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Effect of carbon dioxide enrichment during
in vitro cultivation and acclimation to ex vitro conditions
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Abstract

Tebacco and camation plantlets were grown in vitre on Murashige and Skoog's
medium with 2 % saccharose. Carnation plantlets were also grown fully
photoautotrophically on a medium without saccharose. The ambient CO,
concentration was increased from 0.6 to 10 or 40 g m~3 during the last 3 weeks of in
vitro cultivation or during the first 3 weeks of acclimation to ex vifro condition
(plantlets transplanted to pots with sand and nutrient solution) or during both growth
phases. CO, enrichment during in vitro cultivation markedly stimulated growth of
tobacco plantlets, and also of camation plantlets, both with and without saccharose.
CO, enrichment during the acclimation period promoted plant growth more
effectively in plantlets grown in vitro at a CO, concentration of 0.6 g m-3 than in
plantlets grown in either growth phase at higher CO, concentrations,
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Introduction

The goal of micropropagation is to obtain a large number of genetically and
physiologically uniform plantlets with high photosynthetic potential, able to survive
the tranfer to ex vitro conditions. One way to reach this is photoautotrophic
cultivation of plantlets on a medium without saccharides. These plantlets usually
need CO, enrichment and higher than conventionally used irradiance (for reviews
see, e.g., Kozai 1991, Pospidilova es ol 1992, 1997, Buddendorf-Joosten and
Woltering 1994, JTeong et ol 1995, Kozai and Smith 1995). Such environmental
control enables promotion of plantlet growth, higher survival percentage and a
reduction in bioclogical contamination. The CO, enrichment can be achieved by
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1) using a gas permeable film for vessel closure, 2) increasing CO, concentration
around the cultivation vessels or 3) by direct supply of CO, into the vessels, e.g., by
forced ventilation. Individual growth parameters are affected by increased CO,
concentration differently in individual plant species and ontogenetic stages (e.g.,
Figueira et al. 1991, Fournioux and Bessis 1993), while interactions with other
environmental factors especially irradiance and medium composition also have to be
considered (Kozai and Iwanami 1988, Kozai et al. 1988a,b). The after-effect of
increased CO, concentration accompanied by increased irradiance or decreased air
humidity duaring i» vitro cultivation of Asparagus, Eucalyptus, Iragaria and Rubus
plantlets promotes their growth during acclimation to ex vifro conditions (Laforge
et al, 1991, Deng and Donelly 1993, Kirdmanee ef al. 1995), Less attention has been
paid to CO, enrichment during the acclimation period of transplanted plants,
Nevertheless, it could be also useful, especially in combination with supplemental
lighting (Desjardins e/ a/. 1987, Hayashi and Kozai 1987).

The aims of this paper were 1) to determine the effects on plant growth rate of
CO, enrichment during the last phase of in vifro cultivation, during acclimation to
ex vitro conditions and during both stages; 2) to compare the responses of two plant
specigs, tobacco and camation; and 3) to determine the effect of the presence of
saccharose in the cultivation medium on plantlet response to CO; enrichment.

Materials and methods

Plantlets of tobacco (Nicotiana tabacum 1., ev. White Burley) were cultivated on the
agar-solidified medium of Murashige and Skoog {1962) with 2 % of saccharose at
16/8 h photoperiod, irradiance (400 - 700 nm) of 100 umol m=2 s-!, and day/night
tempcerature of 25/20 °C, Starting one weck after culture initiation, plantlets were
exposed to three different CO, concentrations: 0.6 g(CO,) m-3 [0.1 M solutions of
NaHCOj; and Na,CO; mixed in the ratio 77/23 (v/v)], 10 and 40 g{CO,) m3 {3 M
solutions of NaHCO; and NapCO; mixed in the ratios 50/50 and 73/27 (v/v)] (for
detail see Solarova et al. 1989). After 3 weeks the plantlets were transplanted into
pots with coarse sand and IBP nutrient solution (Hewitt 1966) and grown under
similar irradiance and temperature as during the in virro cultivation. Plantlets grown
in vitro under each CO; concentration were after transplantation divided into three
groups which were grown under the three different CO, concentrations (0.6, 10 or
40 g m*3) for a further 3 weeks. Thus the growth parameters (leaf number, leaf arca,
leaf, stem and root dry masses, efc.) were determined in 3 variants after 3 weeks of
in vitro cultivation and in 9 variants after the whole treatment (3 weeks in vitro and
3 weeks ex vitro).

Similar experiments were done with camation (Dianthus caryophyllus L.
cv. Mascotte Rose) plantlets which were cultivated on agar-solidified MS medium
without or with 2 % saccharose with the aim of comparing the effect of CO,
enrichment under fully autotrophic and mixotrophic conditions, Photoperiod was also
16 h, irradiance 100 pmol m-2 s-! and day/night temperature 25/20 °C. Starting one
week after ~culture initiation, plantlets were exposed to atmospheric CO,
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concentration 0.6 g(CO,) m=3 or increased to 40 g(CO,) m or decreased to almost
0 g(CO,) m-3 (absorption of CO, by 10 % KOH solution). After 3 weeks camation
plantlets were transplanted in a similar way o tobacco plantlets, and grown under
two the different CO, concentrations (0.6 or 40 g m-3) for a further 3 weeks. Thus

the growth parameters (leaf number, leaf area, leaf, stem and root dry masses, efc.)
were followed in 6 variants after 3 weeks of i vifro cultivation and in 8 variants 3

weeks after transplantation.

Irradiance and air temperature and air humidity were measured with a ./ 1858
radiometer with a quantum sensor (Li-Cor, Lincoln, USA) and with a JUMO
Humitherm TDAc-70 (M.K. Juchheim, Fulda, Germany), respectively. Dry mass was
determined in samples oven-dried at 90 °C to constant mass. The experiments were
repeated 3 times with similar results,
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Fig. 1. Effect of CO, carichment on growth parameters of tobacco plantlets grown ix vifro on medium
with 2 % saccharose. Mcans + S.E., n=10.
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Results

Increase in CO, conceniration in the growth cabinet ffom 0.6 1o 10 o1 40 g m3
during im vifro cultivation of tobacco plantlets on the medium with 2 % saccharose
resulted in much more rapid growth of the plantlets (Fig. 1). CO, enrichment greatly
increased leal, stem and root dry masses and leal area and (o a lesser extent also leaf
number per plantlet and specific leaf mass (SLM). The larger size of plantlets grown
in vitro under CO, enrichment persisted during their further growth ex vitro (Fig. 2).
However, COy enrichment from 0.6 10 10 or 40 g ™ afler tansplantation ex vitro
stimulated growth only of those plantlets grown in virre under low CO,
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Fig. 2. Effect of different CO, concentrations (0.6, 10 and 40 g m3) on growth parameters of tobacco
plants during their acclimation to ex vifro conditions. Plantlets were initially grown in vitro on
medium with 2 % saecharose at CO, concentrations 0.6, 10 or 40 g m3. Growth parameters were
measured 3 weeks after transplantation. Means £ S E., n=10.
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concentration. Plantlets grown in vitro at CO, concentration 0.6 g m= and ex vifro at
CO, concentrations 10 and 40 g m- had higher dry masses of stems and roots and
leaf area than those grown ex virro under CO, concentration 0.6 g m-3 but the leaf
dry mass and number of leaves per plant were not aftected (Fig. 2). On the other
hand, plantlets cultivated in vitro at CO, concentration 10 or 40 g m-? had the highest
leaf area, and leaf and stem dry masses when cultivated ex vitro al COy concentration
0.6 g m3. CO, enrichment during ex vitro cultivation even had negative effects on
growth of these plantlets (Fig. 2). Nevertheless, the plants grown during the whole
experimental period (3 weeks i vitro and 3 weeks ex vitro) under COy concentration
enriched to 10 or 40 g m3 were clearly more vigorous than the plants grown during
the whole experimental period at CO, concentration 0.6 g m=3.

O, enrichment to 40 g m™ during /» virro cultivation also stimulated growth of
carnation plantlets. This stimulation was observed in those grown on the medium
without saccharose as well as with saccharose, only the effect on plantlets grown
with saccharose was less marked (Fig. 3). CO, concentration decreased near to zero
inhibited plantlet growth, and growth of plantlets on the medium without saccharose
was very low and the plantlets did not develop roots. Presence of saccharose in the
medium had positive effects on plantlet growth not only under low CO,
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Fig. 3. Effect of different CO, concentrations (0, 0.6 and 40 g m-?) on growth parameters of carnation
plantiets grown in vitro on medium with or without 2 % saccharose. Means * 8.E., n — 25,
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concentrations but also under CO, enrichment. Larger sizes of plantlets grown on
medium with saccharose also persisted during ex vitro cultivation (Fig. 4). After
G weeks the biggest plants were those cultivated in vitro on medium with 2 %
saccharose and CO, concentration 0.6 g m3 and ex vitro at CO, concentration
40 gm-3, The size of plants grown during the whole experimental period at CO,
concentrations 0.6 or 40 g m~> was comparable.
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Fig. 4. Effect of different CO, concentrations (0, 0.6 and 40 g m) on growth parameters of carnation
plants during their acclimation to ex vitru condilivns. Plantlets were initially grown in vitro on
medium with or without 2 % saccharose and at CO, concentrations 0, 0.6 or 40 g m3. Growth
parameters were measured 3 weeks after transplantation, Means + S.E., n = 25.

Discussion

CO, enrichment during in vitro cultivation greatly stimulated growth of tobacco and
carnation plantlets. Previous experiments (Solarova ef af 1989) showed that the
development of the photosynthetic apparatus in tobacen plantlets was only slightly
dependent on the type of carbon supply (medium with 2 % saccharose or without
saccharose and CO, concentration 0.6, 10 or 40 g m-3). Under natural CO, supply,
the CO, concentrations inside the vessels increased during the dark period and
decreased during the light period due to plantlet respiration and photosynthesis (see
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Solarova 1989 for details). Under CO, concentrations elevated to 10 or 40 g m-3, the
CO, in the vessels during the light period was never depleted to concentrations lower
than those saturating plantlet photosynthesis (1.0 - 1.4 g m~?) (Solarova et al. 1989,
1996). Therefore increased biomass accumulation was mostly a consequence of
increased photosynthetic rate of plantlet in situ due to control of environmental
conditions,

The growth enhancement under CO, enrichment was more strongly expressed in
tobacco than in carnation plantlets. Tn addition to species-specific responses, the
higher proportion of leaves in the total biomass in tobacco than in carnation might be
important. _

The effect of CO, enrichment was slightly more marked on cammation plantlets
grown on medium without saccharosc than on thosc grown on medium with 2 %
saccharose. Nevertheless, growth parameters of carnation plantlets were higher in
those grown mixotrophically than in those grown photoautotrophically under all CO,
concentrations, as was found previously in tobacco plantlets (Solarova et al. 1989,
Ticha 1996).

Larger sizes of tobacco and carnation plantlets grown in vitro under CO,
enrichment persisted during their further growth ex virro. Therefore the promotion of
growth of Asparagus, Fucalyptus, Fragaria and Rubus plantlets during acclimation
to ex vitro conditions, as an after-effect of increased CO, concentration during in
vitro cultivation (Laforge er al. 1991, Deng and Donnelly 1993, Kirdmanee et al.
1995), was confirmed also in tebacco and carnation plantlets.

The CO, enrichment after transplantation to ex vitro conditions strongly stimulated
growth of tobacco and carnation plantlets grown i vitro under low CO,
concentration, After 6 weeks the size of plants was the largest when they were
cultivated in vitro at CO, concentration 0.6 g m~ and ex vitro at CO, concentration
40 g m?. Thercfore the uscfulness of CO, enricliment during the acclimation period
of transplanted strawberry plants found by Desjardins er a/. (1987) and Hayashi and
Kozai (1987) was confirmed also with tobacco and carnation plants.

On the other hand, plantlets cultivated during both growth phases under CO,y
enrichment were smaller. So the long-term effect of high CO- concentration was less
effective than the short-term effect. This might be because of down-regulation of
photosyuthesis found in plants growing [or a long period under COy enrichment (for
review sce, e.g., Reining 1994),
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