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Stomatal behaviour, photosynthesis and photorespiration of in vitro-grown grapevines: 
Effects of light and C02 

by 

H. DORING and MARGJT HARST 

Bundesanstalt ftir Ztichtungsforschung an Kulturpflanzen, Institut ftir Rebenztichtung Geilweilerhof, Siebeldingen, Deutschland 

S u m mar y : To improve photosynthesis and growth of grapevines cultivated in vitro (Seyval blanc and SO 4) effects of light 
intensity, spectral irradiance and C02 concentration on stomatal behaviour, C02 fixation and photorespiration were studied. Stomata 
were shown to respond to changes of light intensity but, unlike photosynthesis, their reactions were delayed and stomatal closure 
was incomplete in the dark. In contrast, alterations of the C02 concentration in the headspace (50-2200 ppm) did not cause stomatal 
reactions. Photosynthesis vs. light intensity relationships indicated lower light compensation points, higher quantum yield and 
higher rates of light-saturated photosynthesis with "Fluora" lamps (maximal spectral irradiance at 460 and 680 nm) compared to 
"projector" lamps (maximal spectral irradiance at 620 nm). Photosynthesis vs. intercellular C02 concentration relationships indi­
cated varietal differences, the carboxylation efficiency and rates of photosynthesis at C02 saturation being distinctly higher in the 
more vigorous variety SO 4 compared to Seyval blanc. Under the usual light conditions of our in vitro culture (50-60 IJ.mol quanta· 
m-2·s- 1

, Fluora) the headspace C02 concentration ranged from 145 to 155 ppm.while at the end of a 10-hour dark period it increased 
to values >3000 ppm. Rates of photorespiration were high (>50 % of photosynthesis) due to the relative low C02 concentrations and, 
presumably, due to elevated 02 concentrations in the headspace. It is concluded that the often observed low rates of photosynthesis 
of in vitro plantlets are mainly due to low light intensity and C02 concentration in the headspace, the latter depending on the low 
rates of gas diffusion between ambient air and headspace. 
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Introduction 

C02 and light conditions are of predominant impor­
tance for growth and development of plantlets in culture 
vessels as many in vitro-grown species, including grape­
vines, were shown to be photoautotrophic, i.e. to grow with 
C02 and light as the sole carbon and energy sources (re­
view: WIDHOLM 1995, grapevine: LIMA DA SILVA et al. 1996). 
The C02 concentration in the aerial part of vessels con­
taining plantlets, the headspace C02 concentration (eh), 
depends on the rate of C02 uptake and respiration of the 
plantlet, the ambient COz concentration and the rate of 
C02 diffusion between ambient atmosphere and headspace. 
Rates of photosynthetic C02 uptake of in vitro plants have 
been shown to be similar to those of outdoor-grown plants 
when put on a chlorophyll basis but lower when put on a 
dry weight basis (WIDHOLM 1995, LIMA DA SILVA et al. 1996). 
Dark respiration rates of in vitro plants were shown to be 
higher compared to outdoor-grown plants (CHAGVARDIEFF 
et al. 1990). In tissue culture light intensity is often equal 
or lower than one tenth of the light intensity at which pho­
tosynthesis of outdoor-grown plants is light-saturated 
(ea. 800 jlmol quanta·m-2·s-1

, DORING 1988). Thus, although 
presumably adapted to low light intensity, higher light 
intensities are assumed to raise rates of photosynthesis and 
plant growth of in vitro plantlets (KoZAI et al. 1990). 

The number of experiments to improve photosynthe­
sis and growth of in vitro grapevines by alterations of am­
bient conditions in the vessels, namely light intensity and 
C02 concentration, is rather limited. FouRNioux and BEssis 

( 1986) investigated effects of heads pace C02 on the 
morphogenesis of grapevines. To our knowledge, FALQUE 
et al. (1991) and recently LIMA DA SILVA et al. (1995, 1996) 
were the first to present relationships between rates of pho­
tosynthesis and C02 supply using in vitro-grown grape­
vines. 

In this paper rates of photosynthetic C02 fixation as 
affected by light intensity and C02 concentration and rates 
of photorespiration of in vitro-cultivated grapevines were 
studied. There is evidence for stomata of in vitro-grown 
grapevines to respond to alterations of light intensity but 
not to changes of C02 concentration. 

Materials and methods 

P 1 a n t m a t e r i a 1 : In vitro plantlets of the 
interspecific hybrid Seyval blanc · (Seibel 4995 x Seibel 
4986) and the rootstock variety SO 4 (Vitis berlandieri x 
Vitis riparia) have been used in our studies. After transfer 
to in vitro conditions the cultures were kept under 
standardized ambient conditions of 26 ± 1 oc, 16 h light at 
an irradiance of ea. 50-60 jlmo1 quanta · m-2 

· s- 1 provided 
by Fluora fluorescent lamps (Osram L58W 177). The cul­
tures were maintained by routine subcultures in 3-month 
intervals onto fresh LS medium (LINSMAIER and SKooo 
1965) according to HARST (1995). 

M e t h o d s : Plantlets were selected for uniformity 
and transferred to a room with similar ambient conditions, 
temperature ranging from 26 to 20 °C (day/night). 
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For measurements of gas exchange light was provided by 
a projector lamp (12 V, 75 W, General Electric). Light in­
tensity in the vessels was altered by inserting stepwise gray 
filters below the light bulb. Maximal spectral irradiance 
of this type of lamp is at 620 nm (orange). 

Alternatively, light was provided by 8 Fluora lamps 
(Osram L 18W 177) grouped in front (3), behind (3) and on 
top of the vessel (2) containing the plantlet. Except where 
indicated we used Fluora lamps in our experiments (mean 
light intensity in the vessels: 162 ± 13 j..lmol quanta·m-2·s-1

). 

Light intensity was altered by switching on or off one or 
more lamps alternately on the left and right hand side. 
Maximal spectral irradiance of Fluora lamps is at 460 nm 
(blue) and 680 nm (red). Darkness was obtained by switch­
ing off all lamps and by covering the vessel by a black 
plastic foil. 

Gas exchange measurements were performed using a 
"Minikiivetten System" (Walz, Effeltrich, Germany) with 
a gas mixing device to keep the C02 concentration con­
stant and to lower the 0 2 concentration of the gas stream 
by using ofN2 instead of ambient air (details: DuRING 1988). 
The glass lid of the culture vessels was replaced by a rub­
ber seal containing two glass tubes through which the meas­
uring gas entered and left the vessel. Temperature and hu­
midity of the gas stream were kept at 22.0 ± 0.1 oc and 
98-99 %, respectively. To keep the temperature of the gas 
stream constant the air passed through the temperature­
controlled measuring cuvette and from here directly into 
the vessel. Air humidity was controlled by adjusting the 
dew point of the gas stream by Peltier elements (MGK-4, 
Walz). In a series of experiments the surface of the me­
dium was covered by paraffin oil to prevent gas exchange 
between the root zone and the headspace. Data were col­
lected by a data logger (DES, Walz) and calculated using 
DIAGAS software, version 1.38 (Walz). 

To determine the C02 concentration of the headspace 
(eh) vessels closed by a glass lid and containing a plantlet 
(Seyval blanc, shoot length 12.5 ± 0.4 cm, 0.07 ± 0.01 g 
dry weight) were perforated by a glass borer just above the 
medium (diameter of the hole: ea. 1.5 mm) and sealed by 
an elastic, air-tight foil (Parafilm). From 9 to 11 a.m., i.e. 
at least 2 h after the onset of the light period, when eh 
values had equilibrated, air samples from the headspace 
were collected by a 50 ml syringe after perforating the 
elastic seal by the needle. The air samples were injected 
into a C02 analyser (Binos 4b.l, Leybold-Heraeus, Ger­
many) measuring C02 concentrations up to 3000 ppm. 

Rates of photorespiration of plant tissue were calcu­
lated according to SHARKEY (1988). 

Results 

Transpiration and stomatal reaction: 
It has been documented that stomata close if ambient C02 

concentration is raised above a threshold, which depends 
on the C02 sensitivity of the leaf (DuRING 1991, DuRING 
and STOLL 1996). In our experiments with in vitro plantlets 
(Seyval blanc) rates of transpiration, which are closely re-

lated to stomatal aperture (RASCHKE 1979, DuRING 1987) 
were not affected by ambient C02 increasing from 50 to 
1200 ppm. In additional experiments, they even did not 
respond to headspace C02 concentrations increasing step­
wise to 2200 ppm (data not shown). 

In a subsequent experiment the light intensity provided 
by Fluora lamps was reduced stepwise from 190 j..lmol 
quanta·m-2·s- 1 to zero and increased again to ea. 190 j..lmol 
quanta·m-2·s- 1

• As is shown in Fig. 1 rates of photosynthe­
sis reacted almost synchronously to changes of light inten­
sity (r2 = 0.77) and also transpiration decreased to 50% in 
the dark; when light intensity was raised transpiration in­
creased again. In contrast to photosynthesis responses of 
transpiration were much less synchronized to changes of 
light intensity (r2 = 0.43). 

These experiments indicate that stomata of in vitro 
p1antlets are functional to a certain extent but will not close 
completely in the dark. 
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Fig. 1: Effects of stepwise alteration of light intensity provided 
by Fluora lamps (above) on rates of photosynthesis and transpi­

ration indicating stomatal reactions. Variety: Seyval blanc. 

P h o t o s y n t h e s i s : To study the effects of light 
intensity on photosynthesis Seyval blanc and SO 4 plantlets 
were exposed to increasing light intensity (Fig. 2). With 
projector lamps the light compensation point ranged be­
tween 6 (SO 4) and 13 j..lmol quanta·m-2·s-1 (Seyval blanc), 
thus being similar to outdoor-grown grapes (DuRING 1988). 
With Fluora lamps the light compensation point was dis-
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Fig. 2: Effects of light intensity provided by two different light 
sources, a projector lamp (a) and Fluora lamps (b), on photosyn­
thesis of two varieties. Note, that graduations are different in 
a and b. Symbols represent average values of 4 replicates; vari-

etal differences are not significant (P = 5 % ). 

tinctly lower, 2.6 11mol quanta-m-2-s-1 for both varieties. 
Quantum yields (mg C02 • g dry wf1·h-1 related to 11mol 
quanta·m-2-s-1

) were equal in both varieties but differed 
with the type of lamp: 0.5 with the projector lamp and 3.0 
with Fluora lamps. With the projector lamp light satura­
tion was reached at values >600 11mol quanta-m-2-s- 1 in both 
varieties while with Fluora lamps it was not fully achieved 
due to the limited number of lamps installed. Obviously, 
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Fig. 3: The photosynthesis vs. headspace C02 concentration re­
lationship of Seyval blanc and SO 4 vines. LSD (5 %) = 16.3. 

light provided by Fluora lamps is more efficient with re­
gard to photosynthesis than light provided by projector 
lamps . 

Reactions of photosynthesis of in vitro plants to vari­
ous C02 concentrations in the headspace were determined 
by increasing stepwise the C02 concentration from 50 to 
2000 ppm at saturating light intensity, constant tempera­
ture and constant air humidity. In preexperiments with and 
without the medium being covered with paraffin oil we 
found that the C02 concentration of the heads pace was not 
significantly altered by C02 evolving from the root zone. 
Only roots which had grown into the headspace slightly 
increased the headspace C0 2 concentration. 
Those plantlets were excluded from experiments. As 
stomatal apertures of illuminated plantlets at high air hu­
midity stay open when the C02 concentration is increased 
the headspace C02 concentration is assumed to equal that 
of the intercellular C02 concentration, i.e. the curves shown 
in Fig. 3 can be regarded as photosynthesis vs. intercellu­
lar C02 concentration relationships. It is interesting to note 
that in vitro-grown SO 4 known to be more vigorous than 
Seyval blanc has higher rates of C02 assimilation at satu­
rating C02 concentration. While the C02 compensation 
points of both varieties are similar ( 48 and 50 ppm for 
SO 4 and Seyval blanc, respectively), the carboxylation 
efficiency and the rate of photosynthesis at C02 saturation 
("photosynthetic capacity") of SO 4 plants were signifi­
cantly higher compared to Seyval blanc. 

H e a d s p a c e C 0 2 c o n c e n t r a t i o n s : Under 
the usual in vitro culture conditions practised in our insti­
tute (50-60 11mol quanta-m-2-s- 1 (Fluora), 26 oc ambient 
temperature, 16-h light period) using adult plants eh val­
ues ranged from 145 to 155 ppm C02 during the light pe­
riod. Higher light intensities led to a lowering of eh, lower 
light intensities to an increase. E.g., at 130 11mol 
quanta-m-2-s- 1 eh was 130 ppm C02, while at 43 11mol 
quanta-m-2-s- 1 eh increased to 160 ppm C02. Due to the 
fact that ambient (room) C02 concentrations ranged from 
400 to 450 ppm C02 it is concluded that under the men­
tioned in vitro conditions rates of photosynthesis are lim­
ited by an insufficiant C02 supply to the headspace. 

When air samples of the headspace were taken at the 
end of a 10-h dark period the C02 concentration had in­
creased to very high concentrations (3000 ppm) due to dark 
respiration. These values decreased rapidly after the onset 
of the light period to reach constant levels after ea. 1 h 
(data not shown) . 

Photo res pi ration: Rates ofphotorespiration 
were calculated from data of experiments with Seyval blanc 
plantlets in which we increased the C02 concentration in 
the headspace stepwise from 30 to 1200 ppm. Fig. 4 shows 
that absolute rates of photorespiration decreased with in­
creasing C02 supply from 27.9 to4.7 mg C02 • g dry wf 1-h- 1 

while relative rates of photorespiration decreased from 53.6 
to 3.3 % of photosynthesis. From this it can easily be de­
duced that under the usual in vitro culture conditions with 
eh values ranging from 130 to 150 ppm C02 high rates of 
photorespiration will cause distinct reductions of C02 as­
similation due to the low C02/02 ratio at the chloroplasts. 
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Fig. 4: Absolute (.A.) and relative (•) photorespiration rates as a function 
of C02 concentration in the headspace. Variety: Seyval blanc. 

This conclusion was further substantiated by a series of 
experiments with Seyval blanc plantlets: When the nor­
mal 0 2 concentration of the air (assumed to be ea. 21 %) 
was lowered to almost zero (replacement of ambient air 
by N2) photorespiration was suppressed and C02 fixation 
increased by 37-46 %. 

Discussion 

There is strong evidence that rates of photosynthesis 
of in vitro plantlets are limited by two major ambient 
factors: low C02 concentration in the headspace of the 
vessels and low light intensity. The low eh values are -
inter alia - a consequence of the severely reduced rates of 
gas diffusion between the atmosphere and the headspace 
(FOURNIOUX and BESSIS 1986). This low rate of gas diffu­
sion is necessary to maintain aseptic conditions at high air 
humidity in the headspace. However, it may lead to an 
increase of the 0 2 concentration in the headspace (RIGHEFFI 
et al. 1993) and thus to an additional shift of the C02/02 

ratio at the chloroplasts towards 0 2, thus favoring the 
oxygenase activity of Rubisco. This explains the high rates 
of photorespiration under the usual cultural conditions and 
the beneficial effect of replacing ambient air by nitrogen 
on photosynthesis. If gas diffusion is further reduced the 
headspace C02 concentration can decline to the C02 com­
pensation point as has been shown with Vitis rupestris 
plantlets by FALQUE et al. (1991). 

In many in vitro culture rooms light intensity is an­
other limiting factor of photosynthesis. However, as higher 
light intensities were shown to lower eh values the positive 
effect of an increase of illumination is closely associated 
with the need to increase gas diffusion between headspace 
and atmosphere. 

The distinct increase of respirational C02 during the 
dark period confirms results of FALQUE et al. (1991) who 
measured C02 concentrations of more than 4000 ppm in 
hermetically sealed vessels containing V. rupestris plantlets. 

Due to the extreme climatic conditions in the headspace 

stomata of in vitro-grown plantlets are believed to be mal­
formed, malfunctioning or unable to function (e.g. Z1v et al. 
1987, GHASHGHAIE et al. 1992, JoNES et al. 1993, SALANON 
et al. 1993, MIGUENS et al. 1993). On the other hand sto­
mata of in vitro plantlets are described to be wide-open at 
high relative humidity and to close, i.e. to acclimatize when 
relative humidity is lowered stepwise (BRAINERD and 
FucHIGAMI 1982, MARIN and GELLA 1988, JoHANSSON et al. 
1992, NovELLO et al. 1992, SMITH et al. 1992, DENG and 
DoNNELLY 1993). Guard cells of two in vitro-grown V. vini­
fera varieties were reported not to develop well under low 
light and high humidity conditions. As a consequence they 
opened too wide and did not close completely when treated 
with abscisic acid or when subjected to low temperature, 
drought, osmotic stress or darkness (CAo et al. 1993). Our 
results indicate delayed stomatal responses to changes of 
light intensity and confirm the inability to close completely 
in the dark. We have shown previously that in vitro-grown 
grapevines, like field-grown vines, have a heterobaric leaf 
type and that non-uniform stomatal reactions can be ex­
pected (DORING and STOLL 1996). Thus, it is assumed that 
incomplete stomatal closure is due to a lowering of the 
ratio of open to closed stomata. Light-induced stomatal 
movements may be associated with alterations of the 
amount of abscisic acid available to the guard cells (Cow AN 
et al. 1982). In contrast, changes of C02 concentrations in 
the headspace did not affect stomatal apertures in our ex­
periments. It is speculated that this might be associated 
with the low availability of abscisic acid in (unstressed) 
in vitro plantlets; abscisic acid has been shown to induce 
sensitization of stomata to C02 (RASCHKE 1975). 
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