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POTATO GERMPLASM VITROPRESERVATION, USING LIGHT
EMITTING DIODES AS LIGHT SOURCE
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ABSTRACT. In this experiment we tried to reduce the consumption of electric energy used in
biotechnological vitroconservation process, in order to reduce the costs of preservation in gene banks and
keep the environment cleaner. To achieve this goal, we replaced CFLs with ultrabright LEDs, and, as
biologic experimental model, we used Solanum tuberosum L. inocula. Within 8 weeks we found that, if
illuminated with low intensity LED light, the potato inocula have registered a high growth retard, whether they
were kept at +24°C, or at +4°C, the differences being minimal. This technique could be used to reduce the
energy expenses and it also could be extended to any other plant.
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INTRODUCTION

Last century, the extinction of some plant species
was observed. First warnings came since 1936
(Vavilov, cited by Dodds, 1991) but, at that time,
nobody paid attention to this issue. Today we know
that maintaining the biodiversity at least at the present
level is an absolute priority. As a response to this
problematic reality, many organizations, including
FAO (Food and Agriculture Organization), notify that
vegetal resources must be preserved in the best and
safety condition possible, to avoid genetic erosion and
species extinction. It was encouraged living collection
to be started, where the plants having high genetic
value to be maintained and, when necessary, to be used
for ecological reconstruction (Sasson, 1993). The new
economic concepts - bioeconomics, launched by
Georgescu-Roegen (Roegen, 1979; Mayumi, 2001;
Bonaiuti, 2011) and Brown’s eco-economics (Brown,
2001) - came to accomplish the ideas of a sustainable
economy, in order to leave a healthy environment
heritage to the next generations.

International Board for Plant Genetic Resources
(***IBPGR, 1985) has evaluated the vitropreservation
in aseptic conditions as being realistic and efficient.
They recommend living collections establishment, so
to have anytime available plant germplasm (Cachita
and Halmagyi, 2005). Vitropreservation is an
alternative method to preserve genetic materials.
Today, livestock management  represents a
multifunctional activity (Bogdan et al., 2010) which
implies multidisciplinary research teams, acting
together against hunger, for a better world. In vitro
cultures can be considered also simplified experimental
systems, which permit a sequential study of different
morphogenetic programs (Toma and Toma, 2003).

Potato (Solanum tuberosum L.), known also as the
second bread of humanity, is an important plant to be
preserved; it’s always needed as food, as seedling or
as primary matter. The most important varieties are
already stored in living collections, in gene banks, but
the preservation is costly and, by this experiment, we
intended to reduce the electricity consumption, in order

to reduce the preservation costs, without using growth
retardants (Wescott, 1981).

MATERIALS AND METHODS

Light is an indispensable factor  for
photoautotrophic organisms, needed to any kind of
process regarding plants. Usually, fluorescent lamps
(CFL) are used to illuminate the vitrocultures. It is a
classic method, cheaper than using incandescent bulbs,
but still not very convenient, because the consumed
electricity is not at the lowest level yet, and the emitted
infrared radiation increases the temperature in the
growth rooms, fact that requires cooling devices which
increases the electricity consumption and also the
production or preservation costs.

In the last decade, the technology progress came
forth with new possibilities in lighting techniques.
Light Emitting Diodes (LED) became quickly an
important element in this work area. Finally, the
ultrabright LEDs have offered enough light to be used
to illuminate different objects, parks or buildings. They
were also used as a light source in vitrocultures,
replacing the old CFL tubes. Jao and Feng (2003) have
designed a growth box with red and blue LEDs and in
2004 they used flashing light to potato vitrocultures
and have obtained a good growth at a pulse frequency
of 720 Hz.

In this experiment we exposed potato vitrocultures
at LED continuous light with diminished intensity, and
have been compared to the ones illuminated with CFL
tubes. The biologic material was taken from a Solanum
tuberosum var. GARED in vitro culture. The inocula
consisted in single node stalk fragments (Rennali,
1997) and were placed in presterilized recipients
(vol.=50 ml, height=6.5 cm; @=2.5 cm) containing
standard Murashige and Skoog (1962) media, having
Heller macroellements (Gautheret, 1959) and glycine,
without growth regulators. The pH of the media was
adjusted to 5.5, before autoclaving at 121°C for 30 min
(Cachita et al, 2004).

The resulted experimental variants were as
following:
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V, (control variant) — CFL white light [16.2
uMoles/m?/s (1200 lux)] at +24°C (75.2°F);

V, — LED white light [1.62 pMoles/m?/s (120 lux)]
at +24°C (75.2°F);

V, — LED white light [1.62 pMoles/m?/s (120 lux)]
at +4°C. (39.2°F).

After inoculation, the bottles corresponding to V,
were placed on shelves under CFL white light, at a

<

proper distance in order to get a 16.2 uMoles/m%/s light
intensity (1200 lux) at their base. The others were put
in growth boxes, and there was one LED above each
bottle, at 1 cm distance (Fig.1). The light intensity was
adjusted to 1.62 pMoles/m¥s (120 lux). The
photoperiod was set to 16h light from 24h for all
experimental variants.
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Fig.1 The schematic of LED illumination.

RESULTS AND DISCUSSION
The experiment lasted for 8 weeks and the survival
percentage is presented below (Fig.2). The survival

percent was good on the most of variants, being over
95% (Fig.3), fact that show the LEDs are proper
devices to illuminate the vitrocultures.
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Fig.2 The survival percents of phytoinocula

The plantlets had different growth and
development, according to the type of light used for
illumination and the wavelength (Table 1). The
statistical significance of differences was calculated by
t-test for two tailed strings with unequal variances,
using MS-Excel.

The stalk length touched the highest value at Vq
variant (CFL), fact that have been expected,
considering the higher light intensity used at the level
of inocula in this variant. Related to the control, all
differences have very good statistical significance, the

inocula that grew under low intensity light have
presented a very tiny elongation.

Referring to number of leaflets, these were well
formed under CFL light, but at low intensity light
leaflets were found only at the V; variant, in early stage
and very few (around 3 pieces). The inocula on V, did
not form any leaflets in this time interval.

The sprouting was manifested at control variant
(Vo), but new sprouts regenerative capacity was weak,
with an average of 2.lat Vy and 2.0 at V;. Lower
temperature (at V;) has stopped this process.
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Rooting is an important issue if we consider a (statistically distinct significant) and on V, only
further acclimatization, but also for a proper in vitro 35.29% (statistically very significant).
plant feeding. This process was observed to all Tubergenesis process was not observed as being
experimental variants, but, if we consider control present during this experiment.

variant’s value as 100%, then on V; we had 82.35%
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Fig. 3 The look of Solanum tuberosum L. vitrocultures at 8 weeks of experiment. Vy (control variant) — CFL white light
[16.2 uMoles/m?/s (1200 lux)] at +24°C; V1 — LED white light [1.62 uMoles/m®s (120 lux)] at +24°C; V2 — LED white light
[1.62 pMoles/m?/s (120 lux)] at +4°C

Table 1
The monitored parameters of Solanum tuberosum L., at 8 weeks of vitroculture.
Experimental variant Vo Vi A
ID | Parameters (average values)
1 | Stalk length (cm) 8.3+0.32 2+0.14 1.2+0.10
Variance 0.1044 0.0200 0.0111
Statistical significance n/a el el
2 | Leaflet number 19.2+£1.22 3+0.66 0
Variance 1.5111 0.4444 0
Statistical significance n/a ok ik
3 | Sprout number 2.1+0.32 2+0.66 0
Variance 0.1000 0.4444 0
Statistical significance n/a *kk rkk
4 | Root length (cm) 3.4+0.18 2.8+£0.24 1.2+0.17
Variance 0.0356 0.0600 0.0289
Statistical significance n/a ke rkk
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At the end of experiment, the inocula from V; and
V, variants were moved under CFL light, at the same
conditions as V, were before. In a few days the
regenerating processes were observed, and the growth
has developed very well, in keeping with development
that V had during this experiment.

CONCLUSIONS

According to the observations made during this
bioassay, we can conclude that LEDs are suitable
devices for Solanum tuberosum L. vitrocultures
illumination in vitroconservation purposes and keeping
this species in living collections.

We also can claim that potato vitropreservation can
be made even at ambient temperature (+24°C) because
the differences regarding organogenesis, at low
intensity light, have registered small differences
between +4°C and +24°C, especially when we refer at
stalk length, the most important parameter for
enlarging the time between subcultivations.

The inocula preserved in these conditions can be
easily reactivated and cultivated in a normal state.

Using LEDs for vitroconservation activities, we can
save electricity and a lot of space, because there is a
very small volume necessary to make this practice. It is
explained by the fact that LEDs are placed at few
millimeters distance above culture bottles, while CFLs
must be very far from these, because their light
intensity cannot be controlled.
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