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Introduction: In breeding programs, in vitro propaga-
tion can be successfully used as an alternative for rapid
multiplication. To improve this technology it is important to
increase the limiting factors of in vitro plant photosynthe-
sis, low CO; concentration and low light intensities. (ScHocH
ef al. 1989; FALQUE ef al. 1991; DurinG and Harst 1996).
There is a lack of knowledge concerning the biological be-
haviour of plantlets during acclimatization (BrRenDEL 1986;
GriBaupo and Fronpa 1993) when slowly growing plants
are extremely sensitive to environmental conditions, espe-
cially to water stress. Experiments on gas exchange are of
particular interest (SLAvTCHEvVA and DimiTrova 1997).

In this paper, rates of net photosynthesis and dark res-
piration of in vitro plants during their acclimatization were
determined. Special emphasis is given to the effects of light
and temperature and to the mode of in vitro culture.

Materials and Methods: Plant material: Investi-
gations were carried out with clones of Dimiat (4/24, 4/38)
and Italian Riesling (3/47). Two groups of plantlets were
used: initially in vitro-propagated plants (IP) obtained from
one-node cuttings of field-grown vines; micropropagated
in vitro plants (MP) of the 17th (Dimiat 4/24), 15th
(Dimiat 4/38) and 15th (Riesling 3/47) subculture, which were
obtained from one-node cuttings (single leaves attached) of
in vitro plantlets. The explants were cultured on modified
MS medium with half-strength macrosalts, full-strength
microsalts and indole-3-acetic acid (Img-1"") (SLavTcHeva and
Dimitrova 1997). The explants were kept at 26-28 °C,
60-100 umol quanta-m~2s”' and a photoperiod of 16h. After
in vitro culture for one month, the plantlets were transferred
to non-sterile conditions for adaptation and acclimatized to
100 pmol quanta-m2-s’! and 26-28 °C. On days 18 and 32 of
the adaptation period plant growth characteristics were de-
termined.

Gas exchange: Two series of measurements of
photosynthesis (Pn) and dark respiration (Rd) were carried
out. Each series had a duration of 4 d: from day 14 to day 17
after transfer from in vitro culture and from day 28 to day 31
respectively. The vinelets (5 per variant) were placed in
exiccators connected to an open measuring circuit (details:
SLavTcHEVA and DiviTrova 1997). Pn and Rd were determined
by means of an infra-red gas analyser (URAS-2, Germany)
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connected to a 12-point-recorder (Polycomp). Air humidity
in the laboratory was 80-85 % and CO, was 350 ppm. As
light sources, high pressure mercury vapour lamps
(LRF-400 W, Poland) were used. Four light intensities were
tested: 20, 100,200 and 400 pmol-m2-s”'. The measurements
were carried out at 21 °C (on days 14, 15, 28 and 29 after
transfer from ixn vitro culture) and 26 °C (on days 16, 17, 30
and 31).

Statistical analysis: The data were statistically
processed by analysis of variance (Barov and NAYDENOvVA
1969).

Results and Discussion: Plant growth: The
plantlets developed well after transfer from in vitro culture
(Table). Root and shoot growth of MP plants was improved
probably due to the better adaptability to cultural condi-
tions. According to Rousseva and PANDELIEV (pers. comm.)
shoot and root development of in vitro plants is more inten-
sive and requires less time if single leaves are present on the
microcuttings. In this trial, shoots as well as roots were longer
(7-64 % and 10-50 %, respectively) compared to IP ones.
Leaf area of MP plants was also larger (13-38 %). The most
considerable differences in plant growth were found with
Dimiat 4/24.

Photosynthesis: Netphotosynthetic rates
increased significantly with light intensity (Figure), espe-
cially from 20 to 200 umol'm-2-s"!, However, in no case light
saturation of Pn was observed. The values were similar to
in vivo-cultured potted plants (Stoev and SLavTcHEVA 1982).

Table

In vitro plant growth during the acclimatization period
(mean values of two measurements)

Shoot Root Leaf

length number of length number  area

mm nodes mm dm?

DIIP 73.5 86 266.2 50 038
D1 MP %72 , 104 2934 57 043
D21P 616 83 3440 6.9 040
D2 MP 100.8 117 5505 94 0.55
RIP 76.5 84 288.2 58 040
RMP 81.5 9.7 3579 52 045

IP: Initially in vitro-propagated from field-grown vines.
MP: Micropropagated of 15", 17", and 15" subcultures, resp.
D1: Dimiat 4/38; D2: Dimiat 4/24; Rz Italian Riesling 3/47.

At low light intensities (20 or 100 umol-m2-s!), an in-
crease of temperature was related to a decline of Pn in the
first series of measurements (Figure, A and C) which is due
to the more rapid increase of Rd compared to Pn with tem-
perature. However, the temperature enhancement affected
Pn augmentation at 400 pmol quantam™s’! and partly at
200 umot quanta-m2-s”'. It has been demonstrated (Stoev
and SLavTcHEVA 1982), that the temperature optimum of Pn
of in vivo plants shifts to higher temperatures with increas-
ing light intensity. The temperature effect on Pn was found
in the second measuring series as well (Figure, B and D). In
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contrast to the first series, higher rates of Pn occurred at
26 °C at all light intensities. Differences among the variants
were shown to be not significant at 20 and 100 pmol-m2-s°1,
but significant at 200 and especially at 400 umol'-m™2-s™!.

Under the experimental conditions, Pn was not affected
by subculturing. However, higher photosynthetic rates were
measured most frequently at 200 and 400 pmol quanta-m2-s’!
with MP plantlets.

Differences between vine varieties were related to the
light and temperature conditions and to the mode of in vitro
culture. The lowest photosynthetic rates in this trial were
obtained with Dimiat 4/24. Variety-specific differences of
in vivo plants occurred generally with respect to the com-
pensation point, light saturation, and temperature optimum
(SToEV and SLAVTCHEvA 1982).

Dark respiration: An increase of ambient
temperature by 5 °C led to a significant Rd increment
(1.6-2.3 times) in the first series of measurements (Figure, A
and C), but to small changes (1.0-1.3 times} in the second
series (Figure, B and D), which can be explained with the
adaptation of plantlets to the environmental conditions. The
values of Rd (from -0.7 to -0.3 pmol CO,'m2-s!) were in the
range of those found on in vivo-cultured pot plants (SToev
and StavtcHeva 1982), or a little bit higher. In the first series
of measurements, the light compensation point was
12-18 umol'm?-s™" at 21 °C and 16-22 pmol-m%-s-! at 26 °C; in
the second series it was 14-22 umol-m2-s-'at the two tem-
peratures.

No significant differences were observed between the
two groups of plants with respect to Rd. Taking into consid-
eration whole plantlets, MP plants had a higher Rd which
corresponded to their better vegetative growth. Irrespec-
tive of the plantlet group, significant differences occurred
with regard to Dimiat 4/24, but not between Dimiat 4/38 and
Italian Riesling 3/47.
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Figure: Rates of net photosynthesis (Pn) and dark respiration (Rd)
(mean values) of initially propagated (IP) and micropropagated
(MP) further subcultured in vitre plants measured at 21 °C (=)
and 26 °C (---) during acclimatization. A and C: from day 14 to
day 17; B and D: from day 28 to day 31. D1, D2, R: sce Table.




