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SUMMARY

Tissue-cultured plants are different from normal plants because of the

environmental conditions in a tissue-culture container. Together with

the water retention capacity (WRC) of the headspace in a container,

the gas composition is responsible for a divergent physiological

behaviour. By controlling the WRC of the headspace the physiology

and anatomy of tissue-cultured plants can be improved to resemble

normal plants.

During culture in vitro under our conditions, the C0
2
-level showed a

typical circadian shift depending upon illumination, but was always

higher than the normalatmospheric concentration.Carbon

accumulating in tissue-culturedplants in vitro originated both from

headspace-C0 2
and sucrose in the culture medium. Theevolution of

photosynthesis during the acclimatization process allowedthe

determinationof the condition ofthe plant and indicatedthe

occurrence of stress after planting and after transfer from weaning to

normal conditions.
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INTRODUCTION

MATERIALS AND METHODS

CO
2
-evolution in tissue-culture containers

Plantmaterialand cultureconditions. Rosa multifloraL. cv. Montse was micropropagated

by monthly subcultures in Meli jars (370 ml) on 100 ml Stage II medium (Cappelades

*To whom correspondence should be addressed.

Normal looking tissue-cultured plants (TC-plants) are quite often anatomically and

physiologically aberrant dueto the ambientconditions in vitro.

For tissue culture closed containers are used to avoid infections. As a consequence, the

composition of the headspace in those containers differs from the ambient atmosphere of

the culture room. The most obvious headspace components that are influenced by this

situation, are the relative humidity and the C0
2
-content. Both will be discussed in the

present article.
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1989) with 3% sucrose (10 shoots per jar). In the upper edge of the jar a small nick was

made to improve gas exchange with the environment. The jars were closed by a poly-

carbonate screw-on lid, with a serum cap inserted for headspace sampling during the

experiments. The jar was wrapped in a stretch film to minimize water loss. Culture con-

ditions were: temperature 23 + 2°C; photosynthetic active radiation (PAR)±35 pmol

m
2

s
-1

; 16h light (fluorescent tubes type Osram L36W/31 Warnton Lumilux Warm

White), 8 h darkness. Relative humidity in the jar was not controlled.

C0
2
-evolution analysis by gas chromatography. C0

2
was measured by gas chromato-

graphy. Using gas-tight syringes, 1 ml samples were taken and injected into a Delsi

Nermag IGC11M gas chromatograph, equipped with a thermal conductivity detector

(TCD). The type of column was a dual-phase GC-column (CTR II, BIORAD RSL N.V.,

Eke, Belgium) consisting of an inner column (packed with Porapack to separate air,

methane and carbon dioxide) and an outer (packed with a molecular sieve 50“
1

nm to

separate oxygen, nitrogen, methaneand carbon monoxide). Operating conditions were:

column temperature: 30°C; flowrate of the carrier gas (He): 25 ml min-1
; current through

the conductor: 180mA. Retention timesand integration values of the peaks were deter-

mined with a Enica 31 recorder-integrator linked to a personal computer and equipped

with appropriate software. An appropriate standard solution (BIORAD RSL N.V.,

Gent, Belgium) was provided with the CTR II column. C0
2

was expressed in pi 1
1

(ppm).

The C0
2
-evolution was observed over 24 h, sampling five jars each hour. This was done

four times during the whole culture period, taking five new jars for each sampling time.

Chlorophyll-a fluorescence kinetics

The intensity of chlorophyll fluorescence from leaves of Gerberajamesonii plants was

measured in a non-destructive way with a fluorometer model SF-30 (Richard Branker

Research Ltd, Ottawa, Canada). The fluorometerhas a cylindrical sensing probe with a

20 mm diameteropening on the lower side which contains a light-emitting diode, provid-

ing illuminationcentred around670 nm, and a photo-diode sensor which detects light ofa

wavelength longer than 710 nm.

Before measuring chlorophyll fluorescence, plants were kept in the dark for 30 min.

After thisdark adaptation the uppersurface of a full expanded leafwas illuminatedwith a

light intensity of 3 W m~
2

(1 W = 5-59pmol s ') during 150 s. Fluorescence induction

curves were stored in a microprocessor unit and the fluorescenceparameters I (intermedi-

ary level), P (peak level) and T (terminal level) from the Kautsky curve were calculated

(Govindjee et al. 1986).

RESULTS AND DISCUSSION

Controlof water retention capacity

The high relative humidity is the major driving force behind the phenomenon called

‘vitrification’. It has been suggested (Debergh et al. 1992) that the use of this term should

be reconsidered as it is also used in cryobiology. The term ‘hyperhydricity’ has been

proposed as an alternative.

The confined conditions combined with the heating of the bottom of the container by
the lights installed on the lower level, are responsible for the high relative humidity in a

container. This situation creates a limited difference in water retention capacity between

the stomatalcavity and the headspace and is thereforethe major cause of all kinds of both
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subtle and obvious abnormalitiesrelated to hyperhydricity (Ziv 1991). Different methods

have been proposed to lower the relative humidity: increasing the agar concentration

(Debergh et al. 1981); using an agar with a higher gel strength (Debergh 1983); increasing

the aeration of the container (e.g. Dillen & Buysens 1989); overlaying the medium with a

paraffin layer (Wardle et al. 1983); and increasing the light intensity (L. J. Maene, pers.

comm.)- All these methods lower the relative humidity but do not allow control. Problems

related to high salt concentrations can occur especially when water vapour can escape

from the container. The only practical method for controlling the relative humidity is

bottom cooling: water is maintainedin the container and the required relative humidity

is installed at will (Maene & Debergh 1987; Vanderschaeghe & Debergh 1987). Bottom

cooling yields more ‘normal’ plants. This has been exemplified with Rosa: hydathodes are

less numerous, stomata are more functional (Capellades el al. 1990a) and water retention

capacity of leaves is improved (Capellades 1989).

CO2-evolution in tissue culture containers

At present there is a lot of interest in the photo-autotrophic micropropagation system as

proposed by Kozai et al. (Kozai 1991 and references mentionedherein). The general belief

is that at transition from in vitro to in vivo conditions plants should be as autotrophic as

possible to overcome the transplantation shock with least difficulties. It is also believed

that C0
2

is a limiting factor during the in vitro stages. Under our experimental conditions

neitherof these statements have been confirmed.

Capellades et al. (1990b) have shown that the least photo-autotrophic plants of Rosa

multiflora give the best results (time and success rate) during the acclimatization stage. In

the course of micropropagation, the C0
2
-concentration always remained higher than the

normalatmospheric concentrationof350 ppm ( = 350 pi I -1) (Fig. 1) and showed a typical

day-night pattern (we used 30 pmol m~
2 s~', Kozai (1991) used approximately 250 pmol

m~
2 s~'). These results have been confirmedfor other differentspecies, namely Asparagus

officinalis, Cordyline terminalis, Prunus spp. and Sequoiadendron.

Photosynthesis in vitro

The carbon metabolismof micropropagated roses was quantified by using two labelled

substrates:
l4

C-sucrose and
l4

C-C0
2 . It was shown that growth caused by C0

2
-fixation,

varies between25 and 60%, depending on the cultivar(De Riek et al. 1991). An example of

the distributionover the different fractions is shown in Fig. 2.

The evolution ofphotosynthesis during acclimatization

Chlorophyll-a fluorescence kinetics was used to follow the evolution of photosynthesis of

micropropagated Rosa multiflora (Capellades et al. 1990b) and Gerberajamesonii during

the acclimatization stage. The (P—I)/I ratio of the Kautsky curve revealed that their

changes agreed with those of leafnet photosynthesis (Capellades et al. 1991). From the

results of Capellades et al. (1991) it is obvious that the least autotrophic plants

accumulated most starch in their chloroplasts and are best suited for acclimatization

underthe experimental conditionsproposed.

An example of the evolution of the (P —I)/I ratio for Gerberajamesonii is presented in

Fig. 3. This figure indicates the successions of stress. Immediately after transplanting to

greenhouse conditions the (P —I)/I ratio for all treatments increased (this reveals an

increase in photosynthesis), but after 1 week a significant decreaseoccurred. This decrease

probably coincided with the depletion of the starch stock in the chloroplasts. Then, the
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Fig. 1
.
Convolution in micropropagatedRosa multifloraover 24 h onDay 10 (a), Day 28 (b) and Day 41 (c) of

the propagationcycle (1= 1-9: dark period; 1= 9-24: lightperiod; light intensity 30 pmol m
2

s ').
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ratio raised again (plants had rooted). When the plants were transplanted from weaning

conditions(high relative humidity) to a conventional greenhouse (low relative humidity)

at 3 weeks after transplanting from the tissue-culture containerthe ratio decreased again.

After 5 weeks, an average ratio of 0-32 was observed reaching 0-56 after 8 weeks. This

indicates the improved photosynthesis.

Figure 3 also illustrates that raising the C0
2
-concentration during acclimatization from

450 (Treatments 3 and 4) to 900 ppm (Treatments 1 and 2) hastened the acclimatization

process. Moreover the quality of the plants had improved (Fig. 4).

CONCLUSION

The quality of in vitro plants can be improved by lowering the humidity in the headspace of

the container. During the in vitro stages, C0
2

was never in shortage (always higher than

Fig. 2. The evolution of the sucrose uptake (a) and the total dry matter increase (b) of stage-2 cultures of

micropropagated Rosa multiflora.The repartitioningover the different fractions ispresented.
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350 pi 1 '), and its concentration followed a typical night-day curve. A considerablepart

(between 25 and 50%, De Riek et al. 1991) of the growth in stage-2 cultures was caused by

C0
2
-fixation.

During the acclimatization process, the least photo-autotrophic shoots behaved the

best. Chlorophyll-a fluorescence enabled the evolution of the photosynthetic process

during the acclimatization to be traced. High C0
2
-concentration (900 ppm) favoured

photosynthesis and quality of the plants.

Fig. 3. Evolution of the (P — I)/I ratio during the acclimatization of Gerbera jamesonii. Treatment 1: C0
2

900 ppm, PAR 95 pmol m
2

s Treatment 2; C0
2

900 ppm, PAR 52 pmol m
2

s Treatment 3: C0
2

450 ppm,

PAR 95 pmol m
2

s
-1

; Treatment 4: CO
2 450ppm, PAR 52 pmol m

2
s ' (the arrow indicates the transfer from

weaningto normal conditions).

Fig. 4. Size repartition of micropropagated For the different treatments see Fig. 3Gerbera jamesonii.
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