Seasonal changes in respiratory rates of cultivated
cuttings of Cryptomeria japonica

after root initiation.

MASAZO TOKUOKA

Summary The respiratory rates (mgCO,/g dry weight/hour at 25°C) are used as data
when we estimate the amount of respiration. In this experiment, the respiratory rates of
cuttings of Cryptomeria japonica were measured at intervals of one month during about
two years from immediately after root initiation. The rates of individual and six sections,
such as zero year old leaf, one year old leaf, two vears old leaf, terrestrial-stem, subter-
ranean-stem (inserted stem under the ground for cutting) and root were measured.

The respiratory rates, in both case of individual and sections, showed the tendencies
to increase rapidly in spring and fall, and to decrease gradually from spring to summer
and from fall to winter (see Figure 1,2 and 5.), too. However only the rates of root
somewhat differed from these tendencies, its respiratory rates showed the tendencies to
increase also in winter and to increase regularly at intervals of five months (see Figure
6.).

It is considered that these seasonal changes in respiratory rates were influenced
considerably by the rise and fall of periodic physiological activity, seeing that growing
season of Cryptomeria japonica exists in spring and fall. And it is supposed as one
reason that the rates of fall observed relatively high values were affected by the strong
irradiation of sunlight because sun.shade was taken off September.

The respiratory rates of leaf decreased with the lapse of time, namely., with the lapse
of leaf-age. For this reason, it is estimated that physiological activity of leaf falls every
year. When leaf passes for four to five years in the future, it is supposed that the rates of
leaf do not depend on seasonal periodicity, and leaves live only basic metabolism at
various temperatures, or defoliate. It is considered that the gradual decrement in respi-
ratory rates from fall to winter depends on the temperature, on the other hand, the
gradual decrement from spring to summer is due to a series of dry matter production
without accompanied by respiratory substances. Because, when dry matter production
continues without accompanied by increment of respiratory substances, or respiratory
activity, if the respiratory rates are given by ‘ per unit dry matter weight *, then the
rates are indicated necessarily by the tendency of decrement. But it is supposed that
just before beginning of growth, respiratory substances are increased and activated by the
changes and the translocations of material, seeing that the rates increase rapidly in spring
and fall. And if the respiratory rates are compared leaf and terrestrial.stem (above the
ground) with subterranean.stem and root (under the ground), then it is recognized that
the seasonal changes in the respiratory rates are slightly different. Therefore, it is

estimated that respiratory substances translocate the interior of plant.
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The respiratory rates of individual and those of total section did not agree. The rates
of total section were extremely high values than those of individual. Tt is considered

that in each section, large amounts of CO, were released by the excision of plant organs.

When we discuss from the standpoint of income and outgo on the dry matter
production in plant community, as a procedure for this purpose, we must know the
amount of respiration. As one method, we can calculate the amount of respiration
from respiratory rate. The purpose of this experiment is to investigate on the respi-
ratory rate in more detail that used as basic data for estimation of the amount of
respiration. Therefore, seasonal changes in respiratory rates are discussed with the
consideration on the translocation of respiratory substances in this paper.

In this experiment, the cultivated cuttings of Cryptomeria japonica immediately
after root initiation are used during about two years. There are several literatures
1,2,8,10,1D ghout respiration or translocation from cutting to root initiation, but no
literature about respiration after root initiation. From this point of view, it is
interesting to discuss on the respiratory rate after root initiation.

The author would like to thanks to Lecturer K. Ogino and Prof. Dr. T. Shidei,
Laboratory of Forest Ecology, Faculty of Agriculture, Kyoto University, for suggesting
this problem and for stimulating interest in it, especially to acknowledge the continuing
guidance. The experiment reported herein was carried out at Laboratory for Plant
Ecological Studies, Faculty of Science, Kyoto University. The author is indebted to
Lecturer H. Tsuji, Faculty of Science, Kyoto University, for permitting the author to
make use of the infrared gas analyser.

Material and Methods

Mother trees are young Cryptcmeria jatonica (oscalled Hizumo Sugi), living in
Okumyogata Village, Gifu Prefecture. Cuttings were collected from this stand on
April 3 and 4, 1967. The following day, they were brought to Kyoto, and directly
were immersed in running water. The condition of cuttings are given in Table 1.

The measurement of respiratory rate Table 1 Conditjons of cutting

was started from June, 1967, when root Length } 30cm

initiation was recognized. Then, the e |
Diameter of cut base 1 6.5+0.5mm

respiratory rates were measured at

intervals of one month a period of 751712?”70{?‘"‘? 'f‘?? - ’ cutback
seventeen months until November, 1968. %ﬁ:egriigfim undfr 721170¢m
Procedures of measurement are as Mean dry weight per | 44
. cutting | 40-48
follows: (1) every one month, five to “Total number of ']'120
seven cultivated cuttings are dug out cutting
carefully, and the soil adhering to root 71?_??Slty ()i,c}fttlng ’Zsiojurfﬂjir{ nli o
. ) B to C horizon of brown
is washed off with water, (2) samples Soil of cutting bed forest soil (socalled red
] L | soil)
are placed beforehand under the con Date and place of | April 18, 1967, in the

stant temperature (25°C) for half-hour, cutting | glazed house
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(3) then, mean respiratory rate (mgCO;/g dry weight/hour at 25°C) of individual
is measured to make use of infrared gas analyser (URAS-Type I), (4) individual
is separated six sections, such as zero year old leaf, one year olf leaf, two years old
leaf, terrestrial-stem, subterranean-stem (inserted stem under the ground for cutting)
and root, (5) mean respiratory rates per each section are measured with the same
apparatus.

Results and Discussion

Mean diameter growth of cuttings was too slowly. On the other hand, though
mean height growth was slowly for the first one year, it became rapidly in the second
year. Also mean dry weight growth was slowly in spring of growing season both
the first and the second year. By the way, it became somewhat rapidly in fall. The
amount of dry weight growth was not supplied by old tissues (old leaves and
subterranean-stem), but was almost supplied by new tissues (new leaves, root and
new elongated part of terrestrial-stem).

1. Seasonal changes in respiratory rates of individual

The seasonal change in mean respiratory rates of the individual in each month is
summarized in Figurel. The rate shows relatively high value in June, 1967, beginning
of measurement—namely immediately after root initiation. Then, the rates decrease

until that it shows again relatively high 10.0F mgCOg dw./hr, at 25
value in October, 1967. Similarly, here-
after the rates decrease until that it wob
indicates high wvalue in April, 1968.
The change observed after this is 3.0k
much the same as that observed in i
the previous year. In brief, respiratory
rates show the tendencies to increase
rapidly in spring and fall, and to L.op
decrease gradually from spring to
summer and from fall to winter, 0. 5k
too. It is considered that this seasonal
change in respiratory rates is influenced 0.3
considerably by the rise and fall of 0. 2k
GrmgCOz/g dow./hr. at 95°C
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Fig. 2. Seasonal changes in respiratory rates

o} of the three sections of leaf.

O: zero year old leaf, June, 1967.
consequently one year old leaf from
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Fig. 1. Seasonal change in respiratory rate April, 1968.

of the individual, T: zero year old leaf, April, 1968.
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physiological activity, seeing that growing season of Cryptomeria japonica exists in
spring and fall. And it is supposed as one reason that the rates of fall observed
relatively high values are affected by the strong irradiation of sunlight because sun-
shade is taken off September.

2. Seasonal changes in respiratory rates of leaf

The seasonal changes in respiratory rates of the three sections of leaf observed in
each month are summarized in Figure 2. Since this experiment was started in June,
1967, the rates of one year old leaf (marked @) indicate extremely low values for the
first three to four months than that of zero year old leaf (marked ©). Subsequently,
the rates of three leaves change roughly parallel. The changes in respiratory rates of
the mentioned above are almost the same as that observed at the individual. In brief,
respiratory rates show the tendencies to increase rapidly in spring and fall, and to
decrease gradually from spring to summer and from fall to winter, too. And it is
known that respiration increases rapidly at leaf developing period, seeing that the
respiratory rate of zero year old leaf (marked @) observed in April, 1968, is 4.53
mgCO,/g d.w./hr. at 25°C. The seasonal change and aging in respiratory rates of
the leaf are summarized in Figure 3. In this Figure, the axis of abscissa show leaf-age
(time). The three sections of leaf indicated in Figure 2 are slid across by leaf-age.
What is evident from this Figure is that the rates of leaf decrease with the lapse of
time. Also, the rates of increment of respiration in spring and fall go down lower with
the lapse of time. These results have been pointed out by Nakai, T.®’, Shiroya et
al1» and Kusumoto, T.3> For the reason, it is considered that physiological activity
of leaf is declined by aging with the lapse of time. When leaf passes for four to
five years in the future, it is supposed that respiratory rates do not depend on
seasonal periodicity, and leaves live only basic metabolism at various temperatures,
or defoliate. In Figure 4, the axis of abscissa show monthly mean temperature, and
the respiratory rates measured at 25°C are converted the rates at mean temperature
of each month by Qio=2. Cenerally, decrement of the rates from spring to summer
are showed by the right down inclination, on the other hand, decrement of the rates
from fall to winter are showed by the left down inclination. Respiration depends on
temperature primarily. From this reason, it is supposed that the rates from fall to
winter depend on temperature. But clearly the rates from spring to summer do not
depend on temperature. In this period (from spring to summer), the plants grow
vigorously by means of photosynthesis as being pointed out by Shiroya et al'®. After
all, it is supposed that dry matter production are continued till summer, on the contrary,
respiratory substances are not increased or are not activated. Therefore, it is considered
that if the respiratory rates are calculated by ‘per unit dry matter weight’, then the
rates are indicated by the tendency of decrement till summer. But, seeing that the
rates increase rapidly in spring and fall, it is supposed that just before beginning of
growth, respiratory substances are increased and activated by the changes and

the translocations of material.
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3. Seasonal changes in respiratory rates of terrestrial-stem

The seasonal change in respiratory rates of the terrestrial-stem observed in each
month is summarized in Figure 5. Also, as is evident from this Figure, it is showed
that the rates of terrestrial-stem increase rapidly in spring and fall, the same as that
observed at the individual and the leaf. The rates of the second year show
relatively high values than that of the first one year. It is supposed that natural
branch are converted stem two years after cutting. Namely, from the second year,
photosynthesis and respiration are activated vigorously for the height growth as the
stem, and substances are producted and translocated actively. If the new elongated
shoots (tip of terrestrial-stem) are separated from stem, then their respiratory rates
are indicated the higher values, because essentially they are much the same as zero
year old and one year old leaf.

3. 0p mgCO: /g d.w./hr. at 25°C

2 op mgCO: /g d.w./hr. at 25°C 2.0F
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Fig. 5. Seasonal change in respiratory rate of Fig. 6. Seasonal changes in respiratory rates
the terrestrial-stem. of the subterranean parts.

O : Root @ : Subterranean-stem

4. Seasonal changes in respiratory rates of subterranean parts

The seasoné.l changes in respiratory rates of the subterranean parts observed in
each month are summarized in Figure 6. The rates of root indicate extremely high
values immediately after root initiation.  Thereafter, as root grows, namely as
the degree of lignification increases, the rates decrease. But, the rates increase
regularly in winter, spring and fall, at intervals of five months, after October, 1967.
It is supposed that this regular change continues still more, because no lignificated
root of total root occupies above fifty percent in November, 1968. If the rates of root
are compared with that of leaf (see Figure 2.), then it is observed that in fall, the
rates of root increase later than that of leaf. For this reason, it is supposed that
respiratory substances translocate the interior of plant. Finally, it is considered as
follows: respiratory responses to growth arise from aerial part, then respiratory
substances are moved towards the leaf and shoot, or activated in the leaf and shoot,

thereafter with the products based upon photosynthesis, respiratory substances trans-
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locate downwards, and they are activated in the subterranean parts. Still it is
considered that in the first one year after cutting, the rates of root are influenced
considerably by defective of subterranean parts.

The respiratory rates of subterranean-stem show relatively low values in six sect-
ions. Though the rates increase in spring and fall, it is supposed that subterranean-
stem acts only parts as passage of substances. And it is considered that respiratory

substances are moved towards the root, because the rates of root increase later than

that of subterranean-stem.
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