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1. FBCH R TR B R R SR BRI R N B PIEAE TALH , MBS S 2
Table 1. Effect of glutathione and shaking time on in vitro proliferation of Hippeastrum hybridum ‘Red Lion’ plant-
lets under light or dark culture condition”.

No. of plantlets per bulb

Shaking culture time Treatment
I1lumination (h) (M) 8 wk 12 wk
Light 1 Control 10.7 £ 0.3 abc” 12.3+0.9 bed
GSH 32.50 8.7+0.3d 93+£03f
GSH 65.00 9.7+09cd 11.7+0.3 cde
GSSG 16.25 93+03cd 11.0+£0.2 de
GSSG 32.50 12.0£0.6 ab 12.7+0.3 be
2 Control 10.0+0.6 cd 11.7+0.3 cde
GSH 32.50 10.3 £ 0.3 bed 11.0 £ 0.6 de
GSH 65.00 123+£09a 147+08a
GSSG 16.25 93+0.7cd 10.7+0.3 ef
GSSG 32.50 123+03a 13.7+0.3 ab
Source F-test*
Shaking culture time ’ ”
Treatment o "
Shaking culture time x treatment ns -
Dark 1 Control 73+03A 73+03BC
GSH 32.50 73+09A 8.0+£0.6B
GSH 65.00 73+03A 97+£0.7A
GSSG 16.25 7.0+0.1A 8.0+0.1B
GSSG 32.50 73+03A 8.0+02B
2 Control 6.7+09A 7.3+0.3BC
GSH 32.50 6.7+0.7A 6.7+0.9BC
GSH 65.00 6.0+0.6A 6.0+0.6C
GSSG 16.25 57+£09A 6.7+0.2BC
GSSG 32.50 6.7+03A 6.9+03BC
Source F-test*
Shaking culture time ’ o
Treatment ns ns
Shaking culture time x treatment ns ’

“ One-quarter bulb explants were shaking cultured in autoclaved water (control), reduced glutathione (GSH) or oxidized glutathione
(GSSG) solution for 1 h or 2 h before inoculated on a MS (Murashige & Skoog 1962) medium containing 3% sucrose, 1.0 mg L™
6-benzylaminopurine (BA) and 0.1 mg L™ 1-naphthylacetic acid (NAA) under light (38 pmol m™ s™) or dark condition for 8 wk
and 12 wk of culture.

* Means of plantlets per flask with four 1/4-bulb explants in each column followed by different letters are significantly different at
the 5% level by least significant difference (LSD) test.

* F-test of ANOVA. ns: non-significant; ", " and *" are significant at 5%, 1% and 0.1% levels, respectively.
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1. PUBETE T4TAT ) 1/4 SHISIE B RGN RS 2 B HIOAROZ 8% - B RO BB IE IR N 241
B g B A BT o B RS AR /K (C) ~ 32.50 uM BY 65.00 uM GSH (Al ~ A2) F 16.25 uM B¢ 32.50 uM
GSSG (Bl *B2) ;%11 h(a) 2i2 h (b) 1% - BEFEINE 3% 255 ~1.0mg L' BAEL0.1 mg L' NAA 2 MS [&|#ERSEAL »
B (38 wmol m™ ™) (L) BRI (D) U 3578 8 wk & > 481 I THEUE ST - Bar=1cm -

Fig. 1. Proliferation and growth of in vitro Hippeastrum hybridum ‘Red Lion’ plantlets. One-quarter bulb was im-
mersed in 32.50 uM and 65.00 uM reduced glutathione (GSH) (A1, A2), 16.25 uM and 32.50 uM oxidized glutathi-
one (GSSG) (B1, B2) or autoclaved water (C) for 1 h (a) or 2 h (b), before inoculated on a MS (Murashige & Skoog
1962) medium containing 3% sucrose, 1.0 mg L™ 6-benzylaminopurine (BA) and 0.1 mg L' 1-naphthylacetic acid
(NAA) under light (38 pmol m™s™) (L) or dark (D) condition for 8 wk of culture. Bar = 1 cm.
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T IRAH 7 B E AR - METE 12 wk 1&g »
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BAE R - ¥ EE DL 651.4 uM GSH & H
4 EEEER A 162.8 uM GSH ~ 162.8 uM GSSG
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PREER BEECIINE 3 5 HmEE - #&
T BE T T & i PR 4H B B R AH 7 FET RO 72 S 00 R B

2. BACHIONEEDERE TREIRE S B EIUE (TR ) EleE s 2 -

Table 2. Effect of glutathione on proliferation of in vitro Hippeastrum hybridum ‘Blossom Peacock’ plantlets in lig-

uid medium under lower light (10 pmol m™” s™') condition”.

No. of plantlets per bulb

Treatment” 4 wk 8 wk 12 wk
Control 43+030b" 6.7+0.3 ab 6.7+0.3 bc
GSH 32.50 yM 4.7+0.7 ab 6.7+0.7 ab 7.0+ 0.6 be
GSH 65.00 uM 6.0+0.2a 7.7+03a 8.0+0.6 ab
GSSG 16.25 uM 5.7+0.7 ab 80+06a 87+08a
GSSG 32.50 uM 43+03Db 57+0.7b 6.0+04c

“ One-quarter bulb (about 7-8 mm diameter) explant was cultured on a MS (Murashige & Skoog 1962) liquid medium containing
3% sucrose, 1.0 mg L™ 6-benzylaminopurine (BA) and 0.1 mg L 1-naphthylacetic acid (NAA) with 100 rpm under lower light (10

pmol m” s™') condition for 4, 8 and 12 wk of culture.
¥ GSH: reduced glutathione; GSSG: oxidized glutathione.

*Means of plantlets per flask with four 1/4-bulb explants in each column followed by different letters are significantly different at

the 5% level by least significant difference (LSD) test.
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Fig. 2.

Proliferation and growth of in vitro Hippeastrum hybridum ‘Blossom Peacock’. One-quarter bulb was cul-

tured on MS (Murashige & Skoog 1962) liquid medium containing 3% sucrose, 1.0 mg L' BA and 0.1 mg L' 1-naph-
thylacetic acid (NAA) (Control), 32.50 uM and 65.00 uM reduced glutathione (GSH) (A1, A2) or 16.25 uM and 32.50
M oxidized glutathione (GSSG) (B1, B2) under low light condition (10 pumol m™ s™) for 8 wk of culture. Bar = 1 cm.
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HEZRAT  ILERERR GSH 2885
HARETREALAE S  AFFMEE LSRG R
HUR - st EH IR RETEY AR - #5 &
it 355 35 S € » it GSH w] 4Rt %) < IR H 2
RENG AR HEAE = FEDAETIIE YIRS (Yeung
et al. 2005; Sen 2012; Yan ef al. 2013; Cevik
& Unyayar 2015) - fHPj4H 4k & @z F > ¥

REERTE' ZVIEHRE - s aEAnYHE
BLERERIR - HEHE R EIE A LR (ox-
idative stress) o HEAE fG Y& (L2 R R E A E
VamEBENK - ek BEEIEMEZE > SH
TERE TP K 35 B iE [H BB FR B (reducing environ-
ment) - [ EGARIE BRI 7R EEALA T (oxidizing
factors) (Cassells & Curry 2001; Tyburski &
Tretyn 2010) ©

Son et al. (2014) FAFAEL (Nicotiana tabacum)
BHZE4E &R » 100 pM GSH i B 4H B B 4H
Z[EREE 2R (B S RE R 1,000 uM
FIEHO4H RS B BFEE - Liu er al. (2005) Ji 85 66
B (Phalaenopsis spp.) 4055 e HFC 87 » 200
mg L™ (651.4 uM) GSH i 4 55 & (2 1
THEAE R R 0 HIEEREE 300 mg L
o M EVEAEENR  HLEREEE
60 d [f > HIEIRAH >~ I E 2 52 - [EEH
(Gladiolus hybridus) 5 P LR 7245 FLEET
100 uM GSH ¥ 4H B A (R #ESFEE K (shoot



319

1591 ((S'T) @IUIIIJIP JUBOYIUSIS JSBI] AU} Aq [IAI] %G A} 18 JUIIJIP AJUBOYIUSIS oI6 SIANI] JUSIJJIP AQ PAIMO[[OJ UUN[OD JWIES dY) UI SUBIA]
‘(JySrom ysaxy 10) 13oweIp [enul/[(3YSom ysalj 10) I9OWeRIp [enIul — (JYSIOM [Sa1) 10) IdJIWRIP [BUY] = XIPUI [)MOID)
‘syue[d G uo pakerds sem uonnjos u g pue uoneordar 1od syuerd
¢ ‘suoneorjder ¢ pey juouneon yoey ‘uonesrjdde jsey oy 1ojye M £ Pojoo[0d a1om eje(] ‘uonedrjdde sown ¢ Jo 1830} € 10J MM { K10A0 [(DHSSD) duoryyein|3 pozIprxo JAH /°G7¢ Pue 8791
18 00 pue (HSD) duoryiein[s paonpar NM 169 Pue £°Sz¢ ‘8°791 0°0] QuoIyieIn[3 Jo suonenuaouod snotrea Suikerds 010Joq QImno Jo ym § 10§ (A/A/A ‘] 1 [ 1 7 = ypdad : aypnorw
-IoA : ssowr Jead) 9jensqns paxiw e uo pjue[d a1om UorT pay, wnprigdy [ jo syopueld (I2jouIeIp qInq U W § JNOQR) [[BWS PU. (I2jouIeIp qnq Ul W 7] INoqe) 331e] POIOOI 0414 Uf ,

WIH B

T

BUVEH BB AN FEAEAL S

VOI+L8I VI0FTTCe VE0T00c VEoOTTTl V800F061 V90FSET L'StTe DSSOH
VocTTIlel V80FITE avcoFvel V90T9TI VEIOTO06'L VI'TF+6ET 8791 DSSDH
VOI+¢9I1 2d90FL6C 47079781 avoo+01l VLI'0OFO08L VETF8TT v'18 DSSDH
VLTTSSI D2¢€1F06C d90F S8l dL07F¢0I V600FO0LT VLOFLIC Y159 HSD
VLieTyel D80FL8C D90FILI av L0+ 911 VLOOFO8L V90+97TC L'STE HSD
VZ0T99I avcoTvie gv eo T+ 83l VTOTLTI VS00F007C VV0TLEC 8791 HSD
V6'0F98I 2d¥0F90¢ gveoF6181 v eso+F LIl V800F061 VL0F8TC 00 [onuoy [rews
qe 9’0+ 88 POTOFI'0¢ POT'0F Tl QIoFecl Qe 900 FOI'I QB L0 F €6C L'STE DSSH
qe L 0F00I BO0FE9E BTOFI0C BGOFEII BOI'0OF0CT BTIFV LT 8091 DSSH
q80F0L PTIFILC PYOFLSI PLOFO6TL STII'0F 060 dQETFIEC V18 DSSH
qeso+FI8 PETFYOC AT FLEI POE0F LTI 24900 F00°1 2480+ SVC Y159 HSD
BTIF90I q80FT¢EE q00FC8I qeL0F0CI qe €0°0 F 0T'1 qeeo+19¢ L'STE HSD
qeg0+FS6 qsoFIee qQTI0FELI qes0+8¢I qe 20'0 F0T'1 qee0+09¢ 8791 HSD
qeOCTFVvo6 QO TFPIe Poq 0 F891 QRO T F9¥I Qe 00 FOI°T Wqe 0 F £°6C 00 [onuoy o5re]
JyS1oMm Usa1j [e10} 3) 3) 3) IojoweIp (wrw) AM) JUAUIBAI], az1s qng

JO Xopul J1mo1D)

JYS1oMm Ysalj [el0],

Jea[ Jo yS1om ysa1]  qqnq Jo ySom ysal  JO XOpul [IMOID)

qnq jo Iojowerq

UON)EIUAOUO))

*,ASNOYUAIS Ul UoLT Py, wunpLigdy wn.gsvaddipy jo syopueld yseg-op Jo yimois uo suonyren|s Jo 100gq ‘€ dqeL

=ty
8e 7

ZEREYR TS,

W ERMVHH MR €3¢



320 GEREME B ok H4

GSH-a GSH-b

\

Large Smal! Largi §ma|l

GS$G-a

Large ‘Small

3. PRBEAE TALHN ORI [FE H KR RO N > TR AR R 32 wk ZAEIE o Ky (Large s EAE
4712 mm) BN (Small 5 BRLY 8 mm) LURES/ME (ERE 184 BEEBRA =211 1 fBRALL ) fHEfE 8 wk
#ZEAMGIEE - & 4 wk B4l 7K (Control) ~ GSH (162.8 ~ 325.7 Jz 651.4 uM ; GSH-a, -b, -¢) =%, GSSG (81.4 ~
162.8 2 325.7 uM ; GSSG-a, -b, -¢) » HIEii 5 2 » 4= 1L 7 wk (&S SRR ; f9pRHl 3 S > GEE Sk
15 #RIE i S0 mL Bt H AN - Bar = 10 cm -

Fig. 3. Hippeastrum hybridum ‘Red Lion’ plants grew under various glutathione treatments for 32 wk in green-
house condition. In vitro rooted large (bulb diameter about 12 mm) and small (bulb diameter about 8 mm) plantlets of
H. hybridum ‘Red Lion” were planted in a mixed substrate (peat moss : vermiculite : perlite =2 : 1 : 1, v/v/v) for 8§ wk
of culture, before spraying pure water (Control), reduced glutathione (GSH) (162.8, 325.7 and 651.4 uM) (GSH-a, -b
and -c), and oxidized glutathione (GSSG) (81.4, 162.8 and 325.7 uM) (GSSG-a, -b and -c) solutions every 4 wk for a
total of 5 times application. Data and photos were collected 7 wk after the last application. Each treatment had 3 repli-
cations, 5 plants per replications and 50 mL glutathione solution was sprayed on 15 plants. Bar = 10 cm.

organogenesis) 5 - (HIZEEE ZE 500 uM 3¢
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FoatneERE-R > WA HEENE s R
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2B BRI R IR <
TN 3% e o = 45 e Ty i = T SR = - T AE AR
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BUERE R BEEE REE (R 1) - FilgE R
o B HIRE S EERE R ERA
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transduction) B 7 FE i G HY B8 A B A S (SR IR
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Nomura et al. (1998) LIS (Malus pum-
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Effect of Glutathione on In Vitro Proliferation and
Ex Vitro Growth of Hippeastrum hybridum Plantlets

Uei-Chern Chen', Jhin-Yi Tsao', Tzu-Ying Wu’, and Chi-Ni Hsia>"

Abstract

Chen, U. C., J. Y. Tsao, T. Y. Wu, and C. N. Hsia. 2020. Effect of glutathione on in vitro
proliferation and ex vitro growth of Hippeastrum hybridum plantlets. J. Taiwan Agric. Res.

69(4):312-325.

Effects of glutathione on in vitro proliferation and ex vitro growth of plantlets of Hippeastrum
hybridum Hort. ‘Red Lion” or ‘Blossom Peacock’ were investigated in this study. One-quarter in vitro
bulb of ‘Red Lion’ was taken as an explant treating with various concentrations of reduced (GSH)
or oxidized (GSSG) glutathione for 1 h or 2 h before culturing on a MS solid medium supplemented
with 3% sucrose, 1.0 mg L™ benzylaminopurine (BA) and 0.1 mg L' a-naphthalene acetic acid (NAA)
for 12 wk under 38 umol m™ s light condition. The best proliferation rate of 14.7 plantlets per bulb
was obtained by using 65.00 uM GSH solution for 2 h shaking. /n vitro one-quarter bulb of ‘Blossom
Peacock’ used as explant was cultured in a liquid medium containing various concentration of GSH
or GSSG under 10 umol m™ s light condition for various duration. Result showed that the highest
proliferation rates were from 65.00 pM GSH treatment in a 4-wk-span culture and no significant dif-
ference was found among all glutathione treatments with the control after 8-wk culturing. However,
prolonging culture time to 12 wk, the highest proliferation rate of 8.7 plantlets per bulb was obtained
from 16.25 uM GSSG treatment. The effect of glutathione on growth was conducted using the 9-wk-
old de-flask plantlets of ‘Red Lion’ in either 12 mm or 8 mm bulb diameter by spraying with various
concentrations of GSH and GSSG solution every 4 wk for consecutive five times in greenhouse.
Growth data of plants was collected at 7 wk after the last glutathione application. Results showed
that larger plantlets (with 12 mm bulb diameter) sprayed with 162.80 uM GSSG having higher fresh
weight on leaves and whole plant than that of the control. In respect of the smaller plantlets (with 8
mm bulb diameter), higher whole plant weights were found from treatments of 162.80 uM and 325.70
uM GSSG than that of the control. In conclusion, in vitro explants of ‘Red Lion’ treated with 65.00
UM GSH solution for 2 h were found to have the highest proliferation rate. In regard to ex vitro plant-
let growth, the 9-wk-old de-flask plantlets of ‘Red Lion’ spraying with 162.80 pM GSSG solution at 4

wk interval for 5 times in total had the largest bulb diameter and fresh weight.

Key words: Amaryllis, Reduced glutathione, Oxidized glutathione, [llumination, Acclimation.

325

Received: April 7, 2020; Accepted: September 29, 2020.

" Corresponding author, e-mail: hsia@tari.gov.tw
1

2

Project Assistant, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.
* Research Fellow, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.

Assistant Research Fellows, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.



	臺灣農業研究69(4)-05 夏奇鈮

