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ABSTRACT 
Plant genetic resources for sustainable usage have been investigated as a basis for breeding programs for crop improvement and the ad-
vance of target gene(s) in genetic engineering. Ex situ conservation is used to preserve plant species manually in addition to in situ tech-
niques. Orthodox seeds of temperate and subtropical species are mainly conserved as a genebank. However, methods of conservation of 
seedless and heterozygous orthodox tropical plant species and those with recalcitrant seeds are still limited. In vitro or live vegetative 
preservation is the preferred way to conserve elite species. There are many approaches to this, including short-, medium- and long-term 
preservation. Minimal growth in vitro culture or medium-term preservation has been widely exploited as a source of disease-free plants, 
which are promptly available for international material exchange. This technique is well established and is applied to a wide range of ge-
netic conservation measures with high recovery growth and maintenance of genetic stability when compared to cryopreservation or long-
term storage, identified by RAPD and AFLP genetic variation assay. Recently developed techniques and the application of minimal 
growth preservation will be described in this review. There are many techniques, which can be used to control the in vitro physical and 
chemical environments, including low temperature, low light intensity, short-photoperiod, high osmotic adjustment, low nutrient con-
centration and plant growth retardant supplementation for in vitro germplasm. In addition, the combination of both physical and chemical 
factors is a progressive channel, which can be used to develop general practices for medium-term preservation of tropical plant species. 
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Keywords: ex situ germplasm, genetic stability, low ambient temperature, medium-term preservation, plant growth retardants, slow 
growth 
Abbreviations: 2,4-D, 2,4-dichlorophenoxy acetic acid; ABA, abscisic acid; AFLP, amplified fragment length polymorphism; BAP, N6-
benzyl aminopurine; Boxus, Boxus and Terzi media (1987); DCR, Gupta and Durzan media (1985); GD, Gresshoff and Doy media 
(1972); LT, low temperature; MSAP, methylation sensitive amplified polymorphism; MS, Murashige and Skoog medium (1962); MT, 
Murashige and Tucker medium (1969); MW, Morel and Wetmore medium (1951); NAA, �-naphthalene acetic acid; OM, Rugini medium 
(1984); PPF, photosynthetic photon flux; RAPD, random-amplified polymorphic DNA; RFLP, restriction fragment length polymor-
phism; ROS, reactive oxygen species; SH, Schenk and Hildebrandt medium (1972); SM, Smith and Murashige medium (1970); STS, 
silver thiosulfate; VNTR, variable number of tandem repeats; WP, Woody plant media (1981) 
 
CONTENTS 
 
INTRODUCTION........................................................................................................................................................................................ 13 
SLOW OR MINIMAL GROWTH PRESERVATION.................................................................................................................................. 14 

Physical factors........................................................................................................................................................................................ 14 
Low temperature storage..................................................................................................................................................................... 15 
Low light intensity and short photoperiod .......................................................................................................................................... 16 
Application of ethylene inhibitors....................................................................................................................................................... 18 
Small size of culture vessel ................................................................................................................................................................. 18 

Chemical factors...................................................................................................................................................................................... 18 
Minimal media and plant growth regulators ....................................................................................................................................... 18 
Osmotic potential preservation ........................................................................................................................................................... 18 

PRESERVATION OF IN VITRO STORAGE ORGANS.............................................................................................................................. 19 
GENETIC STABILITY ............................................................................................................................................................................... 20 
CONCLUSION............................................................................................................................................................................................ 20 
REFERENCES............................................................................................................................................................................................. 20 
_____________________________________________________________________________________________________________ 
 
 
INTRODUCTION 
 
Plant conservation is one of the most attractive topics to 
concern and intensively manage on plant genetic resource 
for sustainable usages. Plant genetic resource for human 
life is a critical topic because the world’s population is esti-
mated to rapidly increase from 6 billion in 2000 to 8 billion 
in 2025 (Rao 2004; Khush 2005). An increasing population, 

modern agriculture and industry worldwide not only da-
mage plant habitats but also directly reduce plant genetic di-
versity (Heywood and Iriondo 2003; Olorode 2004). To date, 
plant genetic resources have been continuously destroyed at 
an unpredicted rate through deforestation, human activity, 
modern agricultural practices, and modern variety intro-
duction (Rao and Hodgkin 2002; Uyoh et al. 2003). It is an 
urgent priority to conserve native natural resources, protect-
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ted areas, forest reserves and national parks, namely 
through ex situ conservation and to establish artificial habi-
tat preservation, botanic gardens, and field genebanks, and 
to use in vitro methods and cryopreservation for seed sto-
rage and in situ conservation (Rao and Hodgkin 2002; 
Uyoh et al. 2003; Rao 2004; Schroth et al. 2004). However, 
the main barrier of in situ conservation is the requirement 
of a large amount of area, high cost of operation, complica-
ted management and risks to damage by biotic and abiotic 
environments. An ex situ method is thus an efficient conser-
vation of plant genetic resources over in situ or natural ha-
bitats. The most convenient technique for long-term ex situ 
conservation is seed storage or seed genebanks. Normally, 
plants with orthodox seed plants, desiccation and low-tem-
perature (LT) storage tolerance, are successfully preserved 
in both medium- and long-term conservation. Alternatively, 
tropical and subtropical plant species are mostly defined as 
seedless and recalcitrant seeds, which are sensitive to desi-
cation and LT and quickly lose viability. Ex situ live-gene 
banks or in vitro preservation is an effective method to slow 
growth storage (Engelmann and Engels 2002; Theilade and 
Petri 2003; Uyoh et al. 2003; Rao 2004). In vitro culture or 
plant tissue culture has been reported as an effective me-
thod to conserve many recalcitrant species, especially tropi-
cal plants. In vitro conservation is a good way to store di-
sease-free elite species, to control the growth and develop-
ment, and to exchange genetic resources easily and to simp-
ly manage storage space area, labor and maintenance costs 
(Withers 1991; Crouch et al. 1998; Engelmann 1998; Thei-
lade and Petri 2003). There are three categories of in vitro 
conservation: short-term (in vitro culture), medium-term 
(slow growth or minimal growth) and long-term (cryopre-
servation). In the short and medium terms, various tech-
niques have been investigated for slow growth and reduced 
interval-time subculturing, leading to genetic stability. Nor-
mally, somaclonal variation or genetic instability of in vitro 
plants depends on the plant species, culture media composi-
tion and subculturing times (Modgil et al. 2005; Bairu et al. 
2006; Guo et al. 2006; Peredo et al. 2006; Thomas et al. 
2006). Alternatively, cryopreservation has been developed 
as a long-term genetic conservation at a very low tempera-
ture (–196�C) with safe and cost-effective storage. Tropical 
plant species are still, however limited because these spe-
cies are very sensitive to LT (<10�C) or to chilling injury 
(Angeli et al. 2003; Li et al. 2004a; Gusta et al. 2005), re-
sulting in a low survival percentage or death after storage. 
Additionally, the genetic instability of cryopreserved plants 
is one of the greatest obstacles to be aware of (Theilade and 
Petri 2003; Rao 2004; Shibli et al. 2006). In this review, the 
critical factors affecting medium-term plant conservation of 
genetic resources are intensively described and the genetic 
stability of in vitro storage is mentioned. 

 
SLOW OR MINIMAL GROWTH PRESERVATION 
 
Disease-free production using in vitro meristem culture is a 
progressive channel to eliminate bacteria, fungi and viruses 
from host plants. There are many plants species that have 
escaped from diseases by meristem culture such as garlic, 
shallot (Walkey et al. 1987), lily turf (Strandberg 1993), 
ginger (Sharma and Singh 1997), sweet potato (Kuo et al. 
1985), sugarcane (Homhual et al. 1999; Cha-um et al. 
2006b) and banana (Ko et al. 1991; Cha-um et al. 2006a). 
The disease-free plants – especially those are virus-free and 
are derived from meristem culture – have been widely uti-
lized as genetic resources. Minimal growth preservation is 
one of the most common practices for disease-free living 
genebanks in terms of small spaced areas and required 
labor input for subculturing and viability testing. A number 
of subculture is the main obstacle to the genetic stability in-
ducing somaclonal variation in aseptic conditions. The 
growth reduction of in vitro plants for slow-growing, se-
quential subcultures has been developed using both phy-
sical and chemical factors. It has been successfully applied 
to preserve many recalcitrant plants, especially tropical spe-

cies (Uyoh et al. 2003; Rao 2004; Keller et al. 2006; Shibli 
et al. 2006). 

 
Physical factors 
 
Physiological environments, including temperature, light 
and culture vessel are the most important factors to strongly 
delay plant growth and develop in vitro storage. The first 
factor is LT, which is a fruitful environmental condition for 
medium-term preservation in many plant species. A LT (0-
20�C) affects higher plants allowing them to establish well 
a broad spectrum of chilling injuries or ice crystal damage 
(Brush et al. 1994; Concellon et al. 2007) and chilling-in-
duced water deficit (Guy 1990; Buitink and Leprince 2004; 
Sato et al. 2004), especially warm ecotype species (Xin and 
Browse 2000; Smallwood and Bowles 2002). The plant 
plasma membrane, ultrastructure macromolecules and in-
tracellular pH are sensitively damaged by cold-induced in-
juries (Shattuck et al. 1991; Nantes et al. 1999; Yoshida et 
al. 1999; Kratsch and Wise 2000; Neefs et al. 2000; Chen 
and Li 2002; Lee et al. 2002; Aroca et al. 2005), leading to 
electrolyte leakage, pigment degradation, diminished pho-
tosynthetic activity and a reduction in photosynthesis (Nil-
sen and Orcutt 1996; Du et al. 1999; de Oliveira et al. 
2002; Campos et al. 2003; Nicotra et al. 2003; Mahajan 
and Tuteja 2005; Pietrini et al. 2005; Renaut et al. 2005; 
Kalberer et al. 2006; Renaut et al. 2006; Uemura et al. 
2006; Wang et al. 2006). Alternatively, reactive oxygen 
species (ROS) generated by cold stress have been reported 
as secondary injury, damaging both membranes (causing 
leakage) and photosynthetic systems (Prasad 1996; Gechev 
et al. 2003; Janda et al. 2003; Kornyeyev et al. 2003; Tam-
bussi et al. 2004; Nayyar et al. 2005b; Posmyk et al. 2005; 
Chen et al. 2006; Kalberer et al. 2006; Hola et al. 2007). 
The biochemical and physiological changes of cold-stres-
sed plants are the major causes of toxic symptoms in germi-
nation, vegetative and reproductive stages prior to cell 
death (Lavee et al. 1985; Ranwala and Miller 2000; Allen 
and Ort 2001; Birch et al. 2003; Loik and Redar 2003; 
Clarke and Siddique 2004; Ercoli et al. 2004; Nayyar et al. 
2005a; Bois et al. 2006; Farrell et al. 2006; Niimi et al. 
2006; Ensminger et al. 2006). Nevertheless, there are many 
investigations that have been able to harden tropical plant 
species by a temperature drop or ABA treatment before ex-
posure to chilling temperature, namely cold acclimation 
(Sysoeva et al. 1999; Xin and Browse 2000; Lindqvist 
2001; Sysoeva et al. 2005; Zhou et al. 2005). It is an ef-
fective approach to improve the plant defense mechanisms 
in cold stress conditions, i.e. the production of LT-defen-
sive proteins (dehydrin, antifreeze and cryoprotectin pro-
teins) (Rinne et al. 1998; Pearce 1999; Ohno et al. 2003; 
Sror et al. 2003; Buitink and Leprince 2004; Griffith and 
Yaish 2004; Dhanaraj et al. 2004, 2005), a membrane sys-
tem (Murai and Yoshida 1998; Aroca et al. 2003; Uemura 
and Steponkus 2003; Lee et al. 2005; Bakht et al. 2006; 
Bohn et al. 2007), improved water relations (Aroca et al. 
2003; Bloom et al. 2004; Kalberer et al. 2006), compatible 
solute accumulation [carbohydrates (Vandenbussche et al. 
1999; Tabaei-Aghdaei et al. 2003; Kerepesi et al. 2004; Zu-
ther et al. 2004; Livingston et al. 2005; Nagao et al. 2005; 
Hekneby et al. 2006; Livingston et al. 2006; Malone et al. 
2006; Priscila et al. 2006; Miao et al. 2007), proline (Nay-
yar et al. 2005a; Chen et al. 2006; Hekneby et al. 2006), 
polyamines (Hummel et al. 2004; Imai et al. 2004; Sahin-
Cavik and Moore 2006; Akiyama and Jin 2007) and betaine 
(Alia et al. 1998; Allard et al. 1998; Sakamoto and Murata 
2002; Park et al. 2004; Quan et al. 2004)] and an antioxi-
dant system (Gechev et al. 2003; Kornyeyev et al. 2003; 
Pennycooke et al. 2005; Posmyk et al. 2005; Chen et al. 
2006; Kalberer et al. 2006; Tommasi et al. 2006). The LT-
acclimated plants are highly adapted to chilling temperature 
in terms of CO2-assimilation, photochemistry and photo-
synthesis limitation (Boese et al. 1997; Savitch et al. 2002; 
van Heerden et al. 2004; Syros et al. 2005; Hu et al. 2006; 
Zhou et al. 2006), resulting in slow leaf appearance, leaf 
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area decline and overall growth reduction (Birch et al. 
2003; Ercoli et al. 2004). There are many genes in both up-
stream (transcription factors) and downstream (cold-res-
ponsive genes) expressions associated with those plant me-
tabolites by cold temperature regulation (Ndong et al. 
1997; Thomashow 1999; Browse and Xin 2001; Sung et al. 
2003; Gusta et al. 2005; Chinnusamy et al. 2006). 

This is an excellent tool to preserve living plants at a 
LT for sustainable use. Secondly, light – both intensity and 
photoperiod – is an alternative factor to control plant 
growth and development. A higher pigment concentration, 
thylakoid frequency and grana stacks in the chloroplast 
with low CO2 assimilation on plants grown under a low 
light and short-photoperiod flux have been reported in 
pumpkin, big-leafed periwinkle (Logan et al. 1998), ma-
hogany, tonka bean (Gonçalves et al. 2001) and soybean 
(Lichtenthaler and Burkart 1999), leading to a 7-16 fold de-
crease in photochemistry of photosystem II (Logan et al. 
1998), 2-3 fold lower net-photosynthetic CO2 assimilation 
rate (Lichtenthaler and Burkart 1999) and 1.5-2 fold shorter 
stems when compared to those grown under high light con-
dition (Grace and Logan 1996; Nilsen and Orcutt 1996; de 
la Vina et al. 2001). In addition to this, the storage atmos-
phere such as ethylene, oxygen (O2), carbon dioxide (CO2) 
and relative humidity (%RH) is a state topic (Dorion et al. 
1994; Legnani et al. 2004). Ethylene gas, an endogenous 
phytohormone plays a central role in physiological process-
ses i.e. chlorophyll degradation (Gong and Mattheis 2003), 
stomatal closure (Tanaka et al. 2005; Desikan et al. 2006) 
and net-photosynthesis reduction (Khan 2005) and plant 
morphogenesis (Gonzalez et al. 1997; Fal et al. 1999; Ari-
gita et al. 2003; Kepczynski et al. 2006) as well as in signal 
transduction in response to environmental stimuli (Alonso 
and Stepanova 2004; Chang and Bleecker 2004; Guo and 
Ecker 2004; Klee 2004; Chen et al. 2005; Pierik et al. 
2006). On the other hand, without aeration ethylene accu-
mulated in Lagerstroemia thorelli (1.2 μL.L-1) (Zobayed 
2000) and papaya (0.15 ppm) (Lai et al. 1998) cultures in 
closed vessels and had a negative effect on plant growth 
and development while also inducing senescence. Low 
ethylene concentration (0.05-0.1 μL.L-1) in the culture ves-
sels is an alternative way to retard leaf emergence and plant 
height (Lai et al. 1998; Zobayed 2000). There are several 
approaches to reduce ethylene concentration in culture ves-
sels i.e. air ventilation (Lai et al. 1998; Zobayed 2000) and 
the application of ethylene inhibitors, leading to typical, 
normal growth and development in cauliflower (Zobayed et 
al. 1999), potato (Sarkar et al. 2002), Hacncornia speciosa 
(Pereira-Netto 2001) and cucumber (Mohiuddin et al. 1997). 
Furthermore, a small culture vessel limits both the root 
zone and the aeration part of in vitro culture. In vitro elon-
gation, proliferation and growth of plantlets develop slowly 
in the small closed vessel (Jackson 2003; Martin and Pra-
deep 2003; Islam et al. 2005; Keller et al. 2006). 
 
Low temperature storage 
 
Plant evolution in a cool climate has been identified to geo-
graphical zones, and is related to adaptive mechanisms i.e. 
alpine plant species (sub-zero temperatures), temperate 
species (non-freezing temperatures), subtropical- and tropi-
cal-species (low temperature sensitive). Subtropical and 
tropical plant species are very sensitive to cool environ-
ments, leading to ice crystal damage or nucleation and 
water deficit stress prior to cell death (Nilsen and Orcutt 
1996; Breton et al. 2000; Li et al. 2004a). As described 
above, cold acclimation is one of the most effective ways 
to harden plants before expose to chilling temperature. In 
addition, the main physical factor of in vitro minimal 
growth storage is a low temperature as the medium-term 
preservation tool (Fig. 1). It can be classified into three 
classes: very low (<10�C), low (10-20�C) and room tempe-
rature (>20�C). In Table 1, several plant species have been 
shown to survive in temperatures below 10�C over a 3-96 
month storage period, depending on the plant species, 

explants and storage organs. Coco yam and poplar in vitro 
shoots have a high potential for medium-term storage for 5-
8 years at a very low temperature (Son et al. 1991; Bessem-
binder et al. 1993). Likewise, cork oak (shoots) and lily 
(bulblets) plants can be preserved in vitro at 2-5�C for 2 
years (Bonnier and van Tuyl 1997; Romano and Martins-
Loução 1999). The short-term storage (<2 years) at a very 
low temperature has been accomplished in many plant spe-
cies i.e. apple (Negri et al. 2000; Hao and Deng 2003), ce-
dar (Renau-Morata et al. 2006), chokecherry (Pruski et al. 
2000), date palm (Bekheet et al. 2002), mint (Islam et al. 
2003), olive (Rugini and Pesce 2006), paradise tree (Scoc-
chi and Mroginski 2004) and potato (Lopez-Delgado et al. 
1998; Sarkar et al. 1999; Pruski et al. 2000; Sarkar et al. 
2001). In addition, an increase in storage temperature (10-
20�C) has also been applied for in vitro preservation (Table 
2). Banana (wild species), elephant’s ear and miscanthus 
plants have been successfully preserved under aseptic con-
ditions with 13-17�C air-temperature for 2 years (Ko et al., 
1991; Zandvoort et al. 1994; Hansen and Kristiansen 1997). 
In contrast, banana (commercial species), cordyline, enset, 
mint and sugarcane in vitro plants cultured under low tem-
peratures could be conserved in shorter periods than these 
other species (Hvoslef-Eide 1992; Taylor and Dukic 1993; 
de Oliveira et al. 2000; Negash et al. 2001; Islam et al. 
2005; Cha-um et al. 2006a). In Table 3, there are several 
plant species that have been stored at room temperature for 
more than two years, including coffee (Dussert et al. 1997; 
Naidu and Sreenath 1999), lily (Renau-Morata et al. 2006), 
orchid (Martin and Pradeep 2003) and sword fern (Hvoslef-
Eide 1992). Coconut, wild coffee, dierama, kokum, pine-
apple, sweet potato and vanilla plant species on the other 
hand have been preserved at room temperature for a year or 
less (Bertrand-Desbrunais et al. 1991; Jarret and Gawel 
1991; Assy-Bah and Engelmann 1993; Canto et al. 2004; 
Malik et al. 2005; Divakaran et al. 2006; Madubanya et al. 
2006). This shows that a very low temperature is suitable to 
exploit medium-term minimal growth preservation. Inci-
dentally, the successful preservation at low temperatures 
depends on the plant species, initial explants, plant growth 
regulators and the osmotic agents applied. 
 
 

Fig. 1 Minimal growth preservation of living plant cells in a Plant 
Growth Incubator at 10�C and 10-15 μmol m-2 s-1 PPF by fluorescent 
lamps with 12 h photoperiod. 
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Low light intensity and short photoperiod 
 
There are many publications that mention how the quality 
and quantity of light are factors for in vitro slow growth 
conservation. Generally, in vitro plantlets are incubated in 
light conditions at 60-100 μmol m-2 s-1 PPF and 16 h photo-
period. Low light intensity and a short photoperiod flux 
have been elevated to delay growth and development of in 
vitro plantlets. In most case, low light intensities (3-50 
μmol m-2 s-1 PPF) with 8-12 h photoperiod have been ap-
plied to slow growth storage of coffee (Bertrand-Desbru-
nais et al. 1991; Dussert et al. 1997), coconut (Assy-Bah 
and Engelmann 1993), miscanthus (Hansen and Kristiansen 
1997), potato (Lopez-Delgado et al. 1998), chokecherry 
(Pruski et al. 2000), apple (Hao and Deng 2003), orchid 
(Martin and Pradeep 2003), pineapple (Canto et al. 2004), 

vanilla (Divakaran et al. 2006), cedar (Renau-Morata et al. 
2006), strawberry (Nishizawa et al. 1997) and olive (Rugini 
and Pesce 2006) (Table 1-3). A major cost of in vitro cas-
sava preservation is that of preservation space with facilities 
(58-60%), intensive skill labors (20-25%), somaclonal vari-
ation assay (8-10%), and management (8-10%) (Blakesley 
et al. 1996; Epperson et al. 1997; Virchow 1999). The re-
duction in maintenance facilities involving light intensity 
and photoperiod is an excellent channel to reduce either 
plant growth or light energy costs. The electric and labor 
costs of preservation in developing countries (0.47 US$/ac-
cession/year) is lower than those in developed countries 
(1.32 US$/accession/year) by 2.85-fold and is positively re-
lated to the genebank management (Koo et al. 2003). 
 

Table 1 In vitro storage of plant species using very low temperature (<10�C) as a major factor in combination with other factors. 
Common 
name 

Scientific name Explants/ 
Storage organ 

In vitro storage Size and 
age 

Storage period 
(month) 

Survival
(%) 

Ref.

Apple Malus pumila cv. 
Moscatella 

Apical/ node 1. ½ MS basal media, 3% sucrose, darkness 
2. 4°C air temperature 

10 mm 12 100  1

 M. pumila cv. 
Starkspur Red 

Apical/ node 1. ½ MS basal media, 3% sucrose, darkness 
2. 4°C air temperature 

10 mm 18 90  1

 M. pumila cv. Gala Shoot tip 1. MT basal media, 0.5 mg.L-1 BAP, 0.05 mg.L-1 
NAA, 2% sucrose, 2% mannitol,  
11 μmol m-2 s-1 PPF, 12 h photoperiod 

2. 4°C air temperature 

5 mm 12 100  2

Cedar Cedrus atlantica 
C. libani 

Shoot 1. ½ MS basal media with or without 10 mg.L-1 
ABA, 70 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 4°C air temperature 

20 mm >6 40-50  3

Chokecherry Prunus virginiana Shoot 1. MS minimal organic media, 3% sucrose,  
3 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 4°C air temperature 

10 mm 3 -  4

Cock oak Quercus suber Shoot 1. GD basal media, 58 mM sucrose,  
30 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 5°C air temperature 

10-20 mm 24 50  5

Coco yam Colocasia esculenta Single shoot 1. MS basal media, 10 μM BAP, 1-2% mannitol,  
80 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 9°C air temperature 

5 mm 96 90  6

Date palm Phoenix dactylifera Shoot bud 1. MS basal media and darkness 
2. 5°C air temperature 

20 mm 12 70  7

Lily L. hybrid Scale bulblet 1. ¼ MS basal media, 9% sucrose,  
10-20 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 2°C air temperature 

2 months 28 73-90  8

Mint Mentha spp. Apical explants 1. MS basal media, 3% sucrose,  
35-55 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 2°C air temperature 

10 mm 6 71.5  9

Olive Olea europaea Shoot 1. OM media without hormones, darkness or  
20 μmol m-2 s-1 PPF, 8 h photoperiod 

2. 4°C air temperature 

- 8 - 10

Paradise tree Melia azedarach Apical meristem 1. ¼ MS basal media, 0.5 μM BAP, darkness 
2. 4°C air temperature 

0.2-0.3 mm 12 67 11

Poplar Populus alba × P. 
grandidentata 

Shoot 1. MS basal media and 1.33 μM BAP 
2. 4°C air temperature 

- 60 25 12

Potato Solanum tuberosum Single node 1. MS basal media, 2% mannitol, 6-9 mgL-1 STS, 
20 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 6°C air temperature 

- 16 88-100 13

 S. tuberosum Shoot 1. MS minimal organic media,  
3 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 4°C air temperature 

40 mm 3 -  4

 
 

S. tuberosum Single node 1. MS basal media, 4% mannitol or 100 μM 
acetylsalicylic acid,  

11 μmol m-2 s-1 PPF, 16 h photoperiod 
2. 8°C air temperature 

- 8-12 >90 14

 S. tuberosum Single node 1. MS media, 10 mM ancymidol, 6% sucrose 
2. 6°C air temperature 

- 16 79 15

Abbreviations: MS = Murashige and Skoog (1962); MT = Murashige and Tucker media (1969); BAP = N6-benzyl amino purine; NAA = naphthalene acetic acid; PPF = 
photosynthetic photon flux; ABA = abscisic acid; GD = Gresshoff and Doy media (1972); OM = Rugini media (1984); STS = silver thiosulfate 
Ref. represents the following references: 1 = Negri et al. (2000); 2 = Hao and Deng (2003); 3 = Renau-Morata et al. (2006); 4 = Pruski et al. (2000); 5 = Romano and 
Martins-Loução (1999); 6 = Bessembinder et al. (1993); 7 = Bekheet et al. (2002); 8 = Bonnier and van Tuyl (1997); 9 = Islam et al. (2003); 10 = Rugini and Pesce (2006); 
11 = Scocchi and Mroginski (2004); 12 = Son et al. (1991); 13 = Sarkar et al. (1999); 14 = Lopez-Delgado et al. (1998); 15 = Sarkar et al. (2001). 
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Table 2 In vitro storage of plant species using low temperature (10-20�C) as a major factor in combination with other factors. 
Common 
name 

Scientific name Explants/ 
Storage organ 

In vitro storage Size and 
age 

Storage period
(months) 

Survival
(%) 

Ref.

Banana Musa spp. Shoot 1. MS basal media, 2% sucrose,  
40 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 17°C air temperature 

12 mm 15 66 1 

 M. acuminata Meristem tip 1. SM basal media, 3% ribose, 
47 μmol m-2 s-1 PPF, 24 h photoperiod 

2. 17°C air temperature 

- 24 67 2 

 Musa spp. Shoot 1. ½ MS basal media, 136 μM paclobutrazol,  
30 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 10°C air temperature 

10 mm 12 100 3 

Cordyline Cordyline 
fruticosa 

Shoot 1. Pre-storage in 9�C air temperature,  
3-5 μmol m-2 s-1 PPF 

2. 18°C air temperature with 15 μmol m-2 s-1 PPF 

20 mm 18 - 4 

Elephant’s ear Xanthosoma spp. Single shoot 1. MS basal media, 3% mannitol 
2. 13°C air temperature 

- 24 - 5 

Enset Ensete 
ventricosum 

Shoot 1. MS basal media, 3% sucrose, darkness 
2. 15°C air temperature 

- 15 35-56 6 

Mint Mentha spp. Apical/nodal 
explants 

1. MS basal media, 53 mL culture vessel,  
35-55 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 20°C air temperature 

10 mm 6 100 7 

Miscanthus Miscanthus × 
ogiformis 

Single shoot 1. ½ SH basal media, 2% sucrose, 0.1 μM NAA,  
20 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 8-16°C air temperature 

3 days 6 95-100 8 

Sugarcane Saccharum spp. Apical meristem 1. ½ MS basal media, 1% sucrose, 12 h photoperiod 
2. 18°C air temperature 

5-10 mm 12 - 9 

Abbreviations: SM = Smith and Murashige medium (1970); PPF = photosynthetic photon flux; SH = Schenk and Hildebrandt medium (1972); NAA = naphthalene acetic 
acid; MS = Murashige and Skoog medium (1962) 
Ref. represents the following reference list: 1 = de Oliveira et al. (2000); 2 = Ko et al. (1991); 3 = Cha-um et al. (2006a); 4 = Hvoslef-Eide (1992); 5 = Zandvoort et al. 
(1994); 6 = Negash et al. (2001); 7 = Islam et al. (2005); 8 = Hansen and Kristiansen (1997); 9 = Taylor and Dukic (1993) 
 

Table 3 In vitro storage of plant species using room temperature (>20�C) as a major factor in combination with other factors. 
Common 
name 

Scientific name Explants/ 
Storage organ 

In vitro storage Size and 
age 

Storage period 
(months) 

Survival
(%) 

Ref.

Coconut Cocos nucifera Zygotic embryo 1. MS basal media, 100 mg.L-1 sodium ascorbate, 1.5% 
sucrose, 35 μmol m-2 s-1 PPF, 12 h photoperiod 

2. 27°C air temperature 

10 mm 12 51  1 

Coffee Coffea liberica 
C. congensis 

Shoot tip 1. MS salts with MW vitamins, 1.3 μM BAP,  
50 μmol m-2 s-1 PPF, 12 h photoperiod 

2. 25°C air temperature 

10-15 mm - 85  2 

 C. canephora 
C. racemosa 

Shoot tip 1. MS salts with MW vitamins,  
50 μmol m-2 s-1 PPF, 12 h photoperiod 

2. 25°C air temperature 

10-15 mm - 85  2 

 Coffea spp. Shoot tip 1. MS salts with MW vitamins, 1.3 μM BAP,  
30 μmol m-2 s-1 PPF, 12 h photoperiod 

2. 27°C air temperature 

10-20 mm 36 -  3 

 C. arabica Zygotic embryo 1. MS basal media and 18.9 or 37.8 μM ABA 
2. 25°C air temperature 

1.5-2.0 
mm 

24 74.2  4 

Dierama Dierama 
luteoalbidum 

Corm 1. MS basal media, 5-10 mg.L-1 paclobutrazol,  
71 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 25°C air temperature 

6 months 3 100  5 

Lily Lilium spp. Bulblet 1. ¼ MS basal media, 9% sucrose,  
10-20 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 25°C air temperature 

2 months 28 71-100  6 

Kokum Garcinia indica Shoot 1. ½ MS basal media, 5 μM BAP, 3% sucrose 
2. 25°C air temperature 

15-25 mm 10-11 95 7 

Orchid Ipsea malabarica Shoot 1. ½ MS basal media without sugar,  
25 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 25°C air temperature 

- 27 100 8 

Pineapple Ananus comosus Single shoot 1. MS basal media, 3% sucrose, 0.5 mg.L-1 paclobutrazol, 
22 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 27°C air temperature 

- 3 100 9 

Sweet potato Ipomoea batatas Axillary buds 1. MS basal media, 10 mg.L-1 ABA,  
50-60 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 28°C air temperature 

5 mm 12 20-80 10 

Sword fern Nephrolepis 
exaltata 

Shoot 1. Pre-storage in 9°C air temperature, darkness 
2. 24°C air temperature, 30 μmol m-2 s-1 PPF 

15-20 mm 36 - 11 

Vanilla Vanilla spp. Shoot buds 1. ½ MS basal media, 1.5% sucrose, 1.5% mannitol, 
 12 h photoperiod, 40 μmol m-2 s-1 PPF 

2. 25°C air temperature 

3-5 mm 12 90 12 

Abbreviations: MW = Morel and Wetmore medium (1951); BAP = N6-benzyl amino purine; MS = Murashige and Skoog medium (1962); ABA = abscisic acid; PPF = 
photosynthetic photon flux 
Ref. represents the following reference list: 1 = Assy-Bah and Engelmann (1993); 2 = Bertrand-Desbrunais et al. (1991); 3 = Dussert et al. (1997); 4 = Naidu and Sreenath 
(1999); 5 = Madubanya et al. (2006); 6 = Bonnier and van Tuyl (1997); 7 = Malik et al. (2005); 8 = Martin and Pradeep (2003); 9 = Canto et al. (2004); 10 = Jarret and Gawel 
(1991); 11 = Hvoslef-Eide (1992); 12 = Divakaran et al. (2006). 
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Application of ethylene inhibitors 
 
An atmospheric aerial zone of an in vitro culture is one of 
the best and easiest ways to modify the culture for slow 
growth preservation. As explained above, ethylene is a 
plant growth regulator, which, in a gas form plays a key 
role in in vitro plant growth and development. Normally, 
plants grown in a closed vessel of in vitro culture for a long 
period release ethylene gas which accumulates in the cul-
ture vessel (>1.2 μL.L-1) and negatively affects the plants’ 
physiological and morphological characters (Zobayed 
2000). A low ethylene concentration (0.05-0.1 μL.L-1) con-
trolled by ethylene inhibitors i.e. silver nitrate (Goh et al. 
1997; Mohiuddin et al. 1997; Zobayed 1999; Naik and 
Chand 2003), silver thiosulfate (Zobayed 1999; Pereira-
Netto 2001), �-amino isobutaric acid (Pereira-Netto 2001), 
cobalt chloride (Zobayed 1999; Pereira-Netto 2001), (ami-
nooxy) acetic acid (Pereira-Netto 2001), aminoethoxyvinyl 
glycine (Goh et al. 1997; Pereira-Netto 2001; Naik and 
Chand 2003), 1-amino-cyclopropane-1-carboxylic acid 
(Goh et al. 1997; Zobayed 1999; Pereira-Netto 2001) and 
1-methylcyclopropene (Zobayed 1999; Pereira-Netto 2001) 
has been applied with the objective of improving in vitro 
morphogenesis. In addition to this, the reduction of ethy-
lene using silver thiosulfate has been applied for potato 
slow-growth preservation (Sarkar et al. 1999, 2002; Table 
1). 
 
Small size of culture vessel 
 
A small culture vessel is an alternative goal to minimize 
the atmospheric space for plant growth and development. 
Small glass vessels, of 53 mL and 35 mL, were applied to 
preserve four mint accessions (Islam et al. 2005) and bana-
na (Cha-um et al. 2006a), respectively. The leaf number of 
mint plantlets grown in small vessels is 1.3-fold less than 
that in a control vessel (380 mL). Small culture vessels can 
be effectively stored with a high density of plants, i.e. a lar-
ge number of accessions or in vitro genebanks. In addition, 
the interval of subcultures of slow growth in a small vessel 
are extended, leading to a decrease in somaclonal variation 
as well as a reduced labor cost. The cost of in vitro cassava 
preservation (11.98 US$/accession/year) is 7.46-fold lower 
than that of cryopreservation technology (89.35 US$/ac-
cession/year) (Koo et al. 2003). Liquid nitrogen (-196�C) 
is a major cost of cryopreservation, which was spent at an 
estimated 400 US$/accession/year (Benford 1992). 

 
Chemical factors 
 
Chemical composition i.e. media strength, plant growth re-
tardants and osmosis in the culture media are the most po-
pular topics to reduce the growth of various plant species. 
A half and quarter strength of culture media directly de-
crease nutrient absorption, translocation and utilization, re-
sulting in growth reduction (Bonnier and van Tuyl 1997; 
Garcia-Jimenez et al. 2006). MS medium (Murashige and 
Skoog 1962) is well known for its enriched nutrient com-
position. In some cases, the appropriate media might be 
developed or modified for specific plant species, especially 
woody and endemic species (Hansen and Kristiansen 1997; 
Lucchesini and Mensuali-Sodi 2004; Scocchi and Mrogin-
ski 2004). The plant growth retardants including abscisic 
acid (ABA) and the anti-GA group are well applied as 
growth inhibitors or for dwarfing plants. These agents 
function to slow the growth rate of plants and are normally 
applied in various fruit species for flowering and setting 
fruit out of season. The anti-GA group is the most adequate 
agent to play a role in dwarfism in orchid (Torres and 
Mogollon 2002) and cauliflower (Rodrigues-Otubo et al. 
1998), without reducing leaf number and resulting in the 
absence of phytotoxicity symptoms. Moreover, the shoot 
number of in vitro plantlets increased slightly with an in-
crease in anti-GA concentration in the culture media (Da-
quinta et al. 2001). Moreover, limitations in available wa-

ter or a drought condition using osmoticum treatment are 
alternatively techniques to slow the growth rate of in vitro 
plantlets. There are several osmotic agents i.e. mannitol (Li 
et al. 2004b), sorbitol (Perales et al. 2005), and polyethy-
lene glycol (Morsy et al. 2007) to retard the growth of Cen-
taurea ragusina (Radic et al. 2006), maize (Li et al. 1998; 
Valentovic et al. 2006), rice (Cabuslay et al. 2002; Hsu and 
Kao 2003; Pandey et al. 2004; Zhang et al. 2006), poplar 
(Watanabe et al. 2000), Brassica juncea (Gangopadhyay et 
al. 1997), tepary bean (Mohamed and Tawfik 2006), cotton 
(Nepomuceno et al. 1998), common bean (Turkan et al. 
2005), grass (van den Berg and Zeng 2006) and Mexican 
marigold (Mohamed et al. 2000). The major function of os-
moticum application in the culture media is to reduce water 
deficit or drought, causing on low root relative water con-
tent and decrease in leaf water potential (Lawlor and Cornic 
2002; Tambussi et al. 2005), reduction in photosynthesis 
(Reddy et al. 2004) through stomatal closure (CO2-assi-
milated limitation) (Cornic 2000; Bhargava and Paranjpe 
2004; Rouhi et al. 2007) and through chlorophyll degra-
dation (water oxidation restriction) (Chaves et al. 2002; Sir-
celj et al. 2005; Lizana et al. 2006) as well as overall 
growth reduction (Sanchez et al. 2004; Kumar et al. 2006; 
Mohsenzadeh et al. 2006). A mild water-deficit condition 
using osmotic agents is an alternative tool for in vitro slow 
growth. Consequently, the basic knowledge on growth re-
duction by chemical factors would apply for medium-term 
preservation of in vitro plant storage. 
 
Minimal media and plant growth regulators 
 
Strength reduction of the culture medium is the first aspect 
to result in fruitful minimal growth preservation. A half and 
one-forth strengths of media are generally modified in 
many species i.e. apple (Negri et al. 2000), banana (Cha-
um et al. 2006a), cedar (Renau-Morata et al. 2006), kokum 
(Malik et al. 2005), lily (Bonnier and van Tuyl 1997), mis-
canthus (Hansen and Kristainsen 1997), orchid (Martin and 
Pradeep 2003), paradise tree (Scocchi and Mroginski 2004), 
sugarcane (Taylor and Dukic 1993) and vanilla (Divakaran 
et al. 2006). Moreover, the growth rate of in vitro plantlets 
is retarded by the application of certain plant growth regu-
lators. The application of ABA to the culture media was ef-
fectively applied to inhibit the growth of cedar (Renau-Mo-
rata et al. 2006), arabica coffee (Naidu and Sreenath 1999) 
and sweet potato (Jarret and Gawel 1991). Paclobutrazol 
and ancymidol, chemical agents which are plant growth re-
tardants, delayed the growth and development of banana 
(Fig. 2) (Cha-um et al. 2006a), dierama (Madubanya et al. 
2006), pineapple (Canto et al. 2004) and potato (Sarkar et 
al. 2001). Acetyl salicylic acid, activated charcoal and sodi-
um ascorbate have been provided in the culture media to 
delay senescence, functioning as an antioxidant for in vitro 
preservation of potato (Lopez-Delgado et al. 1998; Rugini 
and Pesce 2006) and coconut (Assy-Bah and Engelmann 
1993). 
 
Osmotic potential preservation 
 
Osmotic potential adjustment is an attractive topic for mini-
mal growth of in vitro plants by water use limitation. There 
are many osmotic agents, including sugars and sugar alco-
hols, to apply in the media for slow growth of apple (20 
g.L-1 sucrose and 20 g.L-1 mannitol) (Hao and Deng 2003), 
banana (20 g.L-1 sucrose) (de Oliveira et al. 2000), coco 
yam (30 g.L-1 mannitol) (Bessembinder et al. 1993), ele-
phant’s ear (30 g.L-1 mannitol) (Zandvoort et al. 1994), lily 
(90 g.L-1 sucrose) (Bonnier and van Tuyl 1997; Renau-Mo-
rata et al. 2006), potato (40-60 g.L-1 sucrose and/or 20-40 
g.L-1 mannitol) (Lopez-Delgado et al. 1998; Sarkar et al. 
1999, 2001) and vanilla (15 g.L-1 sucrose and 15 g.L-1 man-
nitol) (Divakaran et al. 2006). Normally, sugar supplemen-
tation in the media plays a central role as carbon source. A 
high concentration of sugars (6-9%) should function as low 
water potential or osmotic stress similar to sugar alcohols, 
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resulting in a slow growth rate or minimal growth (Bonnier 
and van Tuyl 1997; Renau-Morata et al. 2006; Shibli et al. 
2006). Therefore, the most effective way for medium-term 
preservation has been to modify both physical and chemi-
cal factors to slow the rate of in vitro growth and develop-
ment. 
 
PRESERVATION OF IN VITRO STORAGE 
ORGANS 
 
On the other hand, in vitro storage organs, including proto-
corm-like bodies (Orchidaceae), somatic embryos, micro-
rhizome (Zingiberaceae), microtubers (Solanaceae), and 
bulblets (Liliaceae), and artificial seeds have also played a 
role as alternative sources for medium-term preservation. 
There are many reports to successfully produce storage or-
gans in rhizomes of ginger (Sharma and Singh 1995; Nala-
wade et al. 2003; Tyagi et al. 2006), orchid (Roy and Ba-
nerjee 2002), bamboo (Kapoor and Rao 2006), turmeric 
(Nayak 2000; Shirgurkar et al. 2001) and microtubers of 
yam (Alizadeh et al. 1998) and potato (Gopal et al. 1998) 

as well as bulblets of onion (Kastner et al. 2001), Lache-
nalia (Slabbert and Niederwieser 1999). As explained 
above, carbohydrate accumulation i.e. glucose (Vandenbus-
sche et al. 1999; Tabaei-Aghdaei et al. 2003), fructose 
(Vandenbussche et al. 1999; Tabaei-Aghdaei et al. 2003), 
sucrose (Vandenbussche et al. 1999; Kerepesi et al. 2004; 
Miao et al. 2007), galactinol (Zuther et al. 2004; Miao et al. 
2007), raffinose (Zuther et al. 2004), fructan (Kerepesi et al. 
2004; Livingston et al. 2006), stachyose (Miao et al. 2007) 
and enzyme activities associated with sugar biosynthesis 
(Sturm and Tang 1999; Strand et al. 2003; Zuther et al. 
2004; Hekneby et al. 2006) in cold-acclimated plants play 
an important role in reducing the nucleation or chilling in-
jury (Priscila et al. 2006). Furthermore, the storage organs 
of both potato tubers (Malone et al. 2006) and lily bulbs 
(Xu et al. 2006) have been reported as carbohydrate-en-
riched tissues, which are tolerant to low temperature 
storage (du Toit et al. 2002; Kawakami et al. 2002; Goulas 
et al. 2003). Storage organs have more potential to be pre-
served at low temperatures as well as rapid recovering 
growth, micropropagation, and acclimatization in the pro- 

Table 4 In vitro storage of plant species using sodium alginate encapsulation method. 
Common name Scientific name In vitro storage Storage period 

(months) 
Survival
(%) 

Ref.

Cypress Chamaecyparis pisifera 1. WP basal media and 17 μM BAP 
2. 4°C air temperature 

- 60-100 1 

Patula pine Pinus patula 1. DCR media, 100 μmol m-2 s-1 PPF 
2. 2°C air temperature 

4 73 2 

Pomegranate Punica granatum 1. MS media, 4.44 μM BAP, 0.54 μM NAA, 30-50 μmol m-2 s-1 PPF 
2. 25°C air temperature 

1 15-20 3 

Potato Solanum tuberosum 1. MS media, 2% mannitol, 4% sucrose, 0.5-1.0 mM STS, 
20 μmol m-2 s-1 PPF, 16 h photoperiod 

2. 6°C air temperature 

16 83-92 4 

Raspberry Rubus idaeus 1. MS media, 4% sucrose 1% mannitol or 3.4 μM paclobutrazol,  
darkness 

1. 4�C air temperature 

9 25 5 

Sissoo Dalbergia sissoo 1. Water agar media, darkness 
2. 4°C air temperature 

2 30 6 

Strawberry Fragaria x ananassa 1. Boxus media, 4% glucose, 1% mannitol or 1.7 μM paclobutrazol, 
darkness 

2. 4°C air temperature 

9 50 5 

Vanilla Vanilla spp. 1. Sterile water 
2. 22°C air temperature 

12 10 7 

White cedar Cedrela fissilis 1. Water-solidified 0.4% agar 
2. 25°C air temperature 

6 44 8 

Abbreviations: WP = Woody plant media (McCown and Lloyd 1981); DCR = Gupta and Durzan media (1985); MS = Murashige and Skoog media (1962); STS = Silver thio-
sulfate; Boxus = Boxus and Terzi media (1987) 
Ref. represents the following references: 1 = Maruyama et al. (2003); 2 = Malabadi and van Staden (2005); 3 = Naik and Chand (2006); 4 = Sarkar et al. (2002); 5 = Lisek 
and Orlikowska (2004); 6 = Chand and Singh (2004); 7 = Divakaran et al. (2006); 8 = Nunes et al. (2003). 

0 �M PBZ 
(control) 34 �M PBZ 68 �M PBZ  136 �M PBZ 0 �M PBZ 

(control) 34 �M PBZ 68 �M PBZ  136 �M PBZ 

A B 

Fig. 2 Slow growth preservation of disease-free banana plantlets in media supplemented with various concentrations of paclobutrazol (PBZ) and 
incubated at 10�C in a Plant Growth Incubator (A) or at 25�C in the culture room (B). Reprinted from Cha-um S, Kirdmanee C, Huyen PX, 
Vathany T An effective procedure for disease-free production and minimal-growth preservation of in vitro banana (Musa spp.). Acta Horticulturae (in 
press), with kind permission, International Society for Horticultural Science. 
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cess of in vitro post-storage (Wannakrairoj 1998; Tyagi et 
al. 2006). Alternatively, low temperature storage or verna-
lization of bulb and tuber species may enhance the flower-
ing stage after cultivated in the field (Wurr et al. 2000; Roh 
2005). Artificial seeds and vegetative organs i.e. nodal seg-
ments (Sarkar et al. 2002; Nunes et al. 2003; Chand and 
Singh 2004; Naik and Chand 2006), shoot tips (Nunes et al. 
2003; Lisek and Orlikowska 2004; Divakaran et al. 2006), 
cotyledon (Nunes et al. 2003), somatic embryos (Anthony 
et al. 1996; Maruyama et al. 2003; Malabadi and van Sta-
den 2005), protocorm-like bodies (Divakaran et al. 2006), 
pollen (Marcellan and Camadro 1996), embryogenic cell 
suspension and protoplasts (Anthony et al. 1996) have 
been successfully preserved as medium-term storage or-
gans (Table 4). In addition to this, seed storage is manually 
preserved as large gene banks (Koo et al. 2003) i.e. rice 
(IRRI 2004), maize (Pardey et al. 2001), wheat (Pardey et 
al. 2001), Avena (Pita et al. 1998), Trichilia emetica (Kio-
ko et al. 2006) and forest tree species (Phartyal et al. 2002). 
 
GENETIC STABILITY 
 
Genetic stability is an important requirement for genetic re-
source conservation. In the case of in vitro storage, there 
are several techniques to assay genetic stability as well as 
DNA methylation generated from environmental effects 
(Table 5). In one-year storage of apple (4�C) and citrus 
(10�C), methylation sensitive amplified polymorphism 
(MSAP) was displayed in the different bands between con-
trol and stored shoot-tip in both MspI-EcoRI and HpaII-
EcoRI restriction enzyme digestions (Hao and Deng 2003; 
Hao et al. 2004). DNA methylation may be generated from 
low temperature in citrus (Hao et al. 2004), apple (Hao and 
Deng 2003), snapdragon (Kitamura et al. 2001; Hashida et 
al. 2005), wheat (Horvath et al. 2003) and chicory (De-
meulemeester et al. 1999) as well as plant growth regula-
tors application in wheat (Vlasova et al. 1995), barrel me-
dic (Santos and Fevereiro 2002), true myrtle (Parra et al. 
2001), tobacco (Toldi et al. 2005), Siberian ginseng (Chak-
rabarty et al. 2003), banana (Peraza-Echeverria et al. 2001) 
and potato (Joyce and Cassells 2002). Conversely, DNA 
stability is still maintained, and can be defined by either 
RAPD or AFLP, implying that DNA repair systems may 
automatically restore DNA methylation in short-term pre-
servation. Moreover, RAPD, RFLP and AFLP techniques 
have been assayed for genetic maintenance in slow growth 
preservation of cassava (Angel et al. 1996), cedar (Renau-
Morata et al. 2006), kangaroo paw (Turner et al. 2001), po-
tato (Harding 1991) and silver birch (Ryynanen and Aro-
nen 2005). In ten-year cassava preservation, the genetic va-
riation is doubly checked using RAPD and RFLP-homolo-
gous with RAPD to confirm genetic stability (Angel et al. 
1996). It should be noted that slow growth preservation is 
an effective approach to maintain genetic resources as gene 
banks. 
 
CONCLUSION 
 
In vitro slow-growth preservation is an alternative way to 
conserve the genetic resources of higher plants for sus-
tainable uses, especially tropical plant species or recalci-
trant plants. The physical and chemical factors of in vitro 
storage have been applied to reduce living plant growth and 
development for medium-term preservation with genetic 
stability. Genetic resources of medium-term preservation 
are more stable than cryopreservation or long-term pre-
servation. In general, in vitro slow-growth storage has been 
widely investigated together with cryopreservation at     
–196�C as genebanks in many plant species. Moreover, 
freezing damage in cryopreservation technology may in-
duce the genetic instability of preserved plant materials. It 
is a large barrier to overcome in order to develop in the near 
future long-term preservation goals. 
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