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and rhizome rot (Pythium vexalls) which result in 
considerable loss. Therefore, conserving germ plasm ill 

in addition to field genebanks, would enhance the 
safety of germplasm collections. 

Til vitro conservation of germ plasm has been reported for 
various crop species (Banerjee 1989; Dekkers et al. 
Engelman 1991; Agrawal et al. 1992; Bertrand-Desbrunais et 
al. 1992; Tay and Lin 1992; Bessembinder et al. 1993; 
et al. 1996). In addition, micropropagation protocols 
been reported for cardamom (Nadgauda et al. 1983; Vatsya 
et al. 1987; Kumar et al. 1985), ill vitro conservation of valu
able genetic resources of spices have been reported by IlSR 
(Geetha et al. 1995; Nirmal Babu et al. 1996), and the 
cryopreservation of cardamom seeds in the vapour phase of 
liquid nitrogen has been reported by Chaudhary and 
Chandel (1995). This paper gives the results of experiments 
to induce slow growth for in vitro conservation of cardamom 
germ plasm. 

Materials and methods 
Culture initiation and multiplication 
Rhizome pieces of cardamom with sprouting buds were col
lected and washed in running tap water. They were then sur
face-sterilized with 0.1% Hg02 solution for 7-10 minutes and 
rinsed in three to five changes of sterile distilled water. The 
outer scale leaves were removed aseptically and the shoot pri
mordium was dissected out. Uniform-sized explants with shoot 
primordium were inoculated on MS (Murashige and Skoog 
1962) basal medium with 3% sucrose, 0.5 mg/L kinetin and 
solidified with 0.7% agar. The pH of the medium was adjusted 
to 5.8 and autoclaved at 121°C for 20 minutes. The cultures were 
incubated at 22±2°C with a 12 h light/12 h dark photoperiod 
and a light intensity of 2500 lux. Within 10 days the shoots 
started to emerge and were transferred to a fresh medium of the 
same composition but with the addition of 1.0 mg/ L naphtha
lene acetic acid (NAA) for further multiplication and 
Rooted plantlets of approximately 2 cm were used for ill vitro 
storage experiments. 

In vitro storage 
With the objective of finding suitable conditions for in
ducing minimal growth and substantially increasing sub
culture intervals, various parameters such as low tem
perature, reduction of carbon source, reduction of basal 
medium concentration, minimizing evaporation rate us-

closed culture vessels, use of mannitol, etc. were tried 
as given below. 
i) Basal medium (MS): full and half strength 
ii) Carbon source (sucrose)*: 30, 25, 20, 15, 10 and 5 
iii) Osmoticum (mannitol)**: 5, 10 and 15 giL 

Vessel closure: cotton plug, screw cap and polypropy 
lene cap 

Temperatures***: 10°e, 15°C and 22±2°C 
* Except for 30 g / L all other concentrations were tried in 
combination with mannitol. ~, 

** Tried in combination with sucrose. 
*** For 5°e, 10°C and 15°C, BOD incubators were used. 

There were 76 treatments and each treatment had 20 
replicates. MS basal medium without growth regulators was 
used in this experiment. The amount of culture medium 
used per culture tube was 25 ml. Uniform-sized plantlets 
(approximately 2 cm) were inoculated in all the treatments 
tested. Data were recorded on the growth rate (increase in 
length over initial length and average number of multiple 
shoots produced), percentage survival of cultures and the 
period of storage. General health of the plantlets, symptoms 
of drying, yellowing and necrosis, exhaustion of medium, 

to multiply after storage, etc. were also monitored. 

Planting out 
The stored plantlets were transferred back to a multiplica
tion medium (MS + 1.0 mg/L NAA) to stimulate growth 
before transplanting to soil. This took place when the plant
lets reached normal size (6-8 cm long) and had a good root-

system. The soil mixture was garden soil, sand and 
in equal proportions. For the first 20-25 days 

transferred plantlets were kept in a humid chamber. 

Results and discussion 
Culture initiation and multiplication 

explants taken from the field-grown plants, 60% could 
be established in vitro. The shoot primordia turned green 
and developed into shoots within 10 days after inoculation 
on MS basal medium supplemented with 0.5 mg/L kinetin. 

Fig. 1. Induction of multiple shoots in MS medium supplemented 
with 1.0 mg/L NM. 
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The best results were obtained when mannitol and su
crose were given in an equal proportion of15 gIL or 10 giL. 
On this medium, 80-85% of the cultures could be maintained 
for a period of one year and the plantlets showed minimal 
growth. Of the two sucrose-mannitol combinations (15:15 
and 10:10), that of 15 giL each was more suitable where 
cultures were comparatively more healthy (Fig. 3). Although 
smaller in size these showed good multiplication and 

appearance. 
induction of minimal growth may be due to the pres

ence of mannitol in the culture medium. Various authors 
(Staritsky et al. 1985; Espinoza et al. 1986; Wilkins et al. 1988; 
Dekkers et al. 1991) have reported that the use of osmotically 
active compounds such as mannitol reduce growth and induce 
slow growth, thus extending subculture intervals. 

Effect of enclosure on longevity of cultures. Cotton plugs, 
screw caps and polypropylene caps were used (Table 
Although cotton plugs allowed better gaseous exchange they 
resulted in faster moisture loss, and the drying up of the 
culture medium and cultures. However, when screw-cap 
culture vessels were used, the moisture loss was minimal 
resulting in healthy cultures even after 360 days (Fig. 4). The 
use of polypropylene caps with ginger and turmeric cul
tures has shown similar results in minimizing evaporation 
loss as these can be stored for around one year without 
subculture (Balachandran et al. 1990). 

Table 3. Effect of closure type on increasing 
subculture intervalst for tissue cultures of cardamom 

Closure type Survival Survival 
period (days) (%) 

Cotton plugs 200 60 
Screw caps 360 85 
Polypropylene caps 360 80 

t When half-strength MS with 15 giL sucrose and 15 giL mannitol 
was used. 

Fig. 3. 
One-year-old 
cultures of car
damom on MS 
medium contain
ing 15 giL man
nitol and 15 gIL 
sucrose. 

Recovery after storage and transfer to soil. Planting out is an 
important step if conserved material is to be of any use to plant 
breeders. The conserved material was transferred to the multi
plication medium (MS basal medium +30 giL sucrose +1 mgl 
L NAA) for regrowth. Upon transfer the small plantlets kept in 
the conservation medium for nearly one year showed good 
regeneration and developed into normal-sized plantlets with 
good multiplication (1:8) and rooting. These plantlets, when 
transferred to soil (garden soil I sandi perlite in equal propor
tions) and kept in a humid chamber for 20 days, established 
easily with 85% success (Fig. 5). They later developed into 
normal plants with no abnormalities or deficiency symptoms 
and were similar to the mother plants. Throughout the whole 
culture process there were no abnormalities or deficiency symp
toms in the cultured plantlets with regard to morphological 
features, except that plantlets were smaller on the slow-growth 

Fig. 4. One-year-old cultures of cardamom in screw-capped 
culture tubes. 

Fig. 5. Planting out of material stored under slow-growth condi
tions. 
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medium. This indicates the apparent genetic stability of the 
cultures. However, cytological and other biochemical param
eters, such as isozyme profiles and RAPDs, need to be tested for 
genetic stability 

cardamom genotypes can be conserved for up to 
one year when grown on a half-strength MS basal medium 
supplemented with 15 giL each of sucrose and mannitol in 
polypropylene or screw-capped culture tubes, and incubated 
at 22 ±2°C with a 12 h light I 12 h dark photoperiod of 2500 
lux. Conservation of cardamom germplasm in an in vitro 
repository with yearly subculture is being attempted at IISR 
and at present there are 70 accessions of cardamom in the in 
vitro repository. The schematic protocol followed for in vitro 
conservation at IISR is given in Fig:. 6. 

Field genebank 

.... 
Healthy plant source 

.... 
Virus indexing 

A 
Shoot tip culture Meristem culture 

.... 
Multiplication 

.... 
In 	vitro repository * 

(Slow growth) 
A 

Monitoring** Multiplication 

.... 	 .... 
Field ~ 	 Morphological User 

Cytological 
Biochemical 

* 20 replicates per accession in slow growth 
medium (Y2MS + 15 giL mannitol + 15 giL 
sucrose) maintained at 22±2°C with 12 h lightl12 
h dark and a light intensity photoperiod of 2500 
lux, subcultured once in every 360 days. 

** Yearly or once in two years. 

Fig. 6. Schematic for in vitro storage of cardamom 
germplasm at IISR. 
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