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Abstract. This experiment had the main purpose to reduce the consumption of electric energy used in biotechnological
vitroculture processes, in order to obtain cheaper seedling 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, at the same light intensity, the vitroplantlets grown under white light LEDs are totally similar to those cultivated under
CFL white light. We have also found that colored light, generated by LEDs, especially the red and blue ones, determine the
tubergenesis at potato vitroplantlets in 6-8 weeks and at a normal sucrose concentration. This technique could be used to produce
really fast and at low cost potato seedling and can be extended to any other plant, too.
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INTRODUCTION

“Converting our economy into an eco-economy is a
monumental undertaking” [6]. The food production
necessity is running up very fast and the statistics say
that, within a few years, 80% of it must be fulfilled by
increasing the techniques efficiency and only 20% by
agriculture expansion [3], because the number of
human beings is now about 7 billion and growing. This
issue, addicted to the energy crisis and global warming,
leads to a complex question: “How can we feed an
enlarging number of people [13], with less energy
consumption and without a negative impact to the
environment?” A possible answer is a sustainable
bioeconomy [5, 16, 24], based on environmental
factors preservation and food biosecurity, in
relationship to climate change [1], actually the new
paradigm — eco-bioeconomics. Today, livestock
management represents a multifunctional activity [4]
which implies multidisciplinary research teams, acting
together against hunger, for a better world.

One of the most important elements in life’s
algorithm is the potato, known as the second bread of
humanity. Originated in Peru, it was worldwide spread,
cultivated, exploited and researched. The need for
seedling is increasing year after year, but, because of
diseases present in cultivars, a seed renewal is required
each second year. The best method to produce
minitubers is biotechnology. By culturing in vitro we
can produce low cost seedling, in a large amount, and
also virus free plants [8]. Regarding potato, we are
interested to obtain microtubers that will be used ex
vitro to produce minitubers, which can be planted in
field as a healthy seedling. A higher production must
be obtained by applying others experimental results to
this goal, as replacing the sucrose with honey [19, 20],
using ultra sounds [12], adding salicylic acid at the
culture media in order to stimulate chlorophylls
biosynthesis [17, 22], using nanocomposyte magneto-
fluids, which have a synergic effect with phytohormons
[2, 7], using the temporary immersion system [25], or
any other method that could lead us to a higher
productive capacity.
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The mentioned methods offer the opportunity to
enrich the microtubers quantity and, some of them, to
shorten the time interval needed to yield. In our
experiment we were concerned to reduce the energy
consumption and, implicitly, to reduce the negative
impact to environment. 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 offered enough light to be
used to illuminate different objects, parks and
buildings. They were also used as a light source in
vitrocultures, replacing the old CFL tubes. A growth
box with red and blue LEDs was designed [14] and in
2004, using flashing light to potato vitrocultures, a
good growth was obtained at a pulse frequency of 720
Hz [15].

MATERIALS AND METHODS

Usually, cool 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 a low level yet, so 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 costs. In 1941, an
intermittent light system was proposed, to be used in
vitrocultures [27], and many experiments that followed
this were focused to establish the proper interchange
between light and dark. Some research shown that
highest yielding can be obtained with a 40 ms dark
period [9] and another team, in 1985, observed that a
flashing light, having 2 ms light and 198 ms dark,
reduces the photosynthesis [26].

In this experiment we exposed potato vitrocultures
at LED continuous light [21] having different wave
length, and 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 fragments of stalk [23] and
were placed in presterilized recipients (vol.=50 ml,
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height=6.5 cm; ©=2.5 cm) containing standard
Murashige and Skoog (1962) media [18], having Heller
macroellements [10] and glycine, without growth
regulators. The pH of the media was adjusted to 5.5,
before autoclaving at 121°C (250°F) for 30 min [8].

The resulted experimental variants were as
following:

Vo (control variant) — CFL white light

V; — LED white light (380 to 740 nm spectrum)

V, — LED red light (670 nm)

V; — LED yellow light (580 nm)

V4 —LED green light (540 nm)

V5 — LED blue light (470 nm)

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 pMoles/m*/s light
intensity at their base. The others were put in growth
boxes (Fig. 1), and there was one LED above each
bottle, at 1 cm distance (Fig. 2). The light intensity was
set to 16.2 pMoles/m?/s.

Figure 1. LED-based culture boxes.

- ”+
U.—® LED
Light cone
Culture recipient

-
N oy Plant minicutting

A1

| « 5

Figure 2. The schematic of ultrabright LED illumination.
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RESULTS

The experiment lasted 8 weeks and the survival
percentage is presented below (Fig. 3) 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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Figure 3. 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 statistic
significance of difference related to control variant (V)
was calculated by T-test, for two tailed strings with
unequal variances. The used software was MS-Excel.
Three repetitions were made for each variant.

The stalk length touched the highest value at V,
variant (white LED), but very close to the one
measured at control variant (CFL). V,, V3, V4 and V;
manifested a slower growth, the smallest plantlets
being found at V, (red LED). Related to the control, all
differences had very good statistic significance.

Referring to number of leaflets, the red light have
determined only a half of the average number, with
about 10 pieces, all the inocula found at the rest of
variants having around 20.

The sprouting was best manifested under red and
yellow LED light, where the benefit, related to the CFL
light, was 65% and 103%, but we cannot consider the
sprout benefit at V; (yellow LED) as being relevant,
because of the short stalks found at the level of this
variant.

Rooting is an important issue if we consider a
further acclimatization, but also for a proper in vitro
plant feeding. This process was well represented to all
experimental variants, the LEDs determining longer
roots than CFL, but the values of the number of root
filaments were very near-by, being about 5-6 at each
variant. The longest roots were developed under yellow
and green LED light, where the benefit, related to
control variant, was 29.16%.

The tubergenesis takes place usually after a longer
period of time and higher concentration sucrose (about
80-90 g/1) is used to achieve this goal. Under CFL light
the tubergenesis was not observed, and under white
LED it was only sporadically. This process took place
allover the V,, V3, V4, and Vs variants, but the red
LEDs manifested the best stimulation effect in tuber
production.
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Table 1. The monitored parameters of Solanum tuberosum L., at 8 weeks of vitroculture.

Vo V1 Vz V3 V4 VS
Variant CFL LED LED LED LED LED
red m blue
—— . — = —
ID
T YEe
Parameter B -
; | Stalklengthaverage(cm) | 63+0.20 | 6.8+0.24 | 3.04027 | 434016 | 4.4+0.11 | 4.5£0.18
Statistic significance - HHE HHE HHE HHE HHE
2 Average leaves number 19.242.19 20.0+£2.26 | 9.8+0.64 | 22.2+0.63 | 22.5+1.08 | 16.4%+0.96
Statistic significance n/a ns Hokk Hokk Hokk HoHk
3 Average sprout number 3.2+0.63 5.34+0.94 | 3.3£1.15 | 6.5+2.12 3.0+1.05 2.5+0.70
Statistic significance n/a HHE ns HoHE ns **
4 Roots length average (cm) | 2.440.35 2.8+0.21 3+0.70 3.1+0.31 3.1+0.30 2.7+0.36
Statistic significance n/a HHE HHE HHE HHE HHE
5 Average roots number 5.3%1.25 5.5+0.70 6.5+ 6.2+ 5.6+ 5.4+
Statistic significance n/a ns *K * ns ns
6 Average tubers number 0 0.25+0.14 | 42+1.13 | 2.4+1.17 2.2+0.91 3.8+0.78
Statistic significance n/a HHE HHE HHE HHE HHE

Legend: V, - white fluorescent light; V, - white LED; V, - red LED; V; - yellow LED; V,4- green LED; Vs - blue LED; ns- non significant difference (p>0.1); *- significant
difference (0.05<p<0.1); **- distinctly significant difference (0.01<p<0.05); ***- very significant difference (p<0.01); n/a - not applicable.

DISCUSSION

In some experiments, microtubers were obtained
within 6 weeks, with 80 % sucrose concentration, using
temporary immersion system and 6.75-8 pMoles/m*/s
light intensity, with benzylaminopurine (BAP) and
coumarine added, but before it, the stalks were
cultivated 5 weeks for elongation [25], so they needed
11 weeks for tubers yielding. In our case, we obtained
a reduced number of tubers, but in only 8 weeks, and
here the main advantage is diminished energy
consumption. According to our observations, made
during this experiment, we can conclude that LEDs are
suitable for  Solanum  tuberosum  vitrocultures
illumination. White LEDs, at all monitored parameters,
brought forth at least same good results as CFL tubes,
but the energy low consumption recommend them to
be used instead CFLs. In 2009, a typical 13 Watt LED
ensemble emitted 450 to 650 Iumens, which is
equivalent to a standard 40 Watt incandescent bulb. In
2011, LEDs have become more efficient, so that a 6
Watt LED ensemble can easily achieve the same results
[11].

Colored LEDs, especially the red ones (670 nm),
and blue ones (470 nm) can stimulate tubergenesis at
potato vitroplantlets, contributing this way to a fast
seedling production at low cost.

Acknowledgements: This work was co-financed from the
European Social Fund through Sectorial Operational Program
Human Resources Development 2007-2013, project number
POSDRU/89/1.5/S/63258 ”Postdoctoral school for zootechnical
biodiversity and food biotechnology based on the eco-economy and
the bio-economy required by eco-sanogenesys” with grant financing
from European Union.

126

REFERENCES
[1]  Antofie, MM.  (2011): Current  political
commitments’challenges for ex situ conservation of plant
genetic resources for food and agriculture. Analele
universitatii din Oradea, Fascicula Biologie, University of

Oradea Press, 18(2): in print.

[2] Baciu, A., (2009): The answer of some old varieties of
Solanum tuberosum L. for in vitro cultivation. Analele
universitatii din Oradea, Fascicula Biologie, University of
Oradea Press, 16(1): 18-23.

[3] Bogdan A.T., Miresan V., Mironov A., Chelmu S., Boboc

V., Surdu L, Burlacu R., Diaconecu D., Strateanu, A.,

(2010): Prospects of Agrifood Green Power in 2050 and

forecasting for 2010 with Sustenable Solutions Based on

Ecobioeconomics new Paradigm. Bul. USAMV Animal

Science and Biotechnologies, 67(1-2): 1-18.

Bogdan, A.T., Miresan, V., Sonea, A., Chelmu, S.,

Boboc, V., Surdu, I, Burlacu, R., Diaconescu, D.,

Strateanu, A., (2010): Prospects for Development of

Livestock Production between 2010-2100 Based on

Integrated Rural Bioeconomics and Ecoeconomics.

Recent Researches in Business Administration, Finance

and Product Management, pp. 100-105.

[5] Bonaiuti, M., (2011): From Bioeconomics to Degrowth:
Georgescu-Roegen's 'New Economics' in Eight Essays.
Ed. Taylor and Francis, 296 p.

[6] Brown, L., (2001): Eco-Economy: Building an Economy
for the Earth, W. W. Norton & Co., NY., 322 p.

[7] Butnaru, G., Baciu, A., (2005): Capacitatea de tuberizare
in vitro la unele cultivare de Solanum tuberosum L. Al
XIV-lea Simpozion National de Culturi de Tesuturi si
Celule Vegetale.Editura Alma Mater-Sibiu, 131-137.

[8] Cachita, C.D., Ardelean, A., (2009): Tratat de
biotehnologie vegetald, Vol. II. Editura Dacia Cluj-
Napoca, 316 p.

—
N
—_



Pop, L., Cachita, D. - Contribution to Solanum tuberosum L. tubergenesis, vitrocultivated under ultrabright color L.E.D.

[9] Emerson, R., Arnold. W., (1932): A separation of the
reactions in photosynthesis by means of intermittent light.
Journal of General Physiology 15: 391-420.

[10] Gautheret, R.J., (1959): La culture des tissus végétaux :
techniques et réalisations. Masson Edit, 863 p.

[11] http://www].eere.energy.gov/buildings/ssl/reports.html
accessed in June 24", 2011.

[12] Ibanescu, M., Constantinovici, D., Strajeru, S., (2008):
Study about the ultrasound effects on potato plantlets
(Solanum tuberosum L.), conserved in vitro through slow
growth method. Studia Universitatis — WUVG Arad, 18:
41-44.

[13] Ipate, 1., Bogdan, A.T., Paraschivescu, M., Sandu, M.,
Ivana, S., Ipate, N., Strateanu A.G., Toba, G., Enache,
M., (2010): Use rare breed for genuine foods in
Romanian rural tourism and possibility of traceability the
traditional products. Bulletin UASVM Animal Science
and Biotechnologies, 67(1-2): 225-230.

[14] Jao, R.C., Fang, W., (2003): An adjustable light source
for photo—phyto relate research and young plant
production. Applied Engineering in Agriculture, 19(5):
601-608.

[15] Jao, R.C., Fa ng, W., (2004): Effect of frequency and
duty ratio on the growth of potato plantlets in vitro using
Light-emitting Diodes. Hortscience 39(2): 375-379.

[16] Mayumi, K. (2001): The origins of ecological
economics: the bioeconomics of Georgescu-Roegen.
Routledge, 161 p.

[17] Moharekar, S.T., Lokhande, S.D., Hara, T., Tanaka, R.,
Tanaka, A., and Chavan, P.D., (2003): Effect of salicylic
acid on clorophyll and carotenoid contents of wheat and
moong caryopsis, Photosynthetica, 41: 315-317.

[18] Murashige, T., Skoog, F., (1962): A revised medium for
rapid growth and bioassays with tobacco tissues cultures.
Physiologia Plantarum, 15: 155-159.

127

[19] Patru, D., Cachitd, C.D., (2005): Micropropagarea la
cartof (Solanum tuberosum L.) pe medii de cultura in care
zaharoza a fost substituitd cu miere de albine sau cu
fructoza. Al XIV-lea Simpozion National de Culturi de
Tesuturi si Celule Vegetale.Editura Alma Mater-Sibiu, pp
207-216.

[20] Petrus-Vancea, A., (2011): New techniques in
Asparagus officinalis L. micropropagation.
Proceedings,UASVM Bucharest, Series A, LIV: 431-438.

[21] Pop, L.., Cachitd, C.D., (2009): LED application at
sequoia sempervirens vitrocultures illumination, Studia
Universitatis, WUVG Arad, 19(2): 313-317.

[22] Purcarea, C., Borbély, V.M., (2011): Effect of Salicilyc
acid on assimilatory pigments and aminoacids content in
salt stressed wheat (Triticum aestivum, cv. Crisana)
seedlings. Scientific Papers, UASVM Bucharest, Series
A, LIV: 451-456.

[23] Ranalli, P., (1971): Innovative propagation methods in
seed tuber multiplication programmes. Potato Research,
40: 439-453.

[24] Roegen, G.N., (1971): The entropy law and the
economic process, Harvard University Press, 476 p.

[25] Rosu, R., Chiru, N., (2005): Sistemul imersiei
temporare-o noud metodd de obtinere a unui material de
plantat sdndtos la cartoful pentru simantd. Al XIV-lea
Simpozion National de Culturi de Tesuturi si Celule
Vegetale. Editura Alma Mater-Sibiu, pp. 138-145.

[26] Tennessen, D.J., Bula, R.J., Sharkey, T.D., (1995):
Efficiency of photosynthesis in continuous and pulsed
light emitting diode irradiation. Photosynthetic Research
44:261-269.

[27] Weller, S., Franck, J., (1941): Photosynthesis in flashing
light. Physics Chemistry, 45: 1359-1373.

Received: 25 June 2011

Accepted: 31 August 2011

Published Online: 5 September 2011

Analele Universitatii din Oradea — Fascicula Biologie
http://www.bioresearch.ro/revistaen.html

Print-ISSN: 1224-5119

e-ISSN: 1844-7589

CD-ISSN: 1842-6433


http://www1.eere.energy.gov/buildings/ssl/reports.html
http://www.bioresearch.ro/revistaen.html

