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Time Course of CO, Exchange of Potato Cultures In Vitro
with Different Sucrose Concentrations in the Culture Medium

Kazuhiro Fusiwara, Shuji Kira and Toyoki Kozal

( Faculty of Horticulture, Chiba University>
648 Matsudo, Matsudo, Chiba 271, Japan

Short single node cuttings of tissue-cultured potato plantlets (Solanum tuberosum L. cv. Beni-
maru) were placed onto the culture media with three different sucrose concentrations (5g-/™!
(Ss), 15g-1"*(Sys) and 25g-I""(Sys)) to follow the time course of CO, exchange of potato cul-
tures for 30 days. Moreover, how the CO, balance of the cultures changes during the growth
and development phases from short single node cuttings (length: 5mm; dry weight: 1mg) to
plantlets (dry weight: >10mg) large enough to transfer to ex vitro conditions was investigated.
The CO, exchange was calculated from the time course of the difference ( 4C) between CO,
concentrations of inflow and outflow air (flow rate: 2.17-h™) through the culture vessel.

On day 3 4C for all sucrose concentrations showed tendencies to decrease by photosynthesis
after the beginning of photoperiod. Cyclic changes in 4C for all sucrose concentrations accord-
ing to 8 hours-dark/16 hours-photoperiod cycles were clearly observed after day 5. The differ-
ence between maximum and minimum 4C on the same day in each sucrose concentration in-
creased as the day proceeded, and the difference on day 30 was in the order: S;5>S,5> Ss. The
CO, exchange during photoperiod and daily CO, exchange for all sucrose concentrations con-
tinuously increased as the day proceeded. The daily CO, exchenge was found to turn to positive
values from negative ones around day 16 for Ss, and day 10 for S;5 and S,s: the cultures turned
into positive CO, balances. These results indicate that the cultures have grown and developed
dominantly depending on sucrose in the culture medium before the CO, balance turned to posi-
tive, even having contained chlorophyll and been under appropriate CO, (880 + 50 zmol.mol™
for inflow air) and light (120 #mol-m-2-s"1 during photoperiod) conditions for photosynthesis.
The dry weight increase and net production by photosynthesis for 30 days were in the order:
S15> Sz5>Ss.
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. Schematic diagram of the experimetal set up to measure CO, concentrations of inflow and

outflow air for the culture vessels. Air with a CO, concentration of 880+50#mol.-mol™ was
supplied to the vessels, and the photosynthetic photon flux density and air temperature in the
vessels were 120 #mol.m=2.s7! and 22+1°C/25+1°C (dark period/photoperiod), respectively.
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Table 1 Fresh and dry weights of potato cultures
grown on a medium containing 5g-I™
(Ss), 15g-I1(Sy5) or 25g-07(Sys)
sucrose. Environmental conditions are
described in the caption of Fig. 1

Fresh weight Total dry Weight

Treatment (mg- culture™) (mg- culture™)
Stem Leaf Root Total
S 38 65 14 117a" 13a*
Sis 153 256 166 564b 69b
Sgs 96 177 70 343ab 37ab

*Means within a column followed by the same letter are
not significantly different at the 1% level of Duncan’s
Multiple Range Test.
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Fig. 2. Time course of the difference (4C) between CO, concentrations of inflow and outflow air for
the culture vessel with 9 potato cultures on a medium contaning 5g-I™*(Ss), 15g-1"*(Sys) or
25g.I"1(S,5) sucrose. The value of 4C is given by substracting outflow air CO, concentration
from inflow air CO, concentration. The axes of ordinate for three columnarized groups of
graphs are marked on with different scales each other. Environmental conditions are described

in the caption of Fig. 1.
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Fig. 3. Time course of CO, exchange per culture
during dark period (solid symbols) and
during photoperiod (open symbols) of
potato cultures on a medium containing
5g-1""(Ss), 15g-I"1(Sys5) or 25g-I"1(Sys)
sucrose. Dark period and photoperiod
were 8 and 16 hours a day, respectively.
CO, exchange takes a positive value when
the cultures absorbing CO,. Environmental
conditions are described in the caption of
Fig. 1.
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Fig. 4. Time course of daily CO, exchange per
culture of potato cultures on a medium
containing 5g-1"1(Ss), 15g-I"1(Sys) or 25
g+I"1(Sys) sucrose. CO, exchange takes a
positive value when the cultures absorbing
CO,. Environmental conditions are de-
scribed in the caption of Fig. 1.
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Fig. 5. Dry weight increase (W4) and net produc-
tion by photosynthesis (P,) per culture for
30 days, of potato cultures on a medium
containing 5g-771(Ss), 15g-I"1(S1s) or 25
g-I"' (Sys) sucrose. Environmental condi-
tions are described in the caption of Fig. 1.
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