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ABSTRACT

Natural ventilation system facilitates gaseous exchangesvitro plants promoting changes in the leaf tissue,

which can be evaluated through the leaf anatoamd it allows a cultivation closer to the photoautrophic
micropropagationThe objective of this work was to evaluate thie&s onin vitro growth and on the leaf anatomy
of Cattleya walkeriangrown innatural and conventional ventilation system with different concentrations of sucrose
(0; 15; 30 and 45 b combined with different cultivation systems (conventional micropropagation and natural
ventilation system). The culture medium was composed of MS salts, solidified with @fgagar and pH adjusted
to 5.8. Forty milliliters of culture medium were distributed in 250 mL flasks, autoclaved &€120 20 minutes.
The greater plant growth, as well as the greater thickness of the mesophyll was observed with the usetof 20 g L
sucrose in natural ventilation system. Plants grown in natural ventilation system showed a thicker leaf mesophyll,
which is directly related to photoautotrophic crops. The natural ventilation system induced more elliptical stomata
and probably more functional formats.
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RESUMO

Crescimentain vitro e anatomia foliar de Cattleya walkeriana (Gardner, 1839)
cultivada em sistema de ventilac&do natural

O sistema de ventilacdo natural facilita as trocas gasosas, em plantas cuhivétdasocasiona mudancas no
tecido foliar as quais podem ser avaliadas pela anatomia,f@iaossibilita um cultivo mais préximo ao da
micropropagacéo fotoautotrofica. Este trabalho teve por objetivo avaliar os efeitos no cresgimé@nioe na
anatomia foliar d€attleya walkerianagultivadas em sistemas de ventilacdo natural e convencional, com diferen-
tes concentracdes de sacarédseplantas receberam concentracdes variadas de sacarose (0, 15, 309,459 L
combinacdo com diferentes sistemas de cultivo (micropropagacdo convencional e sistema de ventilacao natural). O
meio de cultura foi composto pelos sais do meio MS, solidificado com*dg &garsendo o pH ajustado para 5,8.
Foram distribuidos 40 mL de meio de cultura, em frascos de 250 mL de contelido, os quais foram autoclavados, a
120 °C, por 20 minutos. O maior crescimento das plantas, bem como a maior espessura do mesofilo, foram obser-
vados, com emprego de 20 g dle sacarose, em sistema de ventilacdo nafAsallantas cultivadas em sistema de
ventilagdo natural apresentaram maior espessura do mesofilprediposta diretamente relacionada com cultivos
fotoautotroficos. O sistema de ventilacdo natural proporcionou estébmatos com o formato mais elipticos e, possi-
velmente, mais funcionais.
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INTRODUCTION hypostomatic type, with anomocytic stomata, with
. . niseriate epidermis and homogeneous parenchyma
The Orchidaceaefamily has about 850 genera and:hlorophyll (Araujoet al, 2009).

20,000 species, excluding artificial hybrids. It is the Therefore, the objective of this work was to evaluate

largest family among angiosperms. They are cultivate[ﬂe efects on thén vitro growth and on the leaf anatomy

because of the beauty and exoticity of their flowers ; . .
. . o .~ df Cattleya walkeriana grown in different
presenting a cosmopolitan distribution, occurring in ; o
. . concentrations of sucrose on natural ventilation system
almost all regions in the world, except the poles an . . .
. . .and conventional micropropagation w®rms.
deserts, being more frequent and exuberant in the tropics.

Thg high number of species and tropical hybru_js enablkﬁATERlAL AND METHODS

various forms and colors of flowers, which are

commercially exploited all over the world (Silea al, This work was carried dwat the Laboratory of Plant
2005). Biotechnology José do Rosarivellano University

The assimbiotic cultivation of orchids reduces th€UNIFENAS) inAlfenas, $ate of Minas Gerais, Brazil.
effects of predatory collection of these plants in th&he plants were obtained by seed germination, from the
woods since it results in almost 100% of germinatioself-pollination of Cattleya walkerianain Knudson
of their seeds (Campos, 2000), presenting a much highledture medium (1922), added with 20 g $ucrose and
yield to that observed in nature, which is around 2% teolidified with 7 g L* agar Plants were standardized at 1
3%. This low germination yield is due mainly to the needm for experiment setting up.
for association among the seeds of orchids with The treatments consisted of different sucrose
Micorriza fungus, which occurs at low frequency inconcentrations (0, 15, 30 and 45 @) lcombined with
nature (Araujcet al, 2009). different cultivation systems (natural ventilation system

Micropropagation of plants can be used for largeand conventional micropropagation). For all treatments,
scale production of orchid seedlings from the seeitie culture medium consisted of salts of Murashige &
germination anéh vitro growth of plants, being a widely Skoog Medium (1962), and pH adjusted to 5.8 and
used technique in di€ult propagation plants. However solidified with the use of 7 gLagar It was distributed
the development of methods that provide a greater pla#d ml of culture medium in 250-ml flasks, which were
growth and a reduction of physiological and anatomicédentified according to each treatment and autoclaved at
disorders is necessary to reduce losses in tH20°C for 20 minutes. Cultivation was maintained in a
acclimatization (Millset al, 1997). growth room with temperature of 24 + 2 °C, light intensity

Different cultivation systems have been used tof 36 un¥ s* and a 16-hour photoperiod.
increase the photosynthetic rate, the production of In the natural ventilation system, a plastic lid was
hardened plants and the reduction of losses afanufactured for the cultivation flask. This lid had two
micropropagated plants. The following methods stangrcular holes, each one with 10 mm in diametérich
out: the use of caps or bottles that allow gas exchangere covered with a filter membrane with 0.5-um pores
(Kubota & Kozai, 1992); the increase in light intensityMilli Seal, Millipore, Tokyo, Japan). For conventional
(Fuenteset al, 2005); CQ injection in the culture micropropagation, plastic caps were used, which sealed
(Argita, 2002); reduction in carbohydrate source in theompletely the cultivation flasks, preventing the
culture medium (Kozai, 1991) or a combination of theseccurrence of gas exchange with the external
methods. environment.

Thein vitro cultivation with the use of bottles and  After 180 days, the following were evaluated: the
caps that allow gas exchange is named the natutahgth of shoot and root system, the fresh and dry weight
ventilation system (Kozai & Kubota, 1992). This systenof shoot and root system. For leaf anatpthg following
allows the reduction of the relative humidity inside thevere evaluated: thickness of the mesophyll and
culture flask (Pérezdrneroet al, 2001), the increase epidermis on the adaxial side and on the abaxial surface,
in gas exchange with the external atmosphere (Buysdesif thickness, polar and equatorial diameter of the
& Dillen, 1989) and the decrease in water availabilitystomata.
factors which can provide favorable environmental The plants used in anatomical studies were collected
conditions for photoautotrophic micropropagatiorand stored in alcohol at 70° GL. Leaf sections were free
(Kanechiet al, 1998). Environmental changes in the hand cut. Cross sections were clarified in a 1% sodium
vitro cultivation can lead to changes in the tissues, whidtypochlorite solution, then rinsed in distilled water and
can be evidenced by studies of leaf anatomy of the plastained with astra- Safranin blue dye. Slides were set in
grown in these systems. The leave<attleyasp. are 50% glycerin, following the methodology described by
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Kraus &Arduin (1997). From the cross sections and witlPhotomicrographs were performed usingr@PUS BX

the aid of an ocular micrometric, thickness of the tissue 60 photomicroscope.

in the middle third of each leaf was measured. The Itwas useda completely randomized design (CRD),

treatments consisted of four replicates with four plan@onsisting of a 4 x 2 simple factorial, with four

per plot, in which one leaf of each plot was evaluatedeplications and four plants per planalysis of variance

totaling 16 leaf blades per treatment. was carried out using the statistical program Sisvar
The paradermal cuts were performed on the abaxidrerreira, 2000), being performed a polynomial

surface, in the middle region of the leaves, and tH€9ression.

hydroalcoholic safranin 1% was used as a dye for settin

up the slides. The polar and equatorial diameters of t SULTSAND DISCUSSION

stomata was obtained with the use of ocular micrometric. The length of the shoot was directly affected by the

In each evaluated leaf, three stomata were measurecttdtivation system (Figure 1A). Longer shoot length was

obtain the polar and equatorial diameters.found in natural ventilation system, using 20.30g L
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Figure 1 In vitro growth ofC. walkerianaaccording to dfierent concentrations of sucrose and cultivation environm&hégrial
part length (APL); B) length of the root system (LRS); C) fresh mass of the aerial part (FMAP). Conventional micropropagation (CM)
and natural ventilation system (NVS).
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sucrose, point from which the shoot showed a decreasirapt growth, regardless of the cultivation system (Fi-
trend of its length as concentrations of sucrosgure 1B).
increased. Millset al (2004) observed a longer length A better performance for fresh and dry mass of the
of the buds in photomixotrophic cultivation of jojoba inaerial part (Figures 1C and 2B) was found in the culture
the natural ventilation system. medium with 10.05 and 22. 92 ¢ kucrose, respectively
Unlike the shoots, the length of the root systernn the natural ventilation system. Similar responses were
showed greater growth in the culture medium with higbbserved in the natural ventilation system in a culture
concentration of sucrose (45 ¢)Lin combination with medium supplemented with 20 g &ucrose in cauliflower
the natural ventilation system (Figure 1B). Sucrose iops (Kanechket al, 1998). The natural ventilation
one of the main factors involved in tirevitro rooting  system promoted higher dry weight of the aerial part in
(Grattapaglia & Machado, 1998) and in this work, thé1S medium (Murashige & Skoog, 1962) containing 3%
increase in concentrations of sucrose induced highsucrose, in tomato crops (Mills al, 2004).
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Figure 2 In vitro growth of C. walkeriana according tofdient concentrations of sucrose in cultivation enviromeijsooth
system fresh mass (RSFM); B) dry mass of the aerial part (DMAP); C) dry mass of root system (DMRS). Conventional
micropropagation (CM) and natural ventilation system (NVS).
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The root system showed higher fresh mass in the f@dlter membranes permit gas exchanges with the
tural ventilation system, where roots growing in culturenvironment, and, possiblg cultivation closer to the
medium with 44.7 g £ sucrose, or using 39.17 g'L photoautotrophic culture, the development of the root
sucrose in conventional cultivation system (Figurd.2 system still directly depends on the sucrose in the
For dry mass of the root system, a linear increase of deylture medium. The same behavior was found by
matter occurred as concentrations of sucrose increasBdnechiet al (1998), in the cauliflower grown under

in bothin vitro cultivation systems (Figure 2@lthough

natural ventilation system. This dependence on
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Figure 3 Leaf anatomy of. walkerianaaccording to dferent concentrations of sucrose and cultivation environm&tsickness
of adaxial epidermis @dE); B) Thickness of abaxial epidermisABE); C) Thickness of leaf mesophyll (TLM); D) Leaf thickness
(LT). Conventional micropropagation (CM) and natural ventilation system (NVS).
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exogenous sucrose, for the growth of the root systefight intensities, mesophyll similar to that found in this
is observed inn vitro cultivations (Grattapaglia & Ma- study (Figure 4B), and a thicker adaxial epidermis
chado, 1998). Probahlyhe enegy demand during compared with the abaxial epidermis. In addition, the cells
rhizogenesis is high, causing the root system to preseémthe leaf tissue of plants grown in the natural ventilation
greater development in culture medium with largeystem are better organized than those in the
availability of carbon source. conventional micropropagation (Figure 4A and B).

The reduction or even the elimination of sucrose in Greater leaf thickness was found in natural ventilation
the culture medium the in natural ventilation system @ystem, supplemented with 23.52 g sucrose (Figure 3 D).
conventional micropropagation promoted greateThe increase in leaf thickness is a response directly related
thickness of adaxial epidermal face and abaxial face tf micropropagation in photoautotrophic culture systems
orchid plants, regardless of the cultivation system (F{Lee et al, 2000; Smithet al, 2008) and possibly with
gures 3A and B). Greater thickness of the leaf mesophifie increase iim vitro photosynthesis rates (Khabal,
was found in the natural ventilation system in a culturd003; Nguyenret al, 2001; Seko &Nishimura, 1996).
medium added with 24.28 g'lsucrose, when comparedAccording toAraujo et al. (2009), the thicker mesophyll,
with that found in the conventional micropropagatioror the number of cell layers of the mesophyll, is related
system (Figure 3C). The cultivation of plants in théo the higher efficiency of photosynthesis, also leading
culture medium with lower sucrose levels allows a closéo greater accumulation of dry mass of the aerial part,
micropropagation to the photoautotrophic culture, a®und in this study (Figure 2 B).
compared with the conventional micropropagation The ability to alter the leaf structure in response to
system. the environment has been commonly observéa witro

The epidermis ofC. walkerianaare uniestratified cultivated species (Hazarika, 2006). In addition, the na-
on both sides of the leaf, and the mesophyll preseritgal ventilation system may have the benefit of reducing
homogeneous chlorophyll parenchyma. Dignart (200hysiological changes by hyperhydrigiby reducing the
found inin vitro C. walkeriana cultured under diérent in vitro relative humidity and increase gas exchange (Park

165,um

Figure 4 Photomicrographs of cross sections of the middle thil. efalkerianaeaves of plants growim vitro in conventional
micropropagation with culture medium supplemented with 20 gucrose (A); and in natural ventilation system with culture medium

with 20 g L* sucrose (B); epidermis (ep); vascular bundle (vb); leaf mesophyll (Im); aquifer parenchyma (paq). Paradermis section of
the abaxial surface of leaves@fwalkeriana(C), presenting anomocytic type stomata.

Table 1 Leaf thickness, polar and equatorial diameter in a culture medium viitedifconcentrations of sucrose in the culture
systems

Polar diameter * (um) Equatorial diameter * (um)
Sucrose (g.1%)
NVS CM NVS CM
0 30.40Aa 34.00Aa 28.40Aa 33.50Aa
15 33.80Aa 32.60Aa 29.70Aa 31.60Aa
30 32.00Aa 36.00Aa 29.20Aa 35.80Aa
45 33.50Aa 33.01Aa 30.50Aa 33.50Aa

Means followed by the same uppercase letter in the vertical and lowercase letter on the horizontal do not differ by the test of Skoot & Knott at 5% of
probability. * Stomata diameter
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et al, 2004; Casanovet al, 2008; lvanova & Staden, Deccetti SFC, SoardsM, Paiva R & Castro EM (2008) Ect of the

2010) and orovide good cellular oraanization of leaf culture environment on stomatal features, epidermal cells and water

) P 9 9 . loss of micropropagatednnona glabral. plants. Scientia

tissue, as well as lower water loss rates in the early daysiorticulturae, 117:341-344.

of acclimatization 'and success of the process (Mills Dignart LS, Castro EM, Pasqual M, Ferronaldraga FT& Paiva R

al., 2004, Deccettiet al, 2008). (2009) Luz natural e concentragdes de sacarose no cintivtro

The leaves of. walkeriangpresent anomocytic type  deCattleya walkerianaCiéncia e\grotecnologia, 33:780-787.
stomata (Figure 4C). The equatorial and polar diametarsien W & Buysens S (19897 simple technique to overcome
of stomata had no response to the different treatmentyitrification in Gypsophila paniculata L. Plant Cell Tissue Organ
. Culture, 19:181-188.

(Table 1). Howevemore elliptical stomata are reported

as more functional, while the rounded shape is associafedeira DF (2000pnalises estatisticas por meio do SKR/para
ith hat d £ . | lad windows versao 4.0. In: 452 Reuni@ioual da Regido Brasileira da

with stomata that do not function proper y (Cape a €S sociedade Internacional de Biometria, S&o CaAaais, UFSCar

et al, 1990; Kharet al, 2003). In this work, a trend in  p.225-258.

greater difference between the values of polar and eqy@entes Gralavera C, Oropeza C, Desjarding Santamaria JM (2005)

torial diameters (@ble 1) was found in this work, leading Exogenous sucrose can decrease in vitro photosynthesis but improve

to a more eIIipticaI shape of the stomata. when Comparedield survival and growth of coconut (Cocos nucifera L.) in vitro

. . . ’ plantlets. InVitro Plant, 4:69-76.
to the conventional micropropagation system. The natu- _ ‘
ral ventilation system provided greater stomatal contriraapagiia D & Machado MAL998) Micropropagagdo. ITorres

. . . AC, Caldas LS & Buso JA (eds.) Cultura de tecidos e transformagéo
in species such a&nnona glabra(Deccettiet al., genética de plantas. Brasilia, Embrapa. p.183-260.

2008)’ JOJOba (Mlllset al, 2004_) ar_]dMQe polyphylla Hazarika BN (2006) Morpho-physiological disorders in vitro culture of
(lvanova & Staden, 2010), which is directly related to pants. Scientia Horticulturae, 108:105-120.

the photoautotrophic _m'crOprOpagat'on' ) Ivanova M & Staden JV (2010) Natural ventilation effectively reduces
Plants ofC.walkerianapresented changes in leaf hyperhydricity in shoot cultures @floe polyphylla Schénland ex

anatomy in relation to the d&rentin vitro cultivation Pillans. Plant Growth Regulation, 60:143-150.
environments, especially in relation to the thickness @fanechi M, Ochi MAbe M, Inagaki N & Maekawa S (1998he efects

the leaf mesophyll. The natural ventilation system of Carbon Dioxide Enrichment, Natuk&ntilation, and Light Intensity

. L. . . on Growth, Photosynthesis, and Transpiration of Cauliflower Plantlets
promoted in a positive waymost biometric Culture in vitro Photoautotrophically and Photomixotrophicalbr
characteristics of growth and leaf anatomsich are nal of theAmerican Society for Horticultual Science, 123:176-181.
directly related to photosynthetic processes, promoting,., sy kozai, Nguyen OTKubota C & DhawaW (2003) Growth
plant growth under these conditions. and water relations dtaulownia fortuneunder photomixotrophic
and photoautotrophic conditions. Biologia plantarum, Copenhagen,
46:161-166.
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