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Abstract Low temperatures result in lower metabolic cellular activity, thus slowing down cell division

and growth. This is advantageous where a plant scientist might seek to store important germplasm

without the risks associated with low temperature storage. In this study, two cold temperatures above

freezing, namely 4 and 10 �C, were tested to assess for how long PLBs could be preserved without a

significant loss in regeneration ability (i.e., the ability to form neo-PLBs). Control treatments were

culturedat25 �ConTeixeiraCymbidium (TC)mediumata16-hphotoperiodataphotosyntheticphoton

flux density (PPFD) of 45 lmol m�2 s�1. For the cold treatments, eachwas replicated in the dark and at

low light intensity (12-h photoperiod and a PPFD of 10 lmol m�2 s�1). All cultures were sub-cultured

six times onto freshmediumevery60 days, for approximately 1 year.On the 7th subculture, allneo-PLBs

wereprepareduniformly and replatedonto standardTCmediumunder light conditions describedabove

for the control. 45 days after the 7th subculture and just before subcultures 1–6, the number of neo-PLBs

per half-PLBwasmeasured. The number of neo-PLBs that formed under different treatments depended

strongly on the temperature and light conditionswithmost neo-PLBs forming under control conditions,

although that number dropped significantly as the temperature was dropped to 10 �C and then even

more to 4 �C, the same trend being observed when explants were cultured and subcultured under dim

light,withorganogenesis beingmore strongly negatively influenced indarkness. For all low-temperature

treatments, as well as the dimmed light and darkness treatments, the number of neo-PLBs increased sig-

nificantlywhen recultured, on the 7th subculture, onto control TCmediumunder control environmental

conditions, almost as high as the control values. In contrast, the control values decreased, with signifi-

cantly fewer neo-PLBs by the 7th subculture relative to the control, indicating that new PLBs should

be induced from shoot cultures at least once a year to maintain their vitality.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &

Technology.
1. Introduction

Cymbidium (Orchidaceae) is an economically important orchid
whose development in vitro is now being well studied [8,20,21].
Protocorm-like bodies (PLBs) are the best clonal propagules as
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they are somatic embryos [26] that can be multiplied through
the induction of new PLBs or neo-PLBs and can thus be used
as explants for synthetic seeds [17,19], for feed-batch culture

and bioreactor studies (unpublished data) or for cryopreserva-
tion [22]. There is interest in mid-term (several weeks to
months) and long-term (many months to several years) storage

of Cymbidium germplasm, not only as a way to preserve genet-
ic material and rare or endangered germplasm, but also – in a
world of increasing energy costs – as a way to reduce the costs

associated with tissue culture, specifically lighting, heating,
chemicals and reagents, and man-power. Although hybrid
Cymbidium PLBs can be cryopreserved for as long as a year,
the regeneration ability clearly declines [22]. This can be

improved by tweaking cryopreservation conditions, or by the
use of an alternative method. One such alternative is low-
temperature storage (LTS), the aim of this study.

Cha-um and Kirdmanee [2] list several ways in which
in vitro plant cultures can be maintained for longer under min-
imal growth: physical factors, including LTS (while temperate

material would allow for temperatures 2–10 �C, tropical mate-
rial would most likely require 15–25 �C), low light intensity
and short photoperiod, application of ethylene inhibitors,

decreasing the size of the culture vessel (or increasing plant
density per vessel); chemical factors, including minimal media
and the manipulation of the concentration of plant growth
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Figure 1 Development of neo-PLBs under control (25 �C, 16-h photo

(12-h photoperiod, 10 lmol m�2 s�1) conditions. B and C were perform

Each subculture 1–6 was performed after 60 days for all treatments an

treatments were replated under control conditions. Mean values follow

are not significantly different based on DMRT (P = 0.05). n= 90.
regulators (reduction or removal) and osmotic potential.
LTS is a way to preserve fresh produce (i.e., fruits, vegetables
and cut flowers [2]), to induce bulbs to sprout through forcing

(e.g., 0–10 �C terminates dormancy in Paeonia lactiflora [14]),
to preserve seeds as reproductive propagules (e.g., Kew Gar-
dens Millennium Seed Bank Project [10]), to preserve pollen

(e.g., [12]) or to preserve vegetative tissues (e.g., strawberries,
most LTS studies preserving shoot tips [4,5]). LTS, which
could constitute a stress and thus induce cold shock proteins

[15], results in changes in physiological, biochemical and genet-
ic characteristics of the storage tissue ([2] and references there-
in). This study focuses on the latter objective for hybrid
Cymbidium germplasm.

2. Results and discussion

The number of neo-PLBs that formed under different treat-
ments depended strongly on the temperature and light condi-
tions. Most neo-PLBs formed under control conditions, but
that number dropped significantly as the temperature was

dropped to 10 �C and then even more to 4 �C. The same trend
was observed when explants were cultured and subcultured
under dim light, with organogenesis being more strongly neg-

atively influenced in darkness (Fig. 1). For all LTS treatments,
as well as the dimmed light and darkness treatments, the
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number of neo-PLBs increased significantly when recultured,
on the 7th subculture, onto control Teixeira Cymbidium (TC)
medium [18,19] under control environmental conditions, al-

most as high as the control values (Fig. 1). Ironically, the con-
trol values tended to decrease, with productivity having
decreased significantly by the 7th subculture relative to the

control, suggesting that new PLBs should be induced from
shoot cultures at least once a year to maintain their vitality.
This indicates that even though LTS negatively influences

neo-PLB formation (i.e., organogenesis) in hybrid Cymbidium
up to the 6th subculture, a strong recovery of the vitality of
PLBs is possible by the 7th subculture (Table 1, Fig. 1). Even
though this trend decreases as the number of subcultures in-

creases from 1 to 6, the subcultured half-PLBs, derived from
the previous subculture of neo-PLBs, retain their organogenic
potential for at least 1 year (approx 360 days), as observed by

their performance in the 7th subculture, assessed by the num-
ber of neo-PLBs per half-PLB explant (Fig. 1), the percentage
of explants forming neo-PLBs, and the fresh weight of PLB ex-

plants + neo-PLBs (Table 1). This is a very positive result and
Table 1 Effect of subculture of hybrid Cymbidium Twilight Moon ‘D

subcultures under different light vs temperature conditions.

Medium composition Subculture (each for 60 days) Explants formi

Control

25 �C
16-h photoperiod

45 lmol m�2 s�1

1 100 a

2 98 a

3 100 a

4 100 a

5 100 a

6 96 a

7 93 b

Darkness 4 �C 1 51 f

2 29 g

3 27 g

4 23 gh

5 26 h

6 20 h

7 64 e

Darkness 10 �C 1 72 d

2 64 e

3 66 de

4 59 e

5 61 e

6 56 ef

7 71 d

4 �C
12-h photoperiod

10 lmol m�2 s�1

1 76 cd

2 63 e

3 61 e

4 54 f

5 52 f

6 47 f

7 78 cd

10 �C
12-h photoperiod

10 lmol m�2 s�1

1 84 c

2 77 cd

3 65 de

4 68 de

5 64 e

6 61 e

7 83 c

Mean values followed by the same letter in the same column are not signifi

Petri dishes · 10 for each treatment) for each subculture. *In the 7th su

control conditions. Abbreviations: PLB, protocorm-like body; TC, Teixeir

naphthaleneacetic acid (NAA) and 0.1 mg/l kinetin, 2 g/l tryptone and 20
development, indicating that PLB germplasm can be stored
under LTS for hybrid Cymbidium. The author suspects that
the response will be different for different genotypes, and it

would be useful to expand the treatments to test 15 �C,
20 �C and room temperature to see whether these conditions
can improve the regenerative performance of this orchid in re-

sponse to LTS.
This study proposes a medium-term storage option of hy-

brid Cymbidium germplasm. Short-term storage options for

this hybrid already exist (e.g. [21,23,25,27]), while a long-term
cryopreservation protocol has also been developed [22]. LTs
can induce a number of negative physiological responses.
For example, chilling of LTS cabbage induced water deficit

[16]. The plant plasmalemma, ultrastructural molecules and
intracellular pH are damaged by cold-induced injury (e.g.,
[1,2] and references therein). This in turn can lead to electrolyte

leakage, pigment degradation and diminished photosynthesis
(e.g., [2,13] and references therein). Reactive oxygen species,
in response to cold stress, evolve, causing cell death (e.g.,

[6,9]). Cold acclimation, the treatment of plants or plant tissues
ay Light’ half-PLBs on neo-PLB formation on TC medium for 7*

ng neo-PLBs (%) Fresh weight (mg) of PLB explant + neo-PLBs

526 a

518 a

531 a

514 a

511 ab

509 ab

493 b

241 f

136 i

147 hi

139 i

141 hi

128 i

373 de

418 d

399 d

391 d

364 e

352 e

341 e

455 c

383 de

206 g

203 g

187 g

179 gh

164 h

409 d

432 cd

404 d

401 d

397 d

381 de

374 de

489 b

cantly different based on DMRT (P = 0.05). n = 90 (9 (3 · 3 blocks)

bculture, all treatments were subcultured on control medium under

a Cymbidium medium (Teixeira da Silva 2012a), includes 0.1 mg/l a-
g/l sucrose (see reference for modified micro- and macro-nutrients).
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to semi-low temperatures or other physical or chemical
treatments prior to LTS, can increase the survival of plants
once exposed to LTS (e.g., [28]), through the production of

antifreeze proteins or the induction of cold-shock proteins
[7]. Cold temperature regulation also occurs at the genetic le-
vel, with upstream transcription factors and downstream

cold-responsive genes being activated or repressed (e.g., [3]).
Reduced light intensity, as used in the dim light and reduced
PPFD treatments in this study, slow down photosynthetic

activity [11], although morphologically and physiologically
normal plants could be recovered in this study when all
LTS-treated neo-PLBs were re-cultured onto control TC med-
ium on the 7th subculture, i.e., even after approximately

360 days in cold storage.
3. Materials and methods

All chemicals and reagents were of the highest analytical grade
available and were purchased from either Sigma–Aldrich (St.
Louis, USA), Wako Chemical Co. (Osaka, Japan) or Nacalai

Tesque (Kyoto, Japan), at the highest tissue-culture grade.
PLBs of hybrid Cymbidium Twilight Moon ‘Day Light’
(Lovely Bunny ‘Romeo’ X Hiroshima Golden Cup ‘Sunny

Moon’; Bio-U, Japan) were induced and subcultured every
two months on TC medium, employing all culture conditions
and recommendations defined by Teixeira da Silva [18,22].

Two cold temperatures above freezing, namely 4 and 10 �C,
were tested to assess for how long PLBs could be preserved
without a significant loss in regeneration ability (i.e., the ability
to form neo-PLBs). Control treatments were cultured at 25 �C
on TC medium at a 16-h photoperiod at a photosynthetic pho-
ton flux density (PPFD) of 45 lmol m�2 s�1. For the cold
treatments, each was replicated in the dark and at low light

intensity (12-h photoperiod and a PPFD of 10 lmol m�2 s�1).
All cultures were sub-cultured onto fresh medium every
60 days from the 1st to the 6th subculture (i.e., for approxi-

mately 1 year). On the 7th subculture, all neo-PLBs were pre-
pared uniformly and replated onto standard TC medium
under light conditions described above for the control. The

number of neo-PLBs per half-PLB was measured 45 days after
the 7th subculture and just before every other subculture from
the 1st to the 6th subculture, based on Teixeira da Silva and
Dobránszki [24]. Experiments were organized according to a

randomized complete block design (RCBD) with three blocks
of 10 replicates per treatment. All experiments were repeated in
triplicate (n = 30, total sample size per treatment). Data were

subjected to analysis of variance (ANOVA) with mean separa-
tion by Duncan’s multiple range test (DMRT) using SAS�
vers. 6.12 (SAS Institute, Cary, NC, USA). Significant differ-

ences between means were assumed at P 6 0.05.
4. Conclusions

Cymbidium PLBs can be stored at low temperatures (4 �C and
10 �C) and reduced light intensity (PPFD of 10 lmol m�2 s�1)
for up to approximately one year (6 · 60-day subcultures).

Although PLB growth and neo-PLB formation under low
temperature are significantly inferior under low temperatures,
these parameters can be significantly recovered when PLBs
are recultured onto control medium under control temperature

and light conditions in the 7th subculture.
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