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Study on Photosynthesis and Respiration of Tree (II)

Diurnal Change of Photosynthesis in Needles of Cryptomeria

Jjaponica and Chamaecyparis obtusa
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Introduction

Recently, the harvest method" of primary pro-
duction has made a remarkable progress in the
theoretical and technical study. This method is
based on the principle that the total primary pro-
duction can be estimated by summing up various
fractions of the assimilate which are utilized for
different community processes such as biomass
increment, losses due to death and respiration, and
consumption due to grazing by animals. This ap-
proach is now available for the reasonable assess-
ment of the primary production in the forest com-
munity. .

‘On the other hand, the photosynthetic method??
has been used to estimate the total canopy photo-
synthesis. Total photosynthesis in the canopy is
calculated from the light-dependent photosynthesis
of a single leaf by integrating the photosynthesis
in a single leaf along the light profile through a
canopy. MONSI and SAEKI have developed this
method to estimate the total matter production of
the herb community. This method was also applied
to forest community by some workerst~®,

’l_‘hé harvest method would be reasonable for the
determination of the primary production of the
forest community during a long period. On the
other hand, the photosynthetic method would be
an excellent approach to the estimation of the
primary production of the forest community within
a short term and to the study of the structure and
function of forest canopy.

In this experiment, the author attempted to
estimate the diurnal changes of photosynthesis in
needles of Chamaecyparis obtusa and Cryptomeria
japonica, using the photosynthetic method. Further-
more, the daily photosynthesis (per unit dry weight
of needles) and the daily compensation point which
reduced the daily surplus photosynthesis in needles
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to zero (i. e., the sum of photosynthesis in the
daytime is equal to that of respiration in a day)
were also suggested with the mathematical formula.

Materials and Methods

The materials used for this experiment were the
current leaves of Chamaecyparis obtusa and Cryplo-
meria japowica of 14 years. Experimental materials
used in this study were obtained from the field of
Nagoya University. The ‘soil of habitat was red
and very shallow.

The rate of CO, exchange was determined by
measuring the CO, concentration and aerating velo-
city of air through an assimilatory chamber, using
an infra-red gas analyser of HARTMANN & BRAUN
(URAS-1). The used assimilatory chamber was of
polyethylene 12 cm in diameter and 0.6 cm in depth,
with a removal lid to allow the introduction of the
leaf. Detached leaves were placed with their bases
inserted into a small vinyl tube filled with water.
After the sufficient period of pre-illumination, photo-
synthesis was determined and 1.5 hr was the maxi-
mum time for one experiment. )

The light source consisted of six 500 W incandes-
The light was filtered through 10cm
of water to absorb heat. Light intensity was regu-
lated by voltage supplied to the lamps. The tem-
perature in the chamber was controlled by circu-
lating air through coiled glass tubing placed in a
constant temperature bath. Determinations of CO,
exchange was carried out at 25°C and air flow rate
of 0.5 //min.

The twigs were taken from planted trees at the
same height and direction. The twigs taken from
the field were immediately placed in the laboratory.
Before the measurement of gas exchange, the leaves
were detached from twigs and pre-illuminated.
After the determination of photosynthesis and res-
piration, the leaves were kept for 24 hours at 105°C

cent lamps.
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and the leaf dry weight was determined.

The light intensity at the horizontal plan was
obtained by reading the photometer (TOSHIBA) in
fine days. This measurement was carried out near
the field of Nagoya University, and through daytime
at 30 minutes intervals in August, 1972.

Results and Discussion

1) Light-photosynthesis curves in detached needles
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Fig. 1. Light-photosynthesis curves in the
detached leaves of Cryptomeria japonica and
Chamaecyparis obtusa. The constants a and
b in Eq. (1) are as follows: Chamaecyparis
obtusa; a=0.292 and b=2.012. Cryptomeria
Japonica; a=0.235 and 6=1.927. Mean res-
piration is 1.026mg-COy/g-dw/hr in Crypto-
meria japonica and 0.865 mg-CO,/g-dw/hr in
Chamaecyparis obtusa
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The relations of photosynthesis to light intensity
in needles of two species are shown in Fig. 1. ‘

As already pointed out by many workers, a rec-
tangular hyperbola given by the formula (1) can
well describe the relation between photosynthesis
(p, mg COy/g-dw/hr) and light intensity (/, Klux).

bl
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1+al (1)
~ The constants « and b are asymptote or the light-
saturated rate of photosynthesis and the initial

p=

gradient of the curve at the origin. Transforming
Eq. (1) into the following formula,
1 1 a
[ S 2
2ol T (2)

the two parameters ¢ and b can be determined by
the least squares method. According to the results
obtained in the previous paper,” the calculated
maximum values of photosynthesis were 8.20 mg CO,
/g-dw/hr in Chamaecyparis obtusa and 6.89 mg CO,/
g-dw/hr in Cryplomeria japonica. The calculated
compensation point was 0.49 Klux in Chamaecyparis
obtusa and 0.61 Klux in Cryplomeria japonica.
The mean respiration was 0.87 mg CO,/g-dw/hr in
Chamaecyparis obtusa and 1.03mg COy/g-dw/hr in
Cryptomeria japonica.

2) Diurnal changes of light intensity

The light intensity was measured through daytime
at 30-minute intervals. The observation was carried
out in fine days in August, 1972, in Nagoya. The
relative light intensity is defined as the ratio of
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Fig. 2. Mean diurnal change of light intensity
in 1009, 509, 2094 and 109 of incident light
intensity on the forest canopy. The curves
were calculated by Eq. (3). The curve for
1009 corresponds to the mean diurnal change
of light intensity in August measured at
Nagoya
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the light intensity above the canopy. In Fig. 2,
the estimated relative light intensity (100, 50, 20
and 10%) is shown. As illustrated in Fig. 2, the
light intensity at the given time ¢ hours from sunrise
on a fine day could fairly well be described by the
following equation:3®

I =1 s sin2wt
(3)

In this equation, ‘/’ attains its maximum value
Imax (Klux) at the heighest altitude of the sun, w
is angular velocity, and £ denotes day length in
hours. The constant [,y and £ on a fine day in
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Fig. 3. Mean diurnal change of photosynthesis
corresponding to 10095, 509, 20% and 10%
light intensity. The values were calculated
by Eq. (4
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August at Nagoya were 96 Klux and 13 hours,
respectively. :

3) Diurnal change of photosynthesis in needies

The functional relationship between photosynthesis
and light intensity given by Eq. (1) is known to
be influenced by experimental conditions, .such as
design and microenvironment in the assimilation
chamber, amount or velocity of air through the
chamber®1®, physiological characteristics of photo-
synthetic tissues®1.12) physical properities of light
source!®, etc. Despite of tecnical progress, it is not
yet certain that the photosynthetic method can give
truly accurate estimation of normal photosynthesis
under natural cenditions. However, when we study
the structure and the function of forest canopy, the
photosynthetic method is an efficient method.

Putting the estimated values of [ into Eq. (1),
the diurnal changes of photosynthesis (per unit dry
weight of needles) for each species were calculated
as shown in Fig. 3, together with the diurnal change
of photosynthesis corresponding to the relative light
intensity in 50, 20 and 109§ of incident light inten-
sity above the forest canopy.

The diurnal changes of photosynthesis curves
represented broad-top curve at 100 and 50% of
light intensity, and approximated to one-top curve
according to decreasing relative light intensity.
Therefore, it is assumed that the photosynthesis of
leaves approximating the top of the forest canopy
is almost constant in broad daylight on fine day,
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Fig. 4. Daily photosynthesis corresponding to
the relative light intensity and mean daily
respiration at 25°C. Broken lines; Chamaecy-
paris obtusa. Solid lines; Cryptomeria japornica.
The curves were calculated by Eq. (5)
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and has considerable activity on rainy and cloudy
days.

4) Estimation of daily photosynthesis in needles

From Egs. (1) and (2), the mean hourly rate of
photosynthesis' at time ‘¥ is expressed by the fol-
lowing equation:

b1 pax SIN20WE
1+ alpmax sin2wt

p)= (4)

The daily photosynthesis (mg CO,/g-dw/day) can

then be obtained by integrating p(#) over the entire
daylength as follows:

pa={ pOat="L0 1~ (14 e L) (5)

Fig. 4 shows the estimated daily photosynthesis,
calculated by Eq. (5), corresponding to relative light
intensity.

5) Estimation of daily light comgpensation point

The daily surplus photosynthesis in needles is
expressed by the following formula:

pszpd—R

R:S:’m (6)

In this formula, 7 is the mean respiration (mg CO,
/g-dw/hr) in needles, and D is 24 hours. The daily
maximum light intensity which imputes the daily
surplus photosynthesis to zero is given by putting
»:=0 in Eq. (5) and assuming Eq. (4) as follows:

1 Eb
7/ —_——
Imax—a{(Eb—Daf)Z 1} (7
The daily light compensation point (C,; % light
intensity) is then calculated by Eq. (7) as follows:

I/max
Ca="72% X100 (8)

max

The daily compensation point calculated by Eq,
(8) was 3.06 and 2.48% light intensity, respectively,
in Cryptomeria japonica and Chamaecyparis obtusa.
Therefore, when the relative light intensity is 3.06
and 2.489, respectively, in Cryptomeria japowica
and Chamaecyparis obtusa, the daily production is
zero. This shows that Chamaecyparis obtusa has
stronger shade tolerance than Cryplomeria japonica.
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