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Abstract  Dendrobium candidum Wallich ex Lindley is a
traditional Chinese medicine plant and has been widely used
for medicinal and ornamental purposes. In this study, several
different factors affecting micro propagation of protocorm-
like bodies (PLBs) such as basal media, plant growth
regulators, and carbon sources. The proliferation PLB derived
from seeds was the best in H;P4 basal medium containing 0.1
mg - L' NAA and 0.1 mg - L' Kinetin. PLB growth was the
best when 10 g - L™ sucrose was added to the carbon atoms
in the medium. The rate of shoot formation from the
propagated PLB was the highest in 1/4 MS or H;P, medium
containing 10 g - L ™' sucrose, and the shoot length was longer
than the others.
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Hu] A 9] 2 Q A 2] 522 cumarin, alkaloids, polysaccharides,
phenolic compound, flavonoids 5 & 815 #] 9] TthH(Li et al. 2008;
Li 2009; Li et al. 2010; Zhu et al. 2010). £3] =84 9] poly-
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(Park et al. 2014) 5-©] #1311 I}
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o g3 eSS Sla) W A7) o) ol g, 1 of
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LS9 RO ST A4 20 PLB F A o] u] X &
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BAFI} PLBE) 217), 28 2SI

rl

op

Hix|o] 55 4! 59 sucrose STt PLBEFE] Shoot E
o njxl= FE
PLBE F-¥| shoot g Jofl a2FA ¢l vwjx] 2} F7ef Aegt
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Table 1 Effect of different media on PLB proliferation of Dendrobium candidum Wallich ex Lindley in vitro

Media Fresh weight of PLB (g)/bottle Size of PLB (mm) Browning degree*
1/2MS 4.69+0.30d 2.8+0.1c ++

MS 2.58+0.20cd 1.9+0.0d ++

Vw 4.73£0.10cd 2.1x0.0d +

H3P2 9.23+0.37bc 3.1+0.1b -

H3P4 14.28+0.75ab 3.7+0.1a -
Orchidmax 15.97+0.57a 3.9+0.0a -

* - : no browning, +: low, ++ : middle, +++ : high

Different alphabetical letters are significantly different according to Duncan’s multiple range tests at P < 0.05.

37|17} 242+ 15.97 g, 3.9mmE 7H4 9F 559 ok, E 3 Orchidmax,
H3P4uH 2] of| 4 vl QFgt PLB= ZHH o] & 2] oottt §Hd 1/2MS,
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= b2 w7 o] PLB Ht} 2] 41 Al%o] FE et &
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TPLB S A ALE A 4] A0 ke vl
wh ol eh 1 243k olet. A4 Z o) 49 PLB = L 7]y
G2 S HeAE MU A} A1 Ak Aoz wa
%) ) th(Zhou et al. 1999). & Ao A= D. candidum=5-€
PLBE fr=dto] tiig3-A]of 23t 7| 2uj A1 & dold 4
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candidum®] PLB 3-4] o] A g}s}rt il B 313F MSHY 2] of| A =
23] 2 PLB F4] o] 7} &5s 3l o] A o] 4 shgitt. o]
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2|2 E3| EFEo|2gL'o] H7L Hlow ujx) 9 Atsts
a7] 9]35 MES (Morpholino Ethane Sulfonic acid)Z] 7}&l # 0]

o
o
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PLBo| B340l A x=AA 9] 7 4 525 AR 2%
L Table 29} 2t NAAS A5 =01 0.1 mgL' @-g 02 A7}
3 H) 2] T = NAA 0.1 mg-L" o] kinetin 0.1 mg L& H7}3+ &
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ROm PLB 27| T3t F 26}l 2 d o] YetuhA] oF
At A v 2| of] G2 A A E A 7FoEA] G A A
(control)of| 4| == PLB A} 4| 53+ 7] E3H11.13 g, 2.9 mm= 9
Solglth W 31E 5= 0 NAA ©H-8H) 2] = NAAo|| BA,
TDZE 7}t E-8uf A ol A= PLB A5 27| 7} 4
sholom 53] A5G 2 w7t wold TS S
o] FA|5] Farstar AW Aol He A= 7 & Ve itk

W Al Zof| A PLBO| th 5415 9l 3l thaket 79 4
B2AANE 0|3 A7} o) Fo| X BY, Dendrobium moiniliforme
9] 9, 7], #a]of| A PLB G- =2 |8l A= NAA 1.0 mg'L"
73718 ¥ 2ol A] PLB - £ 0] 718} .9 2.1 (Bae 2014),
Paphiopedioum®] 73%-, 1/2MSH]| Z] o] kinetin 4 uMS % 7}3}
W& o PLBO] F4]&0] 71 =2 Wi BAS| 3 7}H= PLB
A4S 052 485 ok 1 118 cHNgand Saleh 2011).
W ZE Cymbidium 2] 73 9 kinetinZ NAA L} &8 & 715} ujj A
o A PLB B/ 9 F4]o] Al Aoz HilEglth(Da
Silva and Tanaka, 2006). 3} Zhao et al. (2008)2 & u] A2
(Dendrobium cadidum Wall ex Lindl.) 9] callus=2 5 & PLBS- &=
of njX= A2 EA FFS GotE7] §15to] NAA, BA,
2,4-D, kinetin 3718}l = A2 A7 7 A 2
12MS v Z]of| 5 €] PLB &= & &©] 7H Sqkthal B s}
itk ol of Zro] Tk A5 9] PLB 541> Fof whet g2
AEH 9 T ol whebA] PLBO AA; /o] th 24
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Table 2 Effect of different concentrations of plant growth regulators on PLB proliferation of D. candidum Wallich ex Lindley in vitro

PGR (mg-L™") Fresh weight of PLB (g)/ bottle Size of PLB (mm) Browning degree *
Control 11.13+0.89abc 2.9+0.1ab -
NAA 0.1 12.39+0.28ab 2.9+0.0abc -
NAA 1.0 8.99+1.10abed 3.0+0.1a +H+
0.1 7.79+0.33abcd 2.5+0.3abede -
NAA 0.1 BA 1.0 7.00+1.52abed 1.940.2ef +
3.0 7.13+£0.37abcd 1.9+0.0def +
0.1 6.61+0.84cd 2.120.1def +
NAA 1.0 BA 1.0 6.45+0.26¢cd 1.9+0.1def +
3.0 5.49+1.05¢d 2.2+0.2bcdef ++
o 0.1 12.72+1.51a 2.6+0.1abed -
NAA 0.1 Kinetin
1.0 8.06+0.04abed 2.3+0.1abcdef +
o 0.1 10.06+1.36abcd 2.4+0.1abcde ++
NAA 1.0 Kinetin
1.0 8.02+0.96abcd 1.7+0.0f ++
0.1 7.04+0.52¢cd 2.5+0.2abede -
NAA 0.1 TDZ
1.0 5.58+0.51d 2.320.1bcdef +
0.1 6.79+0.46bcd 2.2+0.0bcdef A+
NAA 1.0 TDZ
1.0 6.03+0.79cd 2.1+0.2cdef -+

* - : no browning, +: low, ++: middle, +++: high

Different alphabetical letters are significantly different according to Duncan’s multiple range tests at P < 0.05.

Uebeg & 4 A9l
970 H PLBZ4}-2 A 5 ©] NAA -} 4 4= 7]

1= 0] NAAQ} kinetin &-8-3} vl %] o] A] PLB Z4] 0] %k 3}
Aov] B3 A2 EA S H7I5HA] 51A] G Hj A o A =
PLB Z4]o] oF5 3t 21 0 &2 el Y 115 0] A EAA

7= HBW%éﬁﬂ&L S &4 Q%=d o
0] %] 51 %1 th(Zhao et al. 2008).

EIAPIO] 5 U SE0) 2 BIAZ PLBO 4 HID

W6 A7bE| L B8] £5 9} w7k A K2 o] PLB
z/\] Oﬂ U] X] L oé‘ég)l:—% }_/\]-@ _L]. Table 3_]_1_ 7]_q HH X]

U] glucose®} sucrose =5+ # 5= of 4| PLB A A =, ng-g,
717} 5 W AP R} S 71 PLB A%, 2
%, 7] B @A 5] 445 Svk PLB 2 = =3t xﬁ—‘oﬂ
S0l A= 2Rl deh A o v e} S7h e
2 g Abo] Z7b5he A0 2 Uebyth s SRRl
glucoseo]| H] 3 sucroseS #7151 W 54 © 2 PLB A3
#ho] AukA o & ¢F % 3}¢) t}. £3] sucrose 10 g L'S & 713H
jj z]of| 4| PLBO] A 5-& 1671 g, =52 064 g, 27|+
29 mmo = PLBAYS0] 71 o w sl o ARt E U
ELFA] Qp9teh ek A 91459 PLB 54 & SI81A1 = 10
gL' 9] %5 = sucrose H7H7F A gher A 0 & FekE
OF 2k AH| U] 2] PLB %412 913t o] wj o] 79

ol suerose 20 gL A7 S ul FA&o] Frha shelch
(Kusumoto 1980). T3 I = A| A 9] PLB £4]of A 3}st gt
499 £59} SR B A7 WY A7} o] 2olH
t], Roh (2014)2] 7% sucrose 10 ~20 g- L A7} §& uf PLB
A S0l 71 B oy gt Al WA E o] 3o H, Kimet
al.(2001)2] 72 PLBZ 4] 2] 3} A = sucrose 10 gL' 9] =&
7} A gsteial B sk gl ok 2 Ao A = sucrose & A E =
2 71t v A 7} 1LF = 9] sucrose A 7} vl A] o H]5f PLB A}
| 9 FAo] FE3tH =Y o= _’5‘—594 sucrose= H}j 2] 2]
AHEQES o] A -2 o A|517] W] 29l A 0 2 mebEL,
ohe v} 4% PLBE 4] o] At e 0] F 5] B
Wl A5 B D, huoshanense2] 73 -9- PLB Ay Ao # ghat
B4 918 &rol B x| ol A wuf) 2] of] sucrose, glucose, fructose S
A7t A3} sucroseE A 71512 W glucose @} fructose S 3
Aelol S wmet PLB Ao] b alolizt] 1 ol R
sucroses= A O] RHJ A Bl ol A4 0] Tk el of &3]
A2 A S 29 A Ta 9l Bael, HelH out
o AHA R o Ralel suhg Akl o] Hh Ao
2 Wolsy] mEo|ak T ok —5} TH(Zha et al. 2007). HH
Dendrobium ‘Alya Pink’ 2] 73 -9- sucrose, glucose, fructose 2] &
A Sl A glucoseE H7}7} PLB 4] ol 714 A gsfrt L
J_O}ﬁli}(Namblar etal. 2012). & Lol A= A u] A aLo]
PLB % 4] glucose Th= sucroseS 10 gL' 9] A= H7}
SH9S U A o] FBk uh, k3t A Z o] PLB o FEA S

lm
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Table 3 Effect of concentrations of sucrose and glucose on PLB proliferation of D. candidum Wallich ex Lindley in vitro

Carbon source Fresh Weight Dry weight Size of PLB Browning
(gL of PLB (g) of PLB (g) (mm) degree*
Sucrose 10 16.71+0.57a 0.64+0.01a 2.9+0.1a -
20 7.61+0.72¢ 0.48+0.03b 2.7+0.0ab +
40 1.33+0.19de 0.10+0.01cd 2.1+0.1¢c =+
60 0.40+0.12¢ 0.07+0.03d 2.1+0.1¢c -+
Glucose 10 13.86+0.37b 0.56+0.01ab 2.8+0.1a -
20 3.81+1.06d 0.2440.5¢ 2.4+0.1bc ++
40 0.64+0.16¢ 0.06+0.06d 2.3+0.1¢c +++
60 0.99+0.34de 0.1340.04cd 2.0+0.0ca +++

* - : no browning, +: low, ++: middle, +++: high
Different alphabetical letters are significantly different according to Duncan’s multiple range tests at P < 0.05.

Table 4 Effect of various media and sucrose concentration on induction of shoot formation from PLB in D. candidum Wallich ex
Lindley in vitro

Media Sucr(?lse Rate qf shoot Length of . Fresh Size of Browning
(g'L) formation (%) shoot (mm) weight of PLB (g)/ bottle PLB (mm) degree*
10 83.3+3.3a 1.2+0.2a 10.18+1.2bc 2.3£0.1bcdef -
1/4 MS 20 55.0+5.0bcd 0.6+0.1a 12.05+1.1abc 3.1+0.0a -
30 35.0+5.0defg 1.0+£0.2a 9.53+0.6¢d 2.7+0.1abc -
10 78.3+1.7ab 1.3+£0.2a 5.74+0.6efg 2.3£0.2bcdef -
172 MS 20 46.7+1.7cde 1.0+0.3a 6.08+0.7def 2.0+0.1ef -
30 40.0£1.5cdef 1.240.2a 5.31+0.6efg 2.2+40.1def -
10 20.0+0.0fg 0.8+0.2a 2.09+0.9¢ 1.9+0.1f ++
MS 20 20.0+0.0fg 1.3+0.1a 3.79+0.3fg 1.9+0.1f -
30 25.0+5.0efg 1.5+0.0a 2.77+0.41g 1.9+0.1f ++
10 81.3+1.3a 1.3+0.1a 13.46+0.6ab 2.6+0.1abed -
HI1P2 20 58.8+1.3bc 1.1£0.1a 12.01+0.6abc 2.8+0.0abc -
30 20.0+0.0fg 0.7+0.2a 5.57+1.3efg 2.54+0.1bcde ++
10 50.0+7.1cd 0.9+0.1a 15.4240.7a 2.8+0.1ab -
H3P4 20 40.0+0.0cdefg 0.8+0.3a 8.2241.2cde 2.6+0.1abcde +
30 16.0+4.0g 1.3+0.4a 3.60+0.3fg 2.3+0.1cdef +++
* - : no browning, +: low, ++: middle, +++: high

Different alphabetical letters are significantly different according to Duncan’s multiple range tests at P < 0.05.

SN S A A S o B8 W A Sl AT gL’ A7HE Ko A shoote] B4 &0l 212 80.0% 813 %
4919 $5 W E] B AT WAT AOR o] AN k0w shoot 20| % 12mme} 13 mm 5 W] gie

&} 2|4k sucroses & 7} =0} A 2~ 2 shoot 2] 3 Ag-o] 223
HIX|O] Z2 2 =59} sucrose 557} PLBEEE] shoot A WolA= A3 e gt} 3 77|90 er s} B
o Bixl= g2 1/2MS, MS, H3P4H] 2] ©] A0 H.7] & o] 1z 7} LFO [/4MS,

HI1P2u}| 2] of] B]3}| shoot &% -%o] AukA 07 WO AL
Ay 45O PLBR ¥ shoot FAJofl 23t w19 235 bt E3] MSuj#| 2] 7§ o} 2 ufj 2] o] H] 3] sucrose
Fotrz] $l8) AFO FEE DT 3FF MSHIA  5mo] ATlo] shoot FAE0] 0% o S wkoke FAE
(1/4MS, 12MS, MS)$} 255 ©] HIP2, H3P4uj 2 o] sucroseS  PLB A A 53} =.7] = H3P4H} %) o] sucrose= 10 gL H7}3t
10,20,30 gL' 2 7}5to] PLBE wiofet o= Table 42F 2w =|of A Z+7} 1542 g, 2.8 mmE 714} 39401 shoot®] 3 4]
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Fig. 1 Multiple shoot and PLB cluster that obtained on various media and sucrose concentration (S10; sucrose 10 g-L"', S20; sucrose

10 gL, S30; sucrose 10 g'L™")
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PLBE 53 U3t 42| tfepg4labgel 4 $4)¢ PLB
2 HE shoot $ == TR Q] thAo]w o]of U3 AR
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