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ABSTRACT

The success in micropropagation of Dendrobium 
phalaenopsis Deang Suree is high, but when transplanted into 
the greenhouse, their survival is minimal. To increase survival 
in production in the present study it was evaluated the effect of 
intermediate acclimatization for 30 days in a grow room utilizing 
the following luminosity conditions: 1- white fl uorescent light (B) 
(18.9µmol m-2 s-1); 2- white fl uorescent light + red fl uorescent light 
(GRO-LUX®) (BV) (14.85µmol m-2 s-1); 3- red fl uorescent light 
(GRO-LUX®) (V) (9.45µmol m-2 s-1) and the control plants were 
accommodated directly in a greenhouse (162.0µmol m-2 s-1). After 
this the leaves were characterized anatomically and the plants 
transferred to the control greenhouse. It was evaluated survival 
percentage and fi nal number of roots, and calculated the relations 
between the fi nal and initial values of fresh weight, number of 
leaves, length and diameter of the largest pseudo bulb, number 
of pseudo bulbs and longest root length. Only plants submitted to 
red light, were statistically better than the control in relation to 
the survival percentage and in relation to fresh weight, while the 
control showed a higher number of roots that plants acclimatized 
in this luminosity conditions. Intermediate acclimatization, using 
red light or red + white light, is recommended for D. phalaenopsis 
Deang Suree.

Key words: Orchidaceae, fl oriculture, luminosity conditions, in 
vitro cultivation.

RESUMO

O sucesso na micropropagação de Dendrobium 
phalaenopsis Deang Suree é alto, porém, quando transplantado 
para o viveiro, sua sobrevivência é mínima. Com o intuito de 
aumentar a sobrevivência na produção, no presente trabalho, 
avaliou-se o efeito da aclimatização intermediária, por 30 dias em 
sala de crescimento, sob as seguintes condições de luminosidade: 1- 
luz fl uorescente branca (18,9µmol m-2 s-1); 2- luz fl uorescente branca 
+ luz fl uorescente vermelha (14,85µmol m-2 s-1); e 3- luz fl uorescente 

vermelha (9,45µmol m-2 s-1), o controle foi acondicionado 
diretamente em viveiro coberto (162,0µmol m-2 s-1). Na sequência, 
as folhas foram caracterizadas anatomicamente e as plantas foram 
transferidas para o viveiro que continha o controle. Foi avaliada 
a porcentagem de sobrevivência e o número fi nal de raízes, sendo 
calculadas também as relações entre os valores fi nais e iniciais de 
massa fresca, número de folhas, comprimento e diâmetro do maior 
pseudobulbo, número de pseudobulbos e comprimento da maior 
raiz das plantas aclimatizadas. Apenas as plantas submetidas 
à luz vermelha foram estatisticamente superiores ao controle, 
em relação à porcentagem de sobrevivência e relação de massa 
fresca, enquanto que o controle apresentou maior número de 
raízes que plantas aclimatizadas nessa condição de luminosidade. 
Aclimatização intermediária, utilizando luz vermelha ou a luz 
vermelha + branca, é recomendada para D. phalaenopsis Deang 
Suree.

Palavras-chave: Orchidaceae, fl oricultura, condições de 
luminosidade, cultivo in vitro.

INTRODUCTION

Most orchids are propagated by in vitro 
cultivation techniques. Despite the success of these 
techniques, a signifi cant number of species of this 
family, like others, do not survive the transfer conditions 
in vitro to ex vitro conditions, limiting the commercial 
production (HAZARIKA, 2003). Here it is shown 
that the utilization of an intermediate acclimatization 
phase using three luminosity conditions between in 
vitro culture and acclimatization promotes ex vitro 
survival in production of Dendrobium phalaenopsis 
Deang Suree. 
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The genus Dendrobium consists of 
approximately 1,500 species, almost all epiphytes, 
with wide geographical distribution. It comprises 
plants that are easily cultivated, adaptable to all kinds 
of weather, mostly blooming from late winter to early 
spring (LORENZI & SOUZA, 2008; FARIA, 2010). 
In Mato Grosso do Sul, D. phalaenopsis Deang Suree 
produces stems with 8-16 buds, depending on the 
age of the plant, and its fl owers, when open, have a 
diameter of about 5cm, fl owering between March and 
July for approximately 30 days.

The acclimatization phase of these 
plants is very critical and delicate since, being still 
heterotrophic (showing low effi ciency of the root 
system, reduced vascular competence, little or no 
functional stomata and cuticle not well formed) if 
exposed to an environment with high evaporative 
demand present reduced probability of survival 
(DEBERGH, 1991; ROMANO & MARTINS-
LOUÇÃO, 2003; TAVEIRA, 2011; FARIA, 2012). 
This way, the use of treatments which precede the 
acclimatization is frequently needed.

Among the techniques of intermediate 
acclimatization it can be mentioned those developed 
by VILLA et al. (2006) with Rubus spp., SOUZA 
SOBRINHO et al. (2007) with Pennisetum 
purpureum Schum., NASCIMENTO et al. (2008) 
with Eugenia pyriformis, SCHUCK et al. (2012) with 
Vitis labrusca L., increased the survival rate of plants 
grown in vitro removing bottle caps,  and the bottles, 
while still in a growth room for 2-5 days before ex 
vitro transplanting, subjecting the plants to lower 
humidity, resulting in faster adaptation of stomata 
than plants transplanted directly to the greenhouse.

Another intermediate acclimatization 
technique was developed by OTONI et al. (1995) 
with Passifl ora edulis f. fl avicarpa Degener 
and P. incarnata L., COSTA et al. (2007) with 
Averrhoa carambola L. and MOURA et al. (2012) 
with Bowdichia virgilioides, enabled progressive 
adaptation of plants recently removed from containers 
airtight cultivation which were transferred to ex 
vitro cultivation and covered them with transparent 
polypropylene provided with ventilation holes, 
creating an environment with a relative humidity 
higher than the greenhouse.

Since most epiphyte orchids are tropical 
forest components (RICKLEFS, 2010), exposed to low 
light intensities, the luminosity condition is another 
factor that infl uences their acclimatization as it causes 
metabolic responses, modulating morphogenesis of 
tissues and organs of plants in all stages of development 
(DIÁZ-PÉREZ et al., 1995; TAVEIRA, 2011). 

The light is responsible for the processes 
of photosynthesis, photomorphogenesis and 
phototropism. In photosynthesis, peaks correspond 
to wavelengths relative to blue (425-490nm) and red 
(650-680nm). Red, together with the extreme red 
(peaks between 710-740nm) are responsible for the 
processes of morphogenesis, while blue, violet (peaks 
between 400-425nm) and ultraviolet (peaks between 
280-400nm) activate phototropism (KÄMPF, 2005; 
MAJEROWICZ & PERES, 2008).

Most of the growth rooms for in vitro 
cultivation uses white fl uorescent lamps (400-600nm) 
that are devoid of waves in the red band (KÄMPF, 
2005). Because of the importance of the red light on 
photomorphogenesis, different authors have analyzed 
this wave length as a form of enabling increased 
growth and development of some plants.

The use of red light promoted elongation 
of in vitro cultivated Cattleya loddigesii (ARAÚJO 
et al. 2009), increased shoot length for a Cattleya 
hybrid (CYBULARZ-URBAN et al. 2007) and the 
use of blue and red LED (light-emitting diodes) 
caused an increase in Cymbidium growth (TANAKA 
et al. 1998). However, the use of red light reduced 
the longest root length and increased the mortality of 
Cattleya loddigesii during the acclimatization phase 
(GALDIANO JUNIOR et al., 2012).

The objective of this study was to evaluate 
the effect of intermediate acclimatization with 
different luminosity conditions in the survival and the 
development of Dendrobium phalaenopsis Deang 
Suree seedlings.

MATERIALS   AND   METHODS

The experiment was conducted at the 
Laboratory of in vitro cultivation and acclimatization 
area of the Faculdade de Ciências Agrárias (FCA) - 
Universidade Federal da Grande Dourados (UFGD) 
during July 2011 to July 2012. The climate type is 
Am Köppen (Tropical monsoon), with average 
temperature in the coldest month below 18°C and in 
the hottest upper than 22°C and total annual rainfall 
between 1250 and 1500mm.

The study material consisted of seedlings 
of Dendrobium phalaenopsis Deang Suree, with 180 
days, yielded from in vitro sowing, cultured on MS 
medium and kept in a growth room with an average 
temperature of 25±2°C and 12 hours of photoperiod, 
light intensity of 18.9mol m-2 s-1 obtained by means of 
two white fl uorescent lamps of 40W each.

The seedlings were removed from culture 
fl asks, washed in water until complete removal of the 
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culture medium, and standardized in size 1.0±0.3cm. 
Afterwards they were evaluated in relation to fresh 
weight, leaves number, length and diameter of the 
largest pseudo bulb, number of pseudo bulbs and 
longest root length. Later, each individual was planted 
in a 50cm3 polypropylene container, provided with 
holes for drainage, being used as a substrate mixture 
of sphagnum moss and coconut fi ber (1:1 v-1).

After planting, a control set of 40 plants 
was placed directly in the greenhouse covered by 
two 50% shade screens (162.0mol m-2s-1), provided 
with a micro sprinkler irrigation high pressure 
system, without being submitted to intermediate 
acclimatization.

Three sets of 40 plants each were 
transferred to a growth room with controlled 
temperature and photoperiod (12h, 25±2°C) and 
submitted to intermediate acclimatization for 30 days 
under the following conditions, afforded by different 
lamps: 1- white fl uorescent light (B) (18.9µmol m-2 s-1); 
2- white fl uorescent light + red fl uorescent light (GRO-
LUX®) (BV) (14.85µmol m-2 s-1) and 3- red fl uorescent 
light (GRO-LUX®) (V) (9.45µmol m-2 s-1). After a 
period of intermediate acclimatization, the plants 
were transferred to the greenhouse containing the 
control.

For anatomical analysis of the effects of 
intermediate acclimatization, leaf tissue samples from 
plants submitted to different luminosity conditions in 
the growth room were collected and compared with 
plants recently removed from the in vitro condition. 
The leaves were cut into pieces of 5mm, fi xed in FAA 
(35% formaldehyde, glacial acetic acid and 50% 
ethanol), and stored in refrigerator until the beginning 
of the dehydration process in alcoholic progressive 
series with tertiary butyl alcohol (DANKIN & 
HUSSEY, 1985). After this process the fragments of 
leaves were infi ltrated in paraffi n and subsequently 
in paraplast. Cross sections, 10µm thick, were made 
in manual rotary microtome and were stained with 
safranin-orange G-fast Green FCF (HAGQUIST, 
1974). After fi tting the permanent slides, the images 
were analyzed using the computer application 
(AxioVision version 3.1) coupled to the ocular 
micrometer microscope.

During the defi nitive acclimatization, 
plants were weekly fertilized with 10-10-10 NPK 
(2.0mL L-1), on leaves, and irrigated with a water 
slide of 3mm, divided into three applications of 1mm 
each, rainfall volume discounted.

Twelve months after planting, the plants 
were evaluated for survival percentage and were 
removed from the substrate, washed in running 

water and evaluated for fresh weight, number of 
leaves, length and diameter of the largest pseudo 
bulb, number of pseudo bulbs, longest root length 
and fi nal number of roots. In view of the interest 
in investigating the possibility of increasing the 
evaluated variables (except for the number of roots) 
the relations between fi nal and initial values were 
calculated and these relations, initial and fi nal values 
were considered in the statistical analysis.

It was used a completely randomized 
design with four treatments and forty repetitions 
with a plant. For statistical analysis it was used the 
computer application SISVAR (Statistical Analysis 
Software v.5.3. Universidade Federal de Lavras, 
Lavras, MG) and all variables were evaluated using 
analysis of variance and the averages were compared 
by the Tukey test to the 5% level of probability.

RESULTS   AND   DISCUSSION

There was signifi cant effect (P<0.05) 
regarding the lighting conditions on the survival 
percentage on relations between fi nal and 
initial fresh weight and the number of roots of 
Dendrobium phalaenopsis Deang Suree. For the 
other variables, there was no signifi cant effect  
regarding treatment (P>0.05) and the observed 
values are: initial (MFi)=0.6±0.3g and fi nal fresh 
weight (MFf)=6.4±3.3g; initial (CBi)=2.1±1.9cm 
and fi nal length of pseudo bulb (CBf)=3.4±1.8cm; 
initial (DBi)=0.9±0.6cm and fi nal diameter of pseudo 
bulb (DBf)=1.2±1.1cm; initial (CMRi)=3.5±2.3cm 
and fi nal longest root length (CMRf)=13.2±4.5cm; 
initial (NFi)=4.6±1.8 and fi nal number of leaves 
(NFf)=7.3±2.3; and initial (NBi)=2.3±1.9 and fi nal 
number of pseudo bulbs (NBf)=3.1±1.1, all showing 
positive relations.

The highest average of survival 
percentage (SOBR) and relation of fresh weight 
(RMF), after a year of intermediate acclimatization 
in greenhouse, were observed in plants that were 
treated with fl uorescent red light (V), and didn’t 
differ statistically from those treated with white 
fl uorescent light + red fl uorescent light and those 
submitted to white fl uorescent light (B) during the 
intermediate acclimatization period. The control 
treatment showed survival percentage and increase 
in fresh weight  with a  signifi cant difference 
(P<0.05) only from treatment V (Table 1).

Independently of the luminosity condition 
used in the intermediate acclimatization, the 
percentage of survival of the plants submitted to such 
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pre-treatment was equal or higher than 75%, a value 
considered quite satisfactory for commercial crops. 
The practice of intermediate acclimatization with V 
light provided a percentage increase of 27.5% over 
the control plants, a statistically signifi cant difference 
(Table 1).

The results for the percentage survival 
observed in this study differ from those obtained 
by GALDIANO JUNIOR et al. (2012). The authors 
verifi ed that plants of Cattleya loddigesii Lindl. 
cultured in vitro under red light (obtained by 
enveloping with a cellophane sheet the cultivation 
fl ask located under white fl uorescent light), showed 
higher mortality rate during ex vitro acclimatization, 
attributing these results to the least amount of roots, 
to the lower level and in balance of chlorophyll 
types produced by plants when grown under these 
conditions.

The lowest values  of RMF control are 
probably due to the high dehydration incurred by the 
plants at the beginning of the acclimatization which 
also decreased the percentage of survival of those 
submitted to this treatment. The highest number of 
roots was produced by plants that were not submitted 
to intermediate acclimatization, hence statistically 
similar results to those observed in acclimatized 
plants in BV light and V light. The acclimatized 
plants with B light presented the lowest numbers 
of roots compared to control (Table 1) these results 
differ from those reported by GALDIANO JUNIOR 
et al. (2012) and ARAÚJO et al. (2009) that reported 
fewer roots in Cattleya loddigesii Lindl. grown under 
red light.

The results related to the relation of weight, 
survival percentage and number of roots recorded in 

control allow us to infer that the stress of acclimatization 
induces the formation of a larger number of roots, since 
these organs are responsible for fi xing the plant in the 
new substrate, in addition to providing the hydric and 
nutritional needs of the plant.

The red radiation generally promotes 
shoot elongation, as it is absorbed by phytochromes 
that are responsible for positive photoblastic seed 
germination, cauline growth and photoperiodic 
control of fl owering (MAJEROWICZ & PERES, 
2008). This fact has already been noted in studies 
with Azorina vidalli (SILVA & DEBERGH, 
1997); Disanthus cercidifolius and cultivars of 
Rhododendron (MARKS & SIMPSON, 1999); 
Prunus sp. (MULEO, 2001) and in Cattleya lodigessi 
(ARAÚJO et al., 2009). However D. phalaenopsis 
Deang Suree did not respond signifi cantly with 
respect to the length of pseudo bulbs, relative to the 
treatments.

Independently of treatment used, fi nal 
plant fresh weight was about 10 times higher than the 
initial fresh weight and the others relations between 
fi nal and initial values were all positive (RCB=2.2; 
RDB=1.7; RCMR=5.2; RNF=1.7; RNB=1.4) 
(Table 1), indicating that the conditions offered to 
the species are suitable for the fi rst year of ex vitro 
acclimatization.

The results obtained in this research can be 
due to the fact that plants apparently perfect in vitro, 
exhibit a series of morphological anatomical and 
physiological changes. In these plants, the stomata are 
not functional and it respond slowly to water stress. 
In addition, the layer of protective wax on the leaves 
is minimal or absent, and the connection between the 
vascular system of the stem and adventitious roots 
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is precarious to allow adequate fl ow transpiration 
(DIÁZ-PÉREZ et al., 1995; FARIA, 2012).

Independent of the treatment used, 
transverse sections of the leaves of D. phalaenopsis 
Deang Suree presented uniseriated epidermal cells of 
the adaxial side larger than the abaxial side, and a thin 
or absent cuticle (Figure 1A, B, C and D). According 
to STERN and JUDD (2001) in general, the leaves of 
orchids exhibit homogeneous chlorenchyma, which 
was observed in this experiment, since in all the 
slides it was not possible to delimit the parenchyma.

Despite the homogeneity of chlorenchyma, 
plants submitted to intermediate acclimatization 
showed cells that make up the mesophyll more 
organized, evident vascular bundles and more 
organized structured and epidermal cells. The 
organization of the epidermal cells in front view, 
appeared longitudinally elongated on the adaxial 
side and rounded on the abaxial side (Figure 1 B, C 
and D). However, in plants recently removed from the 
in vitro cultivation (Figure 1A), cells that compose the 
mesophyll and epidermis show some disorganization 
besides undeveloped vascular bundles.

According to HAZARIKA (2006), the 
poorly differentiated mesophyll and fragile vascular 
system of the leaves formed in vitro make these plants 
highly susceptible to stress during acclimatization. It 
follows clearly that in D. phalaenopsis Deang Suree 
the best cellular organization of the mesophyll and the 
better structure of the vascular bundles obtained after 
thirty days of intermediate acclimatization may have 
reduced stress and facilitated the acclimatization. 

CONCLUSION

The intermediate acclimatization in growth 
room for thirty days, using red light or red + white 
light, is recommended for Dendrobium phalaenopsis 
Deang Suree.
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