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R BEHSEEELAREERRE B
TEERSE PR LA T2 (B8 > 3 1983 4L
MR 2 2012 FF RAE R AT B 6,500 Bk (Lee
et al. 2013) s (HE LA E 7T R HE L
(vitrification) B 5 » AR EE - ER#E
45 - BIMNEFEY - £E8FEHSH DRE
fEECER (Liu et al. 2006) - 4B HERE T
TR R IR B R - IANERET BT
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e SR S SR MY LR - B A I R A A
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AE L (Aitken-Christie er al. 1995) - & 7 T
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FLINRE A (=AY (Majada et al. 2001) » 3
YIS B A o 2 RAe A - FTHEFH4H
B EEZ (Majada et al. 2000) - DI &
BEAREERZEEE D oIS IIE A R
WIEVE > WEREEIEETEZ S (Scrophularia
yoshimurae) 4035 HEE 7 BURE » W4 HIAE RS
7 E 3 66.7% (Chen et al. 2006a) » ifi A]
Tt E K EEEH (Bupleurum koai) 4HES S5 FR#
B /G (Chen et al. 2006b) o
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ERmeHEsbE s A REECE  EE
FRAFLEEEN TR E R R AL
A7 8 BRI F LA B RS
RRIMEEE U EFEEEEEHEEES
5% o
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el BREERE RIEESH

AEREBP A ILE S e & BT EM
FURT > G5 B P B B AH AR R TR 0 Bk
BEELY 1 mo » R/N—EL H RS 2 i
fTalls - AR E R ER B3 BIEREA (12
MS salts, 340 mg L' NaH,PO,H,0, 160 mg
L™ adenine sulfate, 3% sucrose, pH 5.5, 0.7%
agar) » A 25°C £ 2°C~ 12 h BRI T8 & -
HERO D s a8 S - I DAOREE RR £ 7 [
E BRI AR MPLER 3 om Z A&
fEH (F-035 - %% 0.13 g cm™ > §E3% > G
i 68 RS ke¥EERE (F
HERBHEFE 349579 5%) BEEREERELE - K
G 4 TEEEI T AR A IE S 6 wk (hermetically
sealed for 6 weeks; S6V0) ~ RiFER 4 wk 1875
S 2 wk (4 weeks sealed followed by 2 weeks
ventilation; S4V2) ~RiBER 2 wkBIBEF 4 wk (2
weeks sealed followed by 4 weeks ventilation;
S2V4) K i% § 6 wk (ventilation for 6 weeks;
SOV6) - fgm 3 EE - & | HEANAF SR
JEE AR o 17 &8 6 wk 1YE RURH &S
% fEUE A RRS LT 8T o IMERRHRE E
tH 3 N @B E - I EHERBSEE R
ZBUE R KBRS » 3 d 8RB RHUT » DL
HRERBEOR > B 15 didktke - ME

Fe4ts 4

A RIGHE > AEEE - 2E ~ S5 mBAEEE
B BEERDURAMRAEE ~ REE -~ EE
8 (31 > RS RIAESS 0 REASS 45 REM -
WS 45 REIMBAE R A& S 5 LS R e
iE 8 (A2)

T 5E % % (multiplication rate)

_ 6 wk IR EEEE IR /MEPRELH

R E M
B EAT

HH 8L (vigor index) = x B7 8 (2)

this

THEE RN O FEAIE

Fr LA/ INME R AT F] I SRAR JE AT 6 (gas
chromatography, model “GC-430”, Varian Inc.,
Palo Alto, CA) » #4 it K #¢ it 5 #2 M 25 (Flame
Tonization Detector; FID) #E 17 Jif N 2 k& & & M
JE o Attt A A AR R - F(EEE 3 B
SEEDRESHHIHEN A2 (head space)
RAEET N - RERERER | mL > BHE
25 m x 0.53 mm x 0.7 pm (model “cp7584”,
Varian Inc., Palo Alto, CA) » EfEE £ 607C »
FALZE RAHI BRI B 130C > DLER B#R
AR ABEREEE 15 mL min” > SRR
BERHS > VTR E 30 mL min” > FHS S HTEE
] By 2 min - & ¥} FJ Galaxie Chromatogra-
phy Data System (Varian Inc., Palo Alto, CA)
WERETT oM -
LR VERERRSLERE - BIEZERA

Pt BE Y 4 Feli e B 2 g IR A/ MEELRR » EUBE
fir B & & Rt RS — 58 2 B EE AU SR I S 4T
Bl fir > DUEEE ]I VI EL 0.5 em x 0.5 cm 2
BR - HEHBEERELEE  Eydll -
HHIGAR B U B ROE R LB/ NMERR (after
acclimation; Aa) » HUER (7 & 81 J7 7% [5] Ail [ 51
Al o B HUBE 22 6 i [ E 2 B R B 20 min >
DU 0 EE 7B $5 (field emission gun scan-
ning electron microscope, FEG-SEM, model
“JSM-6330F”, JEOL, Japan) #7730 » 130
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SRATLERS © BAEMATLE - RAIEE (A
2 3) « REAIIE E SURTLHI & -

AFLIEE (stomatal index)

_ B TR AL .
LR LIE + 9 L 2 R A

100% (3)

B ERIET

Zliuﬁ%hﬂ%fﬁﬁ S % TEEE > DL Microsoft
Excel Bfg #1750 E > 1 2L SAS-EG (SAS En-
terprise Guide, Version 4.1, 2006) 4t =81 As i
{78 755707 (analysis of variance; ANOVA) >
Ll /N A 2= B By (least significant
difference test; LSD test) » FLii 5% B3 K #
T &R 2R -

faR
TEEREEHRACHESEREMEE
RZFE
B R B SR RS HRCR
POMERRH AT E R LR 2 e

EREUNMEE T EEE RHE S6V0 Z A F] {H
IEN 203.3 nL L - HERPRHHE P 20 PR
R RENER (R 1) - HiEREmE 2 Hrit
B/MEMRE AT 2.2-2.4 em [A] - F 2 ] AR
HER T S0V6 e Z/NMEMRRRE K 8.4 cm
HERE  MREBEADLISOVe g# 2 7.5 /)
(P <0.05) (F 1) S6VO i 7 /NMEFRT AR
DR BN ERRE B KRS

REZLFER D ERE (8 11-L) - #HriLENME
HRE— T eRAERE R REEREEER

R MABE AR > S6V0 M 2 /NMEKER
f& B 5.6 cm® > WIEREETE Y S4V2 ~ S2V4 Bl
SOV6 B K (P < 0.05) 5 /NME#RR & B AL
6 wk EREH > SOV6 FAE# = (P < 0.05)
2 0.65 cm o N [EE RIEH 2/ NMEMKRZ Y E I
mEE AR > (HESENEE R 2 ARy
ﬂﬂﬁﬁi_ﬁ ’ %F@fiﬁﬁ%ﬁ%ﬁﬁ% (P < 0.05) (&
1) - FERpEHE/ NMERER B ~ BRI
5t éZFﬁ&%@z SOV6 /)N EH&%H LY
B HF/NEREAOZIRE R (B 1E-H) - B4 5E %
B DI [E B AR 2 Frdb A B B oy PR EOK
SHE > SOVO JE Bl 7 BT £ 5 By 1.4 fix HoAth R
% HAEE RN R R EREEKE (F
1) -
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Table 1. Influence of different ventilation closure treatments on ethylene concentration and plant growth parameters

in Musa spp. ‘Formosana’ plantlets”.
Item S6V0 S2Vv4 S0V6
[C,H,] (aL L™y 203.30 + 4.09 ND ND
Plant height (cm) 2.42+0.10 2" 223+020a 240+0.20a 236+025a
Root length (cm) 6.56+£0.69b 7.50 +0.87 ab 6.86 £ 0.96 ab 8.40+1.28a
No. of roots 9.00 £0.58 ab 8.78 + 1.35 ab 9.44+0.84a 7.44+1.26b
Leaf area (cm?) 5.64+£0.29a 4.68+0.50b 4.95+0.63 ab 4.68+0.54b
Stem width (cm) 0.56+0.04 b 0.59+0.02a 0.59+0.02a 0.66 +0.04 a
Fresh weight 3.58+0.39a 3.08+0.43 ab 2.63+0.31b 2.86+0.18b
Dry weight 0.21+0.02a 0.22+0.02a 0.19+0.02 a 0.18+0.02a
Multiplication rate 1.40+£0.69 a 1.13+0.23 a 1.00 £ 0.00 a 1.06+0.12a

“ Different ventilation treatments: (1) S6VO0: hermetically sealed for 6 weeks, (2) S4V2: 4 weeks sealed followed by 2 weeks ventila-
tion, (3) S2V4: 2weeks sealed followed by 4 weeks ventilation, and (4) SOV6: ventilation for 6 weeks.

¥ Ethylene concentrations were measured at the end of 6 weeks ventilation closure treatment just before deflasked. Values are the
mean for 3 culture vessels + standard deviation, ND represents the ethylene concentration that is lower than the detection limit.

* Values are means =+ standard deviation (n = 3). Means followed by the same letter within each row are not significantly different at

5% level by LSD test.
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Stomatal and morphological traits on Musa spp. ‘Formosana’ tissue culture under different ventilation

Fe4ts 4

‘L_T'/El

closure conditions. S6VO0, hermetically sealed for 6 weeks; S4V2, 4 weeks sealed followed by 2 weeks ventilation;
S2V4, 2weeks sealed followed by 4 weeks ventilation; and SOV6, ventilation for 6 weeks. (A)—(D) Scanning electron
micrographs of stomatal apertures from abaxial surfaces after 6 weeks ventilation closure treatment (Bars = 10 pum).
(E)—(H) In vitro plantlet morphology after 6 weeks ventilation closure treatment (Bars = 1 cm). (I)-(L) Root mor-
phology after 6 weeks ventilation closure treatment (Bars = 1 cm).
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Table 2. Plant growth parameters in Musa spp. ‘Formosana’ plantlets grew with different ventilation closure treat-
ments”.

Item S6VO0 S4V2 S2v4 SOV6
Plant height (cm) 9.61 +£0.10 ab* 9.50+0.34b 10.16 +£0.73 ab 10.72+£0.96 a
Root length (cm) 21.33+4.09a 21.16 +4.73 a 21.78 +3.16a 22.86+2.60 a
No. of roots 14.44 £0.51 ab 13.89+£0.51b 15.00£0.33 a 14.22 £0.38 ab
Leaf area (cm”) 4599 +548b 5745+137a 56.13+7.14a 58.97+0.69 a
Stem width (cm) 0.86+0.11a 0.88+0.04 a 0.88+0.02a 0.90 +0.00 a
Fresh weight 12.28 £ 1.33 be 1141 +£0.55¢ 13.48 +0.50 ab 1448 +£0.55a
Dry weight 093+0.21a 098 +0.11a 1.17+0.18 a 1.20+0.09 a

Vigor index” 8323+ 14.16¢ 92.06 + 10.38 be 103.16 £ 11.93 a 100.99 +9.82 ab

“ Different ventilation treatments: (1) S6VO0: hermetically sealed for 6 weeks, (2) S4V2: 4 weeks sealed followed by 2 weeks ventila-
tion, (3) S2V4: 2weeks sealed followed by 4 weeks ventilation, and (4) SOV6: ventilation for 6 weeks.

¥ Vigor index = (stem width/plant height) x dry weight.

* Values are means =+ standard deviation (n = 3). Means followed by the same letter within each row are not significantly different at
5% level by LSD test.

3. AEBEREHEFANT LR MERRILEE « A NEDIRE S -

Table 3. Influence of different ventilation closure treatments on density, size and function of stomata in Musa spp.
‘Formosana’ plantlets’.

Item S6V0 S4V2 S2v4 SO0Vé6 Aa
2829+3.54c¢"  90.78+8.90b 14147+ 14.15a 13558 +£10.21a 114.35+2.04b
Epidermal cells density (mm?) 721.50 £ 66.26 ¢ 848.83+48.63b 1,092.86+97.25a 1,029.20+66.26a 721.50+36.75¢

Stomata density (mm?)

Stomatal index” 3.81+£0.70 ¢ 9.65+0.36b 1149+1.15a 11.68 £1.33 a 1221 +0.67 a
Stomatal aperture length (um)  32.61+£231d  36.27+0.61c 39.21+£0.23b 38.41+0.23b 4297+0.70 a
Stomatal closure (%) 6.67c 26.64 b 100.00 a 100.00 a 100.00 a

“ Different ventilation treatments: (1) S6VO0: hermetically sealed for 6 weeks, (2) S4V2: 4 weeks sealed followed by 2 weeks ventila-
tion, (3) S2V4: 2weeks sealed followed by 4 weeks ventilation, (4) SOV6: ventilation for 6 weeks, and (5) Aa: after acclimation.

¥ Stomatal index = 100 x No. of stomata per unit area/(No. of stomata per unit area + No. of epidermal cells per unit area).

* Values are means =+ standard deviation (n = 3). Means followed by the same letter within each row are not significantly different at
5% level by LSD test.

ERZFN - D E T MR B R %
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SEITEORAE 28.3 fE A SL > SOV6 K S2V4 R
&/NMEMRER RILBEEZE I > 4350 K 135.6

FLISEELSE R BB Aa /INMERRIET - BUEN
FY 11.5-12.2 [ » i 3 B 1 [ B R HY S6V0 B
S4V2 BB > HR LI R Ky 3.8 82 9.7 - B
LA REEAR (P <0.05) - fERFLEIRETT
H > HIMESER RIS HIAH Aa HRALEREAR
Fy 43 pm - HER SR 2 B ERLIFE 32-38

B1 141.5 (& - ify 52 B SIE AT LR bR (Aa)
RALEEAIE R 114.4 (R 3) A EIERmH
THUEmMRLARBEEAREEZR > H
08 b 4 L B T R SR AL — B DA
SOV6 [ S2V4 R B %% (P < 0.05) - A FL15
SR B AL A SR L H L B I R AR A A
HZEEE > &RBUR SOV6 Bl S2V4 i 7 57

um 2] > HEEZERBEEOEI - RILERINAE
WOR R %L o PR B A2 A (P < 0.05) » D
SEM BUHITE 1 £ il HUBE 2 b 4 08 [ E
20 min > EEEGRKAYIE I & 1S R i R AL 2 B
P » 4 RBURBIME e B B BRAH Aa B2 SOV6
S2V45 Z R B - HRALIRERZIRE R K
PR FLBIE o T S6VO B S4V2 g > 5,
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HASPAGED R F 6.67% F 26.64% » ER
RILVBEEAREEREHEAAEEER (P <
0.05) (& 3) °

SE:]

FIF AR AR ~ B @ E - #AN
R (ventilation) KB REE AR T H R
AR ETLE EE R EITRASI
{b (in vitro hardening) H#Y > #4 fir 4H 5% &5
MRS 2 o G 0 4H B A A R AT ER TR ECBR
9% ~ KJK -~ FEMR3E ~ SRS R B8
BEEEZSHBEHAERS . UHREER
M fE A (Sallanon & Maziere 1992; Chen et
al. 1998; Lai et al. 1998; Zobayed et al. 1999;
Chen et al. 2006a; Chen et al. 2006b) - A=k
GEREUR  BERPEHE B TR/ MERIRE &
Rt FE A REEERE 6 wk BEEE
S6VO Ntk K & B F M ELE » mR 18
F24EF A A 0 Bi{E 45 d 2 S2V4 - SOV6 &
R U NERR S IR % R IA R
REJRL/D R Y AR R0 - R E L S2V4
Vi B 4 ) BN 2 IR Y 2 R B PR RN
HE MR E S FLUEIE ST © Tanimoto et al. (1995) K
Zhang et al. (2003) ZHHREER > ZIFH 0T FRE
fRE4HAE (trichoblast cell) ZJE L » B AR E
WiEH  wEREHEERS  ReBEIE
EANREEE  SAMEAEL > 25
A auxin G R 0 WE R EE AR R4 &
KMIEEZE (Osmont ef al. 2007; Stepanova &
Alonso 2009) o AWFEEEFRER - AR HI#
TEREHEZ SOV6 » 6 wk 2R/ NMEFRIREL
HiEd 1) MERKREREAREERD 2
wk DL F 22 S2V4 ~ S4V2 Bl S6VO0 » 1] Bt R
NEBER SR /G LN  FHERIEREE
ARSI ER » GRE LR - £
SEE R E YRS A B AR K fld
Z % T e HE KR EE Y2 5 (Cornejo-Martin et
al. 1979) > RS HEMEEFET) ~ RS HERZ
% (Trujillo-Moya & Gisbert 2012) » {H &1 5
mg L' B UHiEE$E (silver thiosulfate; STS)
B APHIHIEA ZEER - R & KA
(Sinningia speciosa) ¥R IEIES 2 F R84 R

Fe4ts 4

3 40% (Chae et al. 2012) - F[EE GEH 7 ¥
JEEE/ME R TE A RN A 5T P RS A AL
E PR B 722 S A B > W RE B P SRS AH R R
BRI -

HEYE RS BRI > RABEERER
5 CO, e 5 # AL ifn & 8 W& (Liguidambar
styraciflua) ~ & % (Rosa odorata x Rosa dama-
scena) ~ BE%& (Vaccinium corymbosum) ~ FA 5L
(Nicotiana tabacum) FLEAEE] (Cynara scoly-
mus) » /NMEFR S BFLEH ED (Wetzstein
& Sommer 1983; Johansson et al. 1992; Noé
& Bonini 1996; Ticha et al. 1999; Brutti et al.
2002) » MMk (Prunus serotina) BiftFE (Rho-
dodendron spp.) /NMEMRRFLELH > RIF HIH
Bk 1% ¥ fil (Waldenmaier & Schmidt 1990;
Drew et al. 1992) - Ku5e4s BER - #FrdbEE
INERR ORI RFLE B B> RALIER
INASERCEIMERY Aa 5 BB 5 RUE B E
WEUNERE S RILIEEPE 2 8 > SOV &
S2V4 7 RALTEH &G Y Aa /NMEFE » S6VO
Bl 84V2 R BFLIEBAIEZ AR (£ 3) -
Woodward (1987) 45 Y R FLE H BRI
CO, & J% i ]2 Lt > Royer (2001) % %2 176 f&#
C3HEVCHERZ R EEHAABHER
BTEZIRE CO, RERS » KRETHEYNR
L B AL BOIRER > ERE (Poole et
al. 1996) ~ B EE (Knapp ef al. 1994) ~ FH/\
4 (Yang & Wang 2001) SHEYE A HHIR S -
FHEWEEH > BEEER £ ERE CO, B
R HER RAIEEBEEEE(L (Boetsch
et al. 1996) > WOMIRIARY AFLEEZE RITE CO, R~
BUE - RAETE R RFLIEECTBE CO, B hnm
#% )i (Luomala et al. 2005) » Stace (1966) F
5 AL B E EN O KN BER T
FH ° fEMF3E (Brassica oleracea) FEtEASE H IR
5, (diffusive ventilation) 258 % E (forced
ventilation) FYEFE R T » HRFLEHIFEE
WV A CO, RS EIGE REUR - IR
THAREHE SR CO, R » R R AL
X (Zobayed et al. 1999, 2001) » K2
JEE/MERE E RIEH % RFLA R M
MBI R 22 (heterotrophic) £ & »
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P 1% H 7 #E 8 B R 2 (mixophotoautotrophic)
ARBNCEELER - BOUSHERRE 3% iR
J B2 % FL B 35 pmol m” s7 LT o AT4ERE 3
wk B8 4 & N CO, R & % 1,000-1,500
mg L' (Wu & Chu 1999) » 5% $4 2 (Solanum
tuberosum) EEFEBS ANEmAE 1~ 2 K 3% JiE fi %
BHEAT RAEEENEREHHERTEEE
£ R H 4H = (Mohamed & Alsadon 2010) - g
i (Paulownia fortunei) 44 EWETR > 3%
R EE THEBTEEER  HER R
fEEEEERE > A EEREFNRLEE RS
(Sha Vallikhan ef al. 2003) -

S EEE (relative humidity; RH) B
7% G B 7= (vapor pressure deficit; VPD) &y %
PAGHRSIRIRIVE 1 2 — o ZR R E R ZE R K
FRER ST R KR R ST {E - (R B E AR
& B R A BE S - VPD B RH g2 th » H A
IREETS » Y ZABERZBRERE - Bt
R &~ B - Z R biORE MR VPD Y5
%2 > VPD u] i BV IE R Koy K3 TEE W1
B o AsER S6VO Bl S4V2 R i 0 H
RALEAG 53 A Ry 6.67% J 26.64% (55 3)
HUREHARE T RIALELFEA IR - FENE
IR E] B RE 9 (Ziv et al. 1987) BRI
i (Santamaria et al. 1993) 4 - SRFEE
JE1EY) (Tradescantia virginiana) 1% A& HH
HRERE P 442 RILY ABA EEZ 2R
HIRBR - L P ET EF AP (Rezaei Nejad
et al. 2006) - RFEFEHEYIEE VPD IBEET »
BN & E ABA 71 i 2 8-hydrogenase & 14
FErE » AT R P ] P o e 4 el B A P 4
1% ABA & & (Rezaei Nejad & van Meeteren
2008) > [toh > fE{K VPD B2 EE > ABA EH 9%
9k ~ 141 A+ PYR/RCAR Bl PP2C Hy45 &
HANE] - 45 ABA GH9E A BEE A EIE (Fujii
et al. 2009) - K[t > R E KK VPD BB
I ( f 4l Pf 4 5 A i (R ABA & &
ORI Y ABA RS SR BUE > FER
fLERIEE DG » A RUEREE S (L (Montil-
let & Hirt 2013) - 4H 4§35 o A Ry @ fLIDRE
f » SOEFREERIER ZEIFAEG » BEK
AH 8 AR HZ ARG R 7K 1 22945 (Brainerd &

Fuchigami 1982) « &7 & AW I8 45 R EUR - 1
DT LA H B NE BT B N EE R AL
HERFRFLIER DhEE - W4 M HREIML A &7
o BRI ARE R
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Effect of Ventilation on Growth Parameters,
Acclimation and Stomatal Development in
Micropropagated Banana Plantlets

Han-Wei Chen', Min-Tze Wu?, and Uei-Chern Chen"’

Abstract

Chen, H. W., M. T. Wu, and U. C. Chen. 2015. Effect of ventilation on growth parameters,
acclimation and stomatal development in micropropagated banana plantlets. J. Taiwan
Agric. Res. 64(4):243-252.

Micropropagated banana (Musa spp. ‘Formosa’) requires discret management to acclimatize to
the external environment. In this study, aluminum foil was replaced by non-woven fabric to improve
ventilation efficiency of culture vessel headspace air condition. Different ventilation treatments of
culture vessel were investigated, including hermetically sealed for 6 weeks (S6V0), 4 weeks sealed
followed by 2 weeks ventilation (S4V2), 2 weeks sealed followed by 4 weeks ventilation (S2V4), and
ventilation for 6 weeks (SOV6). No ethylene accumulation was detected in S4V2, S2V4, and SOV6
treatments; however, high ethylene level (203.3 nL L") under airtight vessels of S6V0 was noticed
and promoted adventitious root formation on banana plantlets. The stomatal index in S2V4 and SOV6
seedlings was significantly higher than plantlets subjected to the airtight condition, and stomatal den-
sities increased with increasing duration of ventilation. Permanently widely-open stomata in detached
leaves were noticed in the S6V0 and S4V2 seedling, the stomatal closure rate were 6.67% and 26.64%
respectively. Since the survival of tissue cultured banana plantlets may depend largely on the preven-
tion of water loss, factors that enhance the stomatal functionality of in vitro seedling are important.
Ventilation treatments in this study showed no ethylene accumulation, in which seedling performed
normal stomatal response and better vigor index value than airtight cultivation vessels. The results
would be useful for industrial production of in vitro banana seedlings.

Key words: Ventilation, Banana tissue-culture, Stomatal index.
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