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Abstract : The time course of respiration in the continuous dark was examined with soybean plants having
experienced various preceding light conditions, aiming to elucidate the determination mechanism of changes with
time in respiration rate.

The initial value of respiration rate per unit dry weight (RPW) observed immediately after the onset of dark
period was dependent on the light intensity in the preceding light period, and it was not affected by the length
of light period. However, the bottom level of RPW observed after the initial decrease was affected by the length,
with the lower levels in the plants exposed to the shorter light period. Furthermore, the magnitude of midnight
rise of respiration, the temporal rise in the dark period, was affected by both light intensity and length of light
period. It showed the linear relationship against cumulative light intensity which was obtained from light intensity
multiplied by length of light period. RPW in nitrogen-depleted plants did not respond to length of light period.

In this experiment, it was found that the time course of respiration consisted of two different phases. One was
in the initial part of the dark period and dependent on light intensity. The other was in the following part and
dependent on cumulative light intensity in the preceding light period. From this observation, it was considered
that respiration in the dark period was regulated by two different physiological processes.

Key words: Diurnal change of respiration, Length of light period, Light intensity, Nitrogen depletion,
Respiration, Soybean.
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In the previous paper® we reported that the  young and nitrogen-supplied soybean plants
respiration rate per unit dry weight (RPW) of  showed a temporary increase around 6 hours
after the initiation of the dark period, which
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necessarily controlled only by the level of
carbohydrate. Further it was hypothesized
that the behavior of RPW in the dark period
was in part the reflection of the time course
changes of demanding strength in plant for
the respiratory energy and metabolites needed
for the performance of nitrogen metabolism in
plant.

On the other hand, it is well known that
there is a positive correlation between light
intensity or photosynthetic rate in the preced-
ing light period and respiration rate in the
following dark period"*#. Ludwig et al.?,
however, found that the respiration rate in
tomato was more sensitive to changes of
photosynthetic rate when it was altered by
light intensity, than when altered by CO,
concentration, even if the photosynthesis was
maintained at the same rate in both cases. He
concluded that light could regulate the respira-
tion rate not only through the amount of
photosynthate but also through some other
factors. These results suggest that the light
conditions in the preceding light period affect
time course changes of respiration rate
through some internal factors other than the
amount of carbohydrates.

In this paper, time course changes of respi-
ration in soybean plants were examined with
special emphasis on the light conditions in the
preceding light period.

Materials and Methods

Plant materials ; Soybean plants ( Glycine max
(L.), Merr. cv. Tsurunoko) were cultured
with the nutrient solution, according to the

method as previously reported®, in the glass
room of the Center of Environment Regula-
tion System for Biology (CERES), the Univer-
sity of Tokyo. The temperature and relative
humidity during the raising period, were
maintained at 25/20°C (day/night) and 709,
respectively. When the plants reached the
flowering stage after 31 days from sowing, with
the 5th trifoliate on the main stem fully
expanded, they were transferred to a growth
cabinet where the air temperature, relative
humidity and light intensity were maintained
at 25°C, 709, and 610 yE + m=2 « s7! (PAR)
with 12 hours light period, respectively. After
they were acclimatized to the new environ-
mental conditions for six to nine days,
different light conditions were applied to the
plants according to the experimental design as
shown in Fig. 1. No nodule was observed with
the roots in all plants.

Experimental design ; The experiment consist-
ed of two sets of lighting treatments. The first
set consisting of five plots as from No. 1 to No.
5 in Fig. I, was for the investigation of the
effects of length of light period on the RPW.
In this set, three subplots of different light
intensities (610, 260, 100 4E » m=2 + s7!) were
included in each plot in order to investigate
the combined effects of the length of light
period and light intensity on the RPW.
Furthermore, the subplots of the strongest
light intensity in each plot involved nitrogen-
depleted plants which were cultured in the
nitrogen depleted sulution for 4 days. The
second set consisting of four plots as No. 2
(common plot with the first set) and No. 6
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Fig. 1.

[ | lLight period;

Experimental design. See text for detail. I, dark period ;

dark period for measurement of

respiration. Arrows show the start of measurerent.
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. 2 Time course of respiration
rate in the continuous dark. The
numbers correspond to the plot
numbers in Fig. 1. Light intensity
in the preceding light period was
610 4E + m=2«s ! (PAR).

through No. 8 was for the investigation of the
effect of starting time of the light period with
the same length on the RPW.

Measurement of respiration rate ; The continu-
ous measurements of CO, exchange rate in a
whole plant were started at the beginning of
dark period as indicated by the arrows in Fig.
1, with the measuring system as previously
reported®. The air temperature and dew point
during the measurement was 25°C and 20°C
respectively.

Results

The time course changes of RPW in the
plants which experienced different length of
light period were shown in Fig. 2. The levels of
RPW at the onset of the dark period were
almost the same, indicating that the initial
values of RPW were independent of the length
of preceding light period. However, the time
course change after the initiation step was
different among the plots. The plants having
experienced the longer light period showed the
higher values of RPW at the bottom level, and
the more evident temporary increases of RPW
which was called midnight rise of respiration
(MRR)®. When nitrogen was depleted from
the nutrient solution for 4 days, the behavior
of RPW changed to be flatter with less MRR,
as shown in Fig. 3.

In order to elucidate further the mechanism
of time course changes of RPW. CO,
exchange rate was chased in the plants which
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Fig. 3. Time course of respiration
rate in the continuous dark with
nitrogen-depleted plants. The
numbers correspond to the plot
numbers in Fig. 1. Light intensity
in the preceding light period was
610 yE « m=2 - s7! (PAR).

experienced 6 hours of light period inserted at
the different time of a day. RPW showed no
significant difference among the plots in
respect of initial values and time course
changes (Fig. 4). This means that RPW
changes in the same way irrespective of the
initiating time of light period in a day.

The effects of light intensity on RPW are
shown in Fig. 5. The higher was the light
intensity in the preceding light period, the
greater the fluctuation of RPW became and
consequently the more evident MRR appear-
ed. In addition, the light intensity affected the
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. 4. Time course of respiration
rate in the continuous dark. The
numbers correspond to the plot
numbers in Fig. 1. Light intensity
in the preceding light period was
610 uE+m=2+s"' (PAR). Length
of light period was 6 hours.
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Fig. 5. Time course of respiration

rate in the continuous dark. The
numbers correspond to the plot
numbers in Fig. 1. Light inten-
sities in the preceding light
period were 610 yE e m™2 . s7!
(PAR) (A), 260 4E e m=2 « 57!
(PAR) (B) and 100 yE « m=2-
s~ (PAR) (C).

initial values of RPW, as shown in Fig. 6
which was originated from Fig. 5. As indicated
here, when the light intensity in the preceding
light period is high, the initial value of RPW in
the dark is also maintained high.

Discussion

This experiment showed that the initial
values of RPW in the dark period changed
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Fig. 6. The relationship between ini-

tial rate of respiration at the
onset of dark period and the light
intensity in the light period. The
data were originated from Fig. 5.
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the preceding light

hours in
period.
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Fig. 7. The relationship between

respiration rate at MRR and
cumulative light intensity. The
data were originated from Fig. 5.
O, 610; @, 260; A, 100 yE -
m~2+s-! (PAR) of light intensity
in the preceding light period.

according to the intensity of the light in the
preceding light period, although they were not
affected by the length of the light period.
McCree® also reported that the respiration
rates immediately after the initiation of the
dark period were almost the same in the plants
exposed to different length of light period with
the same intensity. These results suggest that a
certain level of RPW should be assured at the
beginning of the dark period. This paper also
showed that the time course changes of RPW
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after the initial time were affected by length
and intensity of light in the preceding light
period. Fig. 7 clearly indicates this point. The
peak height values of MRR, as the indicators
of the magnitude of the time course changes of
RPW, through all the plots kept a propor-
tional relation to the cumulative light intensity
calculated from light intensity multiplied by
length of light period. From this results, we
could say that time course changes of RPW
during the dark period must have been des-
tined in the preceding light period.

It might be speculated, therefore, that respi-
ration in the dark consists of two different
processes. One in the initial process working at
the beginning of dark period, which is
controlled by intensity but not by length of
light in the preceding light period. The other
in the process working after the initial one,
which is dependent on both length and inten-
sity of light. The fluctuating behavior of RPW
with MRR will be involved in this process.
Furthermore, it was inferred that nitrogen
metabolism would be closely related to the
latter process, because time course changes of
RPW disappeared in the nitrogen-depleted
plants®. Our present interest is in the relation-
ship between respiration and nitrogen metabo-
lism and we wish to approach there in the next
step.
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