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Summary. Cattleya granulosa, a native orchid of Northeastern Brazil is under great risk
of genetic erosion due to its location in areas threatened by massive urbanization as well as
collection of plants in their natural habitat for commercialization. Because many papers report
contrasting responses depending on sucrose concentration used, in this work we evaluated the
effect of sucrose on in vitro development of C. granulosa with the objective to contribute to
the development of an efficient seedling production method, thus discouraging the collection
of plants and facilitating future reforestation programs. Four sucrose concentrations were tested
(0, 15, 30 and 45 g L") on seedlings obtained from seeds germinated in vitro. Sucrose enhanced
strongly plant development, increasing significantly the height of seedlings and the production of
new shoots, leaves and roots. In general, the higher the sucrose concentration was, the better the
plant development was. Plant development was not limited by sucrose or other nutrients in the
culture medium until 180 days of in vitro culture. Our results are important for reduction of cost
of production of seedlings of this species.
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Abbreviations: DAS — days after start of the experiment.

INTRODUCTION

Cattleya granulosa Lindl. (Orchida-
ceae) is a native species of Brazilian
Northeastern region with great commercial
potential due the beauty of its flowers.
However, nowadays it is under great risk
of extinction due to its location in areas
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threatened by massive urbanization as
well as collection of plants in their natural
habitat.

Tissue culture techniques may be
used for production of many seedlings
by in vitro germination of seeds (Pierik,
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1990), thus maintaining the natural
genetic variability, which is important for
ecological purposes. In the natural habitat
of C. granulosa a great diversity in the
color and shape of flowers as well as in
plant height is established, suggesting
great genetic variation. Thus, propagation
of this species from germination of seeds
in vitro, will significantly contribute for
its preservation. However, yet a problem
in propagating plants by tissue culture
is that this is a very expensive technique
as compared to other propagation
procedures. The high costs are well
related to the manipulation and long time
of maintaining the plants in laboratory,
particularly orchids, which have low
growth rates.

The external supply of carbohydrates
1s very important for the growth and
development of plants in vitro (Kozai et al.,
2005; Thorpe et. al., 2008; Peyvandi et al.,
2009), sucrose being the most used source
due to better responses in general and low
costs (Thorpe et al., 2008). For orchids,
there are different recommendations
of concentrations of sucrose to be used
according to species (Arditti and Ernst,
1992), and some results with other species
showed also different responses (Langford
and Wainwright, 1987; Kumar et al.,
1999; Cui et al.,, 2000; Takayama and
Misawa, 2006). However, this subject is in
general overlooked in literature. It should
be stressed that the establishment of an
optimal concentration of sucrose would be
important for the growth of plants, which
will in turn reduce the manipulation and
the time of maintaining them in laboratory.
Therefore, the objective of this work was
to evaluate the sucrose effect on in vitro
development of C. granulosa, with the
purpose to contribute to a more efficient
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seedling production, thus discouraging
its collection from the natural habitat and
facilitating future reforestation programs.

MATERIAL AND METHODS

Four sucrose concentrations were
tested (0, 15, 30 and 45 g L) in media
containing the salts of Murashige and
Skoog (1962), 0.55 mM myo-inositol,
0.0003 mM thiamine-HCI, 0.004 mM
nicotinic acid, 0.0024 mM pyridoxine-
HCI and 0.027 mM glycine. The pH of
media was adjusted to 5.7 before gelling
them with 7 g L' agar. Glass test tubes
(25 x 150 mm) containing 10 ml of
culture medium were used as flasks. Each
flask was capped with aluminum foil
before sterilization at 121 °C for 15 min.
Seedlings with an average height of 19.8
mm and fresh mass of 23.7 mg, obtained
from seeds collected at Natal-RN, Brazil,
and germinated in vitro, were used as plant
material. The flasks were incubated at
26+2°C under cool white fluorescent light
of 50 pmol m™ s! photons flux density and
a 16-h photoperiod.

The experiment was in a completely
randomized design with 8 replicates. Plant
height and the number of leaves, new
shoots and roots, were evaluated initially
and at 30, 60, 120 and 180 days after start
of the experiment (DAS). The shoots and
roots fresh mass were evaluated at 180
DAS. After checking the homogeneity
of variances and normality according to
Fligner-Killeen and Shapiro-Wilk tests,
respectively, the data were submitted
to analysis of variance and the least
significant difference at 5% was calculated
for each variable (Crawley, 2007). Data
analysis and graphs generation were made
using the software R (R Development
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Core Team, 2010), version 2.10.1, in a
Linux platform.

RESULTS

Seedlings which had not received
sucrose, showed no formation of new
roots and a poor increase in height and
production of leaves and new shoots
(Fig. 1). Sucrose enhanced strongly plant
development, increasing significantly (p
< 0.05) the height of seedlings and the
production of new shoots, since 120 and
60 DAS, respectively (Fig. 1A, C). The
number of leaves was significantly higher
in the seedlings which received 45 g L

185

since 120 DAS onwards and in those
which received 15 g L' at 180 DAS (Fig.
1B). The number of roots was significantly
higher in the 30 g L' treatment since
120 DAS onwards (Fig. 1D). The only
differences between sucrose treatments
concerned plant height (Fig. 1A) in45 g
L' concentration compared to 15 g L,
number of leaves (Fig. 1B) in relation to
30 g L', and both at 180 DAS.

The fresh mass of seedlings was also
enhanced by sucrose. There was a trend of
increase in shoot fresh mass in all sucrose
treatments compared to control, though
the difference was significant (p < 0.05)
only in the 15 g L treatment (Fig. 2A).
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Fig. 1. Plant height (A), number of leaves (B), number of new shoots (C), and number of roots
(D) of Cattleya granulosa grown for 180 days in vitro under different sucrose concentrations
(0 g L' —circles; 15 g L' — squares; 30 g L' — triangles and 45 g L' — diamonds). The bars

represent the least significant difference at 5%.
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Figure 2: Fresh mass of shoots (A) and roots (B) of Cattleya granulosa grown for 180 days in
vitro under different sucrose concentrations. The bars represent the least significant difference

at 5%.

Concerning fresh mass of roots, the only
significant increase was in the 45 g L
treatment (Fig. 2B).

DISCUSSION

We showed that in our experimental
conditions C. granulosa 1is able for
autotrophic growth in vitro since some
increase in height and number of leaves
and new shoots occurred during 180 days
without external carbon source in the
culture medium. In most cases, efficient
autotrophic growth in vitro is possible
only by enriching the CO, concentrations
in the vessels during the photoperiod
as well as optimizing the environment,
e.g. by reducing the relative humidity
by ventilation (Kozai et al., 2005). Our
results indicated, however, that the higher
the sucrose concentration in the medium
was, the higher the plant development
was, thus showing a strong dependency
of adequate in vitro development of C.
granulosa on the external carbon source.
For some other orchids, the stimulatory
effect of sucrose on in vitro development is
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observed at relatively low concentrations,
20 g L, for Cymbidium (Kusumoto,
1980), Diuris longifolia (Collins and
Dixon, 1992), which is a terrestrial
species, and for hybrids of Cattleya
labiata x Laelia itambana (Fraguas et al.,
2003) and Laelia purpurata x Cattleya
warneri (Moreira et al., 2007). However,
there are also papers demonstrating the
increase in plant development at higher
sucrose concentrations in the culture
medium as shown in the present work.
In Oncidium baueri (Sorace et al., 2008)
and Cattleya walkeriana (Dignart et al.,
2009), the best results were obtained at 40
and 30 g L', respectively. In Dendrobium
nobile grown in liquid medium the best
result was achieved at 60 g L', which was
the highest concentration tested (Faria et
al., 2004). Furthermore, our results and
the data of other researches with orchids
propagation in vitro indicate that before
commercial production of some species it
is necessary to test which concentration of
sucrose or other external carbon sources
will give the best results.

The most intriguing result in this
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work, though not statistically significant,
was the tendency of 15 g L' sucrose to
induce a higher increase in the number of
leaves compared to 30 g L-'. However, the
latter concentration showed the highest
tendency of increase in the number of
roots. These results suggest a change in
biomass allocation induced by sucrose
concentration in the culture medium.
Regulation of plant gene expression in
relation to carbohydrates is well known
(Thorpe et. al, 2008) and it could
affect the biomass allocation in plants.
Therefore, this hypothesis must be further
investigated.

The shape of the response curves
indicated that production of new shoots and
roots occurred early, preferentially during
the first two months after the onset of the
experiment. However, the plants continued
increasing in height and producing leaves
during 180 days after incubation. The
above results indicated that carbon source
and other nutrients in the media were not
limiting for the growth of plants. This is
important for reduction of cost of seedlings
production in C. granulosa, since it will
reduce the manipulation of plant material
in laboratory besides increasing their
development. Furthermore, our results
were obtained on plant material of seeds,
thus being important for ecological and
commercial purposes.

Acknowledgements: The authors
are thankful to Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico
(CNPq) for financial support.

REFERENCES

Arditti J, R Ernst, 1992. Micropropagation
of Orchids. John Willey and Sons,

New York.

Collins M T, K W Dixon, 1992.
Micropropagation of an Australian
terrestrial orchid Diuris longifolia R
Br. Aust J Exp Agr, 32: 131-135.

Crawley M J, 2007. The R Book. John
Wiley and Sons Ltd., West Sussex.

Cui Y-Y, E-J Hahn, T Kozai, K-Y Paek,
2000.Numberofairexchanges,sucrose
concentration, photosynthetic photon
flux, and differences in photoperiod
and dark period temperatures affect
growth of Rehmannia glutinosa
plantlets in vitro. Plant Cell Tiss Org
Cult, 62: 219-226.

Dignart S L, E M Castro, M Pasqual,
A Ferronato, F T Braga, R Paiva,
2009. Natural light and sucrose
concentrations on in vitro culture of
Cattleya walkeriana. Ciénc Agrotec,
33: 780-787. (in Port.).

Faria R T, F N Rodrigues, L V R Oliveira,
C Miiller, 2004. In vitro Dendrobium
nobile plant growth and rooting in
different sucrose concentrations.
Hortic Bras, 22: 780-783.

Fraguas C B, F Villa, A V Souza, M
Pasqual, L F Dutra, 2003. In vitro
growth of orchid seedlings obtained
from hybridization between Cattleya
labiata and Laelia itambana. Rev
Ceres, 50: 719-726. (in Port.).

Kozai T, F Afreen, S M A Zobayed,
2005. Photoautotrophic (Sugar-free
Medium) Micropropagation as a New

Micropropagation and Transplant
Production System. Springer,
Dordrecht.

Kumar A, A Sood, L M S Palni, A K
Gupta, 1999. In vitro propagation of
Gladiolus hybridus Hort.: Synergistic
effect of heat shock and sucrose on
morphogenesis. Plant Cell Tiss Org

GEN. AppL. PLANT PHysioL. 2010 voL. 36 (3—4)



188 Pinto et al.

Cult, 57: 105-112.

Kusumoto M, 1980. Effects of coconut
milk, agar, and sucrose concentrations,
and media pH on the proliferation of
Cymbidium protocorm-like bodies
cultured in vitro. J Japan Soc Hort Sci,
48: 503-509.

Langford P J, H Wainright, 1987. Effects
of sucrose concentration on the
photosynthetic ability of rose shoots
in vitro. Ann Bot, 60: 633-640.

Murashige T, F Skoog, 1962. A revised
medium for rapid growth and
bioassays with tabacco tissue cultures.
Physiol Plant, 15: 473-494.

Moreira B M T, E C Tomba, P C Zonetti,
2007. In vitro growth of orchid (Laelia
purpurata var. venosa x Cattleya
warneri T. Moore alba) seedlings
under different sucrose and fructose
concentrations. SaBios: Rev Saude
Biol, 2: 16-21. (in Port.).

Peyvandi M, F Farahani, Z
Noormohamadi, O Banihashemi,
M Hosseini, Mazinani, S Aataee,
2009. Mass production of Olea
europea L. (cv. Rrowghani) through
micropropagation. Gen Appl Plant
Physiol, 35: 35-43.

Pierik R L M, 1990. Germinacién de
Semillas de Orquideas. In: Pierik,
R.L.M. Cultivo in vitro de las Plantas
Superiores. Ediciones Mundi-Prensa,

GEN. AppL. PLANT PHysioL. 2010 voL. 36 (3—4)

Madrid. (in Spa.).

R Development Core Team, 2010. R:
A language and environment for
statistical computing. R Foundation
for Statistical Computing, Vienna.
Available in http://www.R-project.
org [02 Apr, 2010]

Sorace M, R T Faria, C V Damasceno
Junior, G P Gomes, C M Barbosa, F G
N Vieira, G L Silva, L S A Takahashi,
J A Schnitzer, 2008. In vitro growth
of Oncidium baueri (Orchidaceae) in
different macronutrients and sucrose
concentrations. Semin: Ciénc Agrar,
29: 775-782. (in Port.).

Takayama S, M Misawa, 2006.
Differentiation in Lilium bulbscales
grown in vitro. Effects of activated
charcoal, physiological age of
bulbs and sucrose concentration
on differentiation and scale leaf
formation in vitro. Physiol Plant, 48:
121-125.

Thorpe T, C Stasolla, E C Yeung, G-J
de Klerk, A Roberts, E F George,
2008. The Components of Plant
Tissue Culture Media II: Organic
Additions, Osmotic and pH Effects,
and Support Systems. In: George
E F, M A Hall, G-J de Klerk. Plant
Propagation by Tissue Culture, 3
ed., v. 1, The Background. Springer,
Dordrecht.



