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Research paper

In Vitro Culture Method for the Slow-Growth Storage

of Rhododendron simsii Planch. Shoots

Yue-Ken Liao,"”  Pei-Wen Yeh"

[ Summary ]

The genus Rhododendron L. includes many popular gardening species of azalea widely
used in landscaping, which illustrates their great commercial value. Their large-scale produc-
tion can be achieved by in vitro propagation, and such techniques can also be used as a protocol
to recover certain endangered Rhododendron species. However, frequent subculturing for long-
term maintenance of tissue-cultured materials may lead to a risk of somaclonal variations and
contamination. Therefore, the present study was conducted to develop a slow-growth storage
method to reduce the growth of explants, thus prolonging the interval between subcultures.
Based on a proliferation medium for the micropropagation of R. simsii Planch., sucrose was
replaced by mannitol and sorbitol or in combination with sucrose in different concentrations as
the osmoticum. Three storage temperatures (4, 10, and 22°C) were synchronously investigated
to conserve the in vitro shoots of R. simsii in the dark. An optimal storage protocol was thus
determined based on the shoot survival rate and recovery growth from storage. The removal of
cytokinin from the storage medium and manipulating the illumination condition were further
investigated. After 8 mo of storage in a medium containing 3% (w v™') sucrose, 33.6 uM 6-(y-y-
dimethylallylamino) purine (2iP) at 22°C/illumination, the shoots of R. simsii still maintained
their recovery growth with no subculturing. The explant rooting capability and subsequent accli-
matization were both unaffected.

Key words: azalea, micropropagation, osmoticum, sugar alcohol.
Liao YK, Yeh PW. 2020. /n vitro culture method for the slow-growth storage of Rhododendron
simsii Planch. shoots. Taiwan J For Sci 35(1):81-96.
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Fig. 1. Growth performance of Rhododendron simsii shoot explants stored for 6 mo in
culture conditions with a combination of osmoticum (Y axis) and temperature (X axis); see
text for osmoticum codes, bar = 0.5 cm.
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Table 1. Survival rate of Rhododendron simsii shoot explants, that previously underwent
slow-growth storage in combination with osmoticum, temperature, and culture duration,
and then incubated for 2 mo more to recover normal growth

Storage Survival (%) in various osmotica"
Duration Temp.
N 3Su 2Ma 2Ma+3Su 2So 2So0+3Su
(mo) ()
2 4 833+£11.2 333£14.2 50.0£15.0 100+0.0 333£14.2
10 100+0.0 83+8.3 833+11.2 50.0£15.0 833x11.2
22 10+0.0 0.0£0.0 833+11.2 833x11.2 833+%11.2
4 4 91.6*8.3 33.3+14.2 333x%14.2 75.0+13.0 41.6+14.8
10 100+0.0 0.0+0.0 58.3+14.8 41.6+14.8 58.3+14.8
22 91.6£8.3 0.0+0.0 833+11.2 75.0%+13.0 833+11.2
6 4 33.3%+14.2 83183 66.61+14.2 16.611.2 16.611.2
10 75.0%+13.0 0.0£0.0 41.6+14.8 16.6x11.2 25.0%£13.0
22 100+0.0 0.0+0.0 75.0+13.0 50.0*+15.0 66.6t14.2
8 4 16.6t11.2 0.0+0.0 50.0£15.0 0.0x0.0 0.0£0.0
10 41.6+14.8 0.0+0.0 33.3+14.2 0.0£0.0 0.0+0.0
22 91.6+8.3 0.0+0.0 33.3+14.2 0.0£0.0 83+8.3

Y See text for osmoticum codes.
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Table 2. Split-plot experiment showing effects of storage conditions (source factors) on the
follow-up recovery growth in micropropagated shoots of Rhododendron simsii

Recovery growth
Source factor Level
Axillary shoots/explant” Large shoots (%)”
Temperature (°C) 4 33+0.3° 8.0£1.3"
10 4.1+04 17.8+£4.3"
22 6.2+0.4" 20.6*+1.9"
Duration (mo) 2 4.0+0.2° 249+5.6"
4 4.0+0.3" 18.4+22°
6 6.6+0.7° 11.3+1.7°
8 53+0.9° 716 1.7
Osmoticum” 3Su 5240.3° 326+2.7
2Ma 25405 0.740.1°
2Ma+3Su 5.0+04° 30.5+7.0°
2So0 3.140.3° 5.7+ 1.4
2S0+3Su 53+0.7° 7.9+1.6°
Significance”
Axillary shoots/explant Large shoots (%)
Temperature (T) ns ns
Duration (ST) * *
Osmoticum (O) * *
TXST * ns
TXO * *
STXO ns ns
TXSTXO * ns

! See text for osmoticum codes.

3 Axillary shoot production and large shoot formation (mean=standard error) corresponding to different levels

for each source factor where the mean values followed by different superscript letters significantly differ as de-

tected by an LSD test at p < 0.05.

 Source factor and their interactive effects on recovery growth where * represents a significant difference de-
tected at p < 0.05; and ns a non-significant difference (p > 0.05).
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Fig. 2. Shoot explants of Rhododendron simsii that previously underwent 8 mo of storage in
culture conditions with a combination of osmoticum (Y axis) and temperature (X axis), and
then incubated for 2 mo more for recovery growth showing various extents of axillary shoot

production, bar = 0.5 cm.
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Fig. 3. Morphology of Rhododendron simsii shoot explants that had undergone 8 mo of
storage either in (A) an illuminated condition (30~50 pmol m™ s, 16/8 h) showing normal
axillary shoot (ns) proliferation or in (B) darkness exhibiting etiolated and spindling

axillary shoot (es) growth, bar = 0.5 cm.

Table 3. Interactive effects exhibited by storage temperature and duration (from Table
2) showing various levels of axillary shoot production in micropropagated shoots of
Rhododendron simsii; with data collected at the end of recovery growth

Storage Axillary shoots/explant ”
temperature ("C) 2 mo 4 mo 6 mo 8 mo
4 3.11+0.70° 2.81+0.32° 2.03+0.11%" 1.51+0.10
10 3.2040.43° 3.00+0.50% 2.984+0.21% 1.78+0.13%
22 4.65+0.62° 4.80+0.71° 6.06+0.65" 3.9240.55°

Y Axillary shoot production (mean + standard error) followed by different superscript letters significantly differ as

detected by an LSD test at p < 0.05.



90

FHRNBRGR  WERFENERERRE
REMEFRE  MBERBEMEDGEEZR
EF=FRE/N(Table 8) o G LRIV 5 & H
Gy R MR/ MER B ETHIME - b7
ERWARZH R E  BEER8Y
LRSI (Table 8) » HARE IR BT -

&7 &

AT —E Bk - DL A R
Y EEEBRERERCERT  FRE
ZE S T B K ZE L I E A S 72 B (Table
2) o EHMAERE LRI - KRR
I 1) 38 RO AR A Al R R RE AR 4 R AR
(Negri et al. 2000, Cha-um and Kirdmanee 2007,
Lukoseviciute et al. 2012) » FEARIF5E H 34
R AR R R F AR+ 28 %
o B RS (Fig. 1) - (H2 %85 i Al i
R4 FEmoE L (Fig. 2, Table 1) - Engelmann
(199 1)H2 2 Ji 4= > B B iR 20 B L) — i 5
PR R R UK - BB B B REE -
L B JB e (LR 5H )88 (subgenus Tsutsusi) (de
Schepper et al. 2001a) » % RH G HZRE Ky /2 IRl 7€
ZHE%)(de Schepper et al. 2001b) o 5 R,
(cold-sensitive) . ¥fd R AL I W BEIRF - &3
A Sk e E A B Bk G 3 B i B 0 il
BEHIMUZE L (Hodgson et al. 1987, Sharom et al.
1994) « X HHMEIR AT FERTE A ST — e
FIY]EERR/E » Lambardi and Ozudogru (2013)3%
B LA B ARG 50 B R PR RS B A e b 3
VIR mIRE CO, R BRE LM » EREEISGEST
R IR+ BRIRAIRLE Q4R R 4C) & il g
EAZARR ST 2 55 -

BT RERIRE R AR A SR T
R T R AR RS AR Rh N o ZE RS
PR 1 AR B AR IR H ARSI B
5% (Table 2) - HEMME G E » FIKRE
TERBR LR Bl ENEER  JE
18 5075 g B L FERE IR IRV P IR B (22°C) - B
Bhz fb - R B A K] 7 28 A A8 SRR TR
e Y R e SUPALNEEN Ak = TAn I B/ (N

BT BEMEE—E AR R i

B o A E22°C I i 1
B (Tables 3-5) » KL AHEFE) LUR A
B AR S (22°C)TF Ry i (38 188 < ARG SR B A
K& (Asparagus racemosus Willd.) (Thakur
et al. 2015) » FEAEGHMUBIE Y (Piper aduncum
L. and P. hispidinervum C. DC.) (da Silva and
Scherwinski-Pereira 2011) JZIIWE(Coffea spp.)
(Bertrand-Desbrunais et al. 1991){RFZEFET
B2 A AR S B R TR AF © Gopal
et al. (2002)th 75 Fy 15 = J 3t i A F5 4K 18 iy 77
B (6-8°C):EMFAHE FEERETR » ReRRMRIT A7 K
Ko ABW T HEEEE (Solanum tuberosum L.)HIT
AR » B 24 °C RS BLE & 1B SR BIHH & 7R AT
JCT AT o KT st 12 A J5 00 L 3k B {1 T S AT
HPA7 » AT RSB R Rk -

fEAEANFEBFRH G EE - B
TN IR B SR A R B MR R e - o Dl2 9
H BRI 2 8 i K (Table 1, 2) o H 8RR K
L2 G B R A i KT 4 AR ) P AGRH R
U R R A T B A 0 - DR S
R ILHBERE - BAEFF 2 E ORI IN2~4%
H B R E 7 R i A RS E IM 2E
(Lata et al. 2010, da Silva and Scherwinski-
Pereira 2011) « 7RG Z R 5EH E B2
T B R B I P S B0 A RS AR R 5 (Lopez-
Delgado et al. 1998) o 3t L4 % H 22 pE iz H
W % D A7 Bl $E G BEAE (Gypsophila paniculate
LMz RE6fE H (Rady and Bekheet 2008) o 7&K
2% LA R B A AL A R OE H I -
REDRFF S0 Iy 1715 3R H SV FIRE NG J o1 2 4 -
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B S 2 SRR B E - ARKE I 22 - JEHLES
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FREREPHENEGBZER - #EMEHBEY
EREMMEZFRET -

JFEE e S A 5 2 R v DA AL 5 e A S
HIREEE - ERERE A H AT R S I fE TG 3R (Table
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Table 4. Interactive effects exhibited by two source factors from Table 2 showing various
levels of axillary shoot production and large shoot formation in micropropagated shoots of
Rhododendron simsii; with data collected at the end of recovery growth

Storage Osmoticum"
temperature 3Su 2Ma 2Ma+3Su 2So 2So+3Su
(C) Axillary shoots/explant”
4 4340.5° 3.440.3° 3.540.5° 2.940.5% 2.140.4%
10 5.2+0.66" 0.5+0.5 4.6+0.8" 2.6+0.7% 2.14+0.5%
22 5.9+0.5° 0.0+0.0 6.1+0.7° 3.5+04° 9.0+1.1°
Large shoot (%)”
4 142+3.8 1.9+1.1¢ 15.8+3.8 62+2.1" 2.1+2.1°
10 35244.3° 0.0£0.0° 434+19.7° 8.4+3.6™ 20E1.3°
22 48.5+4.5° 0.020.0° 32.4+4.8"° 24+12° 19.6+3.5

" See text for osmoticum codes.
? Axillary shoot production and large shoot formation (meantstandard error) followed by different superscript
letters significantly differ as detected by an LSD test at p < 0.05.

Table 5. Interactive effects exhibited by three source factors from Table 2 showing various
levels of axillary shoot production in micropropagated shoots of Rhododendron simsii; with
data collected at the end of recovery growth

Storage Axillary shoots/explant in various osmotica”

Duration (mo) ~ Temp. (C) 3Su 2Ma 2Ma+3Su 2So 2So0+3Su
2 4 3.840.7° 3.34+0.6 40+0.7 3.3+0.8° 1.6+0.7%
10 4.74+0.7° 1.040.0% 3.640.9° 3.840.9° 1.6+0.6%

22 63405  0.020.0° 5.240.5" 2.840.6% 6.440.8"
4 4 3.8+0.5 2.5+0.9° 3.020.9% 23+0.7% 2.440.7%
10 45+08  0.0%+0.0° 3.9+1.0% 2.7+1.5% 2.0+0.8%

22 5.6+08™  0.0+0.0° 5340.7° 2.9+0.3% 82+1.6

6 4 73434  3.0%+0.0° 2.940.5¢ 1.0+0.0% 2.54+0.5¢
10 83+1.5° 0.020.0° 6.0+1.8" 1.04+0.0% 40+2.1°

22 4.84+0.7 0.0%0.0° 94417 62+1.0° 13.1£3.0°

8 4 1.0+0.0  0.0+0.0° 4.8+1.7" 0.0+0.0" 0.0+0.0°
10 22405 0.0%0.0° 9.0+4.1° 0.0+0.0° 0.0+0.0
22 7.0+1.8"  0.0+0.0° 2.5+1.5% 0.0+0.0° 10.0+0.0"

" See text for osmoticum codes.
? Axillary shoot production (meanzstandard error) followed by different superscript letters significantly differ as
detected by an LSD test at p < 0.05.

RERYZEB] > WE il (Prunus armeniaca L.) (2% F o REPEEPERR VRS FCRR TRETETH IS R AN B

sucrose+1% mannitol) (Marino et al. 2010) » ERRAL o FERE TR RE A By 17 50 R 8Ok i U DL KE +F
582 B (2% sucrose+4% sorbitol) (Gopal and RN AR R E R IR EEE N IRE
Chauhan 2010)ELgHEERT(Cynara cardunculus L.) EERES -

(2% sucrose+2% sorbitol) (Tavazza et al. 2015) BEEFFHSERENTEEE  HEFE
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Table 6. Factorial experiment showing effects of storage conditions, adding mannitol, and
removing 6-(y-y-dimethylallylamino) purine (2iP) on the follow-up recovery growth of

micropropagated shoots of Rhododendron simsii

R h
Source factor Level ccovery growt
Axillary shoots/explant” Large shoots (%)”

Osmoticum" 3Su 0.6x£0.2° 18.6£6.8"
2Ma+3Su 0.4+0.2° 6.3+3.9

Plant growth regulator +2iP 1.34+0.2° 249+7.2°
2iP 0.0+0.0° 0.040.0°

Significance”

Axillary shoots/explant

Large shoots (%)

Osmoticum (O)
Plant growth regulator (P)
OXP

ns ns
%k k
* *

! See text for osmoticum codes.

3 Axillary shoot production and large shoot formation (meanstandard error) corresponding to different levels

for each source factor where the mean values followed by different superscript letters significantly differ as

detected by an LSD test at p < 0.05.

 Source factor and their interactive effects on recovery growth where * represents a significant difference de-
tected at p < 0.05 and ns a non-significant difference (p > 0.05).

AT REAR A7 T R (R Y B 4 AT RD R R £ T DA &
RIS 2 - RIREERFNER
TEAREIRIIRF 5T Al o 7238 3 BLIR R 922 L 7F H
T 0 22°CHERE3 D HERE3Su) 2 It — R fE B Ry
G — o BEEE R AR UL AR 4 R (Fig.
1) - HERAFE G A R ER TR E LB (Table
4) o HEE T R 0 » TR AR E)BS M ER I
et - BIREMERS RIFHIHTIARCR » tHE BE K
2 o i Lok A v 3 B R A R O FE R
BERF AP, aduncum) {7 {7 &6 H (da Silva
and Scherwinski-Pereira 2011) » AR 1E 5 15
HPAAIUNAE R A 8 8 H IRF - SR R 2 iR P (3Su)
TEMRAE AR A5G 2R 115(91.6% » Table 1) » {H
TR R HTEUR - AE I IKAE RS B ARt A7 848 H
HY 2 i T R A RCK Y BE Bl 4R T e (Table
2) o TR E - EEARESEAR
PR T RE L T8 W R A IR [ Wk 18 A B B T e
J1 o ANLlE R e RS B A - R AR SRR

BHAREAWEMN - HEREAEE T E
A HZERR—X - SES] ] LU A7 8 I H A
R BIRERARR D T IR B R e FF
IR RHIEH -

Fof I 92 B BN S N W AR R R R Y
IR I AR R R ERWIER » B
W7 B (Pyrus spp. )WY ER 43 i Bl IR S 15 ENG8
(Lukoseviciute et al. 2012) o SR A 52 i
FLASRF A 85 22 B R 19 21 PRE BR 2 A W AT HY(Table
6) o [AIEIIEINEBCINEE (Castanea sativa M.
cv. Montemarano) 77 BF 52 Hh th A5 A8 R g 5
(Capuana and Lonardo 2013) - ik IS A
JE R g B PR M AR IR 2 ARG R R EF
BTG AR 2R B AR - SO IR T M 53
RN AL » BATERE AR - Bl
i TE U 43 2B AH AR RO AT I 43 240K ~ #%1k BLEESE
(Bairu et al. 2009) b4 » BFAERIHA22°CHYREE
B AR R RS2 BN AL AR - T RERZ
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Table 7. Survival rate of Rhododendron simsii micropropagated shoots after storage with
(+) or without (-) illumination and their axillary shoot production/large shoot formation in

follow-up recovery growth

Illumination Survival (%) Axillary shoots/explant Large shoots (%)
+ 91.7£8.3 7.0+1.5 21.5+44
- 83.3+16.7 5.4+0.9 14.8+4.0
tvalue” e 0.937 1.099

Y ¢ values not greater than Lo.0sn, 22 = 2.07 represent a non-significant difference detected in the recovery growth

where shoot production and large shoot formation were not affected by light manipulation.

Table 8. Rooting and acclimatization performance of Rhododendron simsii micropropagated
shoots that previously underwent storage vs. routine subculturing (control)

Treatment origin Rooting (%) Root no./explant Longest root (cm)  Acclimatization survival (%)
Control 249+1.9 1.35+0.04 0.61+0.02 98.5+0.8
Storage 544+1.8 1.56+0.03 1.1+0.02 100.0+0.0
¢ value 11.20" 4.00" 12.25" 1.96”

D ¢ values greater than Loosn.» = 1.96 represent detection of a significant difference in analysis indicating an over-

all better rooting performance obtained from shoots receiving storage.

* ¢ values not greater than Loosnas = 2.101 represent detection of a non-significant difference in analysis indicat-

ing that acclimatization survival was not affected.

HEHER RN R BBt ER — -
HF IR S R IIOE I - S EAL RS ZF 4
ZAFUE B M P A R BN A A R - M T
B B FF AR DL AT et i R 5 7 173 Fy £ (Table
7) = Ozudogru et al. (2009) 28 /& 58 & 5 2
WSO » BEAE AR 5 JE e 2E A iR
DURAR AR - (AfE H AR A6 1 A08a
%i(Capuana and Lonardo 2013) ~ 2558 (Malus
Mill.) (Reed 1999) K FUE (Pyrus L.) (Wilkins et
al. 1988)EWIME I Hy 72 M » HIB R AT B FMEDE
SREE T AR 58 & RS ES BEREY - Kubota (2005)
R BT IR R - R AR AR Y
Hite N » B E R A I8 5 & R W H FE YR
o EEEREMR RSB T - IRERE
Rt EROEIR - (ERS RS AR i V1l
ATREA B AR i PR A MERRLBH G 7R A W92
i % e AR L RO ZEBUR » R R BRI
R 87 1% B L B (Romano and Martins-
Loucao 1999, Trejgell et al. 2015, Rodrigues
et al. 2018) o FRT M 17 4% FE HH AR 2 HE A0 28 ARG

R EEEHAGEERS ML EEEEZR
HD 27 & (Table 8) - Giovannelli and
Giannini (2000)ifF 78 H F1] FH 52BN SE 5 15
FERERRL - TERT R4S AR (B —HE ORI
5~6 wk)fk » HEFREITEER « FRBREHIMET)
BEEE TR BRRIANEE T RE e SO 5:
TR R - BEHRBUNME - EhR AR
IR Y R e RIA S 2 B A S =R E

AR FER - B IR 4
EM{E » BLL22CHEEIRIN3% sucrose233.6
uM 20PRYHT R B T LI - RETE MR
THIE THER A H - HAF MR RERE R TgE - %
MR AL R SE B A AR o A SE R A a5 0 2 i A7
BHAITER T B B SR
HZHABEHEYMNE @ ik h—HEE 125
RN o ] DUF AR Se/E Ry BT A AR AEHE Y
TR A R FERZ SR -
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