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Abstract

Contents and functioning of photosynthetic pigments and gas exchange of Nicotiana
fabacun 1. leaves were sludied in platlets cultivated i virro under different €O,
supply. The plantlets were grown for six weeks either in glass vessels tightly closed
with aluminium foil (G-plants) or in polyearbonate Mageara (74-7 vessels covered
with closures with microparous vents (M-plants). M-plants (better supplied with
COs) had higher contents of chlorophyll (Chly . Chl A, and [f-carotene. higher
photochemical activities of photosysiem 2 and whele electron transport chain. and
fower contents of xanthophyll cyele pigments. Differences in Chl o {luorescence
kinetic parameters between G-plants and M-plants were not statistically significant.
M-plants had higher net photosynthetic rate, and lower transpiration rate and stomatal
conductance than G-plants.
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IFor the suceessful cultivation of plants in vitro. not only medium composition bul
also irradiance and composition of gaseous atmosphere are important. In fairly
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Abbreviations: Car - carotenoids: Chl - chlorophyll: g,y - adaxial stomatal conductance: g, - abaxial
stomatal conductance; DEPS - degree of de-epoxidation; FTC - electron transport chain: Py -
maximum Huorescence: F, - variable fluerescence: Py - net photosynthetic rate, PS2 - photosystem
2: qu - non-photochemical quenching; g, - photochemical quenching: @ - quantum yield of PXZ.
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air-light cultivation vessels air humidity is extremely high, air turbulence is low, and
inflow of CO; and outflow of sccondary plant products are limited. These conditions
induce the formation of plantlets of abnormal morphalogy. anatomy. and physiology.
Photosynthetic rate and in consequence biomass production in in vitro grown plants
are oflen limited by low irradiance and low CO, concentration during the light
period. Therefore the vessel closures have ta fullil controversial requirements: 1o be
sufficientty tight to prevent bacterial and fungal contamination and to be sufTiciently
lnose 1o enable gas exchange. The increased growth and vigour of many plant species
by improved C0; supply has been shown in many reviews (c.g.. Kozai 1991, Korai
elal. 1992, Pospidilova er al. 1992, 1997, Aitken-Christie e /. 1994, Buddendorf-
Joosten and Woltering 1994, Desjarding 1995), and original papers (from recent. ¢.g.,
Soldrovd er o/ 1996, Ticha 1996, Murphy or afl. 1998). llowever, previous
experiments showed that elevated CO, concentration during acclimation ex vigro
promoted more effectively the growth of plantlets grown jn virre at lower than at
higher CO; coneentration (Solarovi and Pospisilovad 1997). The aim of this paper was
to explain this by studying in detail photosynthetic pigments and gas exchange in
leaves of Jn vitro grown tobacco plantlets affected by different CO, supply to
cultivation vessels.

Tobacco (Meotiana rabactm 1. ev. Petit Havana SR1Y were sown on the agar
velled Murashige and Skoog (1962) medium containing 20 ¢ dm™ saccharose in Petri
dishes. Atter 2 weeks, plantets were ransferred into two types of cultivation vesscls:
ulass vessels (volume 113 ¢m’) covered with aluminium foil and polycarbonate
Mugenta (GA-7 vessels (volume 288 ¢m’) covered with closures with vents (diameter
L0 mm: microporous polypropylenc mebrane, pore size 0.22 pm, Sigma, St. Louis,
USA). Plants were grown at a 16-h photoperiod. and day/night temperature of
25200 °C. Temperature inside vessels reached 27 °C during the light period.
Irradiance (400-700 nm) at the leal level inside plass vessels was 90 - 100 and inside
Magemea boxes 110 - 120 pmol m™ 57, Relative humidity inside both types of vessels
was mare than 90 %; droplets of liquid water frequently appeared on their walls. CO,
concentration in cultivation chamber was 350 umof mol™, but inside cultivation
vessels it was rather low during the light period (for detail. see Soldrovi 1989). The
exchange of CO» and water vapour between vessels and snrrannding air was tweo fold
higher in Magenfa boxes than in glass vessels (for detail, see Soldrova ef af, 1996).

Contents of photosynthetic pigments were determined in acetone extracts of leaf
dises by HPLC (Specwa-Phuvsics. San Jose. TISA) using 4 reverse phase column
(Sephiaron SGX C18.5 pm particle size, 150 x 3 mm., Tessek, Prague, Czech Republic).
The solvent svstem was acetonitrile:methanol -water {80:12:6) followed by 100 %
methanol. and the gradient was run from £ to 12 min. The flow rate was 1 et min™, the
detection wavelength 445 nm. Photochemical activities of the whole clectron transport
chain and of photosystem 2 were measured as oxygen evolution using an oxygen
eleetrode (Hansatech, King's Lynn, UK). Final chlorophytl (Chl) concentration was
S0 g m™. Ferricyanide (FeCy) to a final concentration of 6.23% mM was added prior to
the measurements, 1.4-phenylene diamine (PI) 1o a final concentration of 0.5 mM
was added during the measurements, The mieasurcinents were done at 25 °C and
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irradiance of 1 200 pmol m? s (for detail sec Pospidilova et al. 1998). Chl a
Nuorescence characteristics of the adaxial surface of attached leaves were measured
atier o 15-min dark period with the PAM Chiorophvll Fluorometer (Walz. Effeltrich,
Giermany? at room temperature and ambient CO; concentration. Measuring irradiance
was .35 pumol m™ s, actinic irradiance 200 pmol m? ¢, and 700-ms saturated
Nashes of "white light" (2 500 pmol m~ sy were applied at 300 s intervals. Data
sampling. control and calculation were served by the DA 100 Data Acquisition
Svstem {Walz, Effeltrich. Germany) (for detail, see PospiSilova er al. 1998). Net
photosynthetic rate was determined as CO; influx in a PC-assisted closed gas
exchange system with an infra-red gas analyser fnfralyt IV (Junkalor, Dessau,
Germany) in a CO, concentration range from 100 to 3 000 mg m~, leaf temperature
20 °C, and saturating irradiance of 860 pmol m? 5. Diffusive conductances of
abaxial and adaxial epidermes for water vapour were measured by a diffusion
porometer Defia-T type Mk3 (Delta-T Devices, Kingston upon Thames, UK) at a
temperature of 25 °C, irradiance of 860 pimo! m” 5", and air humidity of 60 - 70 %.
Under the same conditions, water loss curves were measured gravimetrically on
lcaves originally fully saturated with water. Experiments were made twice. In each
experimental set 10 to 20 plants were used for determination of each parameter.
Values were evaluated by ANOFA or Student /-test.

Alter six weeks, characteristics of leafl photosynthesis and water relations were
determined. On the first sight. tobacco plantlets in Magenta boxes grew more quickly
than plantlets in glass vessels. At the same time they had more and larger leaves. This
is in agreement with previous experiments showing higher biomass accumulation in
potalo and carnation plantlets grown in Magenta boxes than in glass vesscls
(Solarova er ¢f. 1996). However, the medium in Magenta boxes dried more quickly
and therefore upper part of tobacco shoots had to be subcultured on a new medium
afler three weeks. Nevertheless, they have similar number of leaves (6 to 8) and total
leaf arca (about 38 em?) as plantiets grown in glass vessels without subculturing,

Table 1. Conients ol chlorophyll (Chi) a, Chl A, B-carotene, light-harvesting caretenocids lutein and
neoxanthin (Lu + Ned, and xanthophyll cycle pigments violaxanthin + antheraxanthin + zeaxanthin
(Vi = An v 7o) [ug em™|, and degree of their de-epoxidation [DEPS (7o 1 0.5 An) / {7c | An |
V)| in leaves of G-plants and M-plants. Means ol 7 independent measurements 4 81, Statistically
signilicant diflerences (2 < 0.05) arc marked by different letters.

Pigments G-plants M-plants G-plants  M-plants
Chlorophyll o 7.92+0.30a 10.78 +0.43b Chl afh 2.60 271
Chlorophyll & 30520160 3.98+0.17h CLl/f3-carotene 40.62 41.00
[J-carotene 027+0.02a  0.36+0.02b Chl/xanthophylls 11,92 16.77
1.utein 0.42+0.02a  0.45+0.02a Chl/Lu + Ne 16.88 21.39
Neoxanthin 0.23£0.02a  0.24 £0.01a Ch/ViE An i 7 4D A7 T7 6R
Violaxanthin 0.17+001b  0.13x0.01a Vit An+Ze 0.27 0.19
Antheraxanthin 0.02+0.004  0.01 +£0.00a DEDPS 0.33 0.29
Zeaxanthin 0.08+£001b 00510002
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Photosynthetic pigment contents were higher (Chl @ by about 36 %, Chl 4 30 %,
f3-carotene 33 %, but lutcin only 7 %) in leaves of plantlets grown in Magema boxes
(M-plants) that in lcaves of plantlets prown in glass vessels (G-plants). The
differences might be caused by better CO, supply combined with slightly higher
irradiance of M-plants. This corresponded also with the higher Chl a/b ratio in
M-plants, which meant that smaller light-harvesting complexes containing Chl A
were needed for energy capture. The contents of lutein and neoxanthin were not
significantly different. but contents of xanthophyll cycle pigments (Vi + An + Ze )
were lower by 30 % in M plants than in G-plants. Even if also DEPS was slightly
higher in G-plants than in M-plants its value did not signal any photoinhibition
{Table 1}

Table 2. Chlorophyll ¢ Nuorescence kinetic parameters |variable 1o maximum fluorescence ratio
(") quantum yield ot P'S2 (D), photechemical quenching (q,). non-photochemical quenching
{Mw), and ratin of variahle inreseence decrease (RED] and photochemical activities of the whale
clectron transport chain (E'1C; 11,0 — FeCy) and photosystem 2 (PS2: H-0O — PD) measured as
oxygen evolution [nmol(() g (Chly &'] of G-plants and M-plants. Means + SE. Statistically
significant ditferences (7 < 0.05) are marked by different letters.

Parameter G-plants M-plants Parameter G-plants M-plants
1T, 0.80 £ 0.03a 0.83 £0.02a e 13720132 1.5710.19b
iy 0.66 +0.06a 0.68 + 0.06a 152 2114028 246+0.14b
Iy (.86 £ 0.02a 0.82+0.07a

N 0.24 + 0.05 0.20 £ 0.04a

RId 2.07 4+ 0364 220+ 0.65

In both plant types also the values of maximal photochemical efficiency of open
photosystem 2 centres (F./T',)) indicated that no photodamage occurred. Despite the
fact that the differences in Chl a fluorescence kinetic parameters bhetween
G-plants and M-plants {Table 2) were not statistically significant, the tendency to
higher photochemical efficiency. actual quantum yicld of PS2 (). and potential
photosynthetic activity (IRR{d) in M plants can suggest the higher capacity of their
photosynthetic apparatus. The main difference in the regulation of light utilization by
PS2 bhetween M- and G-plants was observed in the development of higher
radiationless energy dissipation in PS2 (q.) in G-plants. Moderately higher values of
gn corresponded also with higher values of DIPS observed there as xanthophyll
cycle closely corrctates with qy (Demmig-Adams 1990). In contrary, M-plants
cxhibited a deerease in photochemical quenching, i.e., higher fraction of closed PS2
traps, which represents a PS2 population that is likely to be damaged by chronic
overexcitation and changes in 31 protein (Aro ef af. 1993). As F/F,, was maintained
or was even higher, the rapid wrnover ot the D1 protein is probably mechanism
responsible for photoprotection in M-plants. The photochemical activities of both
ETC and S 2 were significantly higher in M-plants compared to G-plants (Table 2).
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Stomatal conductance (g,) of in vitro grown tobacco plantlets was high which was
in agreement with our previous results and data from literature (for recent review see,
e.o.. Pospidilova er al. 1997). The high g. and high transpiration rate was the cause
why plantlets taken out from cultivation vessels wilted rapidly (Fig. 1). Therefore
lower abaxial (g,4) and especially adaxial {g,,) stomatal conductance in M-plants than
i Ci-plants are their important features (Tahle 1). The comparison of warer lnss
curves showed that also cuticular conductance was lower in M-plants than in

G-plants (Fig. 1).
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Fip. 1. Transpiration curves (changes in refative water content of detached leaves) of G-plants and
M-plants.

Table 3. Stomatal conductances of adaxial and abaxial epidermes Jem s, and net photosynthetic
rate [pg m™ s'] of leaves of G-plants or M-plants. Py was measured under €0, concentration
600 or 1200 mg m”. For other conditions see Materials and methods. Means + SE, # = 18.
Statistically significant differences (£ < 0.05) between G- and M-plants are marked with different
feters and were found in all parameiers,

Stomatal conductance Photosynthetic rate

adaxial abaxial 600mgm* 1200mgm’
G-plants 1.17£0.07a 0.94 £ 0.04a 12,6+ 24 4a 478.2 + 48.6a
M plant: 0.80 & 0.05b 0.72 £ 0.05b 171.2 £ 28.5b 624.1 2 48.5b

In spite of lower g; in M-plants than in G-plants, net photosynthetic rate (Py) of
M-plants was higher than that in G-plants (Table 3). IHowever, g, in all in vitro-
grown plants was so high that it was not possible to suppose stomatal limitation of
Pv. When ambient €Oy concenltration was doubled Py was markedly increased but
similar differences were found between G- and M-plants.

Our results showed positive effect of improved CO, supply in less tightly closed
vessels on all measured characteristics of leaf photosynthesis and water relations.
Because the in vitro growth can affect acclimation of plantlets to ex vitro conditions
(for review, sce Pospigilova ef af. 1999), the effect of CO, concentration after ex vitre
transfer of G-plants and M-plants on these parameters will be the subject of following

paper.
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