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Conservation of medicinal yam in vitro: Effect of ionic strength, sucrose,
mannitol, ABA and low temperature
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ABSTRACT

The effects of ionic strength, sucrose, ABA, mannitol and low temperature was investigated on the
development of slow growth cultures for in vitro conservation of medicinal yam germplasm. Though higher
concentration of mannitol (5 %), lower concentration of ionic strength (1/4 MS+ 0.5 % sucrose) and sucrose
(0.5 % and 1%) induced significantly high growth reduction in the plantlets, however, these treatments except
sucrose not only negatively affected survival of the cultures but also abnormal leaf morphology and multiple
shoot formation was observed with increase in concentration of mannitol. Sucrose (0.5 % and 1 %) not only
induced slow growth but also reduced the shoot production and showed no effect on survival of cultures even
maintained up to 180 days without subculturing. Storage of culture in normal MS media at low temperature
(18%1°C) maintained upto 150 days not only reduced the growth parameters but also induced development of
both basal and aerial microtubers. Use of low temperature could be the best option for monocrop repositories
of yam in vitro. However, reduced dose of sucrose can be a suitable and economically sustainable method for

in vitro conservation of D. floribunda at 25%2°C.
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INTRODUCTION

Medicinal yam (Dioscorea floribunda Mart. &
Gal.) is a native of Mexico and Central America.
It has been commercially exploited in several
countries being one of the most important sources
of diosgenin, used in steroidal drugs. The World
Health Organization (WHO) has estimated that the
present demand for medicinal plants is approximately
US $14 billion per year and the demand for medicinal
plants is likely to increase more than US $5 trillion
in 2050 (Verma et al., 18). In view of this demand,
over exploitation of this living resource may make
the species endangered for which conservation is
essentially required. Since ex vitro conservation
of the genetic resources is not economical, in vitro
conservation of such plant genetic resources is a
common method to conserve this species. Besides,
acting as auxiliary measures, it has the potential to
overcome some limitations associated with ex vitro
conservation and to facilitate the exchange of pest
free germplasm for which a conservation protocol
is essentially required without compromising of the
survival of plants, genetic stability and subculture
interval. The minimal growth method is the most
common in vitro culture which directly restricts the
growth and development of plantlets by reduction
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of the plant metabolism and the increase of the
subculture time without affecting the tissue or plant
viability. This slow growth restriction is achieved
by manipulating the environmental conditions
(temperature, photoperiod, light intensity etc.) or
culture media composition (organic and inorganic
nutrients, osmotic regulators, or growth inhibitors)
along with incubation period (Engelmann, 7).

With reports to date being meager for development
of slow growth shoot cultures for medium-term
conservation of this valuable medicinal species of
Dioscorea in vitro, the present study describes the
effect of various slow growth treatments {reduced
strength of media composition, reduced doses of
sucrose, mannitol and abscicic acid (ABA) in the
culture media under normal culture room temperature
(25 + 2°C) and low temperature (18 + 1°C)} on growth
characteristics of Dioscorea in vitro so as to develop a
suitable and efficient protocol for conservation of the
genetic diversity of this medicinal yam.

MATERIALS AND METHODS

This work was carried out at Tissue Culture and
Cryopreservation Unit, NBPGR, Pusa Campus, New
Delhi. The tubers of D. floribunda were obtained
originally from NBPGR regional station, Trissur,
Kerala. These tubers were planted in pots with 1:1
FYM and soil in the net house. After 2-3 months
nodal segments of about 2-3cm long with axillary bud
were isolated from net house grown plants. Explants
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were thoroughly washed with tap water and surface
sterilized with rectified spirit for 30-60 seconds
followed by rinsing with sterile distilled water for 2-3
times. Then the explants were again treated with
0.1% HgCl, for 15-20 minutes with occasional gentle
swirling and washed with sterilized DD water for 3-4
times. The explants were trimmed off to about 1-1.5
cm from the basal portion and inoculated on to basal
MS medium (Murasighe and Skoog, 13).

The basal MS medium supplemented with
0.15 mgL"' NAA, 3% sucrose were used for bud
proliferation and multiplication. The pH of the media
was adjusted to 5.8 using 0.1 M NaOH or HCI before
autoclaving. The MS medium was gelled with 0.8 %
(w/v) agar (Qualigen, Bombay, India). Routinely, 25mL
of molten media was dispensed into culture tubes
(25 x 150 mm), plugged with non-absorbent cotton
wrapped in one layer of cheesecloth and sterilized at
121°C for 15min. All cultures were incubated at 25
+ 2°C under 16-h photoperiod at a light intensity of
42 pmol (photon) m2 s-'. Cultures were subcultured
after 2-3 months of in vitro establishment on to fresh
medium consisting of the same media composition.

In the first experiment, micropropagated plantlets
grown in MS media supplemented with different slow
growth treatments such as reduced concentrations of
ionic strength, different concentration of ABA, mannitol
and sucrose (Table 1) were subjected to normal culture
room temperature of 25 + 2°C and were maintained
for a period of 180 days. In the second experiment,
micropropagated plantlets inoculated in normal MS
medium were subjected to grow at low temperature
of 18 £ 1°C. Stress analysis for proline and total
soluble sugar (TSS) was carried out following the
methods of Bates et al. (2) and Hedge and Hofreiter
(9), respectively for the cultures grown at 18+ 1°C
and at 25+ 2°C after 90 days of storage from the
pooled leaf sample collected from five cultures and
was replicated thrice.

The experiment was laid out in a completely
randomized design with 10 replicates of each
treatment and critical difference (C.D.) was
analysed at P <0.05 level of significance. Periodical
observations of the cultures for the measurement of
plant height, number of shoots and length of roots
at 15 days interval was recorded upto 180 days of
storage. In case of low temperature experiment, data
analysis for the above growth parameters was done
upto 90 days.

RESULTS AND DISCUSSION

In this investigation, normal MS culture media
was manipulated by various slow growth treatments
viz., reducing dose of sucrose and strength of MS
medium, adding up ABA and mannitol to reduce the

Table 1. In vitro germplasm conservation treatment of D.
floribunda at 25+2°C.

Treatment Strength of Sucrose ABA Mannitol
MS medium (%) (mgl') (%)
(%)
T1(control) 100 3.0 0 0
T2-3/4 MS 75 3.0 0 0
T3-1/2MS 50 3.0 0 0
T4-1/4 MS 25 3.0 0 0
T5-1/4 MS+0.5 S 25 0.5 0 0
T6- ABA 2 100 3.0 2.0 0
T7- ABA5S 100 3.0 5.0 0
T8- ABA 10 100 3.0 10.0 0
T9- Mannitol 1.0 100 3.0 0 1.0
T10-Mannitol 1.5 100 3.0 0 1.5
T11-Mannitol 3.0 100 3.0 0 3.0
T12-Mannitol 5.0 100 3.0 0 5.0
T13-Sucrose 2 100 2.0 0 0
T14-Sucrose 1.5 100 1.5 0 0
T15-Sucrose 1.0 100 1.0 0 0
T16-Sucrose 0.5 100 0.5 0 0

growth of the cultures for minimizing the frequency
of subculturing period and also to enhance the
survival of the cultures maintained at normal culture
room temperature of 25+2°C. Secondly, the cultures
incubated in normal MS media were maintained
at low temperature of 18+1°C for a period of 150
days to evaluate its effect on growth parameters of
D. floribunda. This is the first report in case of D.
floribunda where various growth treatments were used
to induce slow growth in shoot cultures.

The treatments at all concentrations for slow
growth were evaluated under 25+£2°C differentially
reduced the growth parameters and this reduction
was observed from initial stage and persisted up
to 180 days (Table 1). Considering the individual
treatments, it was observed that reduction of the
strength of MS media retarded maximum shoot
(3.82 cm) and root growth (2.04 cm) in T5 (1/4 MS
medium+ 0.5 % Sucrose) followed by T4 (1/4 MS
+3 % sucrose) after 180 days of culture (Table 2;
Fig. 1A). Similar result was reported in slow growth
conservation of E. chlorocorymbos (Lopez-Puc,10).
This supports the view that on reducing the mineral
salt concentration, cultures in general grow slowly
due to availability of lesser nutrient and low water
uptake (Shibli et al., 16). However, in this study two
treatments like T5 and T4 affected 60% and 80%
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Table 2. Effect of in vitro conservation culture condition on
minimal growth of D. floribunda plantlets after 180 days
of conservation.

Treatment Shoot Number Root  Survival
length of Shoot length (%)
(cm) (cm)
T1(control) 8.85" 11.65" 437" 100
T2-3/4 MS 7493 9293 3451 100
T3-1/2MS 6.38°¢ 9.064 3.04 " 100
T4-1/4 MS 51510 8208 271 % 80
T5-1/4 MS+0.5S 3.82 " 548° 2041 60
T6- ABA 2 6.60° 517 4232 100
T7- ABA5 534° 355" 234" 100
T8- ABA 10 471 347 % 233" 60
T9- Mannitol 1.0 7114 7707 4113 100
T10-Mannitol 1.5 5997 8.31°% 4.08+ 100
T11-Mannitol 3.0 4.67 2 10.58 2 3.837 60
T12-Mannitol 5.0 3.18 ® 7558 263 " 40
T13-Sucrose 2 7762 446" 3965 100
T14-Sucrose 1.5 5578 4381 3.92°% 100
T15-Sucrose 1.0 4.56 * 427 ' 355° 100
T16-Sucrose 0.5 4.26 * 394 % 356 % 100
C.D(0.05) 0.205 0.177 0.190
S.E(d) 0.104 0.090 0.096

Note: Number in column followed by number in superscript are the
rank of the treatment.

survival of the cultures. Moreover, the growth of the
plantlets was found to be poor and simultaneously
the colour of the leaves turned into pale green.

The abscisic acid (ABA) commonly known
as plant growth suppressor generally acts as
an endogenous growth retardant and has been
used for growth reduction of in vitro cultures. A
linear tendency of significant decrease in shoot
length was observed with the increase of the ABA
concentrations (2, 5 and 10 mg L-1) (Table 2; Fig.
1B) after 180 days of culture. However, maximum
shoot length reduction was observed with the
treatment T8 (10 mg L). This inhibitory effect of
ABA can be attributed to limited cell extensibility
and inhibition of cell division cycle (Finkelstein et
al., 8). Shoot production was significantly reduced
in the treatments T7 (ABA5mg L") and T8 (ABA 10
mg LY compared to other slow growth adjuvenants
used in this study. However, 60 % survival was
observed in the culture supplemented with higher
dose of ABA 10mgL", which is in agreement with
results of Silva and Scherwinski-Pereira (17) in P.
aduncum cultures.

Fig. 1. Effect of slow growth treatments on growth
parameters: A, Effect of reduced media constituents
on shoot growth (i) control (ii) 3/4 MS +3% sucrose
(iii) 1/2MS+3% sucrose (iv) 1/4 MS +3% sucrose
(v) 1/4 MS +0.5 % sucrose; B, Effect of ABA on
shoot growth (i) control (ii) ABA 2mgL"(iii) ABA
5mgL-'( iv) ABA10mgL™"; C,Effect of mannitol
on shoot growth (i) control (ii) mannitol 1% (iii)
mannitol 1.5% (iv) mannitol 3.0%(v) mannitol 5.0
%; D, Effect of reduced dose of sucrose on shoot
growth(i) control (ii) sucrose 2% (iii) sucrose 1.5%
(iv)sucrose 1.0% (v) sucrose 0.5%.

All the concentration of mannitol (10,15, 30 and
50 g L") used in this study significantly reduced the
shoot length, root length and number of shoot after
180 days of culture (Table 2; Fig. 1C). Decline in
growth parameters were found significantly high at
mannitol concentration of 5 % followed by 3 %. This
growth retardation is generally due to reduction in
mineral uptake by cell through differences in osmotic
pressures which strongly inhibits the plant cell, tissue
and organ growth mainly by impairing the gain of
photoassimilates e.g. by inducing stomata closure
or lowering the activity of photosynthetic enzymes.
However, the treatments T12 and T11 affected 40 %
and 60 % survival of the cultures, respectively. Both
higher and lower concentration of mannitol (<3% and
23%) was found to have negative effect on survival
of microshoots (Lopez-Puc, 10; Munoz et al., 12).
This envisages that the lethal concentrations of
mannitol seem to be species specific and in other way
storage time can influence significantly the survival
of the cultures (Bekhett and Usama, 3). Culture
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abnormalities like formation of small and miniature
leaves along with formation of multiple shoot with dark
green glassy leaves were observed in the cultures
employing mannitol at higher concentrations (3 and
5%) at the initial stage which failed to expand even
after 180 days of storage (Fig.1C). This seems to be
undesirable as difficulties may be encountered in the
recovery of normal plantlets from such phenotype.
Formation of such distorted leaves may be due
to long time exposure of plantlets to high osmotic
potential which could damage the physiology of
some tissues or organs as observed in Habanero
pepper (Montalvo-Peniche et al., 11).Also mannitol
concentration (1.0,1.5 and 3%) showed ascending
trend in generation of shoot numbers of 7.70, 8.31 and
10.58 respectively. However, less number of shoots
(7.55) were produced at enhanced concentration
of 5 % mannitol. Changes in endogenous growth
regulators such as ABA and ethylene under this
osomotic stress conditions may be responsible for
increase in shoot number (Voesenek and Vanderveen,
19) where as reduction in shoot number at the higher
concentration of mannitol may be due to its lethality.

Sucrose, the most commonly used carbohydrate,
is universally used as energy source in plant
micropropagation. Reduced concentration of sucrose
(2.0, 1.5, 1.0 and 0.5 %) as against normally used 3 %
in MS media had not only profound effect in inducing
slow growth in the plantlets maintained at 25 £2°C,
but also all the cultures were found with normal growth
and morphology upto 180 days of conservation without
sub-culturing (Fig. 1D). Maximum growth retardation
(mean shoot length of 4.26 cm) along with drastic
reduction in number of shoots (3.94) was observed
with the treatment (T16; 0.5% sucrose) followed by
the treatment T15 (1.0 % sucrose). Similar result was
reported in oil palm for growth reduction of microplants
(Camillo and Scherwinski-Pereira, 6). Poor response
in shoot length at low concentration of sucrose may
be due to the competition for nutrient and osmotic
components. Moreover, cleavage of sucrose at low
concentration does not produce NADH leading to
relatively low respiration efficiency and growth rate
(Bianco and Rieger, 4).

Of all the applied treatments at 25+2°C, extreme
or higher concentration of different treatments though
significantly reduced the growth parameters but
had a negative effect on survival of the cultures.
However, treatments at lower concentration such as
T2 (3/4MS + 3% sucrose),T3 (1/2 MS+ 3% sucrose),
T6 (ABA-2 mg L"), T7(ABA-5 mg L-1), T9 (mannitol-
1%) and T10 (mannitol - 1.5%) reduced the shoot
growth without affecting survival of the cultures; the
growth reduction was much more pronounced in
case of lower concentration of sucrose (0.5% and
1%) which not only had beneficial effect on survival
but also highly effective in limiting the microshoot
height upto 180 days of culture without subculturing.
The plantlets showed normal morphology along with
normal growth.

In vitro conservation at low temperature was
reported in yam species of Dioscorea alata and D.
rotundata (Ng and Ng, 14) at 18 - 22°C. The reduction
of incubation temperature prolonged the subculturing
cycle by reducing the growth rate (Engelmann, 7).
Lower root and shoot growth of 2.46 cm and 4.14 cm
respectively was found in the cultures maintained at
18+1°C (Table 3:Fig. 2A) as compared to the cultures
maintained at 25+ 2°C after three months of storage.
At this low temperature, number of shoot produced
(3.30) was also significantly less as compared to
control (4.14).

Formation of both basal and aerial tubers was
found in the cultures maintained at 18 £1°C after 150
days of storage (Fig. 2B ). On an average one tuber
was formed in each culture and most of the cultures
also found to bear aerial tubers developed from the
nodal position on the shoots above the medium. Fine
roots were also found to develop from the microtubers
and it was also observed that from the swollen basal
tubers new shoots also started proliferating which
has the advantage of maintaining the germplasm for
long period. This study provides the first information
on both aerial and basal microtuber formation in
D.floribunda at 18 +1°C, though, it was reported
that the culture of this medicinal yam maintained at
23-25°C resulted in formation of only aerial tubers
(Sengupta et al., 15).

Table 3. Effect of low temperature on D. floribunda plantlets and accumulation of proline and total soluble sugar after

90 days of conservation.

Temperature (°C) Shoot length Number of Root length (cm) Proline (g/g of TSS (ug/g of
(cm) shoot fresh weight) fresh weight)
25+2°C 6.88 4.14 3.50 0.01 18.00
18+1°C 4.14 3.30 2.46 0.09 272.57
C.D(5%) 0.141 0.103 0.077 0.03 6.25
S.E(d) 0.070 0.051 0.039 0.007 1.453
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Fig. 2. Effect of low temperature on growth parameters:
A, Effect of temperture on shoot growth (i) at
control (25+2°C) (ii) at 18+1°C; B, Effect of low
temperature (18+1°C) on tuberisation.

It was interestingly found that cultures maintained
at low temperature (18 £1°C) accumulated more
proline (0.09 g/g) and total soluble sugar (TSS-
272.33 ug/g) than the cultures maintained at 25+
2°C. Increase in proline and total soluble sugar
content at low temperature of 4°C was also reported
in rapeseed shoots grown in vitro (Burbulis et
al., 5). Formation of microtuber in the plantlets
grown at this low temperature may be correlated
to increase in TSS as high dose of sugar was also
reported to induce microtubers in other species
of Dioscorea (Balogun et al., 1). However there is
no report available on effect of proline on inducing
microtubers in vitro. Reduction in growth parameters
and formation of microtubers at low temperature not
only increases the storage period but also allows
obtaining propagating material with physiological
quality and acts as suitable material for international
exchange of germplasm.

A superior treatment for maintenance of
germplasm in vitro is one that results in uniform
growth reduction, stable over time and with minimal
distortion in plant morphology. Based on these
criteria, the use of low temperature (18+1°C) may be
the best option in those in vitro repositories of yam
in which single crop is supposed to be conserved
besides at 25+2°C, sucrose at lower concentration
could be a suitable and economically sustainable
method for in vitro conservation of D. floribunda as it
showed beneficial effect on survival of the plantlets
and effective in limiting the microshoot height upto

180 days of culture. Additionally, plantlets were
observed with normal morphology along with good
and pronouncing growth which may foster favourable
microplant growth. It remains to be determined
what would be the genetic integrity of the culture
after prolonged storage on sucrose in future. Also
this study needs further standardisation of optimum
concentration of sucrose and the storage duration
for which safe and long term storage can be possible
without frequent subculturing and without hampering
genetic integrity.
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