Zobayed -5, 2004).

2= o) BaoA AEdkeT|E o83t ey
- el s 7 dhgs2S AAIsksiaLA} 1L
B2 A s, o8 EXE gt EE 100
2 et il 7hs S 2AbekdTh 2 A 7]
=9 A ujFH v BERFS 7S o83k AAulF
oflA RV o] Y53 S7FFAtH(Park 5, 2008).
BE3E 2 A<lo] fAuf el o3 A&t YA T T
i F7IW 7] A Zlolgkal 4 8k Sk (Park &, 2008),
ol& Aial7] gt AHF AR TAE oFF 2717 gt

A 2 AT= TFS i FA 2] eSS
ol &3l el Beets wi e Mg & A=A A%
< ZAFSIAL, oo A E oY ARES EA st A=
HHS71oM AdE el 9 1% 881= KV

7} s,
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1. NEYE
Ao} ZeRE A e] T &
e A Ause) 448 T

A Feta 24 oA A, AfulEF3ATE. Moon 5(2003)9]
wWhHel mel AEE EHAFSI] DKW Bl A](Drivere}
Kuniyuki, 1984)°]] vj¥gh oh3- vl 85 & F#HE &
Atk A1%E BAZF 0.1 mg/L 37} ¥ DKW 8R4 4
F 7HHoE wtEHOo 7 2|zt Akl B A
LAk ARE o] &3kt

2. WEHIZI| AAH

v A =gl o] Aol W= FES FEEaLAt Ebb &
Flood A|Z=8]o] 7}&38l=s 7L 729 AEWSIE F
A AekTh A3e 918 A8E mdAL" S T
47} o]t} 1) TIX(Temporary immersion without net) -
HUAAE o2 AA iAol 74717 eb= W (30
/4X17Y, 19 43]), 2) TIN(Temporary immersion with net)
- net 90 X|7%4¥ HHAE 7HH o2 A u)A] o &}
= W G0E/M4AA 7Y, 1Y 43]), 3) CIN(Continuous immersion
with net) - net 219 X/ € AHAE A& A=) H
3HA 3= W, 4) TINC(Temporary immersion with net
following continuous immersion with net) - net ¢l X
4 AHEAE 7FHGOR/MATHO R A= 5}
Al g th vl 27 - Al AA A E FHEEke W,

2]l w2} net X7} B Qg v FAIZR(TIN, CIN,
TINC)S flalix= AHA7F ARl of] FA] =2 Fes
JSFE7IE o] 7hHe e S2FAE netE HiY7] HiEtollA
10 cm =o| 2 AX|3le] HAA 7} net oA A2l 31
o} Bg 71 0 7 wj A7} FrElE WA Z=RI(TL, TIN,
TINC)Z Efo]u(24A]17h¢} &8 im0l WHE 73t
4rlell 2 3027H48]/19) viAIE Taske] A=Al 7t
vl ol HBtES sFith.

TS RE AEolA FYF(inlet)S F8 ZE(Mill-Seal,
Millipore, Tokyo; pore size 0.5 um)E 33k o 37|
7F i FEHE FJEA 8kaL sA o v & (outlet) = Bl
F7IH el F717F EE S WA YteS Skt o]
) 71352 flow meters ©]-8-3) 0.1 vvme] EA F4]
A=

I X])= 1/2 DKW 8lR] ¢l 3% sucrose2} 0.3 g/Le] €
S Hrlete] 7] @A = o] &3ttt ZF A EREST] 9
500 mLe| HAHA S EF8taL v FE7] T 607] 2] A
A GL oS wjdsiach 28 vixl= g A pHE
5.7-5.8% 274 3 Th 121°C, 108 kPa 719} 3lollA] 20%
e AT IEA & ARESIITE wi S B 35-40
umol m~s™ PPF(16h/8h +7])¢} 24+1°C =7} -4
= v Gl o] Fo Rt vl 55 F ui Y Al=Ee
wE} ALk A EA ] AT, AT, AELS) THEEH =0
=SS A AL w717l wet vty COo, 3
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=4

3. gdEAet FIRE|0|E EE 24

2120 A=A T AL 98 7 Ao AH &
Zelo A AAAZF 0.5 g2 AF8 80% (viv) oFAlE
o 4817k HA Bt PYEALE FEEAUTE =S 6632
o} 646.8, 18] 3L 470 nmol|A] 22} 243 Y2 Lichten-
thaler(1987)°] "ol whe} Al4ksict.

4. 4SHISI[LH CO, EEEY
CO, FE AEMNS7|9} 44
B3715 3 mLY 3utE- o2 3 3}e] gas chroma-

tography(Trace Series, Thermo Electron Co., CA, USA)

£ o] &3t A3, o1 column Hayesep Q 80-

100 column(4 mx3.18 mmx31 um)S AH&-3F%1 3L, detector

thermal conductivity detectorE A}&-3l] 230°CellA] 73

’8]-9\5111} Oven £+ 80°C, injector= 200°C, 47|14

AMESIF o™ {452 17.8 mL min'e] =2

%/‘]74 AZEskAo

AT FEE 5

oo rlr e i

FER g kS

olA ¢ Wi (Park 5, 2008)°14 $-gl& AEWSIE
o]-g-3t At Fu) Ut} A wiYe] TES B WAL
2 A} 2G04 Al vlEl Akt ¥
A 3.5u) o, A <F 38 Srkshes AHE 7Sk
T}, 2 AP net -7, AT A TOoE AR
<7] v e gt AU 7S =
Abstitt.

Net 72} v 3=
e A g

345 2l et i 8§
A3t ZJo] 7} AU TH(Table 1). Net £
of AUAE ¥kl 19 43] WA E FwF TIN A2
(Figure 1A)= net& f—i XA &2 T2 TIX A
(Figure 1B)°ll Hlal 27, 2], B SolA 3uf o]
o] 453 ASAtolE HAUA o F T& FoA Al F

7HeFAh NetE sl AX|& tha viAl 355 €2
3k CIN(43-3)(Figure 1D)ZF TIN(43]/12 )04 2] 24
AEE A 7D F o2 wiA|E 353 TIN A 2]7F F9k
okl g 271E wAE 1Y 439 FEsithE A

_4

o] g3t gzke] Aure

Figure 1. Plantlet growth in different culture system after
five weeks of culture. A-D. TIN, TIX, TINC, and CIN in
turn, E-F. plantlet growth at different bioreactor system
after five weeks of culture. (TIN-Temporary immersion
with net, CIN-Continuous immersion with net, TINC-
Temporary immersion following continuous immersion with
net, TIX-Temporary immersion without net).

7h o= A At v ® F ujR S A EHoR ¥
H3F TINC(TIN—CIN)(Figure 1C) 2]+ 2318 TINO]
 CIN A 2]E o}k A&o] A 25k th(Table 1).

AX e 22 GRE dFel7] fair] AAET-E7]
o 2 widA 2" shdkat 7y 7wt F onA e
AL o AFAERY TR tHA ok (Kozai
%, 2000; Zobayed 5, 2001; 2004). NA|ujAS 2] -9
AW o gl Aol 38 AR FFS v A=
(Prasad®} Gupta, 2006) ©]= viX| 2HE AEAZ G792
F7F A A Bk 3= 7] wiEo] th(Takayama®t
Akita, 1994). SE0]&8t2 220 FA] A EAE AA =
(net)oll A BAIEFE 7 -$-(raft culture) 2 =52 2
A7l ﬂﬂHHXMl vl 25-33% Z7FslE o= A1A|
& o] AHEAZE F710l Bol oA st A==

Table 1. The effect of bioreactor system on plantlet growth of E. pellita after 4 weeks of culture.

Bioreactor system Shoot length (cm)  No of roots Root length No of leaves Leafarea (cm?)  Survival rate (%)
TIX* 2.7+0.1 4.0+0.9 1.9+0.4 8.2+0.6 0.01+0.0 43.4
TINY 9.2+0.8 4.8+0.9 10.1+2.7 13.8+0.6 0.48+0.1 81.7
CIN* 7.8+0.3 4.0+0.9 5.3+0.6 14.0+1.0 0.31+0.1 70.0
TINCY 4.7+0.5 4.7+0.9 11.5+3.6 7.6+0.9 0.14+0.0 53.3

“TIX-Temporary immersion without net
*TIN-Temporary immersion with net
*CIN-Continuous immersion with net

“TINC-Temporary immersion following continuous immersion with net
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3L A =]
o) xg%ixﬂe A71A g 1‘4~ *17P°ﬂ w2} HHZ] TEE X
Aal= TIX W2(Ebb & flood)oll A 2124 o] 27]

FF3H= TIN 32 CIN(raft culture) H] H 2 o} A
A olf= F /AR AT F Ak AA, wiA F
FA] ol o]k AAFI A (Phillips, 1964)7F &7 51w,
A, AAA 7} 3= 5w v w2247} shearing
ZEg 29 ZIAZR] A & g F Avke Feolvk
(Prasad$} Gupta, 2006).

Net 2] FollM = 2A47F drpt v =]ol] @ HF<,
Aot 25 Jal=A7E Al 2d 88 A3 = 7P F
23 @9lojti(McAlister 5, 2005). °]& 2% Fol wjzh
ted 2 A4 nEd fZETE ASHS
Hjz]o] A 3+ CIN Bl SHTHE 1Y 43] 308 F<F vl

Aol HetAl g TIN Al&" oA Aso] 71 okt vl
%719 TIN, F719] CINS.E M3 TINC #j ol A =
fre] A5 TINET tha A 2319k 919 A#E 7
ol 7] Heleks 71l Sl FsFoll thas oFgk Ao
2 AZtE T wepa A w77 5 AlS ARS8
WA 70 2 wlx]e) A sk Ao A <] ujdt
202 deE

v A 2l wE} st B A EA) 0] AT AT
TIN>CIN>TINC>TIX =02 =3H(Figure 2). TIN #2]
TFoA] A EA = net?lollA] ZHE A 0= viA & FFT A
2w oA AAgateTt,

H°k Falo] whE} AJASt A EA2EE A4S AFH s
24 a, bo} 7FRE] o= TS A th(Figure 3).
TINOﬂH T Q=4 FHC,,)H THEEH 0| = o] 7}
XS Rk ol FA el MY FES HEL ab
T 7P =9tk A5 g S TIN v Al =48t
oA e A EA Q] AEEE 7P =UTHE A TIN
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Figure 2. Effects of bioreactor system on fresh and dry weight
and dry matter of E. pellita plantlets after five weeks of culture
(meantSE). (TIN-Temporary immersion with net, CIN-
Continuous immersion with net, TINC-Temporary immersion
following continuous immersion with net, TIX-Continuous
immersion).

g 08 0.03

= 07 ¢ 4 0.025 g
2 06 ™
‘E 05 | 4 0.02 gt
.E 04 | 1 0015 =
8 03| 2
= : 4 0.01 .g
Z 02 g
_g* o4 | 1 0005 O
5 ol o

TIN CIN TINC TIX
CammmChb mmath = Cxtc
Culture methods

Figure 3. Chlorophyll and carotenoid content of plantlets
grown at different bioreactor system.
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ol

Aol AT HEA T I BRI
the 7149 Axeky sz
ARkl 7|l 33 o] w2 CO, s}t F
4 F%AZ (photosynthetic photon flux, PPF), <&
&s, o 37 95 S5} 7o) 2|3 37 2 A9
o Qo) T ST §E 2 ab
H|&o] Ytom §g] iz dhegko] e SxA] Al E
E4S yehAtk(Chaves, 1994; Riek, 1995). Z22]3h
o= 7|9 &E 2R3} FTor AAZA ¢l FIAHES £H4
3171 o]H 9] dutg oz 7]9] =3kgo] Yth(Riek, 1995;
Murali®} Duncan, 1995; Van Huylenbroeck 5, 2000).
7l FQ AEAl= slo] FaL F5d vAlEA ol
A At F*Oﬂ AREF 7|50l =FEH 47 Slo] A5
FPE SATE AL us oaeau} by & Ao
A= :131?& Al &Estel A AREE A=A o e A
Wa7] 915 M7 o, FEE ZAad 1EHL
Wl A2 AS) B3 AEE 2AITA sl A

ol F2td deE FEE 8l vl
z 4

f
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e

E9ES7] out-let -

71 F71E AF sk v 157 FHE 2 JZME
33] CO,E ANF, B4 8k th(Figure 4). vldz7] 2 v
71H CO, e 950~1,000ppm e Z H|S2&kAth, 22}
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Figure 4. The changes of CO, concentration in bioreactor at
different culture system during entire culture period.



T3] zkel7F AT FPIFAE TIXSF TINCOY ¥ls)
AHHOZCO/F THE AF3717F A= 9% CIN

2+ TINeIA 2318 CO, =7t F43] Wtolsth o= ul
F7IHollM Adete AEA7E FAEE COE o83l
kst sq—%l-/\q_g_ ;‘5}57__ 2}1\1;],}; _Z_;q o];]. sk :q.fsl-/\q 9,] AR
2 dojAe 2FE0] Al FHHo AE&Fo] 57t
H Zlo® 9 Figure 25 S st= @4’3}4——1— ShIT
H 03:7] Al Uxﬂ o] Agx}o] o]:_~§—_5}OqE _q—b—L/H o]] :ﬂ_gLs]_
CO,°| Fwol d&atA] o™ Aol A &HH 07 o|F
ofd 4= gl 2T o2 A7 LA A ol A
Ak 2 &A= A A7 Aok 23y A BRSS9
A5 AFEHRE Ha¥E 377 ASH R fdEe=
sl F<zsk @dol flaL Aol wis) 3~64) o] % A
A EXEY(McAlister 5, 2005).
Kozai®} Kubota(2001) 941 Lut 7| Wuj o 2] &5 2] A
o] A olf7F A& A ] B THol WokA 7}
obie} v F7IW €] CO, 7= wiZolH, whebx w71
2 FE3 ¥ CoE 1%‘?:}_&*1 A EA o] Aol g
4E F Joal s TE Cui 5(2000), Eun(1998)
Desjardins 5(1987)% 2] 2] &2] 7| gelA CO, &
ol &g HEA A FNEHAE B Avila &
(19982 ZAHE A F2t Al fo= mfgale o
T FARE IR, 243 AESS AAuigo] A
kol wlste] 2uf) 7HF SFsk om, Al Al H7E

_4

Zol7t 71T sfe] & AP AL AL HAT
e} QAR S o) 85 ABu] Wke] B

3] A2 o] gt} Packat Han(1989) A ul o] 1]
sho] Aol A 2 =2] T3}t Afe] HIHsh, 7

3% Qo] AT JETF 24 e 2B LE

Uy sy ﬂg

2 U} 19T} Paques?t Boxus(1987)= A 3802 =}
2 AlTF 22 EA S BAZE H7HE A viR R &7 F
Walmel Wwalo] @45 51901, Dencso(1987)=
AAFFE 71 S off 2 sk= F 5}64”% ZaE
A1717] 814 = cytokinin =5 S
th 2 Ao e mFHgolA T3t 3
A=, 2 olfre 2T FFE o
shel AAFZHA S AHE-EHA] 9L, HH &7
ZBAFA et v g7 218l
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