
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Studies on the Production and Consumption of
Assimilates of Trees : XI. Seasonal Changes of
Photosynthesis, Respiration Rates of the Sun
and Shade Leaves and Estimation of Branch
Respiration by the Living Cell Area Method on
the Natural Japanese Beech Forest

Han, Sang Sup
Silviculture Laboratory of Forestry, Faculty of Agriculture, Kyushu University

Suzaki, Tamio
Silviculture Laboratory of Forestry, Faculty of Agriculture, Kyushu University

https://doi.org/10.5109/23703

出版情報：九州大学大学院農学研究院紀要. 24 (2/3), pp.133-144, 1979-11. Kyushu University
バージョン：
権利関係：



J. Fat. Agr., Kyushu Univ., 24(2.3),  133-144 (1979)

Studies on the Production and Consumption
of Assimilates of Trees

XI. Seasonal Changes of Photosynthesis, Respiration Rates of the
Sun and Shade Leaves and Estimation of Branch Respiration

by the Living Cell Area Method on the Natural
Japanese Beech Forest

Sang Sup Han and Tamio Suzaki

Silviculture Laboratory of Forestry, Faculty of Agriculture,
Kyushu University 46-03,  Fukuoka 812

(Received July 24, 1979)

In order to obtain the fundamental information on the primary production and
consumption of the Japanese beech forest at 1OOOm  alti tude zone in Fukuoka in
southern Japan, measurement of photosynthesis rate and respiration rate of the
detached sun and shade leaves. and of respiration rate of the branches with var-
ious diameters had been measured monthly from October 1976 to September 1978.
The photosynthesis rates of the sun and shade leaves increased from April to the
end of July, then decreased at the end of October. i‘he opt imum tempera ture  ob-
tained by the temperature dependence curve of apparent photosynthesis was 20 to
25°C in all season. Respiration rates of the various diameters of branches were
exponentially increased by increasing specific cambium and phloem area for trans-
verse section area. We could obtain the accurate equation on the respiration rates
of woody organs by the measurement of number of living cells or specific living
cell area. Respiration of the branch had higher rates in the growing season than
in the non-growing season. Amount of respiration of the attached bud twigs with
t h e  d i a m e t e r  l e s s  t h a n  0.5cm is  very  impor tan t  fac tor  to  es t imate  the  to ta l
amount of respiration of the branch.

INTRODUCTION

Japanese beech forest is distributed in northern Japan as dominant veg-
etation mainly in temperate zone, and highland in southern Japan. In Fuku-
oka in southern Japan, it is seen higher than 900m  altitude. It is well known
that Japanese beech has a high growth rate in the low temperature zone at
high altitude, but it has a low growth rate or will be dead when it is trans-
planted to the high temperature zone at low altitude. Such difference in
growth might be thought to be related to the positive or negative carbon di-
oxide balance due to the difference of photosynthesis and respiration rate
throughout the year.

In addition, the difference is caused by the genetical and ecophysiological
characteristics to change its photosynthetic and respiratory acclimation in
response to changes in environmental conditions such as temperature, light,
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water, and other factors. In general, plants are able to adapt to within some
low or high temperature range in the artificial environmental conditions
(Lange et al., 1974; Mooney et al., 1964, 1978). Even temperature acclimation
of photosynthesis of leaves occurs not only after long periods of temperature
treatment but also after only 24 hours of exposure to a new temperature re-
gime (Raschke, 1970; Lange et al., 1974).

Maintenance of a positive carbon dioxide balance under exceptionally high
temperature ranges such as desert in summer may require that the plants
possess a high photosynthetic acclimation potential (Mooney et al., 1978).
There are natural fact that beech, if it is transplanted into high temperature
regime, should have a positive carbon dioxide balance in order to adapt to a
high temperature regime., .But Han and Suzaki (1978, 1979) noted that nega-
tive carbon dioxide balance and high maintenance respiration had occured in
the Japanese beech seedlings under the temperature conditions of 30 to 35°C
in summer. In particular, it was found that high temperature treatment in-
fluenced profoundly on the carbon dioxide balance of Japanese beech seedlings
as compared with oak (Quercus acutissima  Carruth.) seedlings (Han and Suzaki,
1979).

For determination and analysis of the optimum and abnormal temperature
conditions, it is very important to observe the carbon dioxide balance process
as an ecophysiological interpretation including photosynthesis and respiration
process. In general, carbon dioxide balance in plants are defined as the dif-
ference of gross photosynthesis and total respiration in a given environmental
conditions. Measurement of only apparent photosynthesis of leaves actually
can not represent reasonable primary productivity of forest stand which has
a large non-photosynthetic organs such as stems, branches, and roots (Yoda
et al., 1965; Kira et al., 1967; Oohata  et al., 1971; Larcher,  1969). At  present
time, we can not find any suitable analysis on the ecophysiological adaptation
and primary production in the forest stand except the investigation of the
carbon dioxide balance process in whole tree organs in a given environmental
conditions. In addition, if estimation of long term carbon dioxide balance on
the temperature effects is intended, the more detailed data of temperature
dependence of leaf photosynthesis and respiration, stem, branch, and root
respiration, in their developmental and seasonal trends, must be acquired
(Larcher,  1969).

However, there are few reports on the relation of photosynthetic and
respiratory acclimation to the temperature and carbon dioxide balance-process
in the natural forest or transplanted trees except ones from desert shrub
(Mooney et al., 1964, 1978; Pearcy, 1976, 1977; Armond et al., 1978).

We had discussed the photosynthetic and respiratory acclimation of Japa-
nese beech seedlings under high temperature regime in the previous studies
(Han and Suzaki, 1978, 1979). The present study deals with seasonal changes
and temperature response of photosynthesis and respiration rate of sun and
shade leaves and/or branch respiration characteristics by means of living cell
area method, and this is a basic data in order to compare with the the photo-
synthetic and respiratory acclimation to temperature between the natural



Production and Consumption of Assimirates of Trees 135

forest and the transplanted beech at warm temperature regime.

MATERIALS AND METHODS

The measurement of photosynthesis and respiration were carried out
monthly from October 1976 to September 1978 on the natural Japanese beech
(Fagus  crenata  Blume) forest at Mt. Sefuri about 1OOOm  altitude zone, located
in Fukuoka Pref. in southern Japan. Sample branches (attached and detached
leaves) with various diameters of one or two meter length from a tree which
was about loo-year-old, were cutted  off, and they were immediately transfer-
red to the laboratory and were maintained freshly containing with plastic
basket. The sun leaves were collected from top of crown and shade leaves
were collected from the part where relative illuminance was about 10 percent.

The measurement of photosynthesis and respiration rate were done by
means of an open system using an infrared gas analyser (Horiba LIA-ZA, Dif-
ferential system). The leaves attached on cutting branches keeping in water
culture were placed in a 20x7~3  cm acrylglass open system assimilation
chamber which had been maintained at to. 5°C of the desired temperature ad-
justing with a Komatsu Yamato Coolnics Circulator. Leaf temperature of in-
tact sample was measured by thermocouples. Air was stored in a 0.6~ 1 x 3 m
vinyl bag and was led into the assimilation chamber at the rate of 0.5 to 1.0
l/min.  The air in the chamber was well stirred at a velocity of 1 m/set by a
fan. Illuminance was supplied with four astral lamps composed of nine in-
candescent lamps (24 V, 40 W).

The branch respiration rate was measured by the 1Ocm diameter and 20
cm length plastic pipe chamber after the cut surfaces on both ends were
sealed with Vaseline paste. Temperature in the chamber was regulated by
the Toshiba Growth Cabinet TGS-13H. Air was stored in a bag and was led
into the respiration chamber at a velocity of 1 to 2 l/min.

All run of measurement of photosynthesis and respiration were finished
within 24 hours after the branches were cutted  off from the sample tree. On
the other hand, living cell area of the branch in this paper was defined as
the cambium and phloem area in transverse section. Cambium and phloem
area indicates the cambial zone area, differentiating xylem area, differentiating
phloem area, and mature phloem area as shown in Brown’s report (1971).
Total cambium and phloem area of a transverse section were obtained by the
full observing or summation of eight divided portion of the section as shown
in Fig. 1. Measurement of the cambium and phloem area were done by fol-
lowing procedures: 1. Cutting the transverse section (size 0.6~0.6cm)  from
bark to xylem. 2. Fixation by the FAA solution (ethyl alcohol 60m1,  acetic
acid 5 ml, formalin 5 ml, and distilled water 30ml) for 24 hours. 3. Washing
the sample by the tap water for 24 hours. 4. Dehydration by the 50, 70, 80,
90, 100, 100% ethyl alcohol for 24 hours, respectively. 5. Treatment by the
methyl benzoate containing 1% celloidin for 12 hours. 6. Three times treat-
ment by the chloroform solution for 1 hour. 7. Treatment by the chloroform-
paraffin (m.p. 56°C) solution for 24 hours. 8. Penetration by the m.p. 56, 58,
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Fig. 1. Transverse section of a beech branch (2-year-old)  showing ar -
rangement of tissues. Sample was cutted at February. In this exper iment ,
total cambium and phloem area of a transverse section was calculated by
the  measur ing  cambia l  and  phloem zone  wid th . A, bark; B, cambial
and phloem zone; C, xylem; D, pith

6 2 ° C  paraffin solution for 4 hours ,  r espec t ive ly . 9. Making the paraffin cake
(size 1 xl xl cm) by the m.p. 62°C paraffin solution. 10. Cutting the paraffin
cake about 10 to 30 pm by a microtome. 11. Deparaffin by the treatment in
xylol for 24 hours. 12. Double staining the safranine solution (safranine 1 g,
ethyl alcohol 50m1,  and distilled water 50ml and fast green FCF solution
(fast green FCF 0.5 g and absolute ethyl alcohol 100 ml). 13. Making the prep-
aration. 14. Measuring the green color area which is only composed of liv-
ing cells by the 100~ microscope.

RESULTS AND DISCUSSION

I. Photosynthesis of Japanese beech leaves

The relationship between the apparent photosynthesis of sun and shade
leaves and the light intensity is shown in Fig. 2. The apparent photosynthe-
sis per unit surface area of sun and shade leaves have a tendency to increase
from April to July, then to decrease toward the end of October. Seasonal
change of apparent photosynthesis rate in same temperature is considered to
be mainly caused by different photosynthetic activities by the leaf age, tem-
perature sensitivities according to stomata1 and mesophyll resistance (Neilson
et al., 1972),  and other enzyme factors (Pearcy, 1977). The general pattern of
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SUN LEAF ( 2 0 ° C  ) SHADE LEAF ( 20 C )

10 2 0 30 4 0 5 0 0 10 2 0 3 0 4 0 5 0

L I G H T  I N T E N S I T Y  (  K l u x  )

Seasoml changes of photosynthesis and respiration rates of sun

137

and shade leaves (1977). n , Apr. ; [?, May; A, Jun. ; v, Jul.; e, Aug.;
0, Sept.; +, Oct.

photosynthesis curves in response to different season was a similar result as
compared with other paper for Japanese beech forest grown at high altitude
zone (Maruyama and Yamada,  1968).

As shown in Fig. 2, sun leaves had higher CO, uptake and release rates
per unit leaf surface area at all season than shade leaves. In contrast, CO,
uptake and release per unit dry weight of leaf are vice versa in Fig. 3. Those
results are observed in other beech species (Shulze et al., 1970) . The tem-
perature dependence of apparent photosynthesis in sun and shade leaves
showed in various ways for each season throughout the year. Temperature
dependence curve of apparent photosynthesis rate by a quadratic equation
had been slightly changed from April to September, and also temperature re-

c30 I I I I 1
f

% 25
ZO’C

10 20 30 40 5 0
L I G H T  I N T E N S I T Y  ( K l u x  )

Fig. 3. Rela t ion  be tween apparent  photosynthes is  of  the  sun  (0) and
shade (0) leaves and light intensity. Jun., 1978.
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TEMPERATURE ( 'C )

Fig. 4. Relation between the relative apparent photosynthesis rate and
t h e  t e m p e r a t u r e .  0, Apr . ;  0, M a y ;  0, Jun . ;  8, Aug . ;  8, Sept . ;  8,
A u g .  (Fagus  crenafa  B lume grown a t  low a l t i tude  and  warm tempera te
zone, Han and Suzaki, 1979); @,, Aug. (Quercus acutissima Carruth.  grown
at low altitude and warm temperate zone, Han and Suzaki, 1979).

gimes of maximum relative photosynthesis indicated about 20 to 25°C in Fig.
4. The negative carbon dioxide balance of beech leaves grown at high alti-
tude zone, estimated by a quadratic equation, was appeared in lower temper-
ature regimes of about 35 to 40°C than that of Fagus crenata Blume and Qzcer-
cus acutissima Carruth.  seedlings grown at low altitude and warm temperate
zone in Fig. 4 (Han and Suzaki, 1979).

The difference in photosynthetic response for temperature is an impor-
tant factor in discussing the character in plants (Armond et al., 1978; Larcher,
1969; Mooney et al., 1978; Negisi, 1966; Raschke, 1970). In Fig. 4, the differ-
ences of temperature dependence curves on the point of view of relative ap-
parent photosynthesis and negative carbon dioxide balance are able to explain
as the differences of photosynthetic and respiratory acclimation in response
to past environmental conditions, i.e. effects of temperature on leaf stomata1
and mesophyll resistance (Neilson  et al., 1972) and enzyme activities in rela-
tion to temperature response (Pearcy,  1977).

II. Respiration of woody organs in various diameters of branches
The respiration activity of non-photosynthetic organs depends not only on

the living cells but on the width of annual rings, size of stem, branch, and
root diameter (Goodwin and Goddard, 1940; LBhr,  1969; Oohata et al., 1971,
1972; Yoda et al., 1965). The most of carbon dioxide gas released from the
bark of tree is produced by the living cells in the cambium, phloem, and
other tissues, and a part of them accumulates in vessels and tracheids. Res-
piration of the cambium and phloem was highest and it reached to 90 to 95%
of total respiration in red maple and black ash (Goodwin and Goddard, 1940).
On the other hand, in the inner sap wood the living ray and longitudinal pa-
renchyma cells have high rates of respiration, but the number is so small
that total respiration is very low. The carbon dioxide gas released from
heartwood is very small, and it is probably released from oxidation of organic
compounds in dead cells.

The study on the respiration of woody organs proposed here is based on
essentially the living cell area or the number of living cells. Although living
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cell area in this paper is only defined as cambium and phloem area, the esti-
mation of woody organs is almost accurate because the respiration from other
tissues is neglisible as mentioned above.

As shown in Fig. 5, specific cambium and phloem area (camblum and
phloem area per transverse section area) was decreased with the increasing
transverse section area. When diameter of the branch is X, cambium and
phloem area or number of living cells in the cambium and phloem is CPA,
and transverse section area is T [T=z(X/Z)~],  specific cambium and phloem
area is S=CPA/T,  and the relation between S and T are expressed as hyper-
bolic equation (l),

01’  ” ’ ’ ‘1 ’ ’ ” ’ 11
0 10 20 30 10 50 60 70 80 90 IO0 110 120

T R A N S V E R S E  S E C T I O N  A R E A  (  c m ’ )

Fig. 5. Relation between the specific cambium and phloem area (S) and
the transverse section area (T). Samples were collected from a branch
at February.

S=1
a T + b (1)

where a and b are constants, and they are determined by species and sea-
son. Rewriting equation (1) as a diameter (X) function, we are able to ob-
tain the equation (2) from equation (1).

In Fig. 5, the value of S is very well fitted in equation (1) (R=O. 93, 1 %
level) within 0.3 to 12cm  diameter of branches. On the other hand, size of
S is directly related with diameter of branch and other woody organs, and it
exists a certain minimum and maximum value. In this study, minimum value
of S is 1% in the 12cm diameter of branches. The respiration rate per dry
weight of branch was increased by the increasing S in Fig. 6, because S value
has a same meaning as most of living cell area per transverse section area.
The respiration rates, however, are higher in growing season (April to Sep-
tember) than in non-growing season (October to March) in Fig. 6. As shown
in Fig. 6, relation between the respiration rate and the S is well fitted by the
exponential curve as following equation (3) ,
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0.02 0.04 0.06 0.08 0.10 0.12 0.14
SPECIFIC CAMBIUM  AND PHLOEM  AREA ( S )

Fig. 6. Relation between the respiration rate of branch and the specific
cambium and phloem area. 0, Oct., 1976 to Mar., 1977 and Oct., 1977 to
Mar., 1978; 0, Apr. to Sept., 1977 and Apr. to Sept., 1978.

R= me”” (3)

where m and n are  constants ,  and they are  determined by the species  and
season. In Fig. 6, the differences of respiration rates in growing and non-
growing season are considered to be mainly related to the differences of res-
piratory activities by age of living cells, nutrient concentration of woody or-
gans, activity of cambial zone response of season, translocation of assimilate,
and other enzyme factors.

Relation between the respiration rate per unit dry weight of branches and
the square diameter is shown in Fig. 7. In it, respiration rate per unit dry
weight of woody organs is hyperbolically decreased with increasing square
diameter. It is considered to be related to the specific living cell area that is
hyperbolically decreased with increasing diameter of branches as above shown
in Fig. 2.

On the other hand, we are theoretically able to get a hyperbolic equation
(4) from above mentioned equation (2) and (3).

+ln m 1 (4)

So far as two patterns of respiration rate each for growing and non-growing
season are distinguished, this equation (4) is well fitted experimental data as
related with respiration rates per size of square diameter. According to Yoda
et al. (1965, 1968),  CO2  released from the bark of diameter of stem and branch
was hyperbolically decreased with increasing diameter and square diameter.
Thus we might be able to obtain the more accurate respiration rate in the



Production and Consumption of Assimirates of Trees 141

Fig. I. Relation between respiration rate of branch and square of dia-
meter  (X2). 0, Oct., 1976 to Mar., 1977, Oct., 1977 to Mar., 1978; 0,
Apr. to Sept., 1977, Apr. to Sept., 1978. A and B curves are estimated by
equation (4).

* cutted  woody organs such as stems, branches, and roots by the living cell
area method. Recently according to Negisi (1978),  bark respiration, CO2  re-
lease from the bark of a standing young Pinus densiflora tree, showed occa-
sional fluctuation independent of temperature, i.e. an apparent daytime de-
pression or a level lower than expected from the bark temperature. The
daytime depression is supposed to be related to the suppressed rate of lateral
CO, flux in woody tissues due to the loss by transpiration flow and/or the in-
hibition of respiration by water deficit.

Respiration process in the big size of woody organs of standing trees may
be required to examine the other technical method on the various diameters.

III. Respiration of bud and seasonal change of branch respiration rate

Respiration rate of twigs with bud was the highest in the woody organs
of branches. The effects of temperature on the respiration rate of them
were shown in Fig. 8. In particular, those effects in non-growing season
were different in each season, and it increased considerably in March and
April. It is considered that the increase is caused by the movement of nutri-
ent according to emergence of leaf and new shoot and/or activity of bud it-
self. Respiration rate of bud on the twigs with diameter less than 0.5cm
reached to a half or more of total twigs respiration as shown in Fig. 8.

On the other hand, in spite of distribution of dry weight in single branch
composed of a tapering form, the total respiration in the various diameters of
single branch distributed in a non-tapering form as shown in Fig. 9. When
branches are divided with those diameters in each group in Fig. 9, the ten-
dency may be thought due to the almost same amount of living cells although
diameters are quite different. However, estimation of potential respiration
released from a great deal of branches in the forest stand can be calculated
to use the mean respiration rate of middle diameter of single branch.
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A s shown in Fig. 10, seasonal changes of the respiration rate did not re-

TEMPERATURE ( *C )

Fig. 8. Effect of temperature on the respiration rate of the attached bud
twigs and detached bud twigs less than 0.5cm diameter, respectively. A :
@, Mar.; A, Jan.; q , Feb. are attached bud twigs. 0, Mar.; & Jan.:
0, Feb. are detached bud twigs. B: 0, Apr. (attached bud twigs). 0,
Apr. (detached bud twigs).

, 1 , , I

3 2 1 0 50 100 150

DRY WEIGHT ( kg ) RESPIRATION ( COzmg/hr 1

Fig. 9. Vertical distribution of dry weight and respiration in the single
branch. A: 4.Ocm<D<6.5cm;  B: 2.5cm<D<<.Ocm;  C: 1.5cm<D<
2.5cm ; D : 0.5cm<D<1.5cm;  E : D < 0.5cm (twigs with bud) ; D :
Diameter

markably d i f f e r  i n  a l l  va r ious  d i ame te r  o f  b r anch .  I n  gene ra l ,  r e sp i r a t i on
rates  of  the var ious diameters  of  branches were higher  in  growing season as
compared with  non-growing season in  the same temperature . It is  clear  that
respirat ion rate of  woody organs is  increased by the increasing act ivi t ies  of
l iving cel ls .  On the point  of  above view, respirat ion of  twigs with bud less
than  0.5cm  diameter  is  an important  factor  in  est imating the consumption of
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Fig. 10. Seasonal changes of the branch respiration rate (October, 1976
to September, 1978). 0, 0.2cm  2 D .: 0,5cm(detached  bud); n , 0.5cms
D<l. Ocm; A, 1. Ocm ( D < 3. Ocm; A, 3. Ocm ( D < 5. Ocm; 0, 5. OcmsD <
7. Ocm; D: Diameter of branch

organs.
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